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Abstract

Through this study, I sought to explore the change in students’ calibration in a Grade 11
mathematics classroom. The intention was to inquire about the extent to which students’ self-
estimations of task performance aligned with their actual task performance on classroom tests.
Such alignment is generally referred to as metacognitive calibration, or calibration for brief.
Calibration indicates how closely students’ self-estimations of their task performance outcomes
match their actual task performance outcomes in any field of study. Improving students’ task
performance outcomes (i.e., their grades)—although often a by-product of improved
calibration—was not the intention of this study. To explain, in my attempt to study students’
calibration and to gain insights into the potential change and development in students’
calibration, I designed and used a pedagogical intervention in a Grade 11 mathematics
classroom. However, influencing students’ task performance outcomes was not a pursued goal of
my study.

To conduct this research, I used a mixed methods methodology in three phases of pre-
intervention, intervention, and post-intervention. The pre- and post-intervention phases involved
the collection of only qualitative data, whereas the intervention phase involved the collection of
both qualitative and quantitative data. My intervention consisted of four components: monitoring
strategy training, curriculum-based classroom tests, students’ calibration graphs, and students’
reflection notecards. As such, I incorporated the elements of these four components into a
classroom intervention that I merged with students’ daily learning activities. Except for the final
exam and the follow-up interviews, all my intervention activities were completed between
February 3, 2016 and May 13, 2016 (see Appendix J). However, with ethics permission, the
students made one last performance estimation on their final exam and the follow-up interviews

were conducted after the end of the school year, in the first two weeks of July 2016.
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My qualitative data sources consisted of student questionnaires, reflection notecards, and
follow-up interviews, while the quantitative data sources consisted of students’ task performance
outcomes, task performance estimations, and students’ individually prepared calibration graphs. I
performed one round of statistical data analysis followed by three rounds of blended data
analyses in which I combined qualitative and quantitative data to facilitate an in-depth analysis
of the collected research data.

The findings revealed an optimistic view in which calibration was perceived to be
malleable, improving incrementally in the context of the employed classroom intervention, while
also challenging the prevalent assumption that calibration can only be understood and explained
numerically. The findings have potential implications for mathematics education, particularly for
high school mathematics teachers. The results demonstrated that although cognitive skills are
clearly necessary for learning mathematics, being metacognitively calibrated provides
mathematics students with an understanding and awareness of their subject-related strengths and
weaknesses so they can allocate their time, attention, and study efforts accordingly. The findings
also underscore the key role of students’ self-perceptions in guiding their calibration and provide
insights for future research on calibration.

Keywords: metacognition, calibration, confidence judgement, mathematics education
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Chapter One
Introduction
Overview

- Look Behnaz, how many sparrows do you see on that old sycamore?

- Will you bring my wallet? How much money do you think I have?

- How many rose buds are there on the rose bush by the pond?

- Do the opposite sides of this carpet look exactly the same to you?

- How much taller than the twins do you think you are now?

For my math enthusiast father, an inventive engineer, it was always about numbers.
Growing up, he often told my brothers and I that numbers were our “little friends”; however, it
took me a while to realise that was not how numbers were generally perceived by others. Perhaps
the most curious aspect of my father’s seemingly odd habit was that he was never pleased with
just the answer, as he would often inquire about the ways in which my brothers and I had arrived
at a particular answer, asking us to think carefully and consider alternative scenarios while
furnishing the final response. Many years later, while working on my engineering degree and
during my later graduate work in mathematics and statistics, I observed that some of my
professors used the same strategies to encourage the careful overseeing of the ongoing thinking
processes, particularly with respect to mathematical problem-solving.

As a novice high school teacher, I was under the faulty impression that most mathematics
students are good judges of their own task performance outcomes. My repeated observations of
students’ dismay and disappointment in getting poor results for tests for which they assumed
they were well prepared proved me wrong. I noticed that in a few cases, the mismatch between

the expected and achieved performance outcomes motivated students to seek ways to improve



their task performance. In most cases, however, students’ erroneous performance judgements
seemed to cause them psychological frustration and despair, which had negative consequences
for their academic (i.e., school related) achievement, subject disposition, and motivation. I also
noticed that this phenomenon was widespread, affecting students of different ages and
achievement levels in mathematics. Over the years of my teaching experience, this seemingly
ever-present discrepancy between the students’ expected and achieved grades created in me a
deep desire to understand the nature of students’ performance judgements. For instance, |
wondered about the ways in which students judged their own procedural fluency, strategic
competence, and adaptive reasoning in mathematics, as well as how they decided what to study
and when to stop practising a new topic. Curiously, students did not seem to gradually become
more accurate in their self-assessments, despite repeated episodes of testing and feedback. For
instance, a student who repeatedly performed poorly on chapter tests would continue to reassure
me of the remarkable job he had done on his latest test, only to be disappointed again by the poor
results of his test.

Students’ judgements about their test performance are an aspect of their metacognition
known as metacognitive knowledge monitoring or monitoring for short. I based my study on a
classroom intervention that I designed to explore the change and development of students’
monitoring judgements called calibration. Calibration refers to the accuracy of people’s
monitoring judgements about their own task performance; to the extent that a person’s
monitoring judgements are accurate, the person is considered to be calibrated. Students possibly
make monitoring judgements on their own while thinking thoughts such as follows: “This

chapter is hard to understand. I should read slower and take some notes.”



The accuracy of students’ monitoring judgements may affect not only students’ learning
and achievement, but also their subject-matter disposition and motivation. Despite decades of
research, the question of whether calibration accuracy can be developed in a classroom context
remains elusive. In this study, I sought to provide—at least partially—an answer for this
question.

In this section, I outline the organisation of this dissertation and its five constituent
chapters. Within this dissertation, I italicised important phrases and definitions, book titles, and
significant terminology for emphasis. All students’ names used in this thesis are pseudonyms.
These pseudonyms were selected to depict the diversity of the group and do not reflect any
specific cultural background. In Chapter One, I attend to the subtleties of the problem of
miscalibration and explain the importance of the accuracy of students’ monitoring judgements.
Further in Chapter One, I highlight the purpose and significance of this study and introduce my
research question. In Chapter Two, I focus on the historical roots and conceptualisation of the
concept of metacognition, outline the theoretical framework of this study, and highlight relevant
perspectives from mathematics education and other disciplines. I discuss the problem of
conceptualisation of calibration and review the classroom interventions designed to improve
calibration accuracy. I also highlight the findings, gaps, and contradictory results in calibration
research and relate the rationale for this study. In Chapter Three, I examine the conceptualisation
and the utility of the mixed methods methodology applied in this study, introduce the research
participants and context, and explicate the research design and the intervention components. I
address research quality considerations and explain the assumptions, limitations, and
delimitations of my research design. I conclude Chapter Three with some comments on ethical

views and perceived benefits of my study for mathematics students. In Chapter Four, I explain



my quantitative data analysis procedures, describe my three rounds of the blended data analyses,
and summarise the findings of this study. Finally, in Chapter Five, I discuss my findings in the
context of proposing an answer for my research question. I further explain the educational
implications of my study, describe its contributions, and explain the limitations of my findings.
Moreover, in Chapter Five, [ offer my perspective on the future of calibration research and share
my final reflections, with an emphasis on placing my study within the discourse of the
contemporary research on calibration and metacognition in mathematics education.

Throughout this dissertation, I use the phrases ‘performance outcomes’ and ‘performance
outcome scores’ interchangeably and consider performance outcomes on curriculum-based
classroom quizzes, tests, and exams as task performance outcomes. The phrase ‘academic
achievement’ has been used to refer to students’ task performance outcomes such as their grades
on non-standardised curriculum-based tests and exams.

Moreover, in alignment with contemporary calibration research, the terms ‘low-
achieving’ and ‘high-achieving’ have been used as abbreviations for ‘academically low-
achieving students’ and ‘academically high-achieving students’ to refer to students who achieve
low- or high-performance outcome scores in mathematics in classroom settings, respectively.

In this study, the emphasis is exclusively on developing students’ calibration rather than
on improving their performance outcomes (i.e., grades in the course). However, for the purpose
of quantitative analysis, calibration is quantified by using students’ performance outcomes;
therefore, the narrative in this dissertation inevitably includes references to students’

performance outcomes in relation to their calibration.



Statement of the Problem

The world is changing, and the future societies that students will participate in will be
different from those they live in today. The only certainty seems to be the uncertainty of what the
future will bring. In this constant state of flux, in order to fully participate in “an increasingly
technological world” (Schoenfeld, 1992, p. 335) and have a fair chance at academic and
professional opportunities, students should be flexible and innovative thinkers who possess
adaptive thinking and problem-solving skills.

Concerning mathematics courses at the high-school level, good performance is important
due to the mandatory status and gatekeeping (Moses & Cobb, 2001) function of the subject. As
such, a high-quality mathematics education for students is deemed enticing. Further, success in
high-stakes examinations such as Ontario’s Education Quality and Accountability Office
(EQAO) tests and in Alberta’s grade 12 diploma examinations, seems to be on the wish list of
not only students but also their parents, teachers, boards of education, and society at large.
Moreover, the responsibility of adequately preparing students rests with many individuals, not
the least of whom is the student. As Zimmerman (2002) noted, sharing the responsibility of
students being adequately prepared implies that students should be able to judge their subject-
matter preparedness and adjust their study behaviour accordingly. Unfortunately, it is not always
easy for students to answer questions such as the following:

e Do I understand the question that I am being asked?

e Are the steps I am taking toward a solution appropriate and in the right direction?
e Am I cognitively prepared for my final exam?

e What does it take to be successful at school?

e Where should I focus my study efforts?



e Can I distinguish between what I know and do not know at this time?

Students’ capability to accurately judge their academic task performance relies on their
metacognition. Scholars (e.g., Desoete, 2009; Lucangeli et al., 1998) have suggested that
metacognitive skills are related to students’ academic task performance in general and to
mathematical task performance in particular. Regardless, researchers have concurred for decades
that students—ranging from the very young to advanced university students—often lack the
capability to accurately judge their own task performance (e.g., Bol & Hacker, 2001; Dunlosky
& Lipko, 2007; Klassen, 2002; Pajares & Kranzler, 1995; Pashler et al., 2008; Rutherford,
2017a; Stoten, 2019) in academic domains such as school mathematics. In other words, students
at various levels of education experience an illusion of knowing (Glenberg & Epstein, 1985;
Kruger & Dunning, 1999), whereby they think they know the material, but they do not. This
discrepancy may substantially affect their achievement and motivation. What makes this problem
more pronounced is that the least-skilled students are the least aware of their erroneousness,
leading to the coining of the phrase ‘unskilled but unaware’ by Kruger and Dunning (1999).
Researchers (e.g., Alexander, 2013; Bol & Hacker, 2001; Brown, 1978; Dunning et al., 2003;
Kruger & Mueller, 2002; Tobias & Everson, 1996, 2000; Zimmerman, 1986) have suggested that
unskilled (i.e., academically low-achieving) students are often surprised and dismayed by how
poorly they performed on a test for which they believed they were well prepared. Others (Hacker
et al., 2008a) have found that learners who can accurately judge their performance are better able
to manage their time, intensify or redirect their attention, and utilise other cognitive resources to
complete academic tasks.

Some researchers (e.g., Alexander, 2013; Dunlosky & Thiede, 2013; Horgan, 1990) have

suggested that the degree of the accuracy of students’ monitoring judgements, at least in part,



motivates students and guides their study behaviour. In other words, as noted in research (Lin &
Zabrucky, 1998; Nietfeld et al., 2005; Stone, 2000; Wiley et al., 2005; Winne, 1995, 1996),
students may decide not to spend time and effort studying unless they are aware of the existence
of a misalignment between their estimations of task performance outcomes and their actual task
performance outcomes. This occurrence underlines the importance of the accuracy of
performance judgements (Schraw et al., 1993), which is also called calibration. While better
calibration is linked to improved task performance in general (Butler & Winne, 1995; Chen,
2002; Schraw et al., 1993), researchers (e.g., Bellon et al., 2019; Cardelle-Elawar, 1992, 1995;
Desoete & Roeyers, 2006; Stillman & Mevarech, 2010; Zhao et al., 2011) have suggested that
metacognitive strategies, including calibration, are critical to improving learning and task
performance in mathematics. An inspiration for this study was that some researchers have
suggested that calibration is malleable (Schraw et al., 1993) and can be enhanced in classroom
contexts (Huff & Nietfeld, 2009; Labuhn et al., 2010) using carefully designed pedagogical
interventions (Rutherford, 2017a) in academic fields such as high school mathematics.
An Overview, the Purpose, and the Research Question of This Study

The purpose of my study was to explore the development and the potential change in
students’ calibration over time, in the context of a pedagogical intervention. In Chapter Three, I
describe my research design in detail. However, in the next section, I provide a brief overview of
how I implemented my classroom intervention.

My study of students’ calibration included the three phases of pre-intervention,
intervention, and post-intervention. I was the classroom teacher in a year 11 mathematics course
and there were 24 students in the course. Participation was on a voluntary basis and the students

were informed that they could stay in the course without participating in research procedures.



Since students’ signed consent and assent forms were directly delivered to the main office at the
host school and not to me, I did not know who the actual research participants were during the
semester.

Within the pre-intervention phase, I implemented an open-ended questionnaire to collect
data on students’ awareness of their own calibration. During the intervention phase, after writing
each weekly test, students made a performance estimation of their expected grades. In my
attempt to support students’ monitoring skills, students had the opportunity to choose their own
test questions from a list of potential test questions that I made available to them. When I
returned their graded tests, I encouraged the students to notice the gap between their estimated
and achieved performance outcomes if such a gap existed, graph the estimated and achieved
performance outcomes on their calibration graph templates, and complete a personal reflection
notecard.

The testing, graphing, and reflection episodes were repeated every week between
February 8, 2016 and May 13, 2016, except for the week of March Break. The last instance of
testing and estimation took place when students wrote their final exam on June 14, 2016. The
intervention phase included my explicit monitoring strategy training for students in two ways.
First, during the intervention phase, each Tuesday, I started the daily classroom activities by
teaching a session that I called a calibration lesson. Each lesson was about 15 minutes long
during which I introduced calibration-related concepts. Second, I started a classroom routine in
which, during the daily problem-solving group work, I approached the students with my What,
Why, How, and Can you Check and Reflect questions. To explain, in order to encourage the

students to monitor their thinking and problem-solving processes, I asked the students to be



ready to explain what problem-solving method they were using, why they thought it was the right
method, Zow well the method worked, and whether the solutions were accurate and meaningful.

My post-intervention phase included two steps. First, I implemented another open-ended
questionnaire inquiring about students’ awareness of their own calibration. Second, I conducted
the follow-up interviews after the end of the school year, in the first two weeks of July.

As the classroom teacher, I had access to students’ performance outcomes. However, due
to the research ethics considerations, throughout the study, I did not collect or keep any record of
students’ performance estimations. A copy of students’ classroom tests was sent to the main
office at the host school to be kept in the vault as my research data, and the original tests were
returned to the students. Moreover, students’ questionnaires, reflection notecards, and calibration
graphs were collected in large envelopes that I sent around the classroom and were sent to the
vault. Once a week, a school office administrator brought back the envelope containing students’
calibration graphs so that the graphs could be updated by the students. I accessed all my research
data after the interviews were completed. This was two weeks after the end of the school year.

In conducting this study, the research question that I pursued was as follow: In what ways
might students’ calibration change and develop in the context of a year 11 mathematics
classroom? This research question reflects the centrality of the concept of change in students’
calibration to my study; a notion which I pursued both theoretically by exploring the change in
students’ calibration awareness over time and practically by examining whether the students’
calibration accuracy improved over time.

Significance of This Study
No one is perfectly immune to flawed self-evaluation. In an ideal world, people would

always be able to provide a clear and accurate evaluation of their own competencies in different



areas, including academics. As Miller and Geraci (2011) noted, however, errors in self-
evaluation are routinely made by doctors, nurses, managers, accountants, and other trusted
professionals. Thus, students’ misjudgements about their task performance should not be
surprising. The accuracy of students’ task performance estimations, also called calibration is an
aspect of their metacognitive monitoring, and the necessity of teaching students metacognitive
strategies has widely been recommended in research in the past four decades (e.g., Alexander,
2013; Bateson, 1972; Brown, 1994; Desoete, 2008; Flavell, 1979; Garofalo & Lester, 1985;
McCormick, 2003; Nietfeld & Schraw 2002; Polya, 1973; Rutherford, 2017a; Schoenfeld, 1985,
1987b, 1992; Thomas, 2003, 2006, 2013; Tobias & Everson, 1996, 2002). Bandura (1986)
posited that “what people think, believe, and feel affects how they behave” (p. 35). In a broad
sense, in this study, I focused on what students thought of their task performance, what they were
confident about, and what they thought might affect their performance judgements, with the goal
of developing students’ calibration.

As a mathematics teacher, it has been my experience that teaching students the
mathematical concepts, methods, and procedures may not always be enough for a meaningful
learning experience and for successful task performance. Other skills such as metacognitive
skills are required to ensure engagement (Cunha & Heckman, 2006) and to afford students the
sensibility to monitor their thinking processes while on academic tasks. This sensibility is
possibly not always easy for students to attain on their own, as it requires the knowledge of one’s
cognition for the deliberate reflection on tasks, as well as self-directed regulation of one’s
thinking processes.

However, not all the tasks ahead of students are school-related tasks. As students engage

in life-long novel learning situations, those students who attempt to prepare themselves for
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higher education, joining the workforce, or both, are uniquely situated to benefit from classroom
interventions aimed at developing their calibration, significant to realising success in both
academic and non-academic tasks (Brown, 1978; Flavell, 1976, 1979; Veenman et al., 2004).
Researchers (e.g., Glenberg et al., 1987; Nietfeld et al., 2005; Schraw et al., 1993) have
demonstrated the importance of optimal calibration accuracy for sustained effort and the efficient
allocation of attention, and have attested to the role that calibration plays in students’ awareness
of their own academic strengths and weaknesses. By focusing on the development of students’
calibration in a mathematics classroom in this study, I provided opportunities for students to
practice, communicate, reflect upon, and adjust their monitoring strategies and performance
judgements. As agents of their own learning and achievement, students were encouraged to set
challenging and yet achievable task performance goals and regulate thinking activities to ensure
successful task performance. Schoenfeld (1987b) proposes that the most important contribution
of metacognition to the learning of mathematics rests on students’ knowledge attainment about
their own cognition and their development of adequate monitoring strategies. Thomas, Anderson,
and Nashon (2007) suggest that metacognition inspires optimism by providing an alternative to
deficit theories of cognition that so often portray students’ learning potential as fixed and beyond
the reach of any form of pedagogical intervention. Further, Hattie (2013) posits that the accuracy
of students’ judgements should be sufficiently taken into account in considering how students
learn best, how to help them construct knowledge, and how to ensure that a greater number of
students learn more. These comments in part, underline the significance of studies that aim to
develop students’ calibration, such as mine, in supporting students’ lifelong journey of learning

and achievement.
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Chapter One Summary

In this introductory chapter, I introduced the concept of calibration as the extent to which
students’ monitoring judgments about their task performance outcomes aligns with their actual
task performance outcomes and discussed the importance of calibration accuracy for students’
learning, motivation, and achievement. I also explained the organisation of this dissertation and
what the five chapters included in this document entail. Further, I stated the problem which
motivated my study and elaborated on the importance of teaching mathematics students
metacognitive monitoring strategies which may support their learning and achievement. In
Chapter One, I also explained the purpose and significance of my study, and identified my
research question as follows: In what ways might students’ calibration change and develop in the
context of a year 11 mathematics classroom?

In Chapter Two, I present a detailed review of the research literature on several aspects of
metacognition, including its historical roots, conceptualisation, and constituent components in
the context of Nelson and Narens’s (1990) theory of metacognition, which is the theoretical
framework for my study. I also delineate the social dimension of metacognition, situate my study
within Bandura’s (1986) social cognitive theory, and discuss the perspectives on metacognition
from mathematics education and other disciplines. Moreover, I discuss the conceptualisation,
assessment, and the educational importance of calibration, and review the classroom
interventions that aimed to improve students’ calibration. Finally, in Chapter Two, I outline
calibration research findings, gaps, and inconclusive research results, explain the rationale for

my study, and provide a chapter summary.
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Chapter Two
Review of Literature
Introduction

In this chapter, I review the concept of metacognition and its constituent components—
metacognitive knowledge, metacognitive knowledge monitoring, and metacognitive control—
with a focus on the notion of the accuracy of metacognitive knowledge monitoring judgements,
also called calibration. I use the term metacognition, as Flavell (1979) defined, to mean one’s
ability to monitor, evaluate, and plan one’s thinking processes. Valdez (2013) cited that the
phrase metacognitive knowledge monitoring, or monitoring for brief, pertains to “learners’
knowledge of strategies that support cognition, as well as knowledge of conditions that dictate
how to implement useful strategies to enhance content learning” (p. 141). The term calibration is
often used to refer to a measure of the accuracy of monitoring judgements and is defined as the
degree to which learners’ perceptions of task performance, including school subject test
performance, correspond with the objective evaluations of their actual task performance (Keren,
1991; Lichtenstein, Fischhoff, & Phillips, 1982; Nietfeld, Cao, & Osborne, 2006a).

The choice of the term calibration may sound strange to some readers. I sympathise, as
without finding a convincing answer, I have also wondered why calibration, which is a technical
term in engineering and instrumentation, is used to refer to the accuracy of people’s monitoring
judgements. I am also curiously reminded of some other unusual terminology such as
triangulation, a navigation and land-surveying term, which researchers use to refer to the cross-
verification of the results from a variety of data sources.

Setting the terminology aside, a discussion on calibration is meaningful only against the

backdrop of metacognition. In this chapter, I explore metacognition and its historical roots and
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conceptualisation, followed by a review of some metacognition theories pertinent to this study. I
then introduce and substantiate Nelson and Narens’s (1990) theory, which is “now a classic
theory of metacognition” (van Overschelde, 2008), as the theoretical framework of this study.
Subsequently, I explore the social aspects of metacognition within the social cognitive theory of
Bandura (1986) and introduce calibration as the accuracy of monitoring judgements, highlighting
pertinent issues in conceptualisation and assessment of calibration. Further, I review the
classroom studies aimed at developing students’ calibration and elaborate on pertinent findings,
gaps, and contradictory results in calibration research. I conclude Chapter Two by presenting the
rationale for this study and a chapter summary.
Metacognition: Historical Roots and Conceptualisation

Metacognition, which Tobias and Everson (2002) identified as the most intensively
studied cognitive process in developmental psychology, is defined as one’s ability to monitor,
evaluate, and plan one’s thinking processes (Flavell, 1979). This is the definition that I used in
this thesis. The commonly used conceptualisation of metacognition as thinking about thinking
disguises a much more complex cognitive phenomenon that has baffled scientists, philosophers,
and educators for centuries. To explain, the discussion concerning what is generally known as
Comte’s Paradox was undertaken during the 18th and 19th centuries by Auguste Comte (1798—
1857), the French founder of positivism, who argued that human introspection (i.e., monitoring)
is impossible and paradoxical because the observing and the observed organs are one and the
same. It took science more than a century to demonstrate that Comte’s Paradox was not a
paradox at all; as Dunlosky and Metcalfe (2009) explained, “For introspection to happen, just a
portion of the human brain was needed to look back upon itself” (p. 12). Today, despite

numerous attempts to define metacognition, an agreement on how best to delimit the construct
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remains elusive (Hacker, Keener, & Kircher, 2009; Tobias & Everson, 2000; Veenman, Van
Hout-Wolters, & Afflerbach, 2006). Nevertheless, as Hacker et al. (2009) noted, the immensity
of the global research literature on metacognition over a span of five decades suggests that the
disagreement on conceptualisation has not deterred keen investigators.
From Piaget to Flavell

The origins of the study of metacognition as a construct separate from cognition can
possibly be traced back to Hart’s PhD dissertation in 1965 (Metcalfe & Shimamura, 1994)
focusing on Feelings of Knowing (FOK). That is, when one is asked a question pertaining to
semantic knowledge such as “Which city is the capital of Nigeria?”, people can usually quickly
and effectively indicate whether they know the answer, although they may not make an attempt
to retrieve the relevant information. Nevertheless, the official frame into which Hart’s doctoral
dissertation ideas fit was brought forward by Wellman and Flavell in the late 1970s almost a
decade later, categorising FOK as metacognitive judgements. As Dunlosky and Metcalfe (2009)
noted, although the rise of the Metacognition School of Psychology can predominantly be
attributed to the efforts of Flavell and his colleagues, notably Wellman, the birth of this approach
can be traced back to Flavell’s assimilation of Jean Piaget’s child development theory (Flavell,
1963) in his seminal book, The Developmental Psychology of Jean Piaget. Possibly, Flavell’s
notion of metacognition stemmed from Piaget and his colleagues’ theoretical work on children
having thoughts about their own thinking, which Flavell (1963) described as “the crowning
achievement of intellectual development, the final equilibrium state toward which intellectual
evolution has been moving since infancy” (p. 201). Some researchers (e.g., de Bruin & van Gog,
2012; Dunlosky & Metcalfe, 2009) have proposed that Piaget’s approach has been directly

responsible for Flavell’s theorising about the importance of thinking about thinking. For Piaget,
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metacognitive thought—that is, the thought that can be directed and controlled by the thinker—is
conscious, intelligent, and communicable. In Piaget’s theories, metacognition seems to be
completely absent before the ages of 11 or 12 years, since it has been theorised (e.g., Fox and
Riconscente, 2008) that the arrival at metacognitive thought requires the transformation of
children’s social and intellectual egocentrism into adults’ relativistic and socialised thought.

Elaborating on the historical development of metacognition, Schneider and Lockl (2008)
explain that early research focused on the knowledge about memory or, as coined by Flavell
(1979), metamemory. Flavell and Wellman (1977) conceptualised metacognitive knowledge as
metamemory and offered a taxonomy for metamemory, distinguishing between the sensitivity
category (i.e., procedural metacognitive knowledge) and the variables category (i.e., declarative
metacognitive knowledge). Schneider and Lockl (2008) thus theorise on the prominence of
metamemory in Flavell’s work, which was focused on metacognitive knowledge, leaving little
room for monitoring and control processes. In my review of Flavell’s work, I could not locate a
‘system’ or ‘model’ to explain how control processes are influenced by the monitoring processes,
which is the focus of my study. This connection was later made and articulated by Nelson and
Narens’s (1990) theory of metacognition, which is why I chose Nelson and Narens’s (1990)
theory as the theoretical framework for this study.
From Flavell to Nelson and Narens

Inspired by Piaget’s work, Flavell (1976, 1979) coined the term ‘metacognition’ to
describe any cognitive activity about cognition. In the years that followed, as van Velzen (2016)
elaborated, “Flavell would study metacognition mainly as children’s metamemory or their
understanding of their own memory” (p. 14). De Bruin and van Gog (2012) opined that although

Flavell (1979) was particularly successful in theorising about metamemory (i.e., people’s
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knowledge of the content of their memory), it was not until Nelson and Narens’s (1990) seminal
work that a general theory of metacognition—a system to explain how metacognitive processes
acted upon and interrelated with cognitive processes—was presented.

This thesis is the study of the development of students’ monitoring judgments, or
calibration, and the relevance of Nelson and Narens’s (1990) theory for this thesis lies in its
utility in demonstrating that effective control depends on accurate monitoring. In other words,
good monitoring presumably gives students a chance at employing appropriate strategies such as
allocating time, attention, and effort to achieve their set goals. In Stoten’s (2019) view,
metacognition facilitates students’ awareness of how to regulate their learning, thus playing a
vital role in students’ management of their own academic journeys. Further, as Tobias and
Everson (2002) argued, “learners who accurately differentiate between what has been learned
previously and what they have to learn are better able to focus attention and other cognitive
resources on the material to be learned” (p. 1).

The Conceptualisation and Constituent Components of Metacognition

The ability to reflect upon and regulate our thoughts and behaviour are considered by
some (e.g., Bandura, 1986; Metcalfe & Shimamura, 1994) to be at the heart of what makes us
distinctively human. Despite the growing evidence that identifies metacognition as a vital
component of intelligence and cognition, an agreed-upon conceptualisation of the term
metacognition remains elusive. In my search for a clear working definition to operationalise
metacognition, I realised that within the discipline of psychology, Flavell (1976) authored one of
the earliest definitions of metacognition:

Metacognition refers to one’s knowledge concerning one’s own cognitive processes and

products, or anything related to them....Metacognition refers, among other things, to the
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active monitoring and consequent regulation and orchestration of these processes in

relation to the cognitive objects or data on which they bear, usually in the service of some

concrete goal or objective. (p. 232)

In 1985, Flavell offered a slightly different definition by describing metacognition as
“any knowledge or cognitive activity that takes as its object, or regulates, any aspect of any
cognitive enterprise... its core meaning is cognition about cognition” (p. 104). The latter
definition is less technical than the former and closer to the commonly used notion of thinking
about thinking.

Although metacognition is the frequently used term in research literature, other terms
have also been used to refer to one’s examination of one’s own thoughts. For example, Piaget
spoke of reflective abstraction (Dubinsky, 1991; Fox & Riconscente, 2008), with similarities to
the notion of metacognition. Skemp (1979) used the phrase reflective intelligence, which he
defined as “the ability to make one’s own mental processes the object of conscious observation”
(p. 175), similar to the concept of metacognition.

Curiously, the earlier definitions were offered without any consensus on the main
components of metacognition. For instance, Flavell’s (1976) definition of metacognition
encompasses not only metacognitive knowledge, but also monitoring and control processes and
their relationship within the construct of metacognition. This definition has some implications
for teachers, as it indicates that, possibly, students’ control-related activities (e.g., deciding to re-
read a word-problem if they did not understand it the first time) are a consequence of students’
monitoring-related activities (e.g., while reading the word-problem, students may think whether
or not they understood the question). Hence, this definition of metacognition implies that

enhancing students’ monitoring skills may support their task performance in school subjects.

18



In her review of literature on metacognition, Lai (2011) pointed out that after Flavell,
many of the subsequent users of the term metacognition remained relatively faithful to Flavell’s
original conceptualisation. For instance, Cross and Paris (1988) described metacognition as “the
knowledge and control that children have over their own thinking and learning” (p. 131).
Further, Nelson and Narens (1990, 1994) and Narens (1996) defined metacognition as a state of
cognition at a meta level representing cognition. Hennessey (1999) defined metacognition as the
awareness of one’s own thinking and the content of one’s conceptions, an active monitoring of
one’s cognitive processes, and an attempt to regulate one’s cognitive processes in relationship to
further learning. According to Kuhn and Dean (2010), metacognition refers to the “awareness
and management of one’s own thoughts” (p. 270), Martinez (2006) described metacognition as
“the monitoring and control of thought” (p. 696), and van Overschelde (2008) conceptualised
metacognition as knowing about knowing. These varied definitions attest to the complex and
multidimensional (Efklides, 2008) nature of metacognition.

Not only the conceptualisation, but also the main components of metacognition have
been greatly debated and disputed without an overall agreement. Flavell (1979), Brown (1980),
and Garner and Alexander (1989) referred to metacognition as the knowledge, awareness, and
control of one’s cognitive activities, while Paris and Winograd (1990) argued that metacognition
only encompasses knowledge but not control or regulation. Following Brown (1978) and
concurring with Flavell’s (1979) conceptualisation of metacognition, some researchers (e.g.,
Baker, 1989; Cross & Paris, 1988; Jacobs & Paris, 1987; Schraw, 1997; Schraw & Dennison,
1994) have suggested two components for metacognition: knowledge of cognition and regulation

of cognition.
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In the absence of a clear and definitive conceptualisation of the components of
metacognition, the individual researcher’s discretion on which scholarly discourse to subscribe to
and which components to use in research prevails. In this thesis, I have adopted Flavell’s (1979)
conceptualisation of metacognition to mean one’s capability to monitor, evaluate, and make
plans for one’s thinking processes.

Further, I have adopted the additional perspective that considers metacognitive
knowledge, metacognitive knowledge monitoring (i.e., monitoring for short), and metacognitive
control (Paris & Oka, 1989; Pintrich, Wolters, & Baxter, 2000; Schneider & Artelt, 2010; Winne
& Hadwin, 1998) as the main components in conceptualisation of metacognition. These
components are further classifications that provide important distinctions for understanding the
primary role of the accuracy of students’ monitoring processes, which are indicative of their self-
evaluative judgments (Nietfeld et al., 2008b) in the invocation of students’ control processes and
are particularly well-suited to the purpose of this study. In the following section, I elaborate on
the three constituent components of metacognition as used in this thesis.

To provide a conceptual context for introducing calibration meaningfully, I explored the
construct of metacognition and its constituent components, metacognitive knowledge,
metacognitive monitoring, and metacognitive control. Figure 2.1 represents a conceptual
taxonomy of the interconnected concepts discussed in this thesis. To explain what the arrows
communicate, in this study, following my review of the broad construct of metacognition, I
attended to the three aforementioned components of metacognition. However, of these three
components, I kept a focused lens on students’ metacognitive monitoring judgments and the
accuracy of these judgments both as a positive value, called calibration, and as a directional

positive or negative value, called bias to explore students’ overestimations or underestimations.
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Figure 2.1

Taxonomy of the Interconnected Concepts Explored in This Study

Metacognition

Metacognitive
Knowledge

Metacognitive
Control

Metacognitive
Knowledge
Monitoring

Accuracy of Monitoring
Judgements

Calibration: Absolute
Accuracy of Monitoring
Judgments

Bias: Directional
Accuracy of
Monitoring Judgments

Metacognitive Knowledge. Flavell (1979) described metacognitive knowledge as the
knowledge about one’s own cognitive strengths and limitations, including the knowledge about
all the external or internal factors that may interfere with one’s cognition. In this thesis, I adopted
Flavell’s definition of metacognitive knowledge as any attained knowledge that has to do with

cognitive matters. Flavell classified such knowledge into the three categories of person
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knowledge, task knowledge, and strategy knowledge. In Flavell’s view, person knowledge
includes anything that a person may believe about the nature of oneself and others as cognitive
beings. For example, a student may believe that she/he learns algebra easier than geometry or
that her/his classmates are better at graphing than she/he is. In this study, helping students
construct person knowledge about calibration was paramount. Students were encouraged to
participate in calibration sessions and monitoring strategy training sessions and to reflect on their
calibration to develop their person knowledge.

According to Flavell (1979), task knowledge includes the knowledge about the nature
and demands of different tasks. For instance, a student may know that it takes her/him longer to
complete a unit test than a quiz. Developing students’ task knowledge was an important aspect of
this study in which, as a pedagogical intervention, students had the opportunity to choose their
own test questions. Finally, Flavell (1979) viewed strategy knowledge as the knowledge of
strategies that are likely to be useful in completing a task such as knowing that drawing a
diagram might be helpful in solving a three-dimensional problem in trigonometry. In this study,
through monitoring strategy training, I aimed to improve students’ strategy knowledge.

Research on metacognition provides a variety of different theoretical frameworks for the
conceptualisation and categorisation of metacognitive knowledge. For instance, several
researchers (e.g., Kuhn, 2016; Schraw, Crippen, & Hartley, 2006; Paris & Winograd, 1990;
Schraw & Moshman, 1995; Kuhn & Dean, 2010) have used the concepts of declarative and
procedural metacognitive knowledge to distinguish between what they perceive as different
types of metacognitive knowledge. Kuhn and Dean (2010) described declarative metacognitive
knowledge to be a students’ general understanding about thinking and knowing, while Schraw et

al. (2006) defined declarative metacognitive knowledge as the knowledge about oneself as a
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learner and about the factors that may influence one’s performance. Paris and Winograd (1990)
proposed that declarative metacognitive knowledge is the knowledge that students reflect upon
when answering the question, “Do I know this?”” Some researchers (e.g., Cross & Paris, 1988;
Kuhn & Dean, 2010; Schraw et al., 2006) have described procedural metacognitive knowledge
as the awareness and management of cognitive processes, including the knowledge about
strategies. Procedural metacognitive knowledge generally answers the question, “Do I know
how?” Conditional metacognitive knowledge was the third category, added by Paris and
colleagues (1984), involving the knowledge of why and when to use certain strategies. Paris et al.
hence suggested that as a broad category, metacognitive knowledge can be divided into three
distinct areas of (a) declarative metacognitive knowledge, (b) procedural metacognitive
knowledge, and (c) conditional metacognitive knowledge.

In a general sense, metacognitive knowledge pertains to the knowledge concerning the
human mind, its capabilities, and its doing. Despite the differences in their approaches to
learning and development, researchers agree (e.g. Pintrich & Schunk, 2002) that with
development, students become more aware of their own thinking and more knowledgeable about
cognition in general. This awareness has been referred to by several names such as
metacognitive knowledge, metacognitive awareness, and self-awareness. Students use their
metacognitive knowledge to monitor their ongoing thinking processes. This process is often
called knowledge monitoring (Hartwig et al., 2012; Isaacson & Fujita, 2006; Pintrich et al. 2000;
Tobias & Everson, 1996, 2000, 2002), or just monitoring, for brief. As such, the development of
metacognitive knowledge in students has a prominent role in any study of students’

metacognition, including this study.
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To explain, as students come to know about the construct of calibration by for instance,
partaking in calibration sessions and classroom conversations, they develop some knowledge
about calibration as well as about their own capabilities and ways of becoming better calibrated
than they already are. In the context of a mathematics classroom, students may develop the
knowledge that they know several ways of solving a second-degree equation (declarative
metacognitive knowledge), that graphing, factoring, completing the square, and using the
quadratic formula are some of those ways (procedural metacognitive knowledge), and that it is
easier to solve a second-degree equation by using the quadratic formula than by completing the
square (conditional metacognitive knowledge).

According to Efklides (2008), implicit in the two classic definitions of metacognition put
forward by Flavell (1979) and Nelson and Narens (1994) is the assumption that students have
some metacognitive knowledge about the content, procedures, and demands of what they are
monitoring and thus, metacognitive knowledge is foundational to monitoring. Nelson and
colleagues (1998) suggested a broader conceptualisation of metacognitive knowledge by
identifying metacognitive knowledge as the general knowledge a person has about cognitive
tasks and processes. This conceptualisation of metacognitive knowledge includes self-
knowledge, which may draw on the subjective feelings and experiences and cultural theories and
beliefs a person maintains. I posit that any study of students’ calibration, including my study, is
ultimately the study of the development of students’ monitoring of their declarative, procedural,
and conditional metacognitive knowledge; therefore, in my study of calibration, I classified
metacognitive knowledge into the categories of declarative, procedural, and conditional

knowledge, which best suited the purpose of my study.
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Nelson and colleagues (1998) theorised a social side to metacognition involving people’s
metacognitive assessments of others’ knowledge. For example, a person may think, “What does
my friend think, and why does she think this way?” Hence, Nelson et al. (1998) explained that a
rich source of metacognitive knowledge is what people draw upon in their social interactions and
communications, as well as to provide social support and to make group decisions. This
conceptualisation of metacognitive knowledge seems to be much broader than the initial
definition of Flavell (1979). Kuhn (2016) proposed that the epistemological beliefs about the
nature, truth, and validation of knowledge as well as the means and methods of knowledge
construction can also be considered as metacognitive knowledge.

Researchers (e.g., Pintrich & Schunk, 2002; Thiede et al., 2003; Wiley et al., 2005)
suggest that the development of students’ metacognitive knowledge is critical for students’
monitoring of a variety of tasks. These findings also emphasise the importance of teaching such
knowledge explicitly to students. Within the present study, the intervention components and
classroom discussions were meant to continuously enrich and update students’ metacognitive
knowledge and to encourage students’ self-awareness of their own cognitive strengths and
limitations so that they might develop their monitoring strategies further and eventually become
better calibrated on mathematical tasks. In addition to the importance of the development of
metacognitive knowledge in students, Schraw (1994) suggested that various types of
metacognitive knowledge influence each other. For instance, knowing that they are prone to
making calculation errors (declarative metacognitive knowledge), students may consider double-
checking their calculations (procedural metacognitive knowledge), while engaged in what they

consider to be novel or complex tasks (conditional metacognitive knowledge).
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Metacognitive Monitoring. The second component of metacognition is metacognitive
monitoring, or monitoring for short, which has been described (Schraw & Moshman, 1995) as
one’s awareness of one’s own task performance while engaged in a task. As noted earlier,
monitoring is the short form of metacognitive knowledge monitoring (Hartwig et al., 2012;
Isaacson & Fujita, 2006; Pintrich et al., 2000; Tobias & Everson, 1996, 2000, 2002), which
indicates a close connection between monitoring processes and metacognitive knowledge in a
sense that while monitoring is in progress, what is being monitored is metacognitive knowledge.
Flavell (1979) suggested that metacognitive experiences that facilitate the monitoring of
cognitive processes gradually enrich and refine metacognitive knowledge. In fact, according to
Flavell, a reciprocal influence exists: not only the metacognitive insights experienced while
monitoring cognition play a role in the development and refinement of metacognitive
knowledge, but also, as empirically demonstrated by Schraw (1998), the enrichment of
metacognitive knowledge appears to facilitate and enhance one’s ability to monitor one’s
cognition. In Flavell’s work, metacognitive monitoring is discussed in the context of
metacognitive experiences. These experiences are the insights students gain while engaged in
cognitive tasks. For instance, a student who thinks “I should draw a diagram. I am not sure I
understand this question,” undergoes a metacognitive experience.

While calibration has been linked to enhanced study habits (Gutierrez & Schraw, 2015;
Horgan, 1990, Persky & Dinsmore, 2019; Stoten, 2019) and improved task performance (Bol,
Hacker, O’Shea, & Allen, 2005; Butler & Winne, 1995; Chen, 2002; Rutherford, 2017a; Schraw
et al., 1993, Stoten, 2019), researchers (e.g., Alexander, 2013; Bol & Hacker, 2001; Kruger &
Dunning, 1999) suggest that for a variety of reasons, students are not very good at accurately

judging their subject matter task performance against a perceived standard. In other words, they
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are not naturally very well-calibrated. Metacognition researchers (e.g., Hattie, 2013; Kruger &
Dunning, 1999) suggest that, as counter-intuitive as it may sound, academically low-achieving
students are often known to overestimate their own task performance, which possibly makes
them less motivated to intensify or redirect their efforts to improve their task performance. While
completing a novel or complex task, students presumably monitor their progress and allocate
time, attention, and learning resources according to their own monitoring judgements (e.g., “I
find this section difficult. I cannot stop now. I need more examples”). To some extent, whether
students decide to continue or terminate their study session may depend on the decisions made
by them based on their monitoring judgments while engaged in a task.

Monitoring judgements are classified into several categories. Schraw (2009) elaborated
that at some point, while studying, students must decide if they have studied well-enough for
successful task performance, unless they have simply run out of study time. Such judgement is
called Judgement of Learning (JOL). For instance, a student may think to herself, “I think I have
studied enough on this subject and will do well on my upcoming exam.”

Another judgement occurs when students try to ensure they have answered the test
questions adequately, called Confidence Judgement, also called Judgement of Confidence (JOC;
Schraw, 2009). For instance, a student may think to himself, “I think I will get close to 80% on
my test.” For the purpose of this thesis, I studied the accuracy of students’ JOCs also called
calibration, the word used in this thesis, retrospectively (i.e., after completing a task). This is the
recommended way to measure monitoring accuracy (Schraw, 2009) when the effectiveness of an
intervention is under study. Jamieson-Noel and Winne (2003) explain that calibration is always
reported as a positive number (i.e., an absolute value), indicating the discrepancy between

estimated and achieved performance outcomes.
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In my study, in addition to calibration, bias (Chen, 2002; Mengelkamp & Bannert, 2010)
is also reported. The numerical value of bias can be positive if estimation is higher than the
performance outcome or negative if estimation is lower than the performance outcome. Bias
indicates students’ overestimation or underestimation of their performance outcomes. According
to Pieschl (2009), monitoring judgements can be categorised based on whether they are made
before, during, or after task performance. Monitoring judgments that are made before task
performance are called predictions or prospective judgements. Monitoring judgments made
during task performance are called concurrent or online judgements and those made after task
performance are noted as postdictions or retrospective judgements. Pieschl (2009) further asserts
that metacognitive judgements can be classified based on granularity, either as local judgements
specific to one item, or as global judgements across multiple items such as an entire test.

Four different types of prospective judgements have been used in monitoring research
(Pieschl, 2009; Pintrich, 2000; Schraw, 2009; Winne, 2004): Judgements of Learning (JOLs),
Feelings of Knowing (FOKs), Judgments of Confidence (JOCs) also called Confidence
Judgments, and Ease of Learning (EOLSs).

Schraw (2009) described JOLs as the judgements of subsequent recollection of recently
studied material and FOKs as the judgements of subsequently recognising information that could
not be recalled. Moreover, according to Schraw (2009), JOCs are the judgments of confidence
about task performance and EOLs are the judgements about the relative ease of learning the
material. Concurrent judgements made for performance evaluation while on a cognitive task are
often divided into online confidence judgements and online performance accuracy judgements.

Finally, Schraw (2009) described retrospective confidence judgements as the retrospective
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judgements of task performance. They are postdiction judgements of how well one has
performed, made after completing all items on a task.

In this thesis, students’ retrospective confidence judgements of their own classroom test
performance were explored, several times. I decided to use students’ retrospective judgments
because calibration researchers (Crissman, 2006; Schraw, 2009; van Loon et al., 2013) consider
these judgements to be more accurate than either prospective or concurrent judgements due to
the availability of metacognitive knowledge (Flavell, 1979) in the categories of person, task, and
strategy knowledge, which were discussed earlier in this chapter.

The retrospective judgements of task performance (Schraw 2009), also called judgements
of confidence are considered to be indicative of monitoring processes (Hadwin & Webster, 2013;
Stone, 2000) and are typically made when students are asked to rate their confidence (Stone,
2000) about their performance after completing an academic task. For instance, after writing a
test, a student may rate his or her confidence at 85% which indicates an 85% confidence level in
the overall accuracy of his or her test performance. Judgments of confidence or JOCs have been
examined as both predictions (Nelson & Dunlosky, 1991) and postdictions (Dinsmore &
Parkinson, 2013) at both global and local levels (Pieschl (2009).

Based on the classification suggested by Schraw (2009), Table 2.1 depicts the taxonomy
of eight different monitoring judgements and provides the timing and a brief description of each
judgment. The bold section in this table indicates the type of monitoring judgement that I used in

my study.
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Table 2.1

Taxonomy of Monitoring Judgements

Time of Judgement

Type of Judgement

Description

Prospective Judgements

Concurrent Judgements

Retrospective Judgements

Judgements of Learning
(JOL)

Ease of Learning (EOL)

Feeling of Knowing (FOK)

Online confidence
judgements

Ease of solution judgements
Online performance
accuracy judgments

Ease of learning

Retrospective judgements
of confidence about
performance accuracy
JOoo)

Judgements of subsequent
recollection of recently
studied information

Judgements made prior to
study about the relative ease
of learning information

Judgements of subsequently
recognising information that
could not be recalled

Judgements of confidence in
one’s performance

Judgements about the
accuracy of performance

Judgements about the
accuracy of performance

Judgements after study or
testing about the relative ease
of learning information

Judgements of how well one
has performed after
completing all test items

Metacognitive Control. In some theories of metacognition, including Nelson and

Narens’s (1990) theory of metacognition applied in this study, metacognitive control, or control
for short, is identified as the third component of metacognition. Further, it is suggested that
control processes are a result of monitoring processes. To explain, it is generally assumed that

individuals are, at least to some extent, aware of their own beliefs or ideas about their own
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cognition. In other words, it is assumed (Flavell, 1979; Koriat, 2007; Nelson et al., 1998) that
individuals possess some metacognitive knowledge and can report on their beliefs about their
own cognition or reflect on them. Individuals then draw on this knowledge through self-
monitoring, and form some kind of feeling or judgement (e.g., “I do not think that I know the
trigonometric identities well enough to pass the upcoming test”), resulting in thinking about the
conscious control of their cognition (e.g., ““I think I should continue to practice with different
models of trigonometric identities”). Researchers suggest that students’ initial monitoring
judgements, the subsequent control decisions regarding the use of attentional and cognitive
strategies, and students’ perseverance on cognitive tasks are closely interconnected (e.g.,
Papaleontiou-Louca, 2003; Pintrich & Schunk, 2002; Tobias & Everson, 2002). Within Nelson
and Narens’s (1990) theory of metacognition, control processes are conceptualised as the
information that flows from the metacognition level to the cognition level, affecting the cognitive
processes by initiating, continuing, or terminating an action. Hence, Nelson and Narens’s theory
separates metacognitive control from metacognitive knowledge. This is consistent with the view
of those researchers (e.g., Pintrich et al., 2000; Winne & Hadwin, 1998) who have identified the
general components of metacognition as (a) metacognitive knowledge, (b) metacognitive
knowledge monitoring, and (c) metacognitive self-regulation and control, classifying the control
processes as being driven by the monitoring processes; similar to this study.
Nelson and Narens’s Theory: The Selected Theoretical Framework of This Study
Contemporary research on metacognition has often been guided by Nelson and Narens’s
(1990) theory of metacognition (Schraw et al., 2014), which, as noted by Hacker and colleagues
(2009) has served as a versatile theory for the conceptualisation of metacognition as well as a

heuristic for further theorising and empirical research. This theory conceptualises the overall
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processes of thinking as cognitive, such as using a formula to solve a problem, and
metacognitive, such as monitoring the steps to ensure an accurate and meaningful solution. The
theory further explains how learners use metacognitive processes to monitor and regulate their
learning. The simplest version of the theory includes one object level (i.e., cognition level) and
one meta level (i.e., metacognition level). In this theory, the information from the object level
updates and informs the meta level through the monitoring processes, while the information from
the meta level influences and controls the object level through the control processes. Figure 2.2
illustrates the elements included in Nelson and Narens’s original theory of metacognition

(Nelson & Narens, 1990) and the interrelations of these elements.

Figure 2.2

Nelson and Narens’s (1990) Theoretical Framework for Metacognition
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As depicted in Figure 2.2, Nelson and Narens (1990) based their theory on three

underlying principles:

1.

Mental processes are divided into “two or more” (Nelson & Narens, 1990, p. 125)
interrelated levels. The basic structure, as illustrated in Figure 2.2, includes an object
level and a meta level. This theory, however, can easily be extended to more than two
levels (Nelson & Narens, 1994) for both monitoring and control processes. Van
Overschelde (2008) explains that the object level is often associated with the thinking
about an external object that is consistent with cognitive processes. For instance, “What |
am seeing is a red car;” however, the meta level involves cognition about the object level,
such as “Why am I thinking about that red car?”, which is consistent with metacognitive
processes.

The meta level contains a dynamic model of cognition, which also includes an
individual’s metacognitive knowledge. This principle concerns the way in which
information flows within the model. The meta level acquires information and updates
about the object level through the monitoring processes. It then sends information to the
object level and hence influences the object level through the control processes.

There are two main processes: control and monitoring. Moreover, the monitoring
processes informed by cognition continuously adjust the dynamic model of cognition
within the meta level, which as stated by van Overschelde (2008), contains an
individual’s metacognitive knowledge. Hence, the theory explains the consequentiality of
the accuracy of monitoring judgements for the selection and use of the necessary control
processes (€.g., planning, on task monitoring, post hoc evaluation) that are necessary for

successful studying and school task performance. As such, the pedagogical importance of
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Nelson and Narens’s (1990) theory of metacognition lies in demonstrating that teaching
students effective monitoring strategies is necessary for the optimal selection and use of
control processes.

The question of how metacognitive knowledge fits within Nelson and Narens’s (1990)
theory of metacognition deserves some elaboration. As Schneider (2008) noted, the
conceptualisation of metacognitive knowledge has been a popular topic of research among
developmental psychologists including Flavell and Wellman. In other areas, such as in the field
of cognitive psychology, the scope of research has been much narrower. Cognitive psychology
researchers (e.g., Metcalfe & Shimamura, 1994; Nelson, 1996; Nelson & Narens, 1990, 1994)
have almost exclusively focused on procedural metacognitive knowledge. Particularly, Nelson
and Narens (1990) used the terms ‘information’ and ‘data,’ instead of the term ‘knowledge.” For
instance, they defined monitoring as a data-driven dimension of metacognition (Nelson &
Narens, 1994), which resonates with their exclusively quantitative methods in assessment of
metacognition.

Elaborating on the monitoring and control processes within Nelson and Narens’s (1990)
theory, van Overschelde (2008) explains that the meta level contains (a) a dynamic model of the
current state of the object level (Nelson & Narens, 1990, 1994), (b) a meta level goal state for the
object level, and (c) the knowledge and strategies about the ways in which the meta level can
influence the object level (Nelson, 1996) so that the object level may attain its meta level’s goal.
In this interpretation, metacognitive knowledge has a broad meaning, as van Overschelde (2008)
refers to the knowledge that students possess about how the mind works and how its various
functions can be controlled. Such metacognitive knowledge is explicit and factual, and it may

affect all the judgment and control decisions that students make.
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Further, van Overschelde (2008) argues that Nelson and Narens (1990, 1994; Nelson,
1996) have explicitly stated that the meta level contains the following three items:

1. A dynamic model of the current state of the object level based on the input from
monitoring processes

2. A representation of a goal or goal state

3. A list of the known, possible control actions by which the meta level can influence or
control the object level, details about when to use each control action, and the potential
consequences
Further, van Overschelde (2008) suggests that Nelson and Narens’s writings on the

subject (1990, 1994; Nelson, 1996) imply that the meta level contains the following two items:

1. A list of the perceived constraints on potential control actions such as time limits, beliefs,

and expectations

2. A judgement or decision-making process that evaluates the object level model and makes

a decision about selecting the appropriate response or course of action to attain the

intended meta level goal.

Figure 2.3 depicts van Overschelde’s (2008, p. 50) visualisation of Nelson and Narens’s

(1990) theory of metacognition by demonstrating how metacognitive knowledge, which drives

the five aforementioned components of the meta level, fits within Nelson and Narens’s theory of

metacognition.
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Figure 2.3

A Representation of Nelson and Narens’s (1990, 1994) Theory (van Overschelde, 2008)
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Nelson and Narens (1990) proposed that cognitive processes are split into two or more
specifically interrelated levels, thereby allowing for the theory to be extended beyond the two
basic levels. Later, Nelson and Narens (1994) extended the original model to include several
interrelated levels using a similar development for the monitoring and control processes.

To explain, in this extended version, the meta level uses the information about the object
level through the monitoring processes, and thus the model of cognition within the meta level is
updated (i.e., the metacognitive knowledge within the meta level is updated). Nelson and Narens
(1994), however, explained that this new state of the meta level might in turn act as the object
level for the next level and this multilevel processing might be extended to a finite number of
levels Lo, L1, Lo, ..., Li—1, Li, where L; processes the information from its previous level L;_

and perhaps from all other interrelated lower levels for which L; is the meta level.

36



Figure 2.4 illustrates my understanding of the extended version (Nelson & Narens, 1994)
of the original theory (Nelson & Narens, 1990) of metacognition.

Figure 2.4

A Multi-Level Extension of Nelson and Narens’s (1990) Theory

Control Monitoring

Processes Processes

Nelson and Narens (1994) thus explained that the critical issue does not concern the
number of different levels of cognition and metacognition, but rather the relational aspects, such

as which processes influence the others within the monitoring and control systems.
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To provide an example from a mathematics student’s perspective, suppose that after
some reading (object level/cognition), Leila (a pseudonym) thinks, “I am reading this chapter too
fast and may not remember much of it later. Perhaps I should slow down and take some notes
while reading.” This thought provides a monitoring input as Leila realizes that she is reading too
fast. This understanding may potentially adjust Leila’s model of cognition by adjusting her
metacognitive knowledge (van Overschelde, 2008) at the meta level, which in turn informs the
control processes. Subsequently, Leila may decide to slow down and take notes. Here, it is the
input from the cognition at the object level that informs the meta level through the monitoring
processes, and it is the metacognitive input that regulates the study behaviour through control
processes. Based on Nelson and Narens’s (1990) theory, without sufficient accurate monitoring
processes, control processes might not be triggered. For instance, unless Leila suspects a problem
with her study behaviour, she may neither decide to slow down nor to take notes. To emphasise,
in this model, control processes are informed only by the meta level without receiving any
information from the object level. In other words, the object level has no model of metacognition
and might not be influenced by it. This is important because through monitoring processes,
students use their knowledge about their cognition to evaluate their progress towards a learning
or performance goal that they maintain at the meta level. Their evaluations update the model of
cognition at the meta level, which contains the current state of their cognition at any time. Unless
students’ model of cognition at the meta level is constantly updated through their monitoring
processes, they might not be metacognitively aware to make decisions to use relevant control
processes to adjust their study behaviour towards achieving their set goals. This aspect partly

explains why even a well-designed and well-implemented intervention to improve students’
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metacognition might ultimately fail, unless students’ monitoring processes are enhanced through
explicit monitoring strategy training similar to this study.
Strengths and Limitations of Nelson and Narens’s Theory

In their influential work which is now considered “a classic theory of metacognition”
(van Overschelde, 2008, p. 47), Nelson and Narens (1990) warned that a person’s monitoring
could possibly either miss some aspects of the incoming information or add aspects that are not
actually present. This issue has implications for calibration research, because “currently,
students’ metacognition is being assessed predominantly diagnostically” (Desoete, 2008, p. 191)
in one snapshot, not over time.

Considering that calibration refers to the extent of the accuracy of monitoring judgements
(Bol et al., 2010) I contend that (a) any flaws in students’ monitoring processes might affect their
calibration and (b) classroom interventions designed to develop monitoring might possibly
develop students’ calibration as well. Earlier, Bateson (1972) conceptualised control processes as
the thermostat on a furnace with an on-off switch, which would come online each time that
students need to intensify their efforts to perform a task. A critical difference exists, however,
between Bateson’s furnace metaphor and Nelson and Narens’s (1990) model in which the input
from the meta level not only informs the object level of the necessity of some action, but also
directs the object level mechanism. To connect with the thermostat metaphor, in Nelson and
Narens’s model, the switch does not just turn the furnace on, it intervenes to make the furnace
work effectively by using the control processes to guide study behaviour. As Hadwin and
Webster (2013) elaborated, Nelson and Narens’s (1990) model suggests that being able to
monitor the ongoing cognitive activities is necessary for the effective control of study behaviour,

including the appropriate allocation of time and attentional resources. This issue might be critical
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for students (Winne & Jamieson-Noel, 2002), because if they base their study behaviour on
miscalibrated judgements, their school performance might suffer. For instance, students who
believe they have studied and practised enough for their test might terminate their test
preparation prematurely.

Although Nelson and Narens’s (1990) theory is elegant and parsimonious, which adds to
its utility, some notable limitations of the theory arise from (a) its cause and effect nature, which
implies that monitoring will necessarily lead to control; (b) the assumption that the monitoring
and control processes work in isolation; (c¢) the absence or obscurity of other metacognitive
constructs such as the aforementioned planning, and evaluation; and (d) its disregard for the
influence of social and affective factors. Nelson and Narens acknowledged yet another important
limitation caused by individuals’ erroneous monitoring judgements, as they might discard
valuable information or include information which is not pertinent. Moreover, the theory neither
distinguishes between the ways in which correct and incorrect judgements emerge from the meta
level nor does it consider the role of personal volition and motivation. In addition to the above-
mentioned limitations, Nelson and Narens proposed that despite the variability in monitoring
accuracy across populations and life circumstances, considering the inevitable social and
environmental influences on individuals, bias in judgement might prove unavoidable.

The Social Side of Metacognition

Considering the absence of the social aspects of metacognition in Nelson and Narens’s
(1990) theory, I considered it to be meaningful and appropriate to undertake this classroom study
of calibration within Albert Bandura’s (1986) social cognitive theory. In Social Foundations of
Thought and Action: A Social Cognitive Theory, Bandura (1986) proposed a perspective on

human development that afforded a central role to cognitive, vicarious, self-regulatory, and self-
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reflective processes. Critical to this view is the notion of reciprocity; Bandura theorised human
functionality as a dynamic system in which personal (e.g., cognitive, affective, and biological
phenomena), behavioural (e.g., personality, habits, and attitudes), and environmental (e.g.,
external influences, classroom atmosphere, teachers, and peers) influences interact in a triadic
reciprocity. Figure 2.5 represents Bandura’s triadic reciprocal determinism. Since the term
‘determinants’ may possibly imply causation, in placing my study within Bandura’s (1986)
social cognitive theory, I followed the example of Pajares (2002) and replaced the term
‘determinants’ with ‘influences’.

Figure 2.5

Bandura’s (1986) Triadic Reciprocal Determinism
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£

Environmental Determinants
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The reciprocal nature of the personal, behavioural, and environmental influences posits
that the efforts aimed at teaching and counselling students could be fruitful, but as noted by
Pajares (2002) it poses the challenge to teachers to assist their students at the personal (e.g.,
building students’ metacognition), behavioural (e.g., improving students’ study habits), and

environmental (e.g., ensuring an inclusive and supportive classroom atmosphere) levels.
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Since its inception in 1986, Bandura’s social cognitive theory has evolved greatly, adding
many new frontiers (e.g., agency and autonomy) to the dimensions of human adaptation, change,
and development. In many ways, the new and evolved social cognitive theory frames this study
well. For instance, in methodology, design, and implementation, my study encouraged agency,
which I understand as self-reflection and distributed control (Thomas, 2003) for students within
the social setting of a classroom, without which the development of students’ calibration may not
be achievable. In Bandura’s (2001) view, agency means to intentionally make things happen
through one’s actions. By referring to the social cognitive theory as an agentic theory, Bandura
(2001) provided a perspective of the theory in which human agency is characterised by the core
features of intentionality, forethought, self-reactiveness, and self-reflectiveness. According to
Bandura (2001), “exercising control over the nature and quality of one’s life is the essence of
humanness” (p. 1). Bandura (2001) posited that within the small social setting of a classroom,
other than personal agency, students enjoy two other kinds of agency which might support their
learning behaviour and task performance. According to Bandura (2001) these two other kinds of
agency are 1) proxy agency in a sense of relying on others to act on their behalf to achieve
results, and ii) collective agency exercised through socially coordinated efforts. In addition,
regarding metacognition and metacognitive skills, such as calibration, Bandura contended that
people use self-reflection to mediate between knowing and doing and called the broader notion of
reflective self-consciousness as “the hallmark of human agency” and a characteristic that is
“distinctly human” (p. 21), for it endows individuals with the capability to engage in reflection
and self-evaluation, which may be consequential to their subsequent behaviour. Bandura (2001)
posited that “the metacognitive capability to reflect upon oneself and the adequacy of one’s

thoughts and actions is another distinctly core human feature of agency” (p. 10). Bandura argued
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that the verification of the soundness of one’s thinking helps one judge the correctness of one’s
predictive and operative thinking against the outcomes of one’s actions. This important statement
emphasises the critical role of metacognitive strategies, including monitoring strategies, in
pursuing desired academic outcomes, theorising that by learning effective metacognitive
strategies students may become more self-reflective, better engage in self-evaluation, and hence
benefit from the potential modifications they may decide to make to their study behaviour.

The second connection between my thesis and the social cognitive theory rests on my
contention that what students are confident about might affect their knowledge construction and
motivation. Some mathematics educators might wonder why the domain knowledge of
mathematics is not enough for a motivated and successful experience for mathematics students.
In social cognitive theory, knowledge alone is often regarded as a poor predictor of academic
task performance, because the beliefs people hold about their abilities are immensely powerful in
guiding the ways in which people behave. Ferrari and colleagues (2010) posited that social
cognitive theory views students as metacognitive self-reflective beings who cognise, theorise,
and create as opposed to those theories in which students acquire knowledge by reacting to their
surrounding environments and life circumstances. Bandura (1986) emphasised the strong
influence of students’ thoughts and beliefs on their aspirations, goals, and actions.

The third connection between this study and Bandura’s social cognitive theory lies in the
notion of self-efficacy. Since the 1990s, self-efficacy has constituted one of the most prominent
aspects of the social cognitive theory. According to Bandura (1997), self-efficacy is “the beliefs
in one’s capabilities to organise and execute the courses of action required to produce given
attainments” (p. 3). In the field of calibration research, some researchers (e.g., Hacker et al.,

2008b) have argued that students’ monitoring judgements stem from their self-efficacy beliefs.
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In my study of calibration, because the students made their monitoring judgements before the
receipt of their test performance scores, the prediction of a performance score (e.g., 85%) was an
expression of the students’ beliefs in their own capability to produce such a result (i.e., a self-
efficacy belief). Hence, these judgements fit within the social cognitive theory, because one way
or the other, these beliefs influence the course of action students choose to pursue. Bandura
(1986) suggested that the “reasonably accurate appraisal of one’s own capabilities is, therefore,
of considerable value in successful functioning” (p. 393). Most classroom interventions,
including mine, ultimately promote adaptive change in students’ behaviour such as helping
students identify efficient study habits, hence making social cognitive theory a viable theoretical
framework. In sum, Nelson and Narens’s (1990) theory of metacognition and Bandura’s (1986)
social cognitive theory played different but complementary roles in theoretically framing my
study. While the former helped me explore the mechanics of Zow the students’ calibration
changed and what drove the change, the latter was useful to me in theorising why students’
calibration changed and what influenced it.
Epistemological and Ontological Orientation of This Study

In my engagement with this intervention study of calibration, I adopted a social
constructivist view as the epistemological perspective that might inform and guide my research.
The constructivist perspective, partly derived from the seminal work of Jean Piaget (1970),
assumes that knowledge is not passively acquired but actively constructed based on one’s own
experiences. As an important metaphor for the conceptualisation of human learning and
development (Gergen, 1985), constructivism emerged in the 1970s and as noted by Fosnot

(1996), it has been ever since used both as a theory of knowledge and a theory of learning.
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Despite being central to some of the reform efforts in mathematics education (e.g., NCTM, 2000;
2007), constructivism is a term that has many shades and layers of meaning.

As argued by Schunk (2020), Bandura’s (1986) social cognitive theory is compatible
with social constructivism in many ways. For instance, as a theory of knowledge, social
constructivism acknowledges the importance of self-regulation, emphasising individuals’
capability to guide their own thoughts, emotions, motivations, and actions. Karpov (2014)
provides the example of Vygotsky’s Zone of Proximal Development in which interaction with
others, causes individuals to evaluate the adequacy of their own knowledge and understanding.
Hence, relying on their self-regulation, they may seek out the assistance of more knowledgeable
individuals to improve their own knowledge and understanding. Self-regulation is a principal
component of Bandura’s (1986) social cognitive theory, reflecting individuals’ ability to organise
and conduct specific courses of action to attain their goals. A second parallel between the social
constructivist thought and social cognitive theory rests on envisioning individuals as agents of
their own learning. Bandura (1986) contended that modelling and imitation alone cannot
sufficiently explain learning. Hence, he increasingly focused on cognitive constructs and
explained the role of agency as individuals draw upon their own varied cognitive processes,
including memory, language, evaluation, and anticipation, to integrate and internalise their
experiences. As discussed by Schunk (2020), this perspective on agency as determined by social
and biological elements and yet, emergent and not limited to these elements, is shared by both
social constructivism and social cognitive theory. The notion of environment constitutes the third
parallel between social constructivism and social cognitive theory. In social cognitive theory,
learning does not solely depend on the environment. As I noted earlier in this chapter, the theory

explains human behaviour in terms of the triadic reciprocal influences of personal, behavioural,
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and environmental factors. Similarly, as elaborated by Schunk (2020), social constructivist
theories propose that individuals are possibly aware when they cannot reconcile their current
state of knowledge and understanding with the new information presented to them by their
environment and should be allowed to choose a suitable environment that supports their learning.
In my study, my pedagogy reconciled my personal epistemology of social constructivism with
my theoretical framework of social cognitive theory. To explain, in my classroom practices |
encouraged student agency, self-regulation, self-reflection, social interactions, and a supportive
learning environment which are promoted by both of these two different but compatible theories.
Further, the terminology used in describing these two theories are compatible, as well. By
defying the behaviourist terms such as responding, shaping, and chaining, Bandura (1986)
utilised terms such as building, creating, reflecting, and interacting which promote agency and
active construction of knowledge central to social constructivist thought.

Throughout this study, in my attempts to help students become well-calibrated self-
evaluators, the ontological orientation of my work was multi-layered as it reflected my own
sense of being and my personal experience with mathematics—not as an object in front of me or
against me, and not as a school subject that I 4ad to study, but rather as a topic worthy of
discussion and profound exploration, as a way of experiencing and understanding phenomena,
and as a way of describing the world and being in the world. I acknowledge that within the small
social community of a mathematics classroom, as long as I am the teacher, my ontological
orientation—who I am, what constitutes my reality, and how I see mathematics—continues to
shape my practice and influence the students.

I have often wondered whether I have chosen mathematics, or it has chosen me. Palmer

(2007) insightfully delineated this issue for me by stating that “as teachers, we are drawn to a
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body of knowledge because it sheds a certain light on our identity and the world. We do not
merely find a subject to teach—the subject also finds us” (p. 26). In me, mathematics provokes a
sense of self that was lying dormant in me before I discovered the ways in which it named and
framed the world. As a child, my family moved around a lot, and each time that we moved, the
landscape changed, the people around me changed, and so did the language they spoke and the
customs and traditions they followed. When I went to school in my new city, mathematics was
the familiar part of my life that never changed. Growing up in an ever-changing world that
seemed uncertain, | thrived in the strength and stability of mathematics. It became my refuge and
all that I needed it to be: strong, stable, welcoming, truthful, present, clear, original, coherent,
creative, objective, meaningful, lively; Alive!

I concur with Palmer’s (2007) view that we teach who we are. In teaching mathematics, I
also teach who I am. While sharing the experience of being in a classroom with my students, as
our realities merge and manifest together, I am grateful for the opportunity to introduce
mathematics as a lively discipline worthy of attention and deep examination and for any
instances that I can bring mathematics into my students’ lives for yet another inspiring
conversation. As such, my ontology is one of joy and gratitude for the privilege to encourage
mathematics students to open up to new horizons, to imagine, to experience, to take a chance, to
push the boundaries, to create, and—above all—to find in them a place of joy, confidence, and
strength that binds them to the world and gives them the courage to stand up and question.
Perspectives on Metacognition From Mathematics Education and Other Disciplines

The wealth of research on metacognition in education speaks to more than four decades
of work and many attempts (e.g., Desoete & Veenman, 2006; Palincsar, 1986; Palincsar &

Brown, 1984; Paris & Oka, 1989; Pressley & Afflerbach, 1995; Roderer & Roebers, 2013;
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Thomas, 2003, 2006; Thomas & Anderson, 2014; Thomas & McRobbie, 2001) to apply the
metacognition theory to educational settings.

Educational psychology enjoys a long-lasting tradition in metacognition research, with
many contributing scholars (e.g., Alexander, 2013; Bol & Hacker, 2012; Brown, 1980; Chen,
2002; Desoete, 2008; Dunlosky & Thiede, 2013; Efklides, 2011; Koriat, 2011; Kruger &
Dunning, 1999; Lin & Zabrucky, 1998; Metcalfe & Finn, 2008; Nelson & Narens, 1990, 1994;
Nietfeld & Schraw, 2002; Pajares, 2002; Palincsar, 1986; Paris & Oka, 1989; Parkinson et al,
2010; Pintrich, 2000; Schneider & Artelt, 2010; Schraw, 1995; Schunk, 1984, 2008; Stone, 2000;
Tobias & Everson, 2000, 2002; Veenman & Spaans, 2005; Winne, 2001, 2004; Zabrucky, 2010;
Zimmerman, 1983) who have attempted variously and to varying extents, to bridge the
educational theory and practice by applying the metacognition theory to classroom settings.
Palincsar and Brown’s (1984) reciprocal teaching, a procedure used to enhance students’
strategic reading skills, and Zimmerman’s (2000) theory of academic self-regulation, which
involves three sequential phases of forethought, performance, and self-reflection are among these
efforts.

Metacognition in Mathematics Education

In mathematics education, some researchers (e.g., Goos, 1994; Schoenfeld, 1987b;
Stacey, 1991) have attributed students’ success in different areas of mathematics to students’
metacognitive strategies. Particularly, it has been widely noted (e.g., Desoete et al., 2003;
Dignath & Buttner, 2008; Goos, 2002; Montague, 1998; Schoenfeld, 1992, 2007; van der Stel &
Veenman, 2010; Veenman et al, 2005) that metacognition influences all the aspects of
mathematical problem-solving at all levels of difficulty. In my experience, metacognition

monitoring skills might potentially prevent blind calculation, false generalisation, or superficial
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number crunching approaches such as answering 24 to the question ‘20 is four more than...’
because more means addition.

Garofalo and Lester (1985) asserted that despite the importance of metacognitive
processes in mathematical performance, metacognition is not systematically studied within the
mathematics education community for at least three reasons:

First, covert behaviour of any type is extremely difficult to observe and analyse. In fact,

many psychologists believe that people have no direct access to their mental processes,

thereby making self-reports highly suspect as a source of data. This suspicion is
especially pronounced in the case of metacognitive processes. Second, researchers who
accept self-reports as legitimate data recognize that asking a person to verbalize
information while performing a task may affect cognitive processes if the verbalized
information would not otherwise be attended to. Third, phenomena linked with
metacognition, metamemory, and the like have been regarded by many psychologists as

being too ill-defined to be the objects of scientific investigation. (pp. 166—167)
Garofalo and Lester (1985) further suggested that “since mathematics education researchers have
often followed the lead of experimental psychologists in deciding what to study and how, the
role of metacognition in mathematical performance has been overlooked” (pp. 166—-167).

Although the above comments were made more than 3 decades ago, the critical role of
metacognition and its components in mathematical task performance has not yet been
sufficiently and systematically explored in mathematics education research, which might
possibly explain why the concept of calibration, to my knowledge, has not appeared anywhere in

mathematics education research literature. In my view, calibration, which is a measure of the
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accuracy of students’ monitoring judgments, enacts the role of metacognition in mathematical
task performance.

The construct of metacognition itself has been attended to by many mathematics
education researchers, including Biryucov (2004), Cai and Lester (2010), Campione et al.
(1989), Cardelle-Elawar (1992; 1995), Lesh (1982), Lester and Garofalo (1982), Schoenfeld
(1981; 1982; 1987b; 1998; 2010; 2011), and Silver (1982a; 1982b). In fact, from the early 1980s,
researchers with a focus on mathematical problem-solving demonstrated an interest in
metacognition. For instance, Lester (1982) maintained that a person’s metacognitive knowledge
and monitoring capability can substantially affect successful problem-solving in mathematics.

Silver (1982b), a strong proponent of the role of metacognition in mathematics education,
contended that successful problem-solving may solely depend on students’ metacognitive skills.
While Verscaftel (1999) considered metacognition to be of particular importance in
mathematical problem-solving, Garofalo and Lester (1985) argued for the essential role of
metacognition in the understanding and analysis of mathematical task performance. Interestingly,
without using the term metacognition, Tall (2013) posited a monitoring approach in dealing with
what he calls “problematic met-befores,” suggesting that to “rationalize a new problematic
situation, it may be helpful to encourage the learner to recall a situation in which the idea worked
and continue to work™ (p. 88), which constitutes a well-known and well-documented
(Schoenfeld, 1979, p. 178) monitoring strategy.

Alan Schoenfeld (e.g., 1979, 1981, 1982, 1985, 1987a, 1987b, 1992, 1998, 1999, 2000,
2002, 2005, 2006, 2009a, 2010) is among the most prolific and influential scholars who have
attempted to bridge metacognition research and classroom teaching of mathematics for almost 30

years. In response to several mathematicians who questioned the excessive interest in
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metacognition, Schoenfeld (1987b) wrote a chapter titled What is all the fuss about
metacognition? in which he challenged the then-prevalent view of teaching mathematics as a set
of definitions, theorems, formulas, and algorithms, and made a compelling argument for using
metacognitive strategies in teaching mathematics for a meaningful learning experience. Many
mathematics education scholars, including Silver (1982b), Pressley (1986), and Schoenfeld
(1992), have grounded their approaches to teaching students metacognitive strategies in the
foundational work of Polya (1957, 1973). Although Polya did not introduce his problem-solving
heuristics as metacognitive strategies, he highlighted the importance of self-monitoring and
thinking about one’s own thinking in his influential work.
Intervention Studies in Mathematics Classroom Settings

In this section, I review the intervention studies conducted in mathematics classroom
settings, which—like my study—have focused on the classroom applications of metacognition.
From the early 1980s, some researchers in the area of mathematical problem-solving (e.g.,
Lester, 1982, Silver, 1982a, 1982b) became interested in the applications of metacognition in a
classroom setting. For instance, Garofalo and Lester (1985) revised Polya’s influential four-
phase problem-solving heuristic to properly incorporate metacognitive strategies. Garofalo and
Lester (1985) proposed a cognitive-metacognitive theoretical framework for learning
mathematics, which involved an orientation phase (i.e., the strategic behaviour to actively assess
and understand a problem), an organisation phase (i.e., the planning of a course of action), an
execution phase (i.e., the regulation of behaviour to carry out the plan), and a verification phase
(i.e., the evaluation of decisions and outcomes), each enriched with both cognitive and

metacognitive activities.
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With a focus on mathematical thinking and problem-solving for university students,
Schoenfeld (1987b) insisted that as a living, evolving discipline, mathematics has the potential to
offer students lasting and meaningful learning experiences and that metacognition is best
fostered within a mathematics culture where students engage in communicating, practicing, and
building their mathematical knowledge and thinking.

For the purpose of his pedagogical intervention, Pressley (1986) devised the Good
Strategy User Model in which the term ‘strategy’ has a broad meaning similar to procedural
metacognitive knowledge. Based on Good Strategy User Model, Pressley introduced the
following five main principles of mathematics instructions to be used in a classroom context: (a)
the specific teaching of mathematical strategies, self-testing, and monitoring, (b) teaching
students when, where, how, and why to use specific strategies, (c) teaching strategy knowledge
so that students use the right strategy, (d) the enrichment of students’ knowledge base (e.g., the
knowledge of the multiplication tables) towards the ultimate automatic performance of basic
mathematical operations, and (e) allowing students to practice each concept separately and
enough times before combining it with other concepts.

In their classroom intervention, Allardice and Ginsberg (1983) explored the development
of mathematical thinking, concluding that students’ performance might suffer in the absence of
the control processes to guide their thinking and understanding. This view leads to the question:
Is metacognitive knowledge all that students need to be successful in their respective fields?
Many researchers (e.g., Kramarski & Mevarech, 2003; Kuhn, 2016; Schraw, 1998) have
demonstrated that in addition to metacognitive knowledge, teachers should explicitly teach
students monitoring strategies. Further, for mathematics classroom interventions to be effective,

Kuhn (2016) recommended that in order to develop students’ metacognition, the instructions for
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using metacognition should be delivered at the meta level (i.e., they should be about planning,
monitoring, control, and evaluation) rather than at the students’ performance level. For instance,
students should be encouraged to plan a solution and monitor every step of their work while
solving an equation or seek out ways to double-check their final answers.

The question of how to improve mathematics students’ metacognitive skills was explored
by Carr and colleagues in 1994. The researchers found that the use of internal mental strategies,
such as counting in one’s head, but not external strategies, such as counting on one’s fingers, was
related to improved metacognitive skills. In 1995, Carr and Jessup successfully replicated the
positive results gained by Carr et al. (1994), demonstrating that students’ metacognitive
knowledge could substantially influence the development of students’ metacognitive strategies.

In an experimental intervention in 1995, Cornoldi and colleagues focused on developing
mathematics students’ metacognitive knowledge and control processes and found that not only in
normally achieving children enhanced metacognition was related to academic achievement in
mathematics, but also children with a learning disability benefitted considerably from
metacognition training.

More recently in Germany, Cohors-Fresenborg and Kaune (2001) and Kaune (2006) took
the novel approach of designing a mathematics curriculum for school-age children using a
system that used age-appropriate metacognitive activities. These activities focused on enhancing
students’ self-reflection processes by encouraging a discourse-based teaching culture. As such,
through relevant classroom activities and conversations, metacognitive strategies were embedded
in students’ daily learning routines. Researchers maintained that the value of this approach in
improving both students’ metacognition and their understanding of mathematical concepts had

been demonstrated.
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In 2001, while conducting research with elementary school children, Desoete and
colleagues reported that students’ individual differences in terms of their metacognitive
prediction and evaluation skills differ among students according to their varying levels of
achievement. Following this line of research, Desoete et al. (2003) conducted an intervention
study with third graders which involved prediction and evaluation tasks on mathematical
problem-solving both before and after task performance. The researchers demonstrated that the
students who received metacognitive strategy training showed significant gains in metacognitive
skills as well as problem-solving task performance.

In another classroom intervention involving a metacognitive strategy training program
called IMPROVE (an acronym for Introducing new material, Metacognitive questioning,
Practising, Reviewing, Obtaining mastery on cognitive processes, Verification, and Enrichment
and remedial), Kramarski and Mevarech (2003) provided eighth grade mathematics students with
a set of metacognitive questions. These questions included comprehension questions (e.g., What
is the problem all about?), strategy questions (e.g., What kind of strategies can you use to solve
this problem and why?), connection questions (e.g., How is this problem related to other
problems you have already solved?), and reflection questions (e.g., Does the solution and the
final answer make sense?). The comprehension questions aimed to encourage students to think
about what strategies might be appropriate for a certain task and the reason why they thought so.
The strategy questions inquired about the appropriateness of particular strategies, and the
connection questions were meant to encourage students to identify the deep mathematical
structure of a task so they could call upon relevant prior knowledge and strategies. The results
revealed that IMPROVE positively affected students’ metacognition including their planning and

comprehension processes. Emphasising the social aspects of metacognition, Kramarski and
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Mevarech (2003), who used collaborative groups in their study asserted that the social setting
helped students working in groups express their mathematical thinking more ably than those who
were working alone.

In an intervention study with school-age children in the Netherlands, van Luit and
Kroesbergen (2006) focused on self-instruction in mathematical problem-solving, a method they
designed for children with learning disabilities in mathematics. During the 16-week-intervention,
the children in the training group received several training sessions on how to control their
learning activities (e.g., check the strategy in use and check the answer). The researchers
demonstrated that the children in the training group performed considerably better than the
control group, and the finding remained stable during the post-intervention follow-up period.

Schneider and Artelt (2010) point out that although the research on metacognition in
mathematics education continued after the 1990s and in the new millennium, most of the
research done with children and adolescents focused only on the predictive potential of
metacognitive knowledge but not on monitoring or control processes. Schneider and Artelt
provided an example of their own longitudinal research project, highlighting the interrelations of
metacognitive knowledge and prior knowledge in different subject domains, including
mathematics. The first assessment was done in Germany with 9- and 10-year-olds in 2008, in
mathematics. Schneider and Artelt (2008), who have predominantly focused on the
developmental aspects of metacognition, assert that the older students in the group knew more
about metacognitive strategies and performed better on mathematical tasks than their younger
peers. Further, Schneider and Artelt (2008) argued that considering only the data from cross-
sectional studies might not be sufficient for researchers to exclude the possibility of unknown

factors affecting students’ metacognition. Hence, Schneider and Artelt (2008) proposed that
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intervention studies that take place over many sessions might be more adequate to explore the
influence of any strategy training on students’ metacognition.

Although experimental studies in metacognition research are necessary and insightful
(Nelson & Narens, 1994), due to the complexities inherent in conducting research on
metacognition with students in the natural setting of school classrooms, it is conceivable that
purely experimental research designs might not quite adequately capture the dynamic nature of
metacognitive processes, including calibration. However, despite the complexities, my review of
the intervention studies in mathematics classrooms revealed that well-designed and well-
implemented classroom interventions have the potential to improve mathematics students’
metacognition.

Calibration: Accuracy of Monitoring Judgments

As noted earlier, metacognition broadly refers to the knowledge about, and monitoring
and control of cognition (Paris & Oka, 1989; Pintrich et al., 2000; Schneider & Artelt, 2010;
Winne & Hadwin, 1998). Tobias and Everson (1996, 2002) contend that among the different
components of metacognition, monitoring processes are basic to the others, because unless
students are able to monitor their thinking activities and make relatively accurate self-evaluations
of their task performance, they may not decide to either regulate or control those activities. To
clarify, monitoring processes, which inform the control processes (Nelson & Narens, 1990), are
described as one’s awareness of task performance while on a task (Schraw & Moshman, 1995).
For instance, while engaged in solving limit problems in calculus, unless students recognise that
they have not grasped the concept of limits of functions, they might not spend much time and

effort trying to learn and practise this concept.
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Different categories of monitoring judgments were discussed earlier (see Table 2.1). As
noted by Hadwin and Webster (2013), these judgments are indicative of an individual’s
monitoring processes. In my study, students’ retrospective monitoring judgments, also called
confidence judgments of performance (Schraw 2009), after completing a task, were explored.
For instance, after writing a test, a student might think, “I am confident that I will get 80%,”
which is called a retrospective confidence judgment (Nietfeld & Schraw, 2002), indicating the
level of the student’s confidence in task performance. If this student scores 80% on the test, he or
she is said to be well calibrated. A score lower than 80% indicates student’s positive bias or
overestimation (Chen, 2002; Mengelkamp & Bannert, 2010), whereas a score higher than 80% is
indicative of negative bias or underestimation.

Calibration research began with experimental studies in psychology in the 1950s, but
researchers’ interest in the topic can be traced back to Woodworth and Thorndike’s (1900) paper
on judgments of magnitude, half a century earlier. As explained in a review by Kahneman and
colleagues (1982), in the 1950s, the concern was that medical doctors were consistently
overconfident in judging the accuracy of their diagnoses. Researchers then contrasted the
calibration of medical doctors with that of other professionals and soon, as highlighted by
Lichtenstein et al. (1982), turned their attention to adults’ calibration on general knowledge
tasks.

Like metacognition, despite the lack of a consensual conceptualisation, the construct of
calibration has been studied by cognitive, developmental, experimental, and educational
psychologists for decades (e.g., Alexander, 2013; DiFrancesca et al., 2015; Fin & Tauber, 2015;
Fischhoff et al., 1977; Glenberg & Epstein, 1985; Gutierrez et al., 2016; Koriat, 2011; Muis et

al., 2016; Nietfeld et al., 2006b; Pajares & Kranzler, 1995; Reid et al., 2017; Schraw et al.,

57



1993), within and beyond a variety of academic domains such as psychology (Hacker et al.,
2000; Pintrich, 2004), human development (Dinsmore & Parkinson, 2013), business studies
(Stoten, 2019), medical sciences (Persky & Dinsmore, 2019), general literacy skills (Maki et al.,
2005), reading comprehension (Schraw et al., 1993), decision-making (Callender et al., 2016),
reading at elementary school level (Huff & Nietfeld, 2009), and mathematics (Barnett & Hixon,
1997; Garcia et al., 2016; Kramarski & Mevarech, 2003; Rutherford, 2017a).

Educational Importance of Calibration

Flavell (1979) stated, “I find it hard to believe that children who do more cognitive
monitoring would not learn better both in and out of school than children who do less” (p. 910).
Researchers (e.g., Alexander, 2013; Bol & Hacker, 2001; Flavell, 1979; Kruger & Dunning,
1999; Nietfeld et al., 2005) have long demonstrated that for a variety of reasons, people in
general, including students, are quite limited in their knowledge and monitoring of their own
cognition. In other words, they are not well-calibrated. In this regard, Nelson and Narens (1994)
asserted, “People are construed as imperfect measuring devices of their own internal processes”
(p. 18).

Koriat and colleagues (2002) pointed out that there often exists a difference between
students’ subjective self-evaluative feelings on a topic and their objective performance outcomes
on the same topic. This discrepancy can give rise to the illusion of knowing (Glenberg &
Epstein, 1985; Kruger & Dunning, 1999), in which students assume they are prepared for a test,
but they are not. As a mathematics teacher, I am familiar with students’ illusion of knowing and
its negative consequences for students’ motivation and achievement. I think it is important for
mathematics teachers to try to understand the basis of students’ monitoring judgments, what

affects the accuracy of these judgments, how these judgments can be matched with students’

58



objective task performance outcomes, and how students’ calibration can be developed in the
context of day-to-day classroom activities.
A Problem of Conceptualisation

Within the calibration research literature the lack of a clear definition has been
problematic because as noted by Schunk (2008), how a concept is conceptualised affects how it
is investigated and assessed and how the research results are understood and interpreted. In
educational psychology, one definition of calibration (Schraw et al., 1993) is the accuracy of
judgments in evaluating task performance. Some researchers, however, have suggested much
broader definitions for calibration. For instance, Glenberg et al. (1987) and Wagenaar (1988)
defined calibration as a measure of the relationship between confidence in performance and the
accuracy of performance, while Lichtenstein et al. (1982) proposed that calibration is the degree
to which individuals’ judgements about their understanding, capability, competence, and
preparedness corresponds to the understanding, capability, competence, and preparedness they
actually manifest. To provide a more recent example of how calibration is conceptualised, Crane
and colleagues (2017) define calibration as a skill of monitoring, referring to students’ ability to
monitor their understanding and task performance.

Within the research literature, calibration has been conceptualised predominantly
numerically as a correlation (Fischhoff et al., 1977), a relationship (Stoten, 2019), a measure
(Bjorkman, 1992; Cooke, 1991; Glenberg et al., 1987; Sharp et al., 1998; Wagenaar, 1988;
Yates, 1990), a degree (Keren, 1991; Lin & Zabrucky, 1998), a comparison (Gutierrez, 2017),
the accuracy of judgments (Rutherford, 2017a), an absolute value (Maki et al., 2005), the
difference (Bol & Hacker, 2012), and the extent of congruence (Gravalia & Gredler, 2002) for

the past 4 decades, which partly explains why researchers have predominantly used quantitative
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and experimental research methods to investigate calibration and why the personal, social, and
affective factors are by and large absent from calibration research. Further, calibration provides a
good example for Schunk’s (2008) argument in which inconsistencies in conceptualisation have
led to inconsistencies in research findings.

I contend that the ways in which calibration is conceptualised, and how these
conceptualisations have changed and evolved are important to my understanding and my review
of research literature on calibration. As such, I have summarised the evolution of the
conceptualisation of calibration in research literature over the past four decades in Appendix A.
Approaching a Working Definition for Calibration

In my search for a working definition of calibration which might best suit my research, I
considered the conceptualisation suggested by Lichtenstein et al. (1982), which describes
calibration as the degree to which individuals’ judgments about their understanding, capability,
competence, and preparedness correspond to the understanding, capability, competence, and
preparedness that they actually manifest. Calibration researchers have often perceived students’
performance judgments as a reflection of their subject-matter understanding (Gutierrez &
Schraw, 2015; Huff & Nietfeld, 2009, Lindsey & Nagel, 2015), capability (Sheldrake et al.,
2014; Stoten, 2019), competence (Persky & Dinsmore, 2019; Sheldrake et al., 2014), and
preparedness (Ots, 2013; Thiede & Leboe, 2009). Due to the interpretive nature of my research
and my choice to employ both qualitative and quantitative methods, I opted for ‘the extent of
agreement’ instead of ‘the degree of correspondence,’ and thus operationalised calibration as the
extent to which individuals’ judgments about their understanding, capability, competence, and
preparedness agree with the understanding, capability, competence, and preparedness they

actually manifest. This definition of calibration takes into account the personal influences such as
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students’ beliefs, the behavioural influences such as their attitude toward test preparation, and the
environmental influences such as the availability of a metacognitively supportive learning
environment on students’ calibration. As such, this definition of calibration is consistent with
Bandura’s (1986) triadic reciprocal influences of personal, behavioural, and environmental
factors.
Classroom Interventions Aimed at Developing Students’ Calibration

The fundamental paradigm shifts in educational research during the late 1970s and the
early 1980s changed the focus of the discipline from condition to cognition (Zimmerman, 2002),
and presented a new perspective on students’ individual differences through the research on
social cognition and metacognition. In this line of work, intrigued by students’ learning
limitations related to the lack of metacognitive awareness and inability to compensate for those
limitations, researchers (e.g., Schunk, 1989; Zimmerman, 1989) attempted to raise students’
metacognitive awareness of the subject-matter content by encouraging them to set goals and self-
monitor the steps taken toward those goals. Prior to such research, Shapiro (1984) had
demonstrated that simply by asking students to set a goal and monitor and self-record some
aspects of their learning, an intervention in and by itself, students showed superior academic
gains. This educationally interesting phenomenon, called ‘reactivity’ (Shapiro, 1984;
Zimmerman, 2001, 2002), suggests that developing students’ monitoring skills might support
their academic gain. Zimmerman theorised that although the lack of fundamental skills may pose
a problem, reactivity can potentially produce a readiness that is essential for personal change,
supporting the effectiveness of almost any kind of pedagogical intervention.

Students’ expectations and performance judgements have been linked to better study

habits (Horgan, 1990) as well as to improved task performance (Bol et al., 2005; Butler &
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Winne, 1995; Chen, 2002; Schraw et al., 1993) in academic domains. Within the calibration
research literature, most studies have focused on improving students’ academic task performance
(e.g., Bol et al., 2005; Bol et al., 2012; Nietfeld et al., 2005, 2006a; Rutherford, 2017a, 2017b;
Tobias & Everson, 1996, 2000, 2002; Zimmerman & Moylan, 2009) and are not strictly centred
on improving students’ calibration accuracy. Moreover, as noted by Bol et al. (2012), calibration
studies have predominately defined calibration as a stable psychological construct. This view
may be partly responsible for the dominance of snapshot-style experimental research, which has
likely led to some inconclusive or contradictory results. Consistent with Bandura’s (1986) social
cognitive theory, a different insight provided by some researchers (e.g., Bol et al., 2005; Dembo
& Jakubowski, 2003; Hacker et al., 2000; Thomas, 2002, 2006; Thomas & McRobbie, 2012;
Roeser et al., 1998) suggests that metacognition might not be purely psychological but rather a
socially constructed and culturally mediated construct. Calling on contemporary researchers to
abandon examining metacognition solely as a reflection of one’s cognitive ability, Zimmerman
(1990) convincingly argues that the research on metacognition must also include the complex
social dimensions of motivation, emotion, and behaviour, as these factors account for the
necessary humanistic nature of metacognition. This insight is consistent with the scholarly calls
(e.g., Roderer & Roebers, 2013) for conducting calibration research in naturalistic classroom
contexts.

A line of research pursued by Bol, Hacker, and their colleagues was carried on between
2000 and 2012. Hacker et al. (2000) started out by asking an important question: Can students
accurately predict their task performance outcomes? The researchers also asked the following
questions: Does accuracy vary with performance, and does prediction accuracy increase over

multiple tests? Ninety-nine students in an undergraduate educational psychology course
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participated in a semester-long classroom intervention, receiving information on the importance
of self-monitoring and accurate self-assessment throughout the course. They also took a practice
test before each of their three tests and were encouraged to focus on their mistakes. Students
received performance feedback on their grades after each test. Hacker et al. (2000), who
analysed students’ predictions and postdictions by utilising calibration graphs, concluded that
high-achieving students were highly accurate and their calibration accuracy improved, while
low-achieving students were strongly overconfident, overestimating their performance scores,
with their overestimation being greatly exaggerated the lower they performed. But why would
low-achieving students repeatedly make unrealistic performance judgements despite feedback?
The researchers theorised that those students believed they would do well on the test and
attributed their poor test performance to external factors such as a tricky test or an unreasonable
teacher. This study was unique in the sense that the participants were told to base their
confidence judgements on their performance outcomes of the practice test, which might be a
useful strategy, considering the variability of the factors that may potentially influence students’
confidence judgements.

In 2001, by adding the element of review to their previous work, Bol and Hacker
conducted a classroom intervention with 59 undergraduate students in a research methods
course, comparing the effects of practice tests and traditional review on performance and
calibration. In total, two tests and two practice tests were taken by the students. In line with
previous research, Bol and Hacker determined that (a) the participating undergraduate students
were not very good at predicting or postdicting their performance outcomes, (b) higher-achieving
students were more accurate than their lower-achieving peers but underconfident, and (c) low-

achieving students were less accurate than their higher-achieving peers in their predictions or
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postdictions of performance outcomes and were overconfident. Bol and Hacker concluded that
giving practice tests were less useful than the traditional review by students, as the students in
the study seemed to focus too narrowly on the material included in the practice tests.

In 2005, Bol and colleagues conducted another study with 356 undergraduate students to
investigate the influence of overt practice and performance level on calibration accuracy and
academic task performance. This time, recognising that the previous attempts to improve
students’ calibration accuracy had produced mixed results, the researchers included students’
explanatory styles. Explanatory styles—people’s ways of interpreting daily events and
consequences (Ormrod, 1999)—have been linked to a wide range of academic task performance
outcomes. Bol et al. (2005) wondered whether students’ explanatory styles were responsible for
their unrealistically optimistic judgements, even in the face of repeated failure. This study
confirmed that high-achieving students were more accurate than their low-achieving peers but
underconfident, while the low-achieving students, who were less accurate, were noticeably
overconfident. Bol et al. demonstrated that approximately 32% of performance scores and
prediction/postdiction accuracy were related to students’ explanatory style, and suggested that
“because calibration accuracy may be influenced by a more global self-concept of ability rather
than the actual performance data, this may be one reason why calibration is resistant to change”
(p- 289). The possibility that students’ self-concepts of ability may influence their calibration has
been taken up by other researchers, including Dembo and Jakubowski (2003), Hacker et al.
(2000), and Roeser et al. (1998).

The notion that students’ explanatory styles may affect their calibration accuracy
prompted a study by Hacker and colleagues (2008a), in which they used a two-by-two quasi-

experimental design to investigate the impact of extrinsic incentives and reflection on students’
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calibration. The researchers examined the relationship between explanatory style, performance,
and monitoring judgements for 137 undergraduate students enrolled in an educational
psychology course. The results showed that high achievers were very accurate in their
judgements. The calibration accuracy of the high-achieving group, however, did not improve
substantially over the course of the semester, and their explanatory styles did not strongly affect
their accuracy. Low achieving students were minimally accurate in their judgements, but those
low-achieving students who received incentives showed substantial improvement in their
calibration accuracy. The researchers used open-ended questions to explore the accuracy of
monitoring judgements and noted that explanatory style was a powerful predictor of calibration
accuracy.

Bol et al. (2010) investigated the calibration accuracy of 77 middle school students on
mathematical tasks. The results were consistent with some of the previous research results with
undergraduate students; high-achieving students demonstrated better calibration accuracy than
their low-achieving peers. The only difference was that in this study, all students were found to
be overconfident. The researchers concluded that interventions at earlier grades, such as the work
done by Brookhart et al. (2004) with third graders, may play an important role in positively
enhancing students’ calibration accuracy. It was also demonstrated that all students attributed
their monitoring accuracy to their perceived academic capabilities, as well as to their study time,
personal effort, and expectations of test difficulty.

Finally, Bol and Hacker (2012) conducted another two-by-two quasi-experiment to
investigate the effects of studying individually or in groups and with or without guidelines on the
calibration accuracy of 82 high school biology students. The researchers demonstrated that

students’ calibration accuracy and performance scores improved with guidelines that helped
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students monitor their performance in a group setting. Students’ explanatory styles were not
considered in this research project. Bol and colleagues who have conducted research on
calibration accuracy for more than a decade, confirm that calibration accuracy is malleable (Bol
& Hacker, 2012) and subject to change under careful training—an optimistic outlook that I also
embraced in deciding to conduct this study.

In a similar line of research, Nietfeld and colleagues (2005) explored whether practising
monitoring strategies consistently over a semester will lead to significant improvements in
students’ calibration accuracy. A group of 27 undergraduate students practised monitoring
strategies. The researchers examined the occurring changes in students’ monitoring accuracy and
its relationship with performance. The results suggested that calibration accuracy did not
improve and remained stable across several tests. Contrary to Hacker and colleagues’ (2000)
findings, the researchers did not observe any improvements in calibration accuracy of high-
achieving students, possibly due to the different approaches used to measure the change in
students’ calibration accuracy. While Nietfeld et al. (2005) compared the global and local
judgments, Hacker et al. (2000) used pre- and post-performance judgments to conduct research.
Nietfeld et al. (2005) demonstrated that in their study, the global judgements over the whole test
were more accurate than the local judgements over one item, and the students’ performance was
strongly linked to the accuracy of their judgements. In other words, the low-achieving students
were also weak at knowing where to direct their efforts to improve performance. This study was
one of the first studies to explore calibration accuracy in a naturalistic classroom context over an
extended period of time.

In 2006, Nietfeld and colleagues conducted a follow-up study investigating the effects of

distributed monitoring exercises and feedback on the calibration accuracy, performance, and
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self-efficacy of 84 undergraduate educational psychology students over 16 weeks. The
researchers reported significant improvement in both calibration accuracy and performance
scores and concluded that even modest interventions aimed at improving monitoring may
enhance students’ calibration. By addressing the relationship between students’ monitoring skills
and motivation, the researchers suggested that it is worth examining how students’ self-generated
feedback affects their study strategies during the learning process.

More recently, in an experimental study, Gutierrez and Schraw (2015) explored the
effects of strategy training and incentives on students’ calibration. The participants who were
107 undergraduate psychology students received three sessions of instruction training in seven
general areas. These areas were: reviewing the text for the main objectives, summarising, re-
reading text and reflecting, using contextual cues, highlighting text, relating similar questions,
and using diagrams. The researchers reported the significant effects of instruction training and
incentive on calibration accuracy of the participating students.

Rutherford (2017b) analysed elementary school students’ calibration through studying
their interactions with a year-long digital mathematics curriculum. The findings suggested that
the differences in students’ calibration accuracy were related to the differences in students’
academic achievement in mathematics. Further, Stoten (2019) employed learning diaries to
qualitatively explore calibration awareness of undergraduate business students. The researcher
inferred that although students might have some insights into how to approach studying a certain
topic, they had a far less developed sense of how to enhance their metacognitive skills including
calibration.

Despite the call for conducting research on calibration accuracy in a classroom context,

across subjects and age levels, using relevant assessment material, by classroom teachers and

67



what has been learned from those students, few intervention studies have been conducted in K-
12 classrooms, and to my knowledge, none in senior mathematics classrooms (Grades 11 and 12)
with the explicit goal of developing students’ calibration. The intervention studies that I
reviewed in my thesis present an optimistic view of calibration in which calibration accuracy is a
malleable construct (e.g., Gutierrez, 2017; Gutierrez & Schraw, 2015; Stoten, 2019) and its
importance lies in supporting students to become self-regulated life-long learners capable of
identifying their own learning strengths and weaknesses (Stoten, 2019).

Overall, the calibration research findings suggest that calibration is a dynamic construct
and far from being purely psychological. As asserted by Hacker et al. (2008b), despite decades of
research on different aspects of calibration, the question of how calibration accuracy can be
improved in a classroom context has not been definitively answered. This important and complex
question that is taken up in this study has educational implications for students’ learning,
motivation, and achievement. Hence, identifying the contributing factors to calibration change
and designing effective interventions remain fertile areas for research.

Findings, Gaps, and Contradictory Results in Calibration Research
Research Findings

With a focus on what was pertinent and informative to my study of calibration, in this
section I present the research findings on calibration over the span of 48 years, between 1971 and
2019. It is important to note that these findings are based on predominantly laboratory-style
studies and I could not find any studies undertaken by a classroom teacher to develop students’
calibration in a high school mathematics classroom setting, similar to my study. I have
mentioned some of these findings but not all in the previous sections of this document. This

synthesis is non-exhaustive, as it is limited to the topics pertinent to my study.
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Research Findings Linking Students’ Monitoring to Their Task Performance.
Research shows that accurate monitoring of task performance by students is certainly not a given
(Glenberg & Epstein, 1985; Pressley et al., 1990). While low-achieving students are poorly
calibrated and overconfident (Hattie, 2013; Kruger & Dunning, 1999), high-achieving students
are well calibrated and underconfident (Hacker et al., 2008b). Notably, low-achieving students
are not only less accurate in the estimation of their task performance than their high-achieving
peers, but also less aware that they are inaccurate (Hattie, 2013; Kruger & Dunning, 1999).

Research also suggests that metacognitive abilities are malleable and independent of
general intelligence (Pressley et al., 1990). Explicit monitoring is linked to improved grades at
school (Johnson & White, 1971; Morgan, 1987) and a statistically significant relationship links
students’ postdictions of task performance to their actual task performance (Schraw et al., 1993).

Research Findings on What Might Influence Calibration. Research suggests that
metacognition, metacognitive monitoring, and calibration are domain specific (Veenman &
Spaans, 2005; Tobias & Everson, 1996). In the field of mathematics, researchers posit that
metacognitive processes affect mathematics performance and vice versa (Legg & Locker, 2009;
Vanderstel & Veenman, 2010). Further, interventions have been found to be more successful in
mathematics than in other subjects (Dignath & Buttner, 2008). Puncochar and Fox (2004)
suggest that social factors may potentially affect calibration. However, calibration is sometimes
resistant to change. This is called the ‘Problem of Resistance’ (Bol & Hacker, 2001; Bol et al.,
2005; Nietfeld et al., 2005). Calibration is linked to metacognitive skills and performance level
(Bol et al., 2005; Rutherford, 2017a). Further, postdiction judgements made retrospectively are
generally more accurate than predictions made prospectively. This phenomenon is called the

‘Testing Effect’” (Crissman, 2006; Schraw, 2009; van Loon et al., 2013).
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Research Findings on Interventions That Aim to Improve Calibration. Calibration
researchers posit that it is possible to improve calibration using an intervention (Glenberg et al.,
1987; Hacker et al., 2000; Nietfeld et al., 2006a; Nietfeld et al., 2006b; Schraw et al., 1993;
Yates, 1990). External incentives are assumed to improve calibration and performance, possibly
only for low-achieving students (Hacker et al., 2008a). Furthermore, calibration and performance
improved when calibration was practised with guidelines (Bol et al., 2012). Persky and Dinsmore
(2009) propose that having students practise their calibration over time and investigating their
sources of confidence can potentially produce more meaningful data on calibration accuracy.
Moreover, research suggests that understanding why students adopt different and sometimes
unjustified perceptions of their task performance is essential to any efforts to support students’
learning and achievement (Stoten, 2019).

Research Findings on Monitoring Strategy Training. Research shows that teaching
students monitoring strategies improves students’ calibration (Schraw et al., 1993). However,
researchers posit that monitoring instructions improve calibration and performance possibly only
in high-achieving students (Hacker et al., 2000). Nietfeld et al. (2005, 2006a) propose that
without explicit monitoring training students’ calibration does not improve, but with explicit
monitoring training students’ calibration improves (Huff & Nietfeld, 2009; Nietfeld et al.,
2006a). In the field of mathematics, research suggests that specific monitoring training increases
calibration accuracy and directly benefits students’ performance on mathematical tasks, in
particular in problem-solving (Desoete, 2009; Desoete et al., 2003; Pennequin et al., 2010;
Stillman & Mevarech, 2010).

Research Findings Regarding the Potential Role of Feedback and Reflection in

Improving Calibration. Research suggests that providing grade feedback alone does not
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improve students’ calibration accuracy (Schraw et al., 1993). Calibration researchers posit that
continuous feedback improves students’ calibration accuracy (Callender et al., 2016; Stone,
2000; Zimmerman, 1990). Flannelly (2001) proposes that feedback on prior performance
outcomes improves students’ calibration accuracy and Nietfeld and colleagues (2006a) suggest
that both self-generated and externally provided feedback boost students’ calibration accuracy.
Further, Schraw and colleagues (2013) showed that student’s self-generated feedback positively
influenced their calibration.

Self-reflection, also called reflection for brief, is a central tenet of the models of self-
regulation learning (e.g., Zimmerman, 1986) and researchers posit that reflection improves self-
regulation and calibration (Schraw et al., 1993). In Bryman’s (2001) study, seminar periods were
set aside for university-level students for self-reflection. Moreover, Efklides (2008) suggests that
metacognitive monitoring can take the form of self-reflection and support the control processes
to improve calibration accuracy. Stoten (2019) recommends that learning through reflection by
using diaries has the potential to improve students’ calibration accuracy.

Gaps in Calibration Research

Researchers have identified several potentially fertile areas for research on calibration,
including conducting research in classroom contexts (Hacker et al., 2008a; Hacker et al., 2008b;
Lundeberg & Fox, 1991; McCormick, 2003; Nietfeld et al., 2005; Roderer & Roebers, 2013;
Valdez, 2013; Winne, 2004), across ages and subject levels (Hacker et al., 2008b; Parkinson et
al., 2010; Roderer & Roebers, 2013; Valdez, 2013), and designing effective interventions
(Alexander, 2013; Barnett & Hixon, 1997; Dignath & Buttner, 2008; Hacker et al., 2009; Hacker
et al., 2000; Hadwin & Webster, 2013; Miller & Geraci, 2011; Nietfeld & Schraw, 2002;

Zimmerman & Schunk, 2003) to improve calibration accuracy.
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The majority of calibration studies have been conducted in laboratory settings under
controlled conditions (Gutierrez, 2017; Gutierrez et al., 2017) and possess strong internal validity
such as Boekaerts and Rozendaal (2010), Bol et al. (2012), Hadwin and Webster (2013), Higham
(2013), Miller and Geraci (2011), Nietfeld et al. (2006b), Ozsoy (2012), Roderer and Roebers
(2013), and van Loon et al. (2013). Nonetheless, some researchers, including Lundeberg and Fox
(1991), McCormick (2003), Nelson and Narens (1994), Roderer and Roebers (2013), and Winne
(2004), have argued that due to the complexities inherent in naturalistic learning environments,
some of the lab findings may not be generalisable to classroom settings. To clarify some of the
differences, Roderer and Roebers (2013) argue that in a lab setting, tests are designed by
researchers strictly to elicit the maximum desired effect. Further, tests are administered by
people unknown to students in an environment with no motivational relevance and minimum
resemblance to a classroom.

On the one hand, the development of calibration in a natural setting such as a classroom
is more complex than in a laboratory setting, with many forms of materials and teaching methods
in use and a much longer time-gap between teaching and testing episodes; on the other, “80% of
calibration studies are not situated in school subject-matter areas such as mathematics or
science” (Parkinson et al., 2010, p. 11), as they focus on law-enforcement, medical diagnostic,
and criminal justice matters. Some researchers (e.g., Parkinson et al., 2010; Jacobse &
Harskamp, 2012) have warned that this issue makes it difficult to generalise the research findings
to academic areas, given the domain specificity of calibration (Tobias & Everson, 1996;
Veenman & Spaans, 2005). Moreover, calibration studies have almost exclusively used

convenience samples of undergraduate students, which means that the developmental aspects of
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calibration for teenagers and young adults have not been captured in calibration research
(Parkinson et al., 2010).

On a positive note, the current gaps in calibration research, as presented chronologically
in Appendix B have the potential to underscore the future direction of calibration research and
where the researchers might next focus their attention and efforts. Although the issues
highlighted in Appendix B are limited to the topics pertinent to this study, further exploration of
these issues may be beneficial as direction for future research on calibration.

Inconclusive or Contradictory Results in Calibration Research

As noted by Alexander and colleagues (2010), for a variety of reasons, such as the lack of
clear conceptualisation (Schunk, 2008), calibration researchers’ attempts to ascertain whether
calibration accuracy can be improved have produced inconclusive and sometimes conflicting
results. For instance, in a lab setting, feedback is assumed to improve calibration accuracy
(Stone, 2000; Zimmerman, 1990). In a classroom setting, however, Nietfeld et al. (2005) could
not replicate this result. To provide another example, in 2001, Flannelly demonstrated that in a
classroom context, test difficulty affects calibration accuracy, while Bol and Hacker (2001)
concluded that test difficulty does not affect calibration accuracy in a laboratory setting. The
erroneous assumption that the results of the lab-based studies are necessarily generalisable to the
complex setting of classrooms may be partly responsible for conflicting results. Further,
calibration has often been identified as a purely psychological construct, which has been noted
by some researchers (e.g., Bol et al., 2008a; Bol et al., 2005; Chen & Zimmerman, 2007; Hacker
et al., 2008; Nietfeld et al., 2006a) as the reason why self-factors factors such as students’ self-

perceptions are largely absent from calibration research.
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Contradictory or inconclusive results continue to trouble calibration researchers.
Appendix C represents a concise list of the contradictory research results that are pertinent to this
study. These issues include the conceptual grounding of calibration (#1 to #4), malleability of
calibration (#5 to #8), reflection (#9 and #10), feedback (#10 to #14), calibration in a classroom
(#15 to # 17), and confidence judgments (also called monitoring judgments, #18 and #19).
Rationale for This Study

“But I thought I knew this chapter inside out.”

“I sort of had a feeling that [ knew my stuff.”

“I actually studied for this test and still got only 40%.”

The above and similar comments might sound familiar to experienced mathematics
teachers who realise early in their career that the accurate self-evaluation of task preparedness
and performance is not a ‘given’ for students. Decades of research (e.g., Barnett & Hixon, 1997,
Bol, Hacker and colleagues, 2000, 2001, 2005, 2008a, 2008b; Glenberg & Epstein, 1985; Kruger
& Dunning, 1999; Flannelly, 2001; Nietfeld et al, 2005; Stoten, 2019; Winne, 2004; Winne &
Jamison-Noel, 2002) have indicated that the inability to self-assess task performance can be
detrimental for students’ learning, motivation, and academic achievement. Through this study, I
responded to the call for more research on students’ calibration accuracy in a classroom context
(e.g., Gutierrez et al., 2017; Huff & Nietfeld, 2009; Stoten, 2019), at K-12 level (McCormick,
2003; Winne, 2004), using mixed methods (Barnett & Hixon, 1997) of research.

My literature review generated for me fresh and constructive ideas about what kind of
intervention might be effective in a mathematics classroom. Based on my teaching experience
and due to the value assigned to explicit monitoring strategy training, feedback, and reflection in

calibration research literature, I focused on incorporating these elements into my research design.
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The result was a classroom intervention in which the elements of (a) monitoring strategy
training, (b) curriculum-based classroom tests, (c) students’ calibration graphs, and (d) students’
reflection notecards merged with students’ day-to-day learning activities and curriculum-based
tasks. Inspired by what I learned from my literature review, as I noted earlier in Chapter One, the
research question that I pursued was as follows: In what ways might students’ calibration change
and develop in the context of a year 11 mathematics classroom?
Chapter Two Summary

By reviewing the metacognition and calibration research literature, I intended to
understand and present what researchers in this field had previously done, what they had not
done, and how to position my study within the current scholarly discourse in calibration research
in mathematics education. I began Chapter Two with a review of the historical roots and
conceptualisation of metacognition and an examination of Nelson and Narens’s (1990) theory of
metacognition, which is the theoretical framework for my thesis. By attending to the social side
of metacognition, I explained why I placed my study within Bandura’s (1986) social cognitive
theory and elaborated on the epistemological and ontological orientation of this study. I also
reviewed the perspectives on metacognition and outlined the intervention studies in mathematics
classrooms. I discussed the notion of calibration, its importance for students, and the difficulties
inherent in conceptualisation and assessment of calibration. I also attended to the classroom
interventions that attempted to improve students’ calibration and identified the findings, the gaps,
and the inconclusive or contradictory results in calibration research. I concluded Chapter Two by
explaining my rationale for conducting this study and provided a chapter summary. In Chapter

Three, I present the details of my research methodology and design for this study.
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Chapter Three
Research Methodology and Design
Introduction

In this study, I used a pedagogical classroom intervention to explore the research
question: In what ways might students’ calibration change and develop in the context of a year
11 mathematics classroom? I applied Nelson and Narens’s (1990) theory of metacognition within
Bandura’s (1986) social cognitive theory to study high school students’ calibration in a Grade 11
mathematics course in which metacognitive strategy training, feedback, and reflection were
embedded in curriculum-referenced instructions and curriculum-based classroom tests.

As I discussed in detail in Chapter Two, calibration refers to the accuracy of students’
monitoring judgements. These judgements are students’ interpretations of their own thinking
processes and as such are in a constant state of flux, often not explicitly quantifiable. Moreover,
some researchers (e.g., Garner & Alexander, 1989; Ozturk, 2017; Thomas, 2013; Veenman et al.,
2006) suggest that metacognition is a multi-layered and complex phenomenon and propose that
due to the complexities associated with a myriad of naturally occurring events in a classroom,
conducting research on metacognition in a classroom setting may be problematic. As I noted
earlier, employing purely quantitative methods of data collection and analysis might have been
partly responsible for inconclusive or contradictory results in prior calibration research. Thomas
(2013) stated that “if credible assertions regarding the efficacy of any intervention are to be
made, it is appropriate to seek both qualitative and quantitative forms of data” (p. 6).

In their examination of 710 research articles published in six prominent journals between
1995 and 2005 in the field of mathematics education, Hart et al. (2009) found that 50% of the

researchers used only qualitative methods such as observations, field notes, and interviews, 21%
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used only quantitative methods such as descriptive statistics, correlations, and quasi-experiments,
and 29% used mixed methods, which involves the use of both qualitative and quantitative
methods, such as in this study. Some mathematics education researchers have raised concerns
regarding the dominance of qualitative methods in mathematics education research. For instance,
Silver (2004) asserts that in mathematics education, researchers have “erected a monument to
qualitative research methods and non-experimental models of inquiry” (p. 154) during the past
few decades, despite the increasing level of complexity of current educational issues that warrant
multifaceted research designs. Facing the challenge of choosing a research methodology that
could validly and accurately capture the dynamic nature of students’ calibration, I became
convinced that the results obtained through a combination of both qualitative and quantitative
methods could enrich my understanding of calibration and provoke constructive ideas to answer
my research question, which demanded such an approach.

I begin Chapter Three with an examination of the mixed methods methodology that I
applied in this study and introduce the research participants. Subsequently, I present the context
and the research design, describe the intervention and data collection components, and highlight
some quality concerns. I conclude Chapter Three by addressing the assumptions, limitations, and
delimitations of my research design and providing a chapter summary.

Mixed Methods Methodology in Theory and Practice

In this study, I used a mixed methods approach, which Teddlie and Tashakkori (2009)
defined as including a combination of both qualitative and quantitative methods to best answer
one or more research questions. For the purpose of this study, I adopted the definition of Hart et
al. (2009), who broadly described a mixed methods approach as “the use of both qualitative and

quantitative methods, in any part of the study” (p. 29). Hart et al. (2009) explained that they
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chose this definition to be inclusive without being constrained “by the issues of balance between

qualitative and quantitative methods or integration in data collection, analysis, results, or

conclusions” (p. 29). Hence, the current study qualifies as a mixed-method study of calibration

because I used both qualitative and quantitative methods throughout the study.

Onwuegbuzie and colleagues (2009) propose that the following two factors can

determine the mixed methods design:

1.

Priority: According to this criterion, the researcher can give the same weight or different
weights to the qualitative and quantitative aspects of the study. In this study, I gave equal
weight and status to both aspects of the study, based on my understanding that the
research question of this study could not be deeply and meaningfully answered by using
either qualitative or quantitative methods alone, and that both methods substantially
contributed to my understanding of students’ calibration.

Implementation of data collection: This criterion refers to the order in which data are
collected. The two methods of data collection are as follows: collecting data at the same
time (i.e., concurrent design) or at different times (i.e., sequential design). Due to the
iterative and dynamic nature of a high school classroom, my research design does not
fully align with either style. Had I felt the necessity to label my study as sequential or
concurrent, I would have called it a partially sequential mixed methods study of
calibration. This is due to the sequential structure of the study, which included a pre-
intervention phase, an intervention phase, and a post-intervention phase. Within the
intervention phase, I collected both qualitative and quantitative data concurrently. Figure

3.1 depicts the sequential structure of my research.

78



Figure 3.1

Data Collection in Three Phases of This Research

Qualitative & Quantitative

Qualitative Data Qualitative Data

Data
Pre-Intervention Phase Intervention Phase Post-Intervention Phase
Feb. 3 -5, 2016 Feb. 8 — Apr. 29, 2016 May 2 — May 13, 2016

June 14, 2016
July 1 —July 15, 2016

In this study, each phase dialectically informed the next phase in a hermeneutic fashion.
For instance, the extent of students’ calibration awareness in the pre-intervention phase was
important for my understanding of the reasons for students’ miscalibration within the
intervention phase. In choosing a mixed methods methodology for my study of calibration, I set
five main goals. These goals for conducting mixed methods research were outlined by Greene,
Caracelli, and Graham (1989) after they reviewed 57 mixed methods studies:
1. Triangulation: Seeking the convergence of results from different methods,
2. Complementarity: Seeking the enhancement and clarification of results from one method
with the results from another method,
3. Development: Seeking to use the results from one method to help develop or inform the

other method in terms of sampling, implementation, and measurement decisions,
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4. Initiation: Seeking the discovery of paradoxes and contradictions, new perspectives, the
casting of questions or results from one method with another; and

5. Expansion: Seeking to extend the breadth and range of inquiry using different methods
for different inquiry components.

To further explain these goals, Johnson and Christensen (2008) stated that triangulation
refers to the use of different pieces of evidence to explain a certain result with confidence, which
improves the credibility and trustworthiness of the findings. Some scholars (e.g., Denscombe,
2010; Patton, 2002) have called for not only data triangulation by using different data sources,
but also investigator triangulation (involving different researchers), methods triangulation (the
use of varied methods), and theory triangulation (employing multiple theories) to interpret a
single set of data. In this study, I sought methodological triangulation by collecting qualitative
and quantitative data and by comparing and contrasting the results with the findings of the
research literature in the field. Considering that the qualitative and quantitative methodologies
are different but compatible (Johnson & Onwuegbuzie, 2004), I compared and contrasted the
findings of these philosophical stands with what I could learn from calibration research literature.

I sought complementarity by overlapping the qualitative and quantitative data as I looked
for consistency in emerging results and findings. I used the numerical values of each student’s
calibration at a particular point in time in conjunction with the same student’s written comments
at the same point in time. The key point was to compare and contrast the data from markedly
different quantitative and qualitative approaches (Denscombe, 2010) and search this blended data
for emerging ideas. Subsequently, I incorporated students’ interview data into this blended data

in pursuit of affirmation, accuracy, and convergence of the results.
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I did not undertake development, in the sense of using the results from one method to
develop the other methods in terms of sampling, implementation, and measurement decisions in
this study. Based on my research design and the ethics considerations, I did not have access to
the entire student data until after the semester ended and the follow-up interviews were
completed. Although the results from the quantitative data informed the results of the qualitative
data and vice versa, this was after the fact and did not affect any of my sampling or
implementation decisions.

Initiation was sought through my attempts to find explanations for what appeared as
paradoxes and contradictions in calibration research. For instance, why is calibration sometimes
resistant to change? What is the nature of students’ self-estimation judgments, or why may some
students continue to miscalibrate despite feedback?

Finally, I approached the expansion of the breadth and range of my inquiry by using
different data collection methods for different components of the inquiry. For instance, the
methods used for the qualitative inquiry included reflection notecards, questionnaires, and
follow-up interviews, while the methods used in the quantitative component were based on
numerical and graphical assessments of calibration. Moreover, in my view, the examination of
the development of students’ calibration over time, in an actual high school classroom, using
authentic curriculum-based material for research, enhanced the depth and breadth of this study
by bringing the research context closer to the actual circumstances within which students’
calibration might develop over time.

Research Participants
My inquiry into the change and development of mathematics students’ calibration took

me through the works of a significant number of researchers and scholars who have written
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extensively on the subject, with substantial knowledge, enthusiasm, and authority. Throughout
my research of the topic, from Woodworth and Thorndike’s (1900) paper on judgments of
magnitude, similar to the notion of calibration, to Stoten’s (2019) paper on calibration accuracy,
and much in between, I often felt that I had personally met these scholars by following the
evolution of their thoughts and by carefully studying and analysing their work over the span of
several decades.

However, to my surprise, I always found a missing element in this vast body of
knowledge: the participants. Who were these research participants who were involved in
calibration research? Historically and philosophically, where were they coming from? What were
their stories, goals, hopes, and aspirations? What were the foundations of their research
responses and what were they confident about?

These questions inspired my decision to conduct qualitative research, allowing for the
expressions of students’ thoughts and stories in my work. In my view, the numbers, variables,
graphs, written words, and spoken assertions that [ have collected in my study have no intrinsic
value in isolation from the person who contributed them. As such, I emphasise that in this study,
the contributions were made by the researcher (myself) and the research participants (my
students) who gave a new dimension to this study—the self.

I invited all students in the mathematics course that I taught (23 students) to participate
voluntarily in this classroom research. They all consented and participated. Although students
were aware that they could choose a different section of the same course within the host school
without my research component, none of the students left the group. One of the students in

another section of the course requested to join the research group; hence, I had 24 research
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participants. The students in the course were under no obligation to participate and could
withdraw from the study at any time.
Research Setting, Context, and Environment

In this study, the host school was a public high school (grades 9-12) in a metropolitan
school board in a large Canadian city with a multiculturally diverse population. The school had
many visiting and exchange students on study permits, as well as immigrant and refugee students
from all over the world. Concerning the country of origin of the student population at the host
school, the last school census (Yau et al., 2018) reported that 64% of the students and 86% of
their parents were born outside Canada and 70% of the students primarily use a language other
than English at home. Consequently, language translators, social workers, case workers,
volunteers, and guidance counsellors worked in this school.

To participate in this research, the School Board required each participant to provide a
signed parent/guardian informed consent form; therefore, such consents were obtained. In
addition, I asked the students for their signed assent form to ensure that I did not include their
data in this research based on only parental consent and against their will (see Appendices D &
E). Furthermore, I invited the students and their parents/guardians to attend a Research
Information Night (see Appendix F). This provided an opportunity for me to meet and greet the
students and their parents before the commencement of the study in order to provide context,
offer first-hand information, and address their questions and concerns.

The students providing data for this study were in a grade 11, university-bound
mathematics course, which I taught during the second semester (February—June) of 2016. Before
the commencement of the study, the research design and procedures received the necessary

ethics approvals from the University of Alberta Research Ethics Board (REB 2) and the District
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School Board’s External Research Review Committee (ERRC), as presented in Appendices M
and N.

As noted earlier, although developing metacognitive skills has a well-documented
positive influence on students’ academic achievements in mathematics, the present study was a
study of the development of students’ calibration in the context of classroom teaching, using
mathematics as a subject context within which to conduct the research. As such, the focus of this
study was on neither the cognitive aspects of mathematics learning nor on improving task
performance outcomes (i.e., students’ grades). In other words, the quality of students’ grades in
the course and whether these grades increased or decreased had no bearing on my study; [ strictly
focused on the discrepancy between students estimated and achieved performance outcomes (i.e.,
their calibration accuracy) and how this discrepancy changed over time.

Moreover, this study was a non-experimental exploration of students’ calibration and
although the number of research participants was small (24 students), conducting research with
similarly small number of participants is not uncommon in calibration research or in
metacognition research in general. For instance, in 2009, Huff and Nietfeld conducted calibration
research with 24 participants. Roderer and Roebers’ (2013) calibration research involved 19
students, and Gutierrez and colleagues (2017) conducted mixed methods research on calibration
involving nine students. Thomas and McRobbie (2001) engaged 24 students in their
metacognition research, and Thomas (2014) conducted metacognition research that included 33
grade 11 students. For researchers with a purely quantitative experimental viewpoint, the small
number of participants might be a major dilemma because quantitative researchers are mainly
concerned with the generalizability of their research findings. For researchers who adhere to a

non-experimental standpoint, such as myself, however, the number of research participants is not
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of utmost concern due to the prominence given to the meaning inherent in people’s lived
experiences (Denscombe, 2010). Therefore, for this mixed methods study of calibration, the
small sample of 24 participants was reasonable.
The Importance of Learning Environments

Social cognitive theory (Bandura, 1986) places a high value on students’ learning
environments as one of the triadic (i.e., personal, behavioural, and environmental) factors
affecting human learning and development. Thomas (2003) conducted research involving 1,026
high school students and defined seven main characteristics of his model of the Metacognitively
Oriented Learning Environments, which I call Thomas’s model in this thesis, for brief. The seven
dimensions of Thomas’s model are as follows: Metacognitive Demands, Student-Student
Discourse, Student-Teacher Discourse, Students’ Voice, Distributed Control, Teacher
Encouragement and Support, and Emotional Support. In this section, I explain how the seven
dimensions of this model provided me with a framework to establish a metacognitively oriented
classroom environment for students, and to examine the extent to which the classroom
environment in this study was conducive to the potential development of students’ calibration.

Metacognitive Demands. Thomas (2003) suggested that in metacognitively oriented
classroom environments, teachers place metacognitive demands on students, requiring their
thoughtful engagement and participation in learning tasks. This might not be easy if students are
used to being rewarded for passively attending the class and mindlessly attending to academic
tasks. For instance, Thomas proposed that in a metacognitively oriented environment, in addition
to teaching effective metacognitive strategies students should be asked to trial such thinking
strategies and have opportunities to evaluate their own metacognitive efficacy. In this study,

teaching and practising metacognitive strategies were blended with students’ daily problem-
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solving activities. Calibration sessions were enacted and reinforced by me with the students’ help
and participation. Moreover, by completing the calibration graphs I directed students’ attention
to the extent of the accuracy of their calibration and by completing the reflection notecards
students had the opportunity to reflect on how effectively they could self-evaluate.

Student-Student Discourse. Thomas (2003) recommends student-to-student discourse. I
encouraged a classroom culture in which students’ questions and conversations about calibration
were given credence, and student to student discourse was recognised as a necessary and
valuable part of the daily routines and classroom activities. For example, students were in
conversation with each other in their daily group-work sessions during which I taught them
monitoring strategies. Further, they exchanged ideas in completing their calibration graphs and
worked with each other to help me enact ideas during the weekly calibration sessions (see
Appendix I for scripts).

Student-Teacher Discourse. Thomas (2003) emphasises the importance of student-
teacher discourse. My calibration sessions encouraged student involvement and the daily
monitoring strategy training procedures were meant as opportunities for students to ask questions
of the teacher about calibration and to share their thoughts and comments with me.

As I began teaching the students calibration sessions and monitoring strategies, I noticed
that some students were hesitant about speaking up, sharing views, and asking questions about
calibration. I assumed that this was due to the lack of experience, on students’ part, in terms of
verbalising their thoughts and views about calibration. As time passed by, conversations became
more frequent and students began to use the terminology that I used in teaching them about

calibration.
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Students’ Voice. I frequently reminded the students that their questions and comments
regarding any aspect of my classroom intervention were welcome and appreciated. Over the
course of the intervention, questions frequently arose about why we were talking about
metacognition and calibration in a mathematics classroom, how monitoring strategies were
helpful in mathematical problem solving, and why calibration graphs were a necessary aspect of
my intervention. By addressing these and similar questions in detail and also by enlisting
students’ direct participation during my enactment of the weekly calibration sessions, gradually,
a safe space opened up in which students realized that it was not only allowed, but also
encouraged to question any aspect of my pedagogical plans and methods. Since these
communications, questions, and concerns were expressions of students’ thinking about their own
thinking processes (e.g., why do I need to monitor my problem-solving steps?), they could
potentially contribute to the development of students’ metacognition (Thomas, 2003). Further, by
conducting follow-up interviews, I had the opportunity to incorporate students’ voices and views
directly into my research.

Distributed Control. Thomas (2003) suggests that having the appropriate tools of
communication such as the appropriate language facility and terminology is essential to the
development of students’ metacognition. With calibration likely constituting a new concept for
students, as a first step in sharing control with students, I worked toward creating a sense of
familiarity with the necessary language and terminology to use in class when talking about
calibration.

On all curriculum-based classroom test, students had the opportunity to choose their own
test questions from a selection of questions that I provided. This style of distributed control

encourages students to use their metacognition and choose the questions that they believe they
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can best answer, which further supports the development of their calibration considering that one
aspect of students’ calibration is to distinguish between what they can or cannot do on a test. For
example, given the choice, a student may decide to choose a graphing question rather than a
question that requires algebra.

Teacher Encouragement and Support. Thomas (2003) argues that the classroom
teacher’s support and encouragement has a positive influence on the development of students’
metacognition. In my study, due to the diversity of the host school, students in the language
learning program needed a great deal of one-on-one support to deal with the daily classroom
activities. I emphasised on and modelled an inclusive classroom atmosphere, a togetherness in
which everybody was encouraged to support others and was praised for it.

Emotional Support. A supportive classroom culture in which students feel welcome,
cared for, and supported is in line with the views (Bandura, 1986; Efklides, 2011; Thomas, 2003)
that consider affective and support issues to be integral to the development of students’
metacognition. In the context of the current study, emotional support for all the students was
consistently forthcoming throughout the daily learning activities, research related tasks, and
individual and group assessment protocols. For instance, students had the opportunity to work in
pairs or groups, projects and presentations were peer evaluated, and students were able to choose
their test questions.

Overall, the dimensions of the model of Metacognitively Oriented Learning
Environments helped me to pursue a classroom environment in which it was possible to develop
and enhance students’ metacognition. Table 3.1 describes the seven dimensions of the model of
Metacognitively Oriented Learning Environments (Thomas, 2003) with examples of each

dimension in a mathematics classroom context.
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Table 3.1

Description of the Model of the Metacognitively Oriented Learning Environments Dimensions
and an Example of Each Dimension

Dimension name

Description
(Extent to which:)

Example
(In this mathematics classroom:)

1. Metacognitive
demands

2. Student-student
discourse

3. Student-teacher
discourse

4. Student voice

5. Distributed control

6. Teacher
encouragement
and support

7. Emotional support

Students are asked to be aware
of their metacognition and to
develop their calibration.

Students discuss their calibration
with each other.

Students discuss their calibration
with their teacher.

Students feel it is legitimate to
question the teacher’s
pedagogical plans and methods.

Students collaborate with the
teacher to plan their learning
activities as they develop as
autonomous learners.

Students are encouraged by the
teacher to improve their
calibration accuracy.

Students are cared for
emotionally in relation to the
development of their calibration.

Students were asked the What,
Why, & How questions by their
teacher while solving problems.

Students engaged in pair and
group discussions during the
calibration sessions.

Students discussed their
calibration graphs and their
What, Why, & How strategies
with their teacher.

It was OK for students to ask the
teacher why, for example, they
did calibration graphs.

Students decided which test
questions they wanted to answer
from a large pool of test
questions available to them.

The teacher encouraged, guided,
and supported students who
sought ways to improve their
calibration accuracy.

Students’ opinions and concerns
were addressed, discussed, and
respected by their teacher.

Teaching Weekly Calibration Sessions

To cultivate a metacognitively oriented learning environment, to enrich students’

metacognitive knowledge, and to provide context and terminology for students’ conversations
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with me and with each other, I conducted 10 weekly calibration sessions, each one 10 to 15
minutes long, throughout the intervention phase. In each session, I first taught a brief calibration
lesson and then provided scenarios and examples to model the concept. Appendix I provides the
full scripts that I prepared for my 10 calibration sessions and explains my ways of modelling of
the concepts for students. Each of these sessions encompassed an important aspect of calibration
relevant to its classroom applications. For example, in the first session, which was focused on the
importance of self-evaluation, I started working on a word-problem on the board and students
were carrying out their own solutions in groups. I made some errors but did not correct myself
and continued to solve the problem. In the end, I wrote a final statement, gave myself a 90%
estimation, and stopped working. Students commented that because I had a 90% estimation of
my work in mind, I did not feel the necessity to Check and Reflect—a monitoring strategy that I
had introduced to the students, earlier in the semester.

Further, I intended to help students construct metacognitive knowledge that they needed
to enhance their monitoring processes. As I detailed earlier in this thesis, Nelson and Narens’s
(1990) theory suggests that through the enrichment of monitoring processes, students develop an
awareness of the possible control actions they might take to attain their intended goals. Against
this theoretical backdrop, my calibration sessions were intended to promote control actions and
support the dimensions of Thomas’s model for a metacognitively oriented classroom
environment (Thomas, 2003), while working on the triadic influences of person (e.g., building
confidence), behaviour (e.g., improving study habits), and environment (e.g., providing an
inclusive and supporting atmosphere), in line with Bandura’s (1986) social cognitive theory.
Building on the social dimension of metacognition, calibration sessions were inclusive and

encouraged the cooperation and participation of all students. Moreover, while teaching and
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modelling calibration sessions, I chose to use the relevant terms such as metacognition (instead
of, for instance, reflection), calibration, monitoring, and other relevant terms to build concept
knowledge and terminology and facilitate future references and conversations. The dates and
titles of the calibration sessions were as follows:

1. Session #1 (February 9, 2016): The self-evaluation of task performance matters.

2. Session #2 (February 16, 2016): What does it mean to be calibrated?

3. Session #3 (February 23, 2016): Overestimation and underestimation of performance

4. Sessions #4 (March 1, 2016): What are the estimation judgments made of?

5. Session #5 (March 8, 2016): The critical role of overestimation and underestimation in

guiding study behaviour

6. Session #6 (March 22, 2016): I understand calibration, but what is metacognition?

7. Sessions #7 (March 29, 2016): Metacognition and mathematical problem-solving

8. Session #8 (April 5, 2016): Importance of calibration graphs

9. Session #9 (April 12, 2016): Thinking fast and slow on mathematical tasks

10. Session #10 (April 19, 2016): Where to next?

Prior to this research, as a mathematics teacher, my classroom conversations with
students often centred around mathematical thinking and algorithmic competencies. Calibration
sessions afforded me the opportunity to highlight for students the importance of being a good
judge of those competencies. In hindsight, I propose that the calibration sessions likely added to
students’ classroom experiences at a personal level (e.g., students were taught about their own
cognition and metacognition), a behavioural level (e.g., students were reminded about their test
preparation habits and study behaviour), and an environmental level (e.g., classroom setting and

atmosphere were metacognitively supportive for students), consistent with the social cognitive
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theory and the dimensions of the model of Metacognitively Oriented Learning Environments
(Thomas, 2003).
The Problem of the Assessment of Calibration

An ongoing debate exists among calibration researchers (e.g., Allwood, Jonsson, &
Granhag, 2005; Boekaerts & Rozendaal, 2010; Dunn, 2004; Keren, 1991; Koriat & Levy-Sadot,
2000; Nelson, 1996; Nietfeld et al., 2006a; Rutherford, 2017a; Schraw, 1995; Schraw et al.,
1993) regarding how to best assess calibration. Calibration refers to the accuracy of students’
monitoring judgements; therefore, the debate centres on how these judgements can be assessed
accurately and reliably.

Schraw (2009) suggested that the accurate and reliable assessment of calibration is built
on four basic dimensions of scale, timing, granularity, and type of assessment. The choice of
scale depends on the research design. Within the body of calibration research, scholars have
assessed monitoring judgements on a continuous scale (e.g., ranging from 0% to 100%; Schraw,
2009) or a non-continuous scale (e.g., the dichotomous prediction of successful versus
unsuccessful performance; Nietfeld et al., 2006a).

Schraw (2009) explains that ‘timing’ refers to whether monitoring judgements are
elicited before the completion of a task (i.e., predictions), during the task (i.e., concurrent), or
after the completion of a task (i.e., postdictions), while ‘granularity’ describes whether the
judgements are made about a specific item (i.e., local judgements) or an entire task (i.e., global
judgements). Finally, the type of assessment (Schraw, 2009) affects the conclusions drawn. For
instance, if a student makes a global monitoring judgement of 80% on an exam and achieves
85%, the researcher can calculate the absolute difference between estimation and performance

outcomes called calibration (Bol &Hacker, 2001; Huff & Nietfeld, 2009) of + 5%.
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Further, the researcher may decide to compute the directional difference between the
estimation and performance which, to borrow from the calibration research terminology, is called
‘bias’ (Chen, 2002; Mengelkamp & Bannert, 2010) of —5%, which indicates a small measure of
negative bias or slight underestimation.

In my study, the students made their monitoring judgments on a continuous scale of 0%
to 100%, following each test performance episode on the entire test, providing global
judgements. From a quantitative standpoint, I calculated both absolute accuracy (i.e., calibration)
and bias (i.e., over-/underestimation) to gain insights into both absolute and directional accuracy
of students’ monitoring judgments.

In the assessment of calibration, the choices of scale, timing, granularity, and type of
assessment are critical decisions that require the careful examination of the theoretical
underpinnings of the study as well as the intended research question. Because I based this study
on a classroom intervention, I opted for calculating the global absolute accuracy and bias of
students’ postdictive monitoring judgements, which according to Schraw (2009) is the
recommended method in the assessment of monitoring accuracy when the effectiveness of an
intervention or training is under examination.

Research Design

Several considerations guided my research design. Nelson and Narens’s (1990) theory of
metacognition posits that monitoring drives control processes. This implies that enhanced
monitoring may possibly lead to better control decisions. For instance, enhanced monitoring may
result in students contemplating taking notes while reading. As such, I designed the first two
components of my classroom intervention—namely, monitoring strategy training and

curriculum-based classroom tests—to support and develop students’ monitoring processes.
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The classroom monitoring strategy training focused on improving students’ monitoring
skills by encouraging students to ask themselves questions such as “What am I being asked to
do?”, “Am I using the right method?”, “Why is this the right method?”, or “Are my answers
correct and meaningful?” while engaged in various mathematical tasks. On the other hand, the
classroom tests were intended to develop students’ monitoring skills by allowing them to choose
their own test questions from a list of available questions on each test. Here, the intention was to
encourage students to think carefully and distinguish between what they thought they knew and
what they did not know yet or did not know well.

The social cognitive theory of Bandura (1986) places a high value on both the social and
personal aspects of metacognition with regards to students’ learning and development. Hence,
the other two components of my classroom intervention—feedback and reflection—were
designed to support the development of students’ calibration by promoting the social and
personal aspects of metacognition in alignment with the social cognitive theory.

Overall, I based the four components of my intervention on Nelson and Narens’s (1990)
theory of metacognition and Bandura’s (1986) social cognitive theory, within the
metacognitively oriented learning environment of a mathematics classroom.

The Centrality of Calibration Change to my Study

Essential to my study was the exploration of change in students’ calibration, both
conceptually and numerically. As I stated earlier, some calibration researchers propose that
calibration is malleable and can be developed (e.g., Gutierrez de Blume, 2017), while others
(e.g., Bol, Hacker, O’Shea, & Allen, 2005) posit that calibration is resistant to change. In my
research design, I employed a mixed methods approach which included both the qualitative

methods such as reflection notecards to explore why students’ calibration changed, as well as the
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quantitative methods such as the performance estimations to explore Zow and to what extent the
measures of calibration accuracy changed over time.

In the pre-intervention phase, my focus was on gaining insights into students’
metacognitive knowledge in terms of the extent of their awareness of their own calibration
accuracy. In this phase, students completed an open-ended questionnaire (i.e., Questionnaire #1,
see Appendix G) in which they answered four questions.

In the intervention phase I undertook to support the development of students’
metacognitive knowledge through monitoring strategy training sessions and classroom
conversations. Further, I sought to help students develop their calibration and narrow the gap
between their estimated and achieved performance outcomes by teaching weekly calibration
sessions. In this phase, students wrote weekly tests, estimated, and graphed their performance
scores, and completed their individual reflection notecards after each test.

Finally, in the post-intervention phase, I explored how students’ expressions of
metacognitive knowledge and their calibration had changed over time. In this phase, students
completed another open-ended questionnaire (i.e., Questionnaire #2, see Appendix H) and 12
students participated in the follow-up interviews.

The end result of my research design was a teacher-developed, curriculum-embedded,
three-phase intervention that I implemented to develop students’ calibration, by using monitoring
strategy training, curriculum-based classroom tests, students’ calibration graphs, and students’
reflection notecards. Table 3.2 provides the mixed methods data collection protocol that I used in

this study.
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Table 3.2

Mixed Methods Data Collection Protocol

Pre-Intervention Phase

Intervention Phase

Post-Intervention Phase

Qualitative Data (q) Qualitative (q) & Qualitative Data (q)
Quantitative (#) Data
Methods/Instruments Methods/Instruments Methods/Instruments

Questionnaire #1

Monitoring accuracy training
strategies, curriculum-based
tests, self-estimations of
performance, calibration
graphs, reflection notecards

Questionnaire #2 and Follow-
up student interviews

Data Collection

Data Collection

Data Collection

Students’ written responses
as a baseline for their
awareness of the extent of
their calibration (q)

Test performance (#), selt-
estimations of performance
(#), calibration graphs (#),

and reflection notecards (q)

Students’ written responses
relating their calibration
awareness and reasons for
miscalibration (q)

Students’ verbal responses
regarding their experiences/
theories of calibration (q)

Data Collection Components and Procedures

As Presented in Table 3.2, I collected both qualitative and quantitative data in my study.

Except for the follow-up interview data, my qualitative data consisted of two questionnaires

completed by the students, one at the beginning and one in the end of the intervention phase, and

students’ weekly reflection notecards. After being completed by the students, I collected the

questionnaires and the notecards by sending large sealable envelopes around the classroom. The

envelopes were then sealed and sent to the main office to be kept in the vault.

The quantitative data consisted of students’ weekly test performance outcomes, their test

performance estimations, and students’ calibration graphs. As the classroom teacher, I had access

to students’ performance outcomes. However, due to research ethics considerations, I did not
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collect or keep any record of students’ performance estimations. A copy of students’ weekly tests
which included students’ test performance outcomes and test performance estimations was sent
to the main office to be kept in the vault as research data. Students’ individual calibration graph
templates were also kept in the vault, but once a week, after each test was returned to the
students, | arranged for the envelope that contained the graph templates to be brought into the
classroom by a school office administrator so that the students could update their calibration
graphs. Students updated their graphs by point plotting their weekly test performance outcome
and test performance estimation on their individual graph templates. With ethics permission,
students made their last performance estimation on their final exam on June 14, 2016. On June
16, 2016, which was school’s exam review day, students reviewed their exams, completed their
last reflection notecard, and updated their calibration graphs for the last time. Appendix J
represents a concise version of the calendar that I used as the timeline for the intervention-related
classroom activities between February 3, 2016 and May 13, 2016. The last day of the semester
was June 30, 2016.

The last element in my data collection procedures took place during the first two weeks
of July 2016. During this period, I conducted the follow-up interviews which were only audio-
recorded. After transcription, the audio files for these interviews were stored in an encrypted,
password-protected digital folder in the main office, in the host school.

Data Collection in the Pre-Intervention Phase

In this initial phase of my pedagogical intervention, the instrument that I used was
Student Questionnaire #1. I presented this questionnaire to the students on February 8, 2016, and
again on February 10 and 11, for those who were either new to the course or had missed it the

first time. Questionnaire #1 consisted of the following four questions:
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1.

Are you sometimes surprised by your score when you get a test or quiz back? Explain.
By asking this question, I intended to direct the students’ attention to a possible
discrepancy between their expected and achieved performance outcomes, identifying a
conceptual baseline for calibration awareness before the commencement of the classroom
intervention.

If sometimes there is a gap between the score you expected and the one you received, in
your view, what are the reasons for this gap?

Here, the intention was to help the students develop a preliminary conceptualisation of
calibration and for me, to gain insights into the students’ possible reasons for
miscalibration. For instance, [ was curious to explore whether these reasons for
miscalibration were internally oriented (e.g., I did not study for this test), externally
oriented (e.g., this was a tricky test), or both.

After writing a mathematics test, do you think you can accurately estimate your test
score? If so, how do you think you will make this estimation, and what will you base this
estimation on?

The question of whether students could accurately estimate their performance outcomes
was foundational to my study and was incorporated into my methodology and design.
This question was meant to bring the concept of performance estimation into focus for
students. It was also an early exploration of the nature of students’ performance
judgements.

Do you usually receive a grade that is more than you expected, less than you expected, or

the same as you expected? Why do you think this is the case?
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This question was an introduction to the concept of directionality of miscalibration (also

called bias) and was raised to encourage the students to think about the overestimation

and underestimation of their performance outcomes.

The students’ pre-intervention responses to the above noted questions on Questionnaire
#1, at the beginning of the study, were of immense importance to me, as the responses spoke to
the extent of the students’ initial awareness of their calibration accuracy and its directionality
(i.e., over- or underestimation of performance outcomes). The questions were open-ended, and
students were encouraged to write extensively at will and include any comments they considered
appropriate. I collected the questionnaires by sending a large sealable envelope around the
classroom. The envelope was then sealed and sent to the main office where it was kept in the
vault until the end of the school year. I accessed the questionnaires after the follow-up interviews
were completed.
Four Components of my Classroom Intervention
Monitoring Strategy Training

Monitoring strategies are essential to learning and task performance (Butler & Winne,
1995; Winne, 2001) and in Glaser and Chi’s (1988) view, they are critical to the development of
human expertise in general. Although calibration accuracy among students is not a certainty
(Glenberg & Epstein, 1985; Pressley, Ghatala, Woloshyn, & Pirie, 1990; Sheldrake, 2016;
Stoten, 2019), to date, few researchers have attempted to devise effective classroom
interventions to integrate monitoring training strategies into students’ daily learning activities,
which might be considered surprising given that metacognitive skills are deemed malleable.

To devise monitoring strategies that work in a mathematics classroom setting, while

attending to providing a metacognitively oriented atmosphere for students, I built a classroom
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protocol based on my teaching experiences. This protocol took into account the appropriate use
of monitoring strategies in a mathematics classroom as well as the insights that Polya (1973) and
Schoenfeld (1992) offered on how to redirect students’ attention to their monitoring processes.
For instance, while solving an equation, my goal was to ensure that in addition to using the usual
cognitive processes, such as mathematical algorithms, students could evaluate their own
progress. As such, I informed the students that I might ask them the following questions while
they were engaged in mathematical tasks:

1. Can you describe what exactly you are doing?

2. Why are you doing this (i.e., why do you think it fits into the solution)?

3. How well do you think your method is working so far?

4. Can you check and reflect to see if your answers are correct and meaningful?

These questions are consistent with Nelson and Narens’s (1990) theory of metacognition,
in which the information (i.e., metacognitive knowledge) obtained through effective monitoring
enhances the control processes, allowing students to reconsider ineffective and inaccurate
mathematical procedures. In choosing these questions, my intention was to help further develop
students’ metacognitive knowledge through monitoring and I was hopeful that all students, even
those who had not yet achieved procedural fluency and could not complete any mathematical
procedure without experiencing several unsuccessful attempts might benefit from monitoring
their own thinking, through the stages of mathematical tasks.

Nelson and Narens’s (1990) theory of metacognition further envisions a cyclic process in
which many levels or rounds of monitoring and control may take place. To explicate the
importance of accurate monitoring (i.e., good calibration) in guiding students’ control decisions

while engaged in mathematical tasks, Figure 3.2 illustrates two levels of monitoring and control,
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which I called L1 and L2. At the start of the first level, Monitoring L1 informs Metacognition
L1. Subsequently, Metacognition L1 triggers Control L1 and the first level ends. However, at the
end of the first level, the squiggly dashed line on the left side of Figure 3.2 represents the

transition from the first level to the second level which includes Monitoring .2, Metacognition

L2, and Control L2.
Figure 3.2

A Classroom Example of Two Levels of Monitoring and Control Processes
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To explain what Figure 3.2 communicates, suppose that while working on factoring
trinomials in algebra, as I go around the classroom, I ask the students to think about what they
are exactly doing, why they are doing it, sow their method is working, and that they check their
work and reflect (i.e., emphasising monitoring strategies). One student in the group, Shirin (a
pseudonym), thinks about the task before her: what am I exactly doing? At this level, Cognition
Level 1, she uses the method that she was taught, and searches for two key numbers to factor the
trinomial. Suppose she finds the two numbers, but her answer is incorrect. Without monitoring,
Shirin might go ahead without correcting her answer. I continue by asking her why she is doing
this (Monitoring Level 1), and ~ow well her method is working (Metacognition Level 1).
Encouraged to think about wiy and how, Shirin notices that the expansion of the factored form
does not produce the initial algebraic expression. Next, I insist that she should check her answer
and reflect on its accuracy. Recognising that her answer is incorrect, she may decide to go back
and adjust (Control Level 1) her solution. Shirin is now at Cognition Level 2. She works out a
new pair of numbers, monitors her work (Monitoring Level 2), and double checks (Control Level
2) and realises that the new set of numbers are producing an expression identical to what she
started with. She is now ready to write down her accurate final answer.

Curriculum-Based Classroom Tests

The second component of my research design relied on the curriculum-based tests that
the students wrote in the course. In total, students wrote 12 zests in the course. Six of these were
quizzes, which included 6 questions and four were unit tests, which included 10 questions.
Students also wrote a midterm exam (15 questions) and a final exam (30 questions). Although I
use the term ‘test’ for all 12, in my quantitative analysis, I make a distinction by calling a quiz, a

small task, while calling the unit tests, the midterm exam, and the final exam large tasks. To be
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sure, students’ summative and formative assessment and evaluation in the course included many
other opportunities such as projects, individual and group assignments, mathematics laboratory
reports, and presentations. However, consistent with calibration research and to keep the volume
of the data manageable I only included the data that I collected by utilising these 12 curriculum-
based classroom tests in my research data.

Johnson and Allwood (2003) cited that research on calibration has often associated the
calibration on one task with the calibration on an unrelated task either locally (i.e., on one item)
or globally (i.e., on the entire task). For instance, when the link between calibration and students’
performance is measured based on the students’ GPAs, the researchers may associate higher
GPA with better calibration without being able to posit a theory about why and how calibration
was developed in the first place. Did calibration improve because students with higher GPAs
made their test estimations based on their previous performance outcomes on similar or different
academic subjects, changed their study habits, or used monitoring strategies? Further, when
conducting calibration research, the same students may not be available to participate across
related and meaningful tasks over an extended period. In this study, I reduced unsystematic
interferences by engaging with the same students over an entire semester.

Additionally, examining students’ calibration in one session (e.g., Chen, 2002; Koku &
Qureshi, 2004) is misaligned with a social cognitive view of learning and development (Bandura,
1986; Zimmerman, 1989) in which as a metacognitive phenomenon, calibration changes
incrementally not only within the individual, but also based on the interactions of the individual
with others and the environment. I was hence convinced that studying calibration over time,
using classroom tests, measuring calibration on and at the same time as the classroom tests, and

simultaneously collecting students’ comments about their calibration would best suit my inquiry.
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To embed a part of my intervention in classroom tests, I employed a method that, to my
knowledge, has not been previously used in calibration research in a high school mathematics
classroom. This method involved adding an extra number of questions to all the curriculum-
based classroom tests. For example, on the first test, I offered the students 12 questions, but
instructed them to select and answer only six questions that they thought they could answer most
accurately. I advised the students not to attempt more than six questions due to time constraints,
but more importantly because the goal was to develop students’ monitoring skills in
distinguishing between what they thought they knew and did not know as of yet, which is an
aspect of students’ calibration.

In my review of calibration research literature, the only study using a similar method of
assessment was Isaacson and Fujita’s (2006) work with undergraduate educational psychology
students. However, in Isaacson and Fujita’s (2006) study, the tests included only true/false and
multiple-choice questions, and the students’ estimations were made before their task
performance. Hence, in Isaacson and Fujita’s study, the students’ estimations were predictions of
task performance, whereas in my study, high school students worked on full-solution questions,
engaged in problem-solving, and made their estimations after their task performance in the form
of postdictions of task performance. As noted earlier, calibration researchers suggest that
students’ postdictions of task performance are more accurate because postdictions are based on
richer metacognitive knowledge.

In my experience, mathematics teachers often adhere to strict assessment and evaluation
procedures, hoping to achieve a fair assessment for all students. One might argue that a fair
assessment involves the assessment of what students know, not what they do not know. To

further explain, consider the following scenario. As noted earlier, all students’ names are
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pseudonyms: A trigonometry quiz has five questions. Katie who has learned the concepts and
practised with similar questions receives a perfect score. Aryana who has practised with other
questions and knows some other concepts not included in the quiz can correctly answer only two
questions. Aryana fails the quiz and decides that she is ‘not a math person’ and that she ‘hates
math’. On the second quiz, however, the teacher provides ten questions and asks the students to
choose and answer five. Both Katie and Aryana receive perfect scores, feel like ‘math persons,’
and neither of them ‘hates math.’

In my study, after returning each test to the students, I took up all the questions in detail
with students’ help and participation. Moreover, after each test, I posted a full and detailed
solution set to our Google Classroom for the benefit of those students who needed assistance on
questions they had avoided on the test. By providing this example, I intend to demonstrate that
different styles of assessment (e.g., having or not having a choice in terms of answering the test
questions) may pose different demands on students’ monitoring. In the above-noted example the
second style of assessment, which is the style I used in my study, encourages careful monitoring,
and supports students’ motivation and achievement.

In using this assessment approach, I pursued two goals. First, as Polya (1973) and
Schoenfeld (1992) noted, most mathematics students rush into a solution attempt without
thinking much as soon as they encounter a question, only to realise later that they do not really
know how to solve the question. By giving the students the opportunity to choose their own test
questions, I intended to engage their monitoring skills before attempting a solution. Second, I
hoped that by operationalising monitoring as a self-controlled action, the students might realise
their own autonomy in successful task performance. Figure 3.3 represents an example of the 12

classroom tests that I used as intervention.
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Figure 3.3

An Example of an Assessment Task Used as Intervention

MCR3U Quiz #1_Equations ~ ...... /12=...... %

Friday, Feb. 19/ 2016

My estimated
percentage

Name

mark is

Instructions:

1) There are 12 questions on this quiz. Please read them all very carefully and choose and
answer only 6 questions that you know best how to answer. Each question is worth 2 marks
with part-marks given for partial work.

2) After you finished, please estimate your mark and write it in the circle. Thank you!

Without solving, explain how you think you might solve 2y? — 10 = 0, for ?

—_

Without solving, explain how you think you might solve 4 + p = /p + 6, for p?
Solve x? — 2xy +1 =y, fory.

AW

Give an example of an equation that can be solved by using the Zero-Product-Property. Do
not solve your equation.

Solve for ¢, 2t%2 — 61 = 101.

m—8

4
Solve for m, — = .
> m+3 9—m?2

Solve x?2 — 5x — 36 = 0.

Solve 2y = /21y — 5.

10. What do you think an “inadmissible value” means for an equation?

5
6
7. What do you think it means to “solve an equation?
8
9

11. Write an example of an equation, which has “5” and “— 2” as its roots (or solutions).

12. Solve for x, 12 -1-0.
X X

Attention:

In these six circles, please indicate which 6 questions you want to be marked:

OOOCOOO
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On classroom tests, the questions varied in terms of how they made the inquiry. To
explain, based on the provincial Ministry of Education guidelines (Ontario Ministry of
Education, 2010), formative and summative evaluation tasks are written and evaluated in four
achievement categories of Knowledge and Understanding, Application, Communication, and
Thinking. For instance, in Figure 3.3, question #3 is considered an application-type question in
that it combines different mathematical concepts such as re-arranging, factoring, and solving in
the form of a mathematical algorithm, whereas question #10 is considered a communication-type
question in which students are expected to explain their mathematical thinking using full and
clear statements. These guidelines are consistently followed in Ontario across all grade levels
and subject areas and were observed throughout the semester; therefore, the categories (i.e., the
different types of questions on a test) were not considered as defining factors affecting students’
calibration.

Students’ Calibration Graphs

The third component of my research design incorporated both metacognitive feedback
and performance feedback as intervention to develop the students’ calibration. Feedback is often
conceptualised as the information provided by an external agent, such as a teacher, regarding the
aspects of one’s performance. Hattie and Timperley (2007) suggested that feedback may
operationalise students’ efforts to reduce the discrepancy between their current and desired
performance (i.e., improved calibration) by increasing effort and developing effective error-
detection strategies.

According to Hattie and Timperley (2007), calibration graphs intend to inspire three
questions: First, where am I going? While completing their calibration graphs, the students could

see on their own calibration graph whether they were approaching the line of perfect calibration
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(the diagonal line; see Figure 3.4) or moving away from it. Second, how am I doing? The visual
clarity and simplicity of calibration graphs was intended to help students observe and monitor
how successful they were in closing the gap between their perceptions of performance outcomes
and their actual performance outcomes. Third, where to next? Theoretically, to the extent that
students are calibrated, they can make informed decisions (Labuhn et al., 2010; Winne, 1995)
and plan their future time allocation and learning activities.

As a framework for feedback, calibration graphs work at all four levels of Hattie and
Timperley’s (2007) theory on effective feedback. To explain, calibration graphs work at (a) the
task level, providing students with external feedback about each test, (b) the process level,
illustrating the change in one’s performance and calibration over time, (c) the self-organisation
level, visually tracking and representing one’s estimations versus calibration accuracy, and (d)
the person level, working as personal evaluation tools to provide an optimistic forward-looking
outlook that places the control and ownership of performance in the learner’s hand.

In the present study, the students received calibration graph templates that they updated
after each weekly test, with their own performance estimations and actual performance
outcomes. These graphs provided the students with visual feedback regarding their weekly
performance outcomes (i.e., performance feedback) and the accuracy of their calibration (i.e.,
metacognitive feedback). After completion, I collected the calibration graphs in large envelopes
and sent the sealed envelopes to the main office where the graphs were kept in the vault. I
accessed the calibration graphs and all my qualitative data (questionnaires and notecards) after
the completion of the follow-up interviews, two weeks after the end of the school year. Figure
3.4 illustrates a blank calibration template with the diagonal line representing the line of perfect

calibration, where the performance estimation matches the actual performance outcome.
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Figure 3.4

A Blank Calibration Graph Illustrating the Line of Perfect Calibration
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Students’ Reflection Notecards

The fourth and final component of my research design involved reflection. In Nelson and
Narens’s (1990) theory of metacognition, monitoring is perceived as an information-driven
dimension of metacognition in a sense that its activity is compelled by information (i.e.,
metacognitive knowledge; van Overschelde, 2008), and not by other factors such as personal will

or motivation. One possible interpretation suggests that to the extent that students possess
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metacognitive knowledge about their monitoring processes, they will be able to make accurate
judgments regarding their performance. Hence, by developing students’ metacognitive
knowledge, reflection may further support monitoring processes leading to improved calibration.

As a classroom teacher, prior to this study, I had noticed that whenever I returned the
graded tests to students, some students did not spend much time to reflect on their work and my
corrections and comments. Hence, as an element in my research, I introduced a student self-
recorded reflection notecard to be completed after each test. On each reflection notecard,
students answered the following two questions: 1) Why do you think there is a gap between the
two grades (i.e., the estimated and achieved), and 2) What strategies are you planning to use to
close the gap? By asking these two questions, my goal was to direct students’ attention to not
only their performance outcomes but also to the gap between their performance estimations and
their actual performance outcomes. In some studies, self-reflection has been used as a single
independent method for improving students’ metacognition. For instance, Huff and Nietfeld
(2009) conducted an experimental study in which as a single method of intervention, the
student’s attention was directed to the discrepancy between their performance estimations and
performance outcomes to encourage a habit of good calibration. The researchers reported that
both treatment groups gained in confidence and calibration accuracy.

As outlined by Schoenfeld (1992), some social cognitive theories of learning posit that
learners develop most of their thinking skills through socialisation, rather than direct instruction.
Owing to the completion of the reflection notecards as a classroom activity, and due to my
emphasis on the student-student discourse dimension of the model of Metacognitively Oriented
Learning Environments (Thomas, 2003) used in my study, some social comparison (Labuhn et

al., 2010) among the students was expected; it was likely that the students would become aware
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of the approximate levels of their classmates’ academic task performance or their calibration
accuracy compared to their own. Although in complex social interactions within a classroom
setting, social comparison may be inevitable (France-Kaatrude & Smith, 1985), not all social
comparisons necessarily have detrimental effects. In my study, I did not attempt to influence,
limit, or control student-student discourse, which was, in my view, essential to the natural
development of students’ metacognition. In fact, the resulting socialisation among the students
was an aspect of my attempts to create and support a metacognitively oriented learning
environment for students. As I noted earlier (see Table 3.1), student-student discourse is the
second of the seven dimensions necessary to establish a metacognitively oriented classroom
environment for students (Thomas, 2003) and essential for the development of students’
metacognition.

Based on my research design and ethics considerations, I did not have access to my entire
data while conducting my study. Consequently, I was not aware of the students’ comments on
their reflection notecards. Moreover, before the commencement of my study, the students in the
course were advised to return their signed consent and assent forms to the main office at the host
school, not to me. Hence, throughout the study I did not know who the actual research
participants were, who had submitted their signed consent forms to the main office. I accessed
my entire research data, after the follow-up interviews were completed, two weeks after the end
of the school year. Figure 3.5 represents a blank reflection notecard that students completed in

my study.
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Figure 3.5

A Blank Reflection Notecard

Student Notecard — Quiz #1

Name Date

My estimated grade was .........
My actual grade was ............
1) Why do you think there is a gap between these two grades (if there 1s)?

2) What strategies are you planning to use to close the gap?
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Data Collection in the Intervention Phase

In this phase, I collected both qualitative and quantitative data concurrently. The
instruments used in this phase were as follows:
Weekly Measures of Test Performance Qutcomes

The test scores used in this study were the measures of the actual curriculum-based
classroom tests that the students wrote over the course of the semester. To ensure authenticity,
the tests were strictly content based, in a format familiar to students, prepared by the classroom
teacher (i.e., myself). Based on the guidelines of the provincial Ministry of Education (Ontario
Ministry of Education, 2010), these tests were designed within the achievement categories of
Knowledge and Understanding, Application, Communication, and Thinking. In total, students
wrote 12 tests and had the opportunity to choose their test questions from a list of potential test
questions that I made available to them. Further, I used the same continuous scale of 0% to 100%
for grading and recorded the results as percentage points ranging from 0% to 100%.
Weekly Measures of Performance Outcome Estimations

On all tests, the students were instructed to first answer the test questions that they had
selected from a list of potential test questions that I had made available to them and then make a
performance estimation of their expected performance outcome as a percentage between 0% and
100%. Students were not given any instructions as to how to base their estimations. For instance,
they were not instructed to base their performance estimations on their previous test results, the
test content, or their hours of study. Calibration research (Desoete & Roeyers, 2006; Roderer &
Roebers, 2013) suggests that these estimations are ‘self-evaluations’ of task performance because
they are made after the completion of a task and they are more accurate than students’

predictions of their task performance.
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Weekly Measures of Calibration Accuracy

In line with the previous studies on calibration (e.g., Roeder & Roebers, 2013), the
absolute value of the numerical difference between each performance outcome and its
corresponding performance estimation was computed as a measure of calibration accuracy. For
instance, if a student made an estimation of 95% but achieved 85%, the measure of calibration
would be 10%, which indicates the absolute degree of deviation between task performance
estimation and the actual task performance outcome. Being computed as an absolute value, a
calibration measure is represented as a positive number, which for instance in the above-
mentioned case does not distinguish between an overestimation of 10% and an underestimation
of 10%. Hence, in this study, the bias (i.e., measure of overestimation or underestimation) scores
were also computed to gain insights into the directionality of calibration. In the above-noted
example, the student’s performance demonstrates a 10% positive bias (i.e., overestimation).
Weekly Reflection Notecards

Studies on metacognition have depicted a complex picture of the interplay between self-
reflection and mathematical tasks. In an earlier study by Schoenfeld (1985), the author concluded
that without reflection, mathematically knowledgeable students may perform poorly on
mathematical tasks. This was important to this study because the quantitative measures of
calibration are inherently linked to students’ performance on mathematical tasks and without
reflection, these performance outcomes might not always present a realistic picture of students’
mathematical performance. Ramdass and Zimmerman (2008) reported that more reflective
students develop a deeper and more coherent understanding of the course content than their less

reflective peers leading to improved monitoring accuracy.
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In this study, students completed individual reflection notecards every week after
receiving their graded tests. After completion, the notecards were collected and sent to the main
office, where they were kept in the vault. Each reflection notecard recorded the student’s
estimated and actual performance scores and asked the following two questions: (a) Why do you
think there is a gap between these two grades (if there is)? and (b) If such a gap exists, what
strategies are you planning to use to close the gap? Here, the intention was to direct students’
attention to the gap between their estimated and achieved performance outcomes and to
encourage them to contemplate strategies that might improve their calibration.

Weekly Completion of the Calibration Graphs

During the intervention phase, students completed their personal calibration graphs once
a week. Each point on a calibration graph corresponds with two quantitative measures: the
estimated score of a test on the x-axis and the actual test score on the y-axis (see Figure 3.4). For
a variety of reasons, the data collected on calibration graphs were integral to my study. To
explain, these graphs were completed at the specific points in time simultaneous with students’
comments on their reflection notecards; these were crucial points at which both the qualitative
and quantitative data were simultaneously collected and were available for each individual
student.

Further, as noted earlier, feedback was one of the four components of my intervention
and the calibration graphs construed both cognitive grade feedback provided by me, as well as
metacognitive calibration feedback provided by students for students. The data collected on
calibration graphs were foundational to my understanding of how students’ calibration changed

over time.
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Data Collection in the Post-Intervention Phase

The post-intervention phase was the last stage of my data collection. In this phase the

students completed another questionnaire (i.e., Student Questionnaire #2, see Appendix H) and |

conducted the follow-up interviews with 12 students who had volunteered to be interviewed.

Questionnaire #2 was presented to all the students on May 2, 2016, and was repeated on May 4,

2016, for those who had missed it the first time. I conducted the student interviews during the

first 2 weeks of July 2016. The qualitative data collected in the post-intervention phase focused

on the extent of students’ calibration awareness and their conceptual understanding of the notion

of calibration compared to the initial conceptual baseline, before the intervention phase began.

Student Questionnaire #2

2.

3.

This open-ended questionnaire included the following questions:

You have been participating in educational research for the past 14 weeks.
Congratulations! What does calibration mean to you? What do you think it does?

By asking this question in the post-intervention phase, I intended to explore the students’
personal theories of calibration, the development of their metacognitive knowledge, and
how they made sense of the concept.

In your experience, how did your calibration change and develop over time, if it did?
The concept of change was central to my study. The quantitative data could determine the
numerical change in students’ calibration. However, I felt compelled to ask this question
to explore the conceptual change in students’ awareness of their own calibration.

Each time that you noticed a gap between your estimated and actual scores, what did you

think were the main reasons for the gap?
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Why do students overestimate or underestimate their performance? In addition to the

insights from calibration research, I intended to learn the answer to this question directly

from the students.

4. Each time you made a performance estimation, how and based on what did you make

your estimation?

As discussed earlier in Chapter Two, the bases of students’ performance estimations are

not quite known to calibration researchers. I decided to explore the topic by directly

asking the students how and based on what their performance estimations were made.
Within the theoretical framework of this study, the two questionnaires asked similar questions at
the beginning and in the end of the intervention phase so that the conceptual change in the
students’ awareness of calibration could be explored qualitatively.
Students’ Voices: Follow-Up Interviews

My deep interest in students’ personal theories of calibration made me wonder how the
students made sense of learning about the presumably novel notion of calibration, and what they
thought calibration was or could do. These wonderings inspired the follow-up interviews within
the post-intervention phase of this study. The interview questions were not restrictive, as each
question was meant to initiate a conversation. Although it was possible to answer each question
briefly, the interviewees often described their views in detail, thereby adding valuable depth and
insights to the study. The interview questions were as follows:

1. Why, in your opinion, there might be a gap between students’ perceptions of performance

and their actual performance in mathematics?
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2.

4.

I had already asked the students this question on their reflection notecards. However, in
the post intervention phase, I repeated the question, looking for clarification and
confirmation of students’ previously stated views.

In what way did you personally try to close this gap, and did your method work for you?
This was also a reflection notecard question. However, in this post-intervention phase, I
intended to explore if students had benefitted from my intervention and if they had
experienced any success in closing the gap between their estimated and achieved
performance outcomes.

We humans are powerful theory builders, aren’t we? What is your personal theory of
calibration, and how do you make sense of it?

As a researcher, whether and how students made sense of the concept of calibration was
immensely important to me. This question was my attempt to explore the extent of
students’ sense making about their own calibration in the post intervention phase.
Reflecting on your experience in this course, did your calibration change over the course
of the semester? Can you explain?

The numerical change in each student’s calibration was something that I could determine
based on my quantitative data. However, those numbers could not reveal to me whether
or not the students were aware of their calibration change.

Interviews are often considered essential to conducting qualitative research because, as

Johnson and Christensen (2008) noted, they provide rich information about participants’

thoughts, ideas, beliefs, knowledge, reasoning, motivation, and feelings about the topic under

study. Before the commencement of the interviews, I had collected both qualitative and

quantitative data to explore students’ calibration change both numerically and conceptually. As
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such, student interviews were my last chance to seek clarification, confirmation, and
convergence of the qualitative and quantitative results. In conducting face-to-face interviews, I
felt compelled to deepen my understanding of the students’ perspectives on calibration and the
ways in which they made sense of this newly met concept, which might ultimately lead to
concept internalisation and behavioural change. In essence, these interviews served as a window
of opportunity for an open exchange of ideas among the research participants — me and the
students. As the School Board required, I conducted the interviews after the semester ended,
during the first 2 weeks of July 2016 after the grades had been assigned. All 24 students were
invited to participate in the follow-up interviews, of which 12 students agreed to participate. The
follow-up interviews took place in the mathematics office at the host school, and each interview
was approximately 20 minutes long. As I started to review the follow-up interview data, I
realised that a detailed and systematic analysis was required to reveal the essence of what was
brought to light during these interviews. Upon reflection, I decided to save the rich qualitative
data of the follow-up interviews to be used as the last stage of my analysis to check for
clarification, confirmation, and convergence of the results.
Research Quality in Mixed Methods Design

Johnson and Christensen (2008) contend that in mixed methods research, researchers
combine complementary strengths and non-overlapping weaknesses of both qualitative and
quantitative methodologies to provide the best possible explanations for complex research
questions. Alas, combining methods adds to the complexities associated with the evaluation of
mixed methods research.

As I discussed in Chapter Two, calibration research is most often conducted

experimentally in controlled settings, which—despite producing insights—might not bridge the
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gap between the laboratory findings and classroom practices. Neither might it inspire classroom
teachers to conduct authentic research with students to connect theory and practice. To this end, I
designed each of the methods used in this classroom study of calibration to meet the following
criteria: (a) interested mathematics teachers could incorporate these methods in their daily
practices with minimum disruption to students’ learning activities, and (b) the methods would
assist in the construction and collection of both qualitative and quantitative data. Considering the
complexities associated with the evaluation of mixed methods research, in the next section, I
address reliability and validity with regards to the quantitative strand, trustworthiness in relation
to the qualitative strand, and the ethical research design in relation to both qualitative and
quantitative strands of this thesis.
Reliability and Validity in the Quantitative Strand

To ascertain the reliability of the instruments used in quantitative research is essential to
the quality of any quantitative research. In this study, in the intervention phase, I used the
students’ test performance outcomes and performance estimations to elicit the measures of
calibration and bias, which mirrored the procedures used in the related studies of calibration,
including Bol et al. (2005, 2010), Hacker et al. (2000), Nietfeld et al. (2005, 2006a), Roderer and
Roebers (2013), Rutherford (2017a), and Stoten (2019). Many types of reliability measures have
already been highlighted in research. For instance, Nunnally (1972) suggested three methods to
ensure test reliability: (a) two alternative forms of the same test are used for the same group of
students, and the scores are correlated, (b) the same test is used in two different occasions with
different students, and the scores are correlated, and (c) the test is used once; then it is divided
into two sections, and the scores for the two sections are correlated. Of the three methods,

Nunnally (1972) considered the first method to be the most comprehensive. Having the
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advantage of being the classroom teacher, I used the first method. In so doing, I wrote two
different versions of the first test in the course. Students wrote both versions of Test #1; after
writing each test, they estimated their performance outcome scores. I collected students’ grades
and their estimations on both versions of Test #1. For each version of the first test, the absolute
values of the difference between the students’ estimations and achieved scores (i.e., their
calibration measures) were computed. To explore the association between the students’
calibration measures on the first and second versions of Test #1, as Nunnally recommended, I
used a bivariable correlation analysis in which the calibration measures obtained from the first
version of Test #1 were correlated with the calibration measures obtained from the second
version of the same test using IBM SPSS 24 software. The results provided a Pearson correlation
coefficient of 0.846, and the correlation was declared significant at 0.01 level (p <.01), which
suggested an adequate level of reliability for the first test. Although the content variability
among the different tests could not be avoided, owing to the consistency in the design, format,
and difficulty level of the weekly classroom tests and to save valuable class time (i.e., not to ask
the students to write two versions of every test, every week) the procedure was not repeated for
the other tests. Although this issue speaks to the ecological validity of my study, since
mathematics students usually do not write each of their tests twice, it may constitute a limitation
for my study. My results were consistent with O’Connor’s (1989) review of calibration research,
suggesting that the test—retest reliability of the calibration measures was relatively high with the
reliability coefficient ranging between 0.72 and 0.85.

Goodman (2008) proposes that the validity of a test refers to whether a test serves its
purpose by showing what it claims to show, elaborating on four common forms of validity:

construct validity, internal validity, external validity, and ecological validity. According to
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Goodman (2008), construct validity refers to the extent to which a data collection instrument
measures what it intends to measure. Internal validity is concerned with whether the resultant
effects are caused by the intended factor. External validity deals with the generalisability of the
sample to a wider population than the sample. Finally, ecological validity focuses on whether the
context of data collection resembles the world.

In this study, I pursued construct validity (Goodman, 2008) through using curriculum-
based tests, with a familiar and relevant content, and in a format expected by students. The
testing sessions occurred 11 times throughout the classroom intervention and once for the final
exam, measuring students’ postdictions of performance outcomes as well as their actual
performance outcomes, as was intended. Moreover, on all tests including the final exam, the
students could choose and answer the test questions they felt confident about, thus supporting the
construct validity of the tests as the data collection instruments that measured what they intended
to measure—the students’ performance outcomes on the mathematical tasks that they could
actually perform.

In conducting this research, blending the intended intervention procedures as smoothly as
possible with the students’ daily activities depended upon maintaining the natural setting of the
classroom, which included too many environmental variables to control as would be the case in
experimental studies. For example, while completing their notecards or calibration graphs,
students led conversations with me and with each other. In my view, this was an aspect of the
natural and metacognitively oriented setting (student-student discourse and student-teacher
discourse dimensions of the model of Metacognitively Oriented Learning Environments,
Thomas, 2003) that I intended for this research. As such, I did not try to stop or redirect these

conversations. Moreover, the research methods and procedures merged with the classroom tasks
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and activities for the sake of ecological validity (Goodman, 2008) of this study. To provide an
example, I did not impose any limitations on what students could base their performance
estimations on. For instance, I did not instruct the students to estimate their performance strictly
based on their previous performance outcomes in the course. Students were free to base their
estimations on anything they saw fit (e.g., hours of study, particular content such as
trigonometry, overall test difficulty). As such, the internal validity of students’ performance
estimation data that I collected could not be substantiated. However, this lack of control possibly
sustained the external validity (i.e., the context of data collection generalisable to a wider
population than the participating students) and ecological validity (i.e., the context of data
collection resembling a real classroom, not a laboratory) of my quantitative data.
Trustworthiness and an Ethical Approach to Research Design

Denzin and Lincoln (2005) elaborated that qualitative researchers face the inevitable
problem of representation, as establishing a direct link between text and experience is
problematic. Furthermore, Denzin and Lincoln argued that the interpretations of qualitative data
are often evaluated in the light of the qualitative researchers’ descriptions and interpretations as
far as these interpretations influence the credibility, transferability, confirmability, dependability,
and authenticity of research. Lincoln and Guba (1986) suggested that in qualitative research,
credibility, transferability, dependability, and confirmability could be used respectively, as
analogous for the internal validity, external validity, reliability, and objectivity used as the
evaluation criteria in quantitative research.

In this study, I sought credibility (Guion, Diehl, & McDonald, 2002), which is analogous
to internal validity in quantitative research, through the prolonged engagement of the participants

with the construct of calibration which was the topic my inquiry. Further, as Guion et al. (2002)
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recommended, I sought credibility through the cross-checking of the qualitative and quantitative
findings with the research literature. Transferability, akin to external validity, was sustained
through the ecologically valid (Goodman, 2008) conditions of the study in which the test
contents were familiar and meaningful for the students, the students were invested in the
outcome, and the context resembled the world. Authenticity in the sense of the data representing
a balanced and truthful view of the participants’ values and beliefs was achieved through the use
of qualitative methods of inquiry, including offering the students open-ended questionnaires,
reflection notecards, and follow-up interviews. Further, the research findings reflected authentic
insights and views of the students (Bryman, 2001).

This brings me to an important aspect of this research—my students’ well-being.
Hostetler (2005) contended that any research in education bears moral and ethical implications,
and it is up to the researchers whether they give voice to these implications or remain silent
about them. In my dual role as a teacher—researcher, I found myself wondering whether this
research was good for my students. Were the participating students often happy and engaged, or
distant and resistant? What was the cost to these young people of becoming more metacognitive
and self-evaluative than they already were?

In Chapter Four, I share what my students thought about this study, and in Chapter Five,
I elaborate on the lessons I learned from my students. It is worth noting, however, that as a
classroom teacher, I found that conducting research opened another dimension into how my
students and I related to each other. It allowed for a fogetherness and a different kind of
communication that enriched our perceptions of each other’s lives and realities. I doubt that we
would have experienced this connection and togetherness had I remained just their mathematics

teacher. 1 also think that in addition to this connection, it was what I call the ‘ethical research
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design’ that allowed for these other dimensions of human relations to unfold. Had I chosen an
experimental research design, I would not have met my students in the novel and profound ways
that I did.
Assumptions, Limitations, and Delimitations of my Research Design

Conducting scholarly research on metacognition in a mathematics classroom made me
realise how critically restricted I was in my ways of seeking answers to inherently complex
questions. I experienced limitations in the availability of resources, such as language translators
(for parents), educational assistants, and modified computer labs for language learners in a
mathematics course, but more importantly, I came to understand the complexity and
multidimensionality of the matters at hand and recognised the assumptions, limitations, and
delimitations in my thinking and decision making in conducting classroom research. In this
section, I discuss the underlying assumptions, limitations, and delimitations of my study.
Underlying Assumptions of my Research Design

In conducting research, the three tenets that I firmly held were as follows: (a) With very
few exceptions, all mathematics students, regardless of their current level of academic task
performance, have the potential to perform better if taught effective metacognitive strategies; (b)
In teaching mathematics, classroom teachers should pay attention to what students are confident
about because students’ cognitive activities and strategic study behaviour are influenced by these
judgements; and (c) It takes more than purely cognitive procedures to learn mathematics deeply
and meaningfully. Metacognitive strategies are particularly important to mathematical
modelling, pattern recognition, and problem-solving.

In addition, I made the following three assumptions. First, in my perspective,

mathematics education is a pillar of social justice. Mathematical literacy has been referred to as
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the key to the 21st century citizenship (Moses & Cobb, 2001). Schoenfeld (2009b) asserted that
high school graduates’ mathematics proficiency levels are considered predictors of university
attendance and a fair chance at a dependable career. As such, I assumed that mathematics
education will remain important to school programs. Second, I assumed that the same conceptual
framework guides students’ metacognitive judgements in various mathematics areas (e.g.,
algebra, geometry, trigonometry), mainly due to the absence of research addressing this issue.
Finally, my third assumption was that based on the findings of current calibration research
(Nietfeld et al., 2006b) the measures of students’ calibration are possibly normally distributed.
To explain, in their exploration of the distribution properties of calibration measures, Nietfeld,
Enders, and Schraw (2006b) studied 10,000 cases. Their study suggested that the measures of
calibration accuracy followed the bell-shaped curve of a normal distribution (Field, 2009) in
which the majority of the largest calibration measures were situated around the centre of the
curve, implying low levels of calibration accuracy for the majority of the cases.
Limitations of my Research Design

Considering limitations as those characteristics of my research that were out of my
control (Simon, 2011), I perceive my epistemic beliefs about the nature of mathematical thinking
as limitations that could potentially both strengthen and weaken my study in one way or another.
I am cognizant that for me mathematical epistemology and mathematical pedagogy are
profoundly intertwined. Thus, I acknowledge that the ways in which I conceptualise and present
mathematical topics to my students may influence the features of classroom discourse and affect
my students. Maggioni and Parkinson (2008) posited that by affecting classroom instructions,
teachers’ epistemological beliefs may play a role in students’ learning and academic task

performance.
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By embracing social cognitive theory, I concur with Schoenfeld (1985) in viewing
mathematics learning as an inherently social activity as well as a cognitive pursuit. Further, as
mathematics learning involves familiarity, connectedness, conscious awareness, and logical
thinking and understanding, in my pedagogy, I introduce mathematics not as mathematical
information, but rather as mathematical knowing—a flexible, constantly evolving, personally and
socially constructed way to study and interpret phenomena and to understand the world. 1
appreciate, however, that my view of the nature of mathematical inquiry invites a certain
pedagogy often marked by the exploration of ideas, formulation of conjectures, and answering
open-ended questions, rather than a predominant concern with getting the correct answer. 1
realise that this aspect of my pedagogical practice can occasionally frustrate some students who
are not used to answering open-ended questions and forming conjectures in a mathematics
course.

The limitations of this study also stemmed from the time constraints imposed by
conducting the study concurrent with delivering the curriculum and from my attempts to
minimise the disruptions to the students’ classroom activities. Further limitations emerged from
aligning my study schedules and protocols with the school’s formative and summative
assessment and evaluation policies, mathematics department’s internal guidelines, and from
students’ ongoing involvement in a wide range of extracurricular activities.

Since my present study was embedded in a classroom intervention, the sample size,
criteria, and the timeline for the intervention were out of my control. Lastly, as noted before, due
to the ethics considerations in my research design, I had no access to my entire data throughout

the intervention, which denied me the opportunity to provide ongoing adaptive data-based
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feedback for students. Although my adherence to these guidelines limited my scope, it added to
the external and ecological validity of my study.
Delimitations of my Research Design

As Simon (2011) noted, delimitations are those characteristics of research that limit its
scope and define its boundaries, but they are in the researcher’s control. In this study, the choice
of calibration as my research topic was the first delimitation. I chose calibration as a research
topic because of my many years of observing mathematics students’ frustration and dismay due
to their miscalibration on mathematical tasks, and because I had witnessed how students’
miscalibration could profoundly affect their self-confidence, motivation, future career decisions,
and in a sense, their overall well-being. I also decided to study calibration due to my
understanding that becoming reflective and self-evaluative matters to students beyond their high
school career. Although choosing calibration as a research topic was a personal decision, it
delimited the scope of my research.

Another delimitation was the choice of a mixed methods methodology, as I came to
realise that some important aspects of the dynamic and complex nature of calibration were not
quantifiable. On reflection, situating the study within the social cognitive theory of Bandura
(1986) produced another delimitation, as the social cognitive theory framed and underpinned all
the elements of the methodology and design. For instance, in alignment with the social cognitive
theory (Bandura, 1986), the monitoring training strategies and calibration sessions were not only
explicitly taught, but also modelled. Further, the students were offered many opportunities to
discuss and practice the process of how to develop their calibration so that over time, the notion

of being calibrated could become internalised and eventually habitual.
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As I detailed in Chapter Two, Nelson and Narens’s (1990) theory of metacognition suited
the purpose of the study; however, choosing this theory over and above the other theories of
metacognition constituted a theoretical delimitation for the conceptualisation of students’
knowledge monitoring processes and how these processes influenced students’ self-evaluative
decisions in this study. To provide an example, Nelson and Narens’s theory perceives calibration
as a psychological cognitive phenomenon, and as such, many other aspects of students’ learning
(e.g., personal, motivational, and affective factors) are inconsequential in this theory. Further, the
theory suggests a linear causal relationship between improved metacognitive monitoring and
enhanced calibration. Situating this study within the social cognitive theory of Bandura (1986)
and collecting and analysing qualitative data brought in students’ voices, values, emotions, ideas,
beliefs, knowledge, reasoning, and motivation (Christensen, 2008), thereby adding to the depth
and breadth of the present study.

Overall Ethical Views and Benefits for Students

I understand and acknowledge the ethical concerns associated with classroom teachers
doing research with students in their own classrooms. This is often a conundrum, given that
classroom teachers are encouraged to engage in authentic classroom research. Many researchers
(e.g., Hacker et al., 2000; Hacker et al., 2008b; McCormick, 2003; Nietfeld & Schraw, 2002;
Nietfeld et al., 2006a; Parkinson et al., 2010; Zimmerman & Schunk, 2003) have noted that such
studies on calibration are certainly in short supply. To date, I have not been able to identify any
calibration studies performed in high school mathematics classrooms using a mixed methods
methodology similar to this study with the explicit goal of enhancing students’ calibration.

Potentially, conflict may arise from the dual role of a teacher—researcher. I disclosed the

potential conflict of interest to the University of Alberta Research Ethics Board (REB 2) and the
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School Board’s External Research Review Committee (ERRC) and received the necessary ethics
approvals from both institutions (see Appendices M & N). I hereby address the ethical
obligations involved in this study under two categories: concerns about the data (performance-
outcome-related issues) and concerns about authority (consent-related issues).

Concerns regarding the integrity and authenticity of the data are valid in any research
project. In this thesis, the students’ task performance outcomes on curriculum-based classroom
tests constituted a portion of the data that I used. This would have been a concern had my
research been focused on using calibration to improve students’ grades and if the success of my
study depended on the proof of improved grades. Improved academic test performance, although
often a by-product of improved metacognition, was not the intention of this study. I studied
students’ metacognitive calibration, regardless of the decrease or increase in their performance
outcomes. Hence, the fluctuations in the students’ grades had no bearing on the direction or
results of my study. In other words, it was possible to consider a student well-calibrated if he or
she performed poorly in the course but could accurately estimate his or her own performance.

The concerns regarding the issues of authority arise when participants are recruited by
individuals in a position of authority. In this study, the students’ pre-existing entitlement to
taking the course was not prejudiced by their decision whether to participate in or to withdraw
from this study. Each semester, several sections of the course were offered in the host school
where the study was conducted. The students could choose either the section with a research
component or another section of the same course without a research component. None of the
students left my section of the course with a research component, and one student from a
different section requested to switch over to my class. The research procedures were supported

by the District School Board and the host school administration. For students who were in the
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research group, participation in the research was on a voluntary basis; they could stay in the
course with or without participating in the research study. Based on the research design, all the
consent and assent forms were delivered to the school’s main office and I was unaware who the
research participants were until the semester ended. The students were informed that they could
withdraw from the study any time without any ramifications.

To be effective, metacognitive strategies need to be explicitly taught, modelled, and
reinforced by the classroom teacher while teaching (Nietfeld et al., 2005, 2006a), which is a
difficult task to achieve unless the research is carried out by the classroom teacher. It is also
important to note that this thesis describes a pedagogical intervention designed to be taken up
potentially by other classroom teachers. As such, the intervention processes were designed to
blend naturally with students’ daily classroom routines to become a part of a teacher’s day-to-
day practice. With these considerations in mind, as Roeder and Roebers (2013) recommended, I
opted for authenticity by conducting research with the students whom I taught who might
respond more naturally to me as their teacher and to the familiar and relevant classroom material
than to an outside researcher who might use unfamiliar research material.

Potential Benefits of This Intervention for Students

In high school, students are often required to learn copious quantities of new material
quickly and effectively. Nietfeld et al. (2005, 2006a) explained that the efficacy of students’
study behaviour depends, among other things, on the accuracy of their monitoring judgements,
because it is based on these judgments that students decide how well a new topic has been
understood and when it is appropriate to move on to the next topic. As Nietfeld et al. (2005,
2006a) have detailed, metacognitive strategies do not always develop automatically to a

sufficient level and need to be explicitly taught and frequently practiced in order to be effectively
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internalised and eventually become habitual by students. Throughout the course, I taught the
intended metacognitive strategies explicitly and modelled these strategies (see Appendix I for
script). The monitoring strategies presented to the students were then mediated through
continued conversations, feedback, and personal reflection to build students’ metacognitive
knowledge towards enhanced monitoring of task performance.

In this era of enforced competitiveness and emphasis on students’ academic success,
considering the distractions imposed on young people by an increasingly fast-paced lifestyle,
social media, and modern-day technologies, teaching high school students some metacognitive
strategies becomes an almost ethical issue when research (e.g., Shapiro, 1984; Schunk, 1989;
Zimmerman, 1989) demonstrates that by simply asking students to set a goal (e.g., “I am going
to learn this chapter very well”) and recording an expected result (e.g., “I expect myself to be
about 85% accurate on my quiz”), students have displayed superior learning and performance
gains. In responding to this ethical calling, | embedded my research methods within the daily
classroom activities and invited all the students to participate so they could all benefit from
learning metacognitive strategies.

The classroom intervention described in my study might have benefitted the students in
many other ways as well. Metacognitive skills, including calibration, are considered foundational
to mathematical performance (Desoete, 2009; Kaune, 2006; Lucangeli et al., 1998), particularly
in problem-solving scenarios (Allardice & Ginsberg, 1983; Schoenfeld 1982, 1981, 1987b,
1992). The students in the course participated in many episodes of monitoring strategy training.
They were encouraged to think carefully and choose the questions that they thought they knew
how to answer as their test questions. Students were also engaged in reflection and received

feedback. Such activities might have supported their several thinking and problem-solving skills.
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General metacognitive strategies transcend grade level and subject area and support students’
lifelong learning (Butler & Winne, 1995; Schunk, 1984; Zimmerman, 1983, 2000, 2002). I often
communicated this important issue with the students, reminding them that general metacognitive
strategies are applicable to both academic and non-academic areas throughout our personal and
professional lives. Although I did not collect any data on the benefits of enhanced monitoring
processes for students, based on similar studies of metacognition, my teaching experience, and
what I have learned from the research literature, I consider that learning metacognitive strategies
is critically beneficial for students. In particular, Swanson (1990) emphasised that monitoring
constrains cognition by compensating for performance deficits, thereby supporting students’
learning and motivation.
Chapter Three Summary

In Chapter Three, I outlined my research methodology and design. To start the chapter, I
explained the mixed methods methodology that I employed in this study to assist in providing an
answer for my research question. Next, [ introduced the research participants, and described the
setting, context, and the classroom environment for my study. Further, I outlined the problems
associated with the assessment of calibration and detailed the data collection processes and the
methods and instruments that I used to collect qualitative and quantitative data. Moreover, |
explained the four components of my intervention and addressed the issues related to research
quality in mixed methods methodology, discussed the assumptions, limitations, and delimitations
of my research design, and highlighted some overall ethical considerations. I concluded Chapter
Three by presenting my views on the benefits of my intervention for students and provided a

chapter summary. In Chapter Four, I detail my data analysis procedures and the research results.
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Chapter Four
Data Analysis and Results
Introduction

In this chapter, I describe the data analysis procedures, detail the findings of my analysis,
and provide a summary of the chapter. In mixed methods studies, the data analysis can be
particularly challenging because the researcher must engage with both qualitative and
quantitative methods of data analysis. Due to the difficulties inherent in mixed methods data
analysis, some researchers (e.g., Onwuegbuzie & Combs, 2010) have proposed an inclusive
framework that allows the researcher to not only incorporate the data, but also to use the
language, terminology, conventions, and analytical methods of both qualitative and quantitative
methodologies to answer the research question.

To follow the contemporary trend in calibration research, in my study of students’
calibration, I utilised quantitative methods of data analysis including histograms, mean estimates,
boxplots, and linear regression models to capture #ow the numerical measures of calibration
changed over time. Moreover, to explore and describe why the measures of calibration changed
as they did, I employed three rounds of blended data (i.e., combined qualitative and quantitative
data) analyses—which, to my knowledge, has not been used in prior calibration research. To
explain, I started the first round of my blended data analysis by analysing each students’
overlapping qualitative and quantitative data. In so doing, I analysed cross sections of the data at
the points in time where both qualitative and quantitative data were available for all the students,
one student at a time.

For the second round of the blended data analysis, I used the overall blended data for all

the students. At this stage, I chronologically compiled both qualitative and quantitative data of
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the students onto their calibration graphs and then analysed the entire dataset. In these two
rounds of data analyses, I looked for emerging ideas about how students described the change in
their calibration individually, in the first round, or as a group in the second round of analysis.

In the third round of my blended data analysis, I incorporated the students’ voices by
adding students’ interview data, looking for convergence and consistency in the results, as well
as other matters not accessed through using quantitative methods. This triple analysis was
coherent with my mixed methods design, in which both qualitative and quantitative analytical
techniques were necessary to provide a response for my research question.

I had not encountered this method of blended data analysis in my review of calibration or
mixed methods research studies. However, after trying to analyse my data in different ways and
contemplating on what insights those analyses could offer or reveal, I came to understand that a
blended data analysis might be more helpful than other methods of data analysis in extracting
fresh and constructive ideas from my data. To explain, I conceived this novel way of data
analysis after I realized that my data possessed a particular property that I had not previously
encountered in my review of calibration studies: the simultaneous availability of the qualitative
and quantitative data at certain times (i.e., the testing episodes). Moreover, my appreciation for
the social and developmental aspects of calibration made me wonder whether the factors of time
and social interactions were more important to the notion of change and development of
students’ calibration than I had already envisioned. Hence, I decided to merge and analyse the
blended qualitative and quantitative data instead of separately analysing each data set. I begin

Chapter Four by describing my quantitative data analysis procedures.
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Quantitative Data Analysis

In this study, the importance of quantitative analysis lies in the centrality of the notion of
change in students’ calibration to my research question. I started my quantitative analysis by
exploring how the numerical values of students’ calibration changed over time and across 12
tests, and what patterns emerged from the quantitative data. The variable of interest was
calibration. Figure 4.1 represents the combined distribution of the measures of calibration for 12
tests for all students. Since calibration values (i.e., called calibration scores in Figure 4.1) mark
the gap between estimated and achieved performance outcomes, the lower the calibration values,
the closer the estimated and achieved performance outcomes, which indicates better calibration.
In Figure 4.1, the heavy skew on the left side of the histogram where the measures of calibration
are low is indicative of the overall prevalence of good calibration for 24 students over 12 tests (n
= 288). For instance, the histogram shows that the calibration scores were as low as 0% — 2% in
32 out of 288 measured calibration scores.

Figure 4.1

Histogram Representing the Distribution of the Combined Calibration Scores for all Students
Over 12 Tests
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Further, in intervention studies within calibration research with a large number of tests, it
is not unusual to compare the results of some of these tests. For instance, Brookhart et al. (2004)
compared the results of the last five weekly quizzes out of a total of 10 quizzes, and Roderer and
Roebers (2013) compared the results of the fifth, eighth, and tenth out of 10 tests as a measure of
how effective their respective intervention had been. In this study, to examine the potential
effects of my intervention on students’ calibration and to explore students’ calibration change, |
compared the students’ calibration accuracy at the beginning using the first test, to the students’
calibration accuracy after the intervention using the last test. Since the same participants took
part in all classroom tests and the dependent variable (i.e., calibration accuracy) was the same
across the tests, I applied dependent #-tests to the calibration scores on Test #1 at the beginning
of the intervention versus Test #12 in the end, using the IBM SPSS 24 software. Theoretically, a
t-test determines whether there is a significant difference between the measures of two groups.
For this data set, I calculated the Cohen’s effect size d (Cohen, 1988, 1992) as d = .815, which
indicates a large effect. To explore this line of inquiry further, I applied a regression model,
comparing a subset of the first two tests (Test #1 and Test #2, R? = .5063) relative to the last two
tests (Test #11 and Test #12, R? = 0.8071). This analysis revealed a substantial contrast of 30%
from the beginning of the semester relative to the end, as the predictability of calibration
accuracy by using multiple testing episodes rose from 50.63% to 80.71%, , which is consistent
with similar findings (e.g., Roderer & Roebers, 2013) in calibration research.

To explore how calibration changed for the whole group throughout the study, I
compared the students’ mean performance with their mean estimation of performance. Figure 4.2
represents the combined mean performance percentages versus the mean estimations of

performance, also as a percentage, for all students. As Figure 4.2 illustrates, as a group, the
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students began by underestimating their performance and gradually became more accurate in
their self-assessments of task performance.

Figure 4.2

All Students’ Combined Mean-Estimate Versus the Mean-Achieved Test Performance Scores
Over 12 Tests
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To test for the systematic differences between estimated and achieved test scores, I
performed a series of 12 pairwise dependent #-tests. These analyses are generally recommended
(e.g., Field, 2009) for small sample population size and when the same individuals participate in
research across a variety of testing conditions. Field (2009) states that when the same
participants take part in research across different conditions, the unsystematic variance is
reduced dramatically, allowing for a much easier detection of systematic variance. The results of

the pairwise dependent z-tests suggested that only for Test #1 and Test #11, the mean test
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performance estimations were substantially different from the mean test performance scores
(tiest1(24) = 2.273, p = .033; and t st 11 (24) = 2.092, p < .05). For all the other tests, the
differences between the means were not significant (.07 < p <.87). This was important for me to
investigate because calibration is inherently related to task performance. Since the focus of this
study was not students’ performance scores, I cannot relate the overall improved performance
scores to the change in students’ calibration. However, the results were also reassuring in terms
of the stability of students’ performance outcomes.

Except for the outliers, the measures of students’ calibration accuracy ranged from
absolute value of 0% to approximately 40%. The median calibration score was equal to 9%,
indicating that 50% of students demonstrated an overall calibration measure of less than 9%. The
standard deviation of the measures of calibration decreased substantially towards the end of the
semester, in particular for Test #11 and Test #12. This outcome indicated that in the context of
the applied intervention, the variability in calibration scores decreased. In other words, the gap
between the most-calibrated students and the least-calibrated students narrowed—a welcome
result, considering that the overall calibration accuracy of students also improved over time.

As noted earlier, all the tests were written within the four achievement categories of
Knowledge & Understanding, Application, Communication, and Thinking. The weights of these
categories were 20%, 20%, 15%, and 15% respectively and the culminating project and the final
exam had a combined weight of 30% toward the overall term mark. I explored whether the type
of the test had any effect on the students’ calibration accuracy. In so doing, I used a boxplot to
examine the distribution of students’ calibration measures per test on small tasks (quizzes with 6
questions) and on large tasks (unit tests, the midterm exam and the final exam with 10, 15, and

30 questions, respectively), as Figure 4.3 depicts. Field (2009) describes boxplots as five-number
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summaries that are especially useful when comparing two or more data sets. In a boxplot
diagram, the two ends of each box represent the upper and lower quartiles. The horizontal line
inside the box represents the median and the lines extended outside the box represent the highest
and lowest data points. My analysis suggested that except for the outliers, the task type had no
significant effect on calibration accuracy that was worthy of further investigation.

Figure 4.3

Boxplot Representing the Distribution of Calibration Measures Categorised by Task Over 12
Tests
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In statistical studies of calibration, in determining whether there are significant error
variances, one of the most commonly reported factors is the Wilks’s lambda. Reported on a scale
of 0 to 1, the value of this statistic determines the ratio of error variance to total variance for each

variate. A Wilks’s lambda of 0 is ideal (Field, 2009) because it means that there is no variance
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which cannot be explained by the variable under examination. In this study, for the overall test of
significance, I computed the Wilks’s lambda as .272 (see the first value on the second line of
Table 4.1), which, based on Cohen’s (1988) guidelines, reflects a large effect size. Further, a
(partial) eta® value of .728 (see the sixth value on the second line of Table 4.1) suggested that
72.8% of the variance in the measures of the students’ calibration accuracy could be explained
by the 12 tests that the students took. In other words, this analysis suggested that 72.8% of the
overall improvement in students’ calibration was related to the classroom intervention that took
place.

Table 4.1

Wilks’s Lambda for Overall Test of Significance

Value F Hypothesis  Error df Sig. Partial Eta Observed
df Squared Power
Pillai’s trace 728 2.925 11.000 12.000 .039 728 788
Wilks’s lambda 272 2.925 11.000 12.000 .039 728 788
Hotelling trace 2.681 2.925 11.000 12.000 .039 728 788
Roy’s largest 2.681 2.925 11.000 12.000 .039 728 788
root

Each F tests the multivariate effect of calibration change. These tests are based on the linearly
independent pairwise comparisons among the estimated marginal means.

The simple linear regression model of the performance outcomes versus performance
estimations resulted in R? = 4543, with df =286, F = 238.1, and p < 0. The value of R? suggests
that 45% of the variance in the students’ performance outcomes may be predictable from the

estimations on 12 tests that they took. The relatively low R? (low predictability) might be
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explained by some students’ miscalibration. It is possible that had the students not given
themselves several low performance estimations, the discrepancy between the estimated and
achieved could have been reduced, possibly resulting in a higher measure of predictability. Task
type (quizzes versus unit tests and exams) had no effect on the model and was removed as an
independent factor for a better fit. Figure 4.4 depicts this linear regression model with the

standard error of the mean (with 95% confidence interval) visualised in grey surrounding the

regression line.
Figure 4.4

Scatterplot of the Linear Regression Model for Estimated Versus Actual Performance
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As I noted in Chapter Three, calibration is numerically evaluated as an absolute value; as
such, it is always reported as a positive number. As a classroom teacher, I found it informative

and helpful to explore students’ directional miscalibration (i.e., bias) and investigate whether
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students were overestimating (i.e., positive bias) or underestimating (i.e., negative bias) their task
performance. I employed a simple linear regression to examine the change in the measures of
bias over 12 tests. The regression line was generated as y = -7.13 + 0.33x, and the model
summary provided R? = .196, suggesting that almost 20% of the intended result (i.e., a decrease
in bias) was accounted for by the repeated testing sessions. This issue suggests that the
development of students’ calibration through classroom interventions may require time and
several training sessions to take effect. Further, this may explain why conducting one-time,
snapshot style research on calibration may produce inconclusive or contradictory results. With
respect to the significance of this correlation for the dependent variable (i.e., measures of bias),
the coefficient table on SPSS 24 provided p =.001, and the lower and upper bounds for bias
were calculated as — 10.580 and — 3.677, respectively, with a confidence level of 95%. Figure 4.5
represents the distribution of the measures of bias (n = 288), illustrating that the students
predominantly demonstrated negative bias by underestimating their task performance outcomes.

Figure 4.5

Histogram Representing the Distributions of Bias Measures
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To further investigate students’ directional miscalibration (i.e., bias) and to highlight the
range of bias scores as well as the mean values and the standard deviation for the obtained values
of bias, Table 4.2 provides the descriptive statistics of the bias scores across 12 tests
demonstrating the trend of decreasing variation (i.e., smaller values of standard deviation) over
time. Table 4.2 illustrates that as a group, students consistently underestimated their task
performance outcomes on mathematical tasks and this underestimation gradually became less
pronounced over the 12 testing episodes.

Table 4.2

Measures of Bias for All Students Over 12 Tests (n = 288)

N Minimum  Maximum Mean Standard Deviation
T1 Bias 24 -48 19 -8.25 16.329
T2 Bias 24 -59 25 -6.83 19.395
T3 Bias 24 -40 25 -5.08 16.365
T4 Bias 24 -38 30 -5.92 21.069
T5 Bias 24 -40 67 -0.50 21.456
T6 Bias 24 -42 32 -3.25 19.802
T7 Bias 24 -50 30 -8.96 18.454
T8 Bias 24 -45 28 -6.92 18.406
T9 Bias 24 -45 30 -5.96 16.470
T10 Bias 24 -45 35 -3.96 18.314
T11 Bias 24 -25 10 -3.42 8.000
T12 Bias 24 -9 9 -0.92 4.492
Valid N 24

(listwise)

In quantitative analysis, a parameter called the residual statistic is often used to test the
assumption of homoscedasticity. Field (2009) explains that the measure of residual statistic

speaks to the soundness of a regression model. The test of homoscedasticity, which was
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particularly important to the present study due to the small number of participants, determines
whether the residuals of a regression analysis have the same variance (which indicates
homoscedasticity), or they have changing variance (which indicates heteroscedasticity). In
analysis of the regression residual, it is hoped that the variance of the residual terms remains
constant (Field, 2009), resulting in the mean residual to be zero. Table 4.3 shows that the residual
statistic for the regression model applied in this study with the mean residual equal to zero.
Table 4.3

Residual Statistics for the Measures of Bias

Minimum Maximum Mean Std. Deviation N

Predicated Value -6.7999 -3.1868 -4.9933 1.18428 12
Residual -4.13090 4.98603 .00000 2.39962 12

Std. Predicted Value -1.525 1.525 .000 1.000 12
Std. Residue -1.641 1.981 .000 0.953 12

a. Dependent Variable: Mean Bias

While the model that tested students’ performance estimations (i.e., postdictions) was not
homoscedastic in a sense that the variance around the regression line was not the same
everywhere (see Figure 4.4), the model testing bias was homoscedastic (see Table 4.3). The
homoscedasticity of the model testing bias suggests soundness of the applied regression model
and indicates better predictability than heteroscedastic models.

Field (2009) proposes that for the regression analysis to be a good fit, it is required for the
regression standardised residual distribution to be approximately normal. As such, the residual

distribution for the regression analysis used in this study was tested and the condition of
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normality was met indicating that the regression model was a good fit. Figure 4.6 illustrates the
residual distribution within the regression model used in this study.

Figure 4.6

The Residual Distribution Within the Regression Model
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The quantitative analysis of my data provided me with the opportunity to explore the
notion of calibration change, which was central to my study. Figure 4.7 represents the change in
the mean calibration scores over 12 classroom tests. As illustrated in Figure 4.7, there is a

notable decrease in the measures of calibration (i.e., calibration scores) after Test #7, toward the
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end of the semester. Since the measures of calibration indicate the gap between students’
estimated and achieved performance outcomes, decrease in calibration measures toward the end
of the semester suggests that over time students’ calibration accuracy gradually improved.

Figure 4.7

Scatterplot of Mean Calibration Scores Over 12 Tests
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The quantitative analysis, as outlined above, was an investigation of the patterns of
change in students’ overall calibration as a group. Exploring the change in individual student’s
calibration, however, was immensely important to this research, conceptually, philosophically,
and practically. Researchers (e.g., Gutierrez et al., 2016) posit that generally people are known to

possess some level of monitoring skills. Further, calibration researchers (e.g., Pieschl, 2009)
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have suggested that monitoring judgments which are foundational to an individual’s calibration
accuracy may reflect some aspects of an individual’s stable personal characteristics that have
little to do with monitoring. Zhao and Linderholm (2008) suggest that in making monitoring
judgments, individuals might first anchor their judgment with their (often unrelated) past
experiences and then adjust their monitoring judgment based on the characteristics of the actual
task at hand. Rutherford (2017b) explains that despite the adjustments made, the monitoring
judgments are still biased toward individuals’ more stable personal characteristics. Hence, it was
important for me to employ a mixed methods approach and explore the calibration accuracy of
individual students over several tasks to distinguish for instance between task-specific
monitoring judgments (e.g., “I have not practiced with enough equation-solving questions, so I
should estimate low”), and the individual’s stable personal characteristics (e.g., “I am not a math
person. My test results will always be low, so I should estimate low™).

Appendix K represents the change in individual student’s calibration over time. In each
graph, the y-axis represents each individual student’s calibration measures, while the x-axis
represents the 12 tests the student took. Further, the line of best fit depicts how individual
student’s calibration accuracy changed across 12 tests. Since calibration is a positive number, a
descending line of best fit refers to an improvement in individual student’ calibration accuracy as
the numerical values of calibration decrease over time, whereas a horizontally-situated line of
best fit depicts a lack of change in the calibration measures over time. An ascending line of best
fit illustrates an increase in the numerical values of calibration measures over time, indicative of
a decline in calibration accuracy. The size of these 24 individual calibration graphs in Appendix
K has been reduced to save space. To provide an example, Figure 4.8 depicts Adnan’s calibration

graph. In this graph, the numerical values of Adnan’s calibration are represented on the y-axis
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and the 12 classroom tests are depicted on the x-axis. The descending line of best fit indicates

that Adnan’s calibration accuracy improved over time.

Figure 4.8

Adnan’s Calibration Graph Over 12 Testing Sessions
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These graphs depict that the numerical measures of calibration decreased for 18 out of 24

students. Moreover, Lusine, Sun Xin, Marel, and Wang with initially good calibration measures

at the start of the semester remained highly calibrated with a calibration measure within 5%

throughout the semester. These students represent examples of the ceiling effect in a sense that

since they were initially well-calibrated, there was not much room for improvement for them.

My quantitative analysis suggested that of 24 students, 22 students possibly benefitted from the

intervention and either became better calibrated or stayed at a good level of calibration accuracy

over time, across the 12 testing episodes. However, two students, Rabia and Bilal became less
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calibrated over time. My analysis suggests that as a group, the gap between the most calibrated
students and the least calibrated students narrowed over time.
Blended Data Analysis

In this study, I took the less-travelled path of employing both qualitative and quantitative
methods to explore the ways in which the calibration of a group of students changed over time.
My quantitative analysis which provided me with insights into the malleability, complexity, and
variability of calibration was an important aspect of my study. To explain, calibration is often
referred to as the numerical disparity between the estimated and achieved performance outcomes
(e.g., Bol & Hacker, 2012), which can be explored only quantitatively. Although as a cognitive
social phenomenon, the popularity of calibration as a research topic is on the rise (Rutherford,
2017a; Stoten, 2019), calibration research findings are mainly based on a predominantly
quantitative approach to research.

My quantitative analysis highlighted for me not just the change in calibration, but also the
dispersion and variability in the numerical measures of calibration over time. For me, however,
questions remained regarding the nature of calibration change, and the reasons for its complexity
and variability. For instance, although the quantitative data showed that overall, as a group,
students’ calibration accuracy improved over time, [ wondered:

e What factors might have influenced students’ calibration?

e Were these factors intrinsically or extrinsically oriented?

e How did the students make sense of calibration and what it meant?

e Was the students’ sense of well-being affected in any way by my research?
e What were the bases of the students’ self-estimations?

e What were the students’ views about their experiences with this intervention?
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e What were some of the reasons for students’ miscalibration from their own perspective?
e What were some of the reasons for students’ miscalibration based on the data?

As a researcher and classroom teacher, I was intrigued by what I could do to seek
answers to these non-quantitatively oriented questions. I also realized the unique quality that my
data possessed in a sense that after making performance estimations (i.e., after a test), students
also wrote in their reflection notecards providing me with 12 sets of simultaneously generated
quantitative and qualitative data. To take advantage of this unique situation, working in
electronic files, I chunked my qualitative and quantitative data on a timeline that represented the
progress of my classroom intervention. I then started analysing the blended data chronologically,
once for each individual student, and a second time for the group.

Overall, I performed three rounds of blended data analysis. In the first round, I started my
analysis by using 12 time-stamped instances which I termed cross sections of the blended
qualitative and quantitative data for each student. These were the 12 testing episodes for which I
had collected both qualitative and quantitative data for each student. I found this practice, which
I termed the analysis of the within-student influences on calibration, essential to my
understanding of the change in individual student’s calibration. At these 12 cross sections, |
examined the combinations of each individual student’s qualitative and quantitative data in the
chronological order that the student had created the data throughout the intervention.

In social cognitive theory (Bandura 1986), forming habits and behaviours (including self-
monitoring habits) depends on the reciprocal interactions of person, behaviours, and
environments. As such, In the second round of the blended data analysis, I looked for what

influenced the students’ calibration as a group. In this practice, which I termed the analysis of the
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across-students influences on calibration, I considered the blended qualitative and quantitative
data and used the time stamped blended data of all the students throughout the intervention.

As I explained in Chapter Three, I did not use the qualitative interview data for the first
two rounds of my blended data analyses. My intention was to save these data to be used as a final
layer of analysis. Hence, in the third and final round the blended data analysis, I incorporated the
interview data to seek convergence, confirmation, and consistency in students’ written and
spoken data.

Consistent with Bandura’s (1986) social cognitive theory, in my blended data analyses I
took into account the quantitative measures of students’ calibration as well as students’
intimations about the personal, behavioural, and environmental factors which influenced
students’ calibration according to them. To elaborate, in this study, students completed two open-
ended questionnaires, one at the beginning and one in the end of the intervention. Further,
throughout the intervention phase and simultaneous with completing their calibration graphs,
students reflected on their calibration and completed individual reflection notecards at the end of
each of their 12 tests. As noted earlier, on each notecard students responded to two questions: 1)
Why do you think there is a gap between your estimated and achieved grades, and 2) What
strategies are you planning to use to close the gap? It is important to clarify that during my
monitoring strategy training sessions, in teaching about calibration, and in overall classroom
conversations, we (students and myself) used the term gap in a specific way: to refer to the
discrepancy between students’ estimated and achieved performance outcome, and the phrase fo
close the gap was used synonymously with the phrase to become better calibrated. Figures 4.9

and 4.10 illustrate two samples of students’ reflection notecards that I used in analysis.
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Figure 4.9

Neha’s Reflection Notecard

Student Notecard

Student Notecard — Quiz #1
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Figure 4.10

Fang’s Reflection Notecard

Student Notecard

Name SIS

My estimated grade was ....19/. .
My actual grade was ... 140,
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Students’ comments on reflection notecards were transposed, one student at a time, onto
students’ individual calibration graphs which contained their quantitative calibration data. To
achieve this, I printed and enlarged students’ calibration graphs, which allowed enough space to
transpose students’ assertions, at the times that they were made, on the calibration graphs, side
by side with the quantitative measures of calibration at the time, within the overall pattern of
calibration change (i.e., the shape of the calibration graph). The result was a set of blended
qualitative and quantitative data, which I used for analysis. Moreover, considerations were made
for the Questionnaire #1 data to be added to the beginning of each student’s graph and for the
Questionnaire #2 data to be added to the end of each student’s graph consistent with the timeline
in which the data were created by each individual student. I analysed the resultant blended data
for personally, behaviourally, and environmentally oriented influences on students’ calibration.
Within-Student Blended Data Analysis

To explore the within-student influences on calibration, I proceeded on each student’s
calibration graph from left to right, chronologically, and considered 12 vertical cross sections of
the blended data at the points where both the qualitative and quantitative data were available for
each student. These points were, in fact, the testing episodes for which I had the student’s
quantitative measure of calibration, as well as their qualitative data of reflection notecards. I
added the data from Questionnaire #1 to the first cross section at the beginning of the
intervention and the data from Questionnaire #2 to the last cross section in the end of the
intervention. Subsequently, I moved from left to right on each calibration graph, chronologically
exploring how and why, according to students’ words, calibration changed for each student,

qualitatively and quantitatively, as time passed by.
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Examples of my Within-Student Blended Data Analysis. In this section, I present four
examples of my within-student blended data analysis for Neha, Anna, Rabia, and Fang in which I
analysed 12 cross sections of the blended qualitative and quantitative data for each student. To
save space, seven more examples of my within-student blended data analysis are presented in
Appendix L.

The Example of Neha. As illustrated in Figure 4.11, [ merged Neha’s qualitative and
quantitative data and transposed her blended data onto Neha’s calibration graph. For clarity, I
organised students’ comments in cloud-like shapes to distinguish between students’ comments
and my own analysis notes.

To explain further, the 12 testing episodes were the times at which I had each student’s
both qualitative and quantitative data available to me. Hence, for example in the case of Neha, I
transposed Neha’s written comments regarding her calibration onto her actual measures of
calibration at the time of each of her 12 tests. This style of analysis afforded me 12 cross sections
of the blended data which included simultaneous qualitative and quantitative data of each
student. My intention was to explore, from Neha’s perspective, what possibly influenced her
performance estimation and hence her calibration at the times that she made her performance
estimations.

Hacker and colleagues (2000) propose that monitoring instructions improve the
calibration accuracy of high achieving students, such as Neha. However, as illustrated in Figure
4.11, the values of Neha’s miscalibration remained high throughout the intervention phase, and
overall, Neha’s calibration accuracy improved by only 2% which is negligible. Figure 4.11
represents the 12 cross sections of the blended qualitative and quantitative data (illustrated as

vertical dashed lines) that I used to analyse the data for Neha.
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Figure 4.11

Neha’s Blended Qualitative and Quantitative Data Used in Analysis

Ay ;j oy WJ_ e

W/*’W
r%/,UM’ ff/mf ;

e I/(‘ (!r '. e o ~ o ¥
q ;.-. : Lok ront: o b\w : tosen : f
{ C 5 : 4 H yea

r ole ““rr.n (ht _ ‘

, P: ;“""'! Jritale Cﬂl —wm‘r'-l»[uu b7 7

= ProxTiegw: 7!!'11an1
= AToerd 0 1 9 S."UJ dectp {§ gebc loser
g ( sm’"”:;‘f, “"*"* s o o deph (ol

ot
(/3 cilin
ﬂt’( (M{.;FM Uﬂ{rt M(c 3 l /V 7? | _
dur ‘Ti_'.'E.-! . 'Krf Fucu- : (lf nwer) g
: 2 M;tc view nete l _/ l = o‘Mi j‘rol-mmc

ne e AN ey do ot quat, i MaBnodd
| ) " 4w, Ted fevyed - “\ - aThey qﬂij{“q&t
Nl

hew i do (R

b!g'.:

157



As viewed in Figure 4.11, Neha achieved high marks on her tests. However, despite her
achievements, she remained highly miscalibrated, as the gap between her estimated and achieved
grades ranged between a minimum value of 17% and a maximum value of 38%. Calibration
literature states that high achieving students are well-calibrated (e.g., Hacker et al., 2008b;
Zabrucky, 2010), which presupposes that students like Neha are accurate self-evaluators. My
blended data analysis, however, suggested that Neha was not well-calibrated and provided
possible explanations as to why this might be so.

As noted in research design, every week on reflection notecards, students were asked
about the reason why there might be a gap between their estimated and achieved grades of the
week and how they were planning to close the gap. In the context of this study, the notion of gap
was used to refer to the discrepancy between students estimated and achieved performance
outcomes. In this regard, Neha’s comments about closing the gap of miscalibration suggested
that Neha’s main issue was her self-confidence. For instance, on Notecard #6 with a gap of 36%
(estimated 60% and achieved 96%), Neha explained, “[The reason for the gap is] lack of
confidence.” On Notecard #7 with a gap of 38% (estimated 60% and achieved 98%), Neha gave
the same reason, “The reason for the gap is lack of confidence. I was underconfident about my
answers and I thought I forgot how to do stuff. I did not know if I was doing it right.” Although
Neha used the terms ‘confidence’ and ‘self-confidence,” her written comments occasionally
referred to what might be considered as her self-efficacy beliefs. For instance, on Notecard #7,
when she wrote, “I did not know if I was doing it right,” Neha was reporting on her self-efficacy
beliefs.

Overall, the cross-sectional analysis of Neha’s blended data revealed that despite her high

test scores as indicated by the quantitative data, Neha reported about being underconfident both
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in herself (self-confidence beliefs, such as “I felt underconfident in myself” on Notecard #1), as
well as in the outcome of her efforts (self-efficacy beliefs, such as “I was underconfident about
my answers” on Notecard #10). Further, Neha experienced stress. For instance, on notecard #4,
she commented “I have to sleep more to reduce stress”. Moreover, Neha thought that having the
opportunity to choose test questions helped her reduce stress. For example, on Notecard #8, she
wrote, “We were less stressed because we had options™.

Contrary to what is suggested in calibration research, despite being a high achieving
student, it appeared that Neha did not benefit by much from my intervention, which included
explicit monitoring strategy training. My qualitative data revealed that possibly, Neha’s self-
perception beliefs both as an individual (“I need to be more confident” on Test #4 with an actual
mark of 95%), and as a mathematics student (“I was underconfident about my answers” on Test
#10 with an actual mark of 97%) might have negatively influenced the development of Neha’s
calibration accuracy.

As noted earlier, a student’s miscalibration manifests itself either in the form of an
overestimation or an underestimation. My cross-sectional blended data analysis suggested that
Neha underestimated her performance outcomes. This is consistent with the perspectives from
calibration research (e.g., Hattie, 2013), which states that high-achieving students are
underconfident in the sense that they underestimate their performance outcomes. Neha’s cross-
sectional blended data suggested that influenced by her self-perceptions, this high-achieving
student underestimated her task performance outcomes, time and again.

My cross-sectional blended data analysis also revealed Neha’s personal theory of
calibration. On Questionnaire #2, in explaining what she thought calibration was, Neha wrote,

“Calibration is understanding how your brain works while you work or make decisions. It is
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understanding why you think the way you do and why and how you make certain decisions.” She
also added “I think calibration is being aware of your thoughts and questioning them.” Although
unchartered territory in calibration research, it is possible that how or what students theorise
about calibration may affect the development of their calibration, with important implications for
calibration research.

The Example of Anna. In a second example of my within-student blended data analysis,
I present 12 cross sections of the blended data that I analysed for Anna. In my analysis, I
compiled Anna’s qualitative and quantitative data, chronologically, on her calibration graph. The
issues that influenced Anna’s calibration were not the same as the ones that influences Neha’s.
For instance, on Notecard #5, Anna estimated 30% and achieved 35%. In response to the
question of why there was a gap between her estimated and achieved marks Anna wrote, “There
is a gap because I did not understand the material, but I didn’t study either.” Similarly, on
Notecard #6 after estimating 50% and achieving 55%, Anna responded that the gap between the
estimated and achieved was due to her difficulties with the test material and she should have
asked for help. Notably, the small gap of only 5% in both cases indicated Anna’s good
calibration. Contrary to Kruger and Dunning (1999) although Anna was, possibly, unskilled, she
was not unaware of it.

Anna’s comments on questionnaires and notecards suggested that in her view, what
influenced her calibration were both extrinsic and intrinsic factors. For instance, on Notecard #2
she wrote, “There is a gap because the test was very challenging,” giving an extrinsic reason,
while on Notecard #12 she commented, “I have a fixed-mindset that my math mark will never be
great,” providing an intrinsic reason. Figure 4.12 depicts 12 cross sections (illustrated as vertical

dashed lines) that I used to analyse Anna’s blended qualitative and quantitative data.
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Figure 4.12

Anna’s Blended Qualitative and Quantitative Data Used in Analysis

vu1 ﬁudle m/{u\!( .,,,

Vﬂ'rﬁm.l
’“‘—S Advitark Lo x'l'mhc‘P
ME.c\ dn nan Nudsd

) bc\oklmjaf) mutark
J‘amm 111.‘1%1, ‘;- al haE‘la Tud 1T Theb

" ~.1m/"hllm a |

i
/ 7; A 7 v
Yl of ,g,,,@zzw/

- ‘.[ down plagim, TmTraJ‘ T
T ha ([')E; % br:hrvn
Tﬁo‘l‘nl oin alle 'I'
e CNtving ¢ OIf{mo, =
i STud:-:?w ?h m),(,k,\r!‘ 2

—5

alibralien 111 cans}
. id enficed vmloees
Tal; lﬂuﬂruq ] c‘{l (72]
Wher t We $fand wH
oMyl Me. kel
— | 0"‘] CalibrateaONn
=Ny Gulen Wy 4L U

Men my acTaal wia

\ Voo Aid ,

Avu‘nﬁ
Knew

i b

fe True ¢

Rl

[didintha

161



On notecards #2 and #12, Anna attributed her miscalibration to her self-confidence
beliefs, but on Notecard #9, she commented on her self-efficacy beliefs by stating, “I have to
start believing that I am capable of achieving a good mark.” Anna’s other explanations for her
miscalibration included not understanding the material (Test #2, Test #5, Test #6), lack of
personal effort including not asking for help (Test #4, Test #5, Test #6, Test #7, Test #8, Test
#10), and mathematics itself as a school subject-matter (Test #1, Test #12, Questionnaire #1,
Questionnaire #2).

Elaborating on the elements of my classroom intervention, on Notecard #6 Anna noted
that calibration graphs, which I used for feedback, helped her as she tried to close the gap. On
Notecard #11, she noted that it was helpful that she could choose her test questions, referring to
my method of using classroom tests as intervention. Additionally, Anna pointed out that her
experiences with mathematics, including mathematics teachers were influential. For instance, as
shown in Figure 4.12, on Questionnaire #2 Anna wrote, “One reason for the gap is the teaching
styles of the previous teachers,” and added, “In [grades] 9 and 10, I didn’t study for math but got
OK marks.” On the same questionnaire Anna noted, “Nobody ever asked me how I felt about
math, but you did, so I thought I should care.”

Calibration research (e.g., Hattie, 2013) suggests that students who achieve lower grades
than their peers are not only less accurate in their estimations, but also less aware that they are
inaccurate. Anna provides a counter example in that her calibration improved by 18% over time,
while in the case of Neha who achieved much higher grades, calibration improved by only 2%.
Furthermore, my blended data analysis suggested that Anna was quite aware of the gap between

her estimated and achieved grades. For instance, on Test #8 for which she estimated 55% and
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achieved 50%, Anna noted, “There is not much of a gap this time, but I did not put in enough
effort” and on Questionnaire #2, Anna wrote, “My calibration changed over time.”

Elaborating on her personal theory of calibration and what calibration meant to her, on
Notecard #12, Anna noted, “Calibration lets us know where we stand in terms of our marks.”
Although I did not specify how and based on what students should make their estimations, Anna
did this on her own. For instance, on Notecard #11 she wrote that she made her estimations
based on how well she studied for a test. Neha’s case represented a high-achieving student for
whom the calibration accuracy, as depicted in Figure 4.11, improved by only 2%. However,
Anna’s case provides an example of a low-achieving student whose calibration accuracy, as
illustrated in Figure 4.12, improved by 18%. Both these cases are contrary to the findings of the
calibration research that I reviewed.

The Example of Rabia. In the previous two examples, the calibration accuracy improved
to varying extents, for both Neha and Anna. However, calibration accuracy did not improve for
all the students in the group. My third example is about Rabia whose calibration measures
increased over time, indicating that gradually, she became less calibrated. I wondered why my
intervention did not benefit Rabia and by analysing Rabia’s blended data, I found some possible
explanations.

Figure 4.13 depicts 12 cross sections that I used in my within-student blended data
analysis for Rabia. The vertical dashed lines illustrate the instances in which I blended and
analysed the qualitative and quantitative data for Rabia. The rise of the graph from left to right,

indicates a decrease in Rabia’s calibration accuracy over time.
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Figure 4.13

Rabia’s Blended Qualitative and Quantitative Data Used in Analysis

o
sS04 |
{ 3 : =\ shudad wih
| | LA fulor
]‘ mAbasics are |
LegDer weake .

Fk /é Morg e e ) | ) mmfw |
’ddé & /;:’:J'/}éﬁﬂff. Z/;}Z; ?Mﬂé) - didut Pﬂacﬁr;:

. |'§’ ﬂpﬁprﬂeﬁiﬁ y@f ’V!%;"”’?""}}- /!//h/? Novgh

‘-W’-‘-‘t‘l Wr')hﬁ Al

i

lou s 1] chiclsed i

164



In response to the question of why there was a gap between her estimated and achieved
marks, on Notecard #5, Rabia who estimated 20% and achieved 8% wrote, “There is a gap
because I didn’t do well. I can’t focus. I tried to focus but couldn’t, so nothing sinks [in].”” Rabia
seemed to propose that if she could focus, her mark might have been higher than 8%, resulting in
a narrower gap between her estimated and achieved marks. On Notecard #8, Rabia estimated
20% and achieved 60%. In explaining why there was a 40% gap Rabia wrote, “I studied with a
tutor, but my basics are super weak.” In comparison to Notecard #5, by using her self-regulation
(i.e., deciding to study with a tutor), Rabia improved her mark, but the gap of miscalibration did
not narrow down, possibly because she did not adjust the level of her estimation to the level of
her effort and test preparation. But why? Rabia’s reason took the form of a self-efficacy
judgment when she wrote that in her view, her basic mathematics knowledge was weak. It
seemed that Rabia’s self-efficacy beliefs affected her estimation and increased the gap. On
Questionnaire #2, commenting on the modifications that she made to her study behaviour, Rabia
wrote, “I watched math videos, but videos don’t work for math. They were difficult to follow. I
didn’t understand them, but I was desperate and didn’t have time to come to you.” These
comments suggest that Rabia tried to make changes to her study behaviour, which is an aspect of
metacognitive control and related to the process of becoming better calibrated.

By analysing Rabia’s blended data I was able to explore how she theorised about
calibration. On Questionnaire #2, Rabia wrote, “Calibration is really about calculations. You
guess your mark and try to match it with your actual mark. It’s all math.” Since I had no access
to Rabia’s entire data until after the interviews, I did not realise how limited Rabia’s view of
calibration was. Rabia did not connect the notion of calibration with her own personal decisions

and self-regulation. Although she made changes to her study behaviour, Rabia understood
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calibration as a “game of numbers and calculations”, not as an exercise in self-reflection and
self-evaluation. Further, on Questionnaire #2, Rabia noted, “My calibration improved over time.”
However, in reality, this was not the case, since Rabia’s quantitative data and her individual
calibration graph showed that the measures of Rabia’s calibration increased over time, indicating
that as time passed by, Rabia became less calibrated. The findings from Rabia’s case are
consistent with research findings suggesting that the knowledge of the field (in this case
mathematics) might be necessary for making accurate performance estimations in the field
(Kruger and Dunning, 1999; Nietfeld and Schraw, 2002).

The Example of Fang. In my final example of within-student blended data analysis, I
present the case of Fang. Fang was a high-achieving student whose calibration accuracy
improved over time. As noted earlier in the case of Neha, this was consistent with the findings of
calibration research (e.g., Hacker et al., 2000), positing that the calibration accuracy of high-
achieving students improves over time. However, my within-student analysis in which I
compared the same student’s performance outcomes and performance estimations over time,
revealed to me that Fang underestimated her performance outcomes 12 out of 12 times. I was
intrigued why a high achieving student such as Fang might decide to consistently underestimate
her task performance. Calibration researchers often analyse the combined calibration accuracy
measures of a group of students. Following the development of the calibration accuracy of an
individual student over time and several curriculum-based classroom tests is not common in
calibration research. In my review of the research literature, the only example that I could find
was Rutherford’s (2017b) study.

Figure 4.14 represents 12 cross sections that I analysed for Fang in my within-student

blended data analysis.
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Figure 4.14

Fang’s Blended Qualitative and Quantitative Data Used in Analysis
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In calibration research, to my knowledge, the notion of students’ intentional
miscalibration has not been attended to. This is an important issue because if intentional
miscalibration persists, students might not benefit from classroom interventions aimed at
developing their calibration accuracy. Additionally, the unrealistically altered values generated
by students’ intentional miscalibration may potentially prejudice the results of quantitative
studies of calibration. It would have been helpful for me as a researcher to have the opportunity
to review my data as they were generated to see that despite being a high-achieving student,
Fang was intentionally underestimating her performance on every single test.

My within-student blended data analysis suggested that overall, Fang’s calibration
accuracy improved. I wondered how better calibrated she could have become, had she not
intentionally miscalibrated, or had I had access to her data to provide feedback and support.

Moreover, I was intrigued why despite many episodes of feedback Fang continued to
underestimate her performance outcomes. Fang’s qualitative data provided some possible
answers. For example, on Notecard #1, Fang had a 22% gap with an estimation of 75% and
achieved mark of 97%. In explaining the reason for this gap, she wrote, “I doubt myself a lot.” In
a sense, Fang implied that her lack of confidence was the reason for her low estimation leading
to a large gap. Similar comments were shared by Fang on her subsequent notecards. On Notecard
#2, with a gap of 18% (estimated 74% and achieved 92%) Fang wrote, “I never want to be too
confident, because I can end up doing badly.” Further, with a gap of 27% on Notecard #3
(estimated 70% and achieved 97%) Fang noted, “There is a large gap, but this gap is my safety
net. I am not confident.” In analysing Fang’s blended data this was the first instant that I

suspected her miscalibration was intentional and she had not been trying to close the gap.
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In asking students to estimate their performance outcomes after writing a test, I assumed
that students could accurately judge how they performed due to the testing effect (Schraw, 2009;
van Loon et al., 2013). Further, students wrote their notecard comments affer observing the
estimated and achieved outcomes. However, these research design considerations of mine were
apparently no remedy for students’ intentional miscalibration and my lack of access to my entire
data left me in no place to provide constructive feedback for students.

What I Learned From my Within-Student Blended Data Analysis. My within-student
blended data aanalysis taught me how individual student’s calibration changed and developed
throughout the study from their own perspective and also based on the data. It further afforded
me a clear perspective on factors influencing the development of each individual student’s
calibration according to them and highlighted for me the characteristics of an adaptive
intervention that might help improve students’ calibration.

Considering the aforementioned inconsistencies between the findings of calibration
research literature and what actually happened with students in my study, I posit that to create
interventions that might benefit students, calibration researchers should consider conducting
research in authentic classroom environments with students and listen to what students have to
say about their self-perceptions, both as an individual and as a student. I concur with Persky and
Dinsmore (2019) who proposed that having students practise their calibration over time and
exploring the bases of their self-estimations of task performance has the potential to collect
meaningful data on calibration accuracy.

Across-Students Blended Data Analysis
In describing the second round of my blended data analysis, I present what students as a

group described in their written comments to be important and influential for their calibration. At
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this stage, I analysed the entire blended data, except for the interview data, for each individual
student and compared and contrasted the results with other students for an in-depth across-
students analysis. Consistent with social cognitive theory, I organised the blended data within the
triadic influences on students’ calibration. In so doing, I explored what students proposed to be
the personal, behavioural, and environmental factors that influenced their calibration.

To clarify, from a quantitative perspective, calibration measures are the numerical
discrepancies between students’ estimations of task performance outcomes and their actual task
performance outcomes. From a qualitative perspective, calibration refers to the extent of the
soundness of students’ monitoring judgments about their own task performance. Working in
time-stamped electronic files, I looked for what emerged from students’ comments and all the
references to personal, behavioural, and environmental perspectives were identified and
analysed. As noted earlier, during the intervention phase, when asking students to make
estimations after each test, I had not given them any specific criteria to base their estimations on.
For instance, I did not ask them to self-estimate based on their previous performance outcomes
or based on how well they felt they did on the test. My intention was to keep the data as
authentic as possible. The downfall of not suggesting a basis for students’ self-estimations was
the variability of what students indicated to influence their calibration. I focused on my research
question and searched for what students identified consistently and with confidence to have
affected their calibration.

Figure 4.15 represents the sub-categories that I generated from the data in my across-
students blended data analysis. I chose overlapping circles to depict the reciprocity of the triadic
categories of personal, behavioural, and environmental factors, as proposed in Bandura’s (1986)

social cognitive theory.
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Figure 4.15

Influences on Students’ Calibration Within Social Cognitive Theory

Behavioural Influences
- Self-regulation

- Subject matter related
- Well-being realted

- Intentional miscalibration
as an adaptive behaviour

Personal Influences
- Self-efficacy beliefs

- Self-confidence beliefs

- Other personal factors

- Intentional miscalibration as a
momentary decision

Environmental Influences
- Metacognitive demand

- Student-student discourse
- Student-teacher discourse
- Student voice

- Distributed control

- Teacher encouragement and
support

- Emotional support

Students’ Views on Personal Influences on Their Calibration. A discussion on

personal influences on students’ calibration in a mathematics classroom context—for instance, a

discussion on the influence of students’ self-confidence beliefs, self-reflection, or fear of failure
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on their calibration—is unchartered territory in calibration research literature. In what follows, I
present what students brought to light as the personal influences on their calibration.

Self-Efficacy Beliefs. In social cognitive theory (Bandura, 1997), self-efficacy refers to
the “beliefs in one’s capabilities to organize and execute the courses of action required to
produce given attainments” (p. 3). Students identified the influence of their self-efficacy beliefs
on their calibration in a variety of ways. For instance, on Notecard #7 Anna stated, “I have to
start believing that [ am capable to achieve a good mark,” and on Notecard #1 Shirin shared, “I
doubted myself and didn’t think I will do well so I didn’t estimate higher.” In their written
comments, students often mixed the two different notions of self-confidence and self-efficacy.
For instance, on Notecard #1 Shirin’s comment, “I doubted myself,” indicates low self-
confidence. While on the same notecard, when Shirin shared, “I didn’t think I will do well,” she
offered a judgment on the outcome of her academic performance, which speaks to her self-
efficacy. Further, students identified erroneously positive self-efficacy beliefs to influence their
calibration. For instance, on notecard #5 Kristian, who estimated 80% and achieved 62%, noted,
“There is a big gap. I stopped studying because I was sure I’d get a good mark on this test.” In
her comments, Kristian implied that her premature feelings of self-efficacy might have led to the
performance outcome that was markedly lower than her estimation of that performance outcome,
affecting her calibration accuracy negatively.

Further, my blended data analysis showed that the fear of failure beliefs also influenced
students’ calibration. For example, on Notecard #2, with an estimation of 10% and actual mark
of 60% Adnan wrote, “I estimated low because I was sure I failed,” and on Notecard #6, with an
estimation of 60% and actual mark of 90% Li Min shared, “I am always afraid maybe my

calculations is wrong [Sic].”
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Self-Confidence Beliefs. According to Bandura (1986), people’s confidence in
themselves (e.g., “I am good at trigonometry”) differs from their confidence in the outcome of
their efforts (e.g., “I am going to ace my trigonometry test””). While the former beliefs are aspects
of an individual’s general self-confidence (i.e., who I am), the latter reflects an individual’s self-
efficacy (i.e., what I can do). In this study, students’ comments attested to the influence of their
self-confidence beliefs on their calibration. For instance, Anjani shared, “I always second-guess
myself,” which indicates a low level of self-confidence. Further, on Notecard #1, with an actual
mark of 100% and estimation of 70%, Anjani noted, “I must believe in myself,” while on
Notecard #10 with an actual mark of 98% and estimation of 80%, Leah wrote, “I estimated low
because of my lack of self-confidence.”

Intentional Miscalibration as a Momentary Decision. In analysing the blended data, 1
found indications of students’ intentional miscalibration. I was astonished and wondered why
students would deliberately miscalibrate their performance throughout the semester. The
qualitative data provided insights as to why students might intentionally miscalibrate their
estimations as a momentary choice. For instance, after Test #3, Faraz who estimated 60% and
achieved 100% noted, “My mood was off on the test. So, I estimated low,” implying that his low
estimation was related to his mood while writing the test. After Test #7, for which Sheng
estimated 40% and achieved 65%, he stated, “I did not feel good about this test, so I estimate low
[Sic].” In his comment, Sheng shared that he did not feel good about Test #7 and his estimation
was, possibly, affected by how he felt about this particular test. In another example, after Test
#8, for which Sun Xin estimated 42% and achieved 70%, he wrote, “Not a good test. I decided to
estimate low. I was tired.” Possibly, Sun Xin’s low estimation demonstrates a momentary

decision due to being tired at the time, rather than a habitual behaviour.
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Other not Previously Identified Factors. Students’ comments highlighted other factors
not previously reported in research literature. These factors did not repeatedly appear in the data,
but they were important to me as I pursued answers to my research question and searched for
what might have influenced students’ calibration. For instance, on Notecard # 7 Faraz wrote, “1
am a pessimist. That’s why there is a gap.” Further, on Notecard #5, he shared, “My mood was
off, and my mood reflects my confidence, so I underestimated.” Liu Wei mentioned distraction
(Notecard #5), explaining, “I get distracted very easily,” while Li Min highlighted the issue of
English language efficiency (Notecard #2) by stating, “I don’t understand some of the words.”
Moreover, the students identified the notions of stress (“There is a gap because I was nervous on
the test,” Marel on Notecard 5) and well-being (“Big gap because I felt too tired and sleepy,”
Wang on Notecard #6), as the influences on the gap between estimated and achieved
performance scores and hence on their calibration.

To summarise, students’ comments regarding the personal influences on their calibration
accuracy raised not only the issues of self-confidence and self-efficacy, but also brought to light
indications of other factors such as mood, attention, anxiety, and well-being. Notably, my
analysis suggested that nine students in the group intentionally miscalibrated by consistently
underestimating their performance scores. As I noted in the methodology section (see Chapter
Three), I did not have access to my entire data while the data were being generated by the
students. As such, while some of the participating students continued to intentionally
miscalibrate, I had no way of knowing about it, and was completely taken by surprise when
eventually I had access to my entire data. Students’ intentional miscalibration—which, to my

knowledge, has not been explored in intervention studies and is absent from the metacognition
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research literature in high school mathematics classrooms—deserves attention, as it can
effectively bias the results of any purely quantitative studies of calibration.

Students’ Views on Behavioural Influences on Their Calibration. In this section, I
review students’ comments regarding their various learning behaviours (e.g., their study habits,
test-taking and test preparation skills, self-regulatory behaviours), and the potential impact of
these factors on students’ calibration. Questions remain as to how effective classroom
interventions might be designed and implemented to promote adaptive change in students’ study
behaviour so that they can improve their calibration. In this study, one advantage of mixing the
qualitative and quantitative data in a chronological way was that it enabled me to look for any
indication of adaptive or maladaptive change in students’ study behaviour, over time. In the next
section, I highlight what students perceived to be important and influential in closing the gap
between their performance outcome estimations and their actual performance outcomes to
improve calibration.

Self-Regulation. Within metacognition research literature, self-regulation (Zimmerman,
2000, 2002) refers to students’ self-generated thoughts, feelings, and actions that are centred on
attaining a certain personal goal. The second question on reflection notecards which asked the
students how they were planning to close the gap between their estimated and achieved
outcomes, intended to inquire about students’ self-regulation. As such, students’ comments in
response to this question reflected the influence of students’ self-regulatory decisions on closing
the gap of miscalibration. For instance, reflecting on how she could bring her estimated and
achieved performance outcomes closer, on Notecard #7 Shirin who estimated 50% and achieved
38% wrote, “I plan to go for extra help and review more to close the gap.” Students completed

their reflection notecards affer receiving their marks. Perhaps by realising that her study methods
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had not produced favourable results, Shirin planned to adjust her self-regulatory methods toward
attaining her personal goal of, possibly, closing the gap of miscalibration. In another example, on
Notecard #5, Arios who estimated 75% and achieved 46% wrote, “I just scanned my notes and
scanning is not studying.” These comments which were made after receiving a lower mark than
anticipated, might reflect Arios’s evaluation of his self-regulatory behaviour (i.e., scanning) and
his conviction that his self-regulatory behaviour was inadequate.

Interpreting students’ comments is a complex task. However, based on my data, when
students like Shirin and Arios who overestimated their performance were asked how they were
planning to close the gap, they chose to raise their actual marks to bring their marks closer to
their estimations. These and similar comments within the data highlight students’ thinking about
changing or adjusting their self-regulatory behaviours to improve their calibration accuracy.

Mathematics as a School Subject-Matter. Students’ comments suggested that
mathematics as a school subject-matter could influence their calibration. The mathematics
curriculum in Ontario heavily depends on students’ language-based skills (e.g., explanations,
conjectures, compare and contrast statements). In their comments, students indicated that their
calibration might be influenced in connection to the ways that mathematics was assessed. For
instance, Sheng noted, “I need to learn math words [Sic],” and Wang shared, “I don’t know how
to write English in math [Sic].” It is possible that for Sheng and Wang, who were new to Canada,
the issues related to English language facility played a role. Beyond language facility, other
subject-matter related issues were highlighted by the students. For example, Neha commented on
her mathematics-related studying strategies, explaining, “Writing out specific math rules helps
me remember them later,” while Andreas wrote about his choice of test questions, stating, “I

should not have chosen the CAST Rule questions on the test. I didn’t know the CAST Rule.”

176



Would the students be better calibrated if even tentatively, the subject of study was anything else
other than mathematics? I have no data to answer that question, but my data indicated that
students connected mathematics, as a subject of study, to their self-evaluation and calibration.

Well-being Related Issues. Students comments also illustrated well-being related issues
which were behaviourally oriented. For instance, Neha wrote, “I pull all-nighters for math,” and
Liu Wei shared, “I skipped a few math classes and the gap increased after that.” In this comment,
Liu Wei appeared to hint at not adjusting his self-assessment judgments after he missed a few
classes, which is an aspect of calibration. Sheng made a reference to his sleep pattern, “I must
sleep earlier and get enough sleep,” while Rabia, who had a job, shared, “I need to prioritize my
free time if [ am going to close the gap.” Rabia and Sheng seemed to assume that by prioritizing
sleep and time management they could close the gap and improve their calibration accuracy. Had
I been able to review the students’ comments at the time, I could have advised the students that
by strategically adjusting the level of their self-assessments to what they realistically believed to
be the level of their performance outcomes, they could improve their calibration.

Intentional Miscalibration as an Adaptive Behavior. In discussing the personal
influences on students’ calibration, students’ intentional miscalibration was discussed as a
momentary decision made by some students due to a variety of reasons, such as not being in a
good mood on the test, being tired on the test, or not feeling good about the test. Although I
found these comments informative, I had no evidence to conclude that these comments reflected
students’ long-lasting and habitual behaviour. In their comments, however, some students’
miscalibration also appeared as an aspect of their adaptive and self-protective behaviour. For
instance, on Notecard #7 Bilal who estimated 50% and achieved 75% wrote, “Low expectation

keeps you happy in life,” and on Notecard #7 Lusine who estimated 60% and achieved 89%
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shared, “I always underestimate. The reason is that I just want to be safe in case I got a lower
mark.” Based on their comments, Bilal and Lusine miscalibrated not as a momentary personal
decision but rather as an adaptive self-protective behaviour.

Thomas (2003) posited that a key objective in any effort to improve students’
metacognition is to develop them as autonomous, self-regulated learners. The social cognitive
theory, which underpins this study, emphasises an agentic perspective (Bandura, 2001), which
focuses on empowering students to think about and make adaptive decisions regarding their own
academic goals. The blended data analysis suggested that over time, as the students were
challenged to become better calibrated, they reflected upon and revised their various study
habits. Further, in this section, the notion of intentional miscalibration was brought up again, this
time as a type of survival behaviour some students adhered to.

Students’ Views on Environmental Influences on Their Calibration. Viewing
students as self-reflective and agentic (Bandura, 2001; Thomas, 2003, 2013) rests at the heart of
any classroom intervention that aims for adaptive behavioural change. Metacognition researchers
(e.g., Bandura, 2001; Thomas, 2003, 2013) suggest that improvements in students’ approaches to
learning can be stimulated in metacognitively oriented learning environments. Further, based on
my teaching experiences, I believe that there is a need for intellectually and emotionally
supportive and metacognitively demanding classroom environments. In such an environment,
students are encouraged to be aware of and reflective upon how they monitor and guide their
own thinking processes and how they might decide to change and improve their thinking
processes (e.g., “I find this problem complicated at many levels. I should first try to solve a

simplified version of this problem with fewer variables”).
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As I noted earlier in Chapter Three, I used the model of Metacognitively Oriented
Learning Environments (Thomas, 2003) to inform my classroom environment and the
intervention that I employed to support the development of students’ metacognitive calibration.
The seven aforementioned dimensions of the model were initially developed for high school
science classrooms. This is possibly the first study of metacognition which uses these dimensions
in a high school mathematics classroom.

With respect to establishing a metacognitively oriented classroom environment, the
students’ assertions reflected the changes that they identified in their classroom environment. I
discussed the influences of a metacognitively demanding classroom environment in the
development of students’ calibration earlier on in the literature review (see Chapter Two).
Although as noted by Thomas (2003), interpreting students’ assertions is neither easy nor straight
forward, in the following examples I describe the classroom environment of this study based on
students’ assertions. To demonstrate which dimensions of Thomas’s (2003) model of
Metacognitively Oriented Learning Environments, or the model, were supported by students’
comments, I have placed students’ comments within the seven dimensions of this model.

Example #1: Metacognitive Demand. An aspect of the intervention utilised in my study
was the use of calibration graphs as feedback. As such, students received both performance
feedback (i.e., how am I doing) and calibration feedback (i.e., how far away am I from perfect
calibration). In their comments, students referred to the utility of calibration graphs in informing
their calibration and mathematics learning. For instance, on Questionnaire #2 Neha noted, “I feel
that my calibration has improved as I am now able to understand what I am doing and why.” She
also added, “You kept asking us to do those calibration graphs in class and I can now recognize

what my weak points are and what I struggle with. I slowly started to close the gap between what
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I knew and what I thought I knew.” Neha was correct; as depicted in her overall calibration
graph (see Appendix K), her calibration improved over time. Neha’s comments reflect
metacognitive demands, the first dimension of the model that she felt in the classroom
environment.

Example #2: Student-Student Discourse. In this study, students could choose to work
individually or in small groups. In this regard, on Notecard #4, Andreas wrote, “I always do
everything better when I work with my friends in class,” and on Notecards #6 and #10, Neha
shared, “In class I work with Anjani and it helps me realise the gap between what I think I know
and what I really know.” These and similar comments speak to the social dimension of
metacognition and reflect the student-student discourse, the second dimension of the model
(Thomas, 2003).

Example #3: Metacognitive Demand, Student-Student Discourse, and Student-Teacher
Discourse. In a metacognitively demanding environment, students must be aware of their
learning processes. Within the intervention used in this study, while on problem-solving tasks, I
asked students to explain—to me and to their groups—what they were doing, why they were
doing it, and sow it would help solve the problem at hand. This style of strategy training placed a
metacognitive demand on students and supported their calibration. In this respect, on
Questionnaire #2 Leah wrote, “I learned better because you asked us to explain what we were
doing to you and to each other. It made me think about what I was doing and why I was doing it.
I could not lose track. After a while, I was doing it even in physics.” Leah’s comments speak to
the metacognitive demand (the first dimension), student-student discourse (the second

dimension), and student-teacher discourse (the third dimension) of the model (Thomas, 2003).
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Example #4: Metacognitive Demand, Student-Teacher Discourse, and Teacher
Encouragement and Support. In their comments, students clearly differentiated between the
classroom environment in this study and their previous classroom environments. For example, on
Questionnaire #2 Abrar wrote, “The different thing was calibration. We didn’t do any of that
stuff in the previous math courses. The difference was that when you taught us how to use our
calibration and helped us graph it, I started to realize my strengths and weaknesses.” Abrar’s
comments relate the metacognitive demand, student-teacher discourse, and teacher
encouragement and support dimensions of Thomas’s (2003) model.

Example #5: Distributed Control. A key objective in developing students’ metacognition
is to develop learners as agentic, self-regulated (Bandura, 2001; Thomas, 2003) individuals. The
fifth dimension of the model (Thomas, 2003) recommends the distributed control of the learning
and assessment tasks. In this study as noted earlier, on classroom tests students did not have to
answer all the test questions. Instead, I provided a pool of pertinent test questions for students to
choose from, and students selected and answered the questions that they were confident
answering. For example, on Notecard #12 Yasir said, “Students were comfortable knowing that
there are options, like they could choose their own questions on a test. They knew there was a
way out.” By exercising distributed control over the classroom tests, my main intention was to
encourage the students to think carefully about which questions to choose, and to differentiate
between what they had learned and had not learned yet. For students like Yasir, this method also
provided some level of comfort.

Example #6. Student-Teacher Discourse, Teacher Encouragement and Support,
Emotional Support, and Student Voice. Thomas (2003) attests to the importance of considering

affective and support issues in relation to developing metacognitively oriented classroom
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environments. In this study, the affective influences on calibration emerged from students’
comments. For example, on Questionnaire #2, Leah wrote, “You need a math teacher who is not
going to get mad if you ask the same question over and over again. I really appreciated, we all
did, that you were so patient with us and so friendly.” Moreover, on Questionnaire #2, Anna
commented, “Math has never been my forte. It makes me nervous. I still think that I could have
done better this time because I could get help from my teacher and my friends.” Further, Anna
reflected, “Our course was actually different because the first thing that you asked us was, ‘OK,
how do you feel about math? How can I make it better for you?’ I was like, if my teacher cares
so much, maybe I should care a little more.” Leah’s and Anna’s comments relate the student-
teacher discourse (the third dimension), student voice (the fourth dimension), teacher
encouragement and support (the sixth dimension), and the emotional support (the seventh
dimension) of the Thomas’s (2003) model.

What I Learned From my Across-Students Blended Data Analysis. Based on the
dimensions of Thomas’s (2003) model, the classroom environment in my study seemed to have
stimulated the development of students’ calibration; a notion supported by students’ assertions.
To summarise, by blending and analysing the quantitative and qualitative data, I was able to
form constructive assertions regarding what influenced and changed students’ calibration
personally, behaviourally, and environmentally. For instance, the quantitative data showed that
the overall measures of calibration decreased over time, suggesting that as a group, students
became better calibrated. The qualitative data highlighted the notion of intentional miscalibration
that nine students consistently exercised. My pedagogical takeaway was that notwithstanding
what I do, say, or teach, students make their own decisions, and a teacher’s intervention efforts

do not always inspire adaptive change on the part of the students. I also learned that as evidenced
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by the quantitative data, despite the intentional miscalibration of more than one third of the
students, calibration accuracy improved collectively over time, attesting to the robustness and
multidimensionality of the construct of calibration.

Incorporating Students’ Interview Data

Before adding the interview data, I was concerned about the consistency of my data in
asking the students the same question using different research methods. For instance, I wondered
if the students had given me the same reasons for their underestimations in their written
notecards and questionnaires as they had offered during their interviews. Hence, in this third and
final round of my data analysis, I revisited the factors which students had previously identified in
the blended data as being influential for their calibration and compared and contrasted those
factors with the qualitative data from students’ follow-up interviews.

I conducted the follow-up interviews in the post-intervention phase after the end of the
semester. Therefore, there was a time gap between students’ written and verbal assertions.
Listening to the students’ explanations about their views on calibration and their perceived
reasons for miscalibration, I focused on what they shared with me without the constraints of
written communication, as the students could speak openly and extensively about their personal
experiences with calibration, my intervention, and the learning environment. The use of follow-
up interviews to determine whether students would confirm or disconfirm in spoken language
what they have asserted in written form is a research practice which to my knowledge has not
been reported in calibration research literature.

During the interview sessions, students spoke to me about their experiences in our

classroom environment, highlighting issues that they deemed important. As a researcher, I was
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pleased to have the opportunity to compare and contrast what students related in their interviews
with what they had already written on their questionnaires and reflection notecards.

All students were invited to participate in the follow-up interviews, which were
conducted after the end of the school year during the first two weeks of July 2016. However, at
that time, some students had returned to their home countries. Twelve students accepted my
invitation and participated in the follow-up interviews. Consistent with the previous intervention
related activities, in the context of the follow-up interviews, the students used the term gap,
possibly, to refer to the discrepancy between their estimated and achieved grades on classroom
tests and used the phrase ‘closing the gap’ synonymous with ‘becoming better calibrated’.

The Example of Shirin

I present the example of Shirin because she was the only student in the group who said in
her interview that she felt embarrassed by her calibration graphs. This was surprising for me,
because I did not expect such an emotional response to the presumably simple act of point
plotting on a graph. Shirin also shared that her calibration graph made her more realistic about
her performance outcomes in mathematics.

Over the course of the intervention, Shirin related her miscalibration to her
overconfidence. On Questionnaire #1, she wrote, “Most of the times I am surprised by my math
marks. I tend to get a lower mark whenever I feel I have actually studied,” and on Questionnaire
#2, end of the semester, she noted, “I think the main reason for the gap was my overconfidence
in my knowledge and then studying less, because I thought I knew what I was doing.” In her
interview, Shirin confirmed her comments by stating, “Most often, I study for math the night
before. I start studying and thinking I must get a really high mark. My calibration graph was

really embarrassing for me, because sometimes I would estimate a lot higher than it actually was,
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so I was like...I need to close the gap.” Further, in her interview Shirin shared, “My calibration
graph helped me become more realistic about my schoolwork.” Shirin’s interview data
confirmed what she had written earlier on questionnaires and notecards. Although I had no
access to my entire data until after the interviews were completed and I worried about the
possible inconsistencies in what students wrote throughout the intervention with the interview
data, there was consistency in the data.
The Example of Andreas

In a second example of the congruency of students’ comments during and post the
intervention phase, on Questionnaire #1, Andreas shared, “I expect a low mark and keep my
expectations low.” On Notecard #5, he noted, “There is a gap because I do not expect a high
mark. I have always been afraid of math.” On Questionnaire #2, Andreas stated, “Math is not
like other subjects for me. I am afraid of math. The gap is there because I am afraid and have no
confidence when it comes to math.” In his interview, Andreas confirmed, “I have been surprised
by my math marks so many times. Also, I don’t have a good base for math...so I kept estimating
very low because I am really scared of math. I have always been afraid of math.” Andreas
comments during the follow-up interview confirmed what he had written before, throughout the
semester, and it became clear to me that Andreas had underestimated his performance scores
based on his personal feelings about mathematics. This issue has implications for teachers due to
the potential maladaptive influences of students’ feelings about mathematics on their motivation
and achievement.

There are implications for calibration researchers who might not be able to design the
research studies that work for students due to ethics considerations. Had I been able to review

my qualitative data as they were being generated during the semester, I would have suggested a
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basis for students’ performance estimations. For instance, I could have advised Andreas that
despite his self-proclaimed fear of mathematics, his performance estimations should be based on
the quality of his review and test preparation studies.

The Example of Zishan

In another example of the possible congruency of students’ written and interview
comments, on Notecard #4, after observing a mark of 100%, Zishan who had estimated 100%
wrote, “No gap! I rewrote all my class notes and redid all the homework to close the gap,” and
on Notecard #6, after estimating 100% and achieving 92%, Zishan shared, “I have to go back to
the strategy that I had when I got 100%,” indicating that he intended to adjust his study
behaviour to close the gap. In his interview, confirming the adaptive changes that he made to his
study behaviour, Zishan said, “We don’t always know what we know and what we are going to
get, but we have that feeling of what we know, what we have to get, and how we want to get it. I
changed how I studied for math to close the gap.”

In his interview, Zishan further shared, “[To close the gap] I redid all my class notes. I
actually rewrote all my class notes, because in class, I was rushed, and the notes were not very
clear...I did everything one more time, and it worked.” To provide context, over the course of
the semester, Zishan had estimated very highly, predominantly 100% to motivate himself. He
had then tried to close the gap between his estimated and achieved marks by rewriting his class
notes, which he hoped would help improve his marks. As confirmed by his interview comments,
this method worked well for Zishan and enabled him to narrow down the gap of miscalibration.
The Example of Neha

To provide a fourth example of the consistency in the data, I present the case of Neha

whom I introduced earlier in this document. On Notecard #1, Neha stated, “I felt underconfident
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in myself. I did not believe I could do extremely well. I did not have self-confidence, hence
causing the gap” (her estimation was 80% and her actual mark was 97%), and on Notecard #4,
she stated, “The gap is due to my lack of confidence, because I was very stressed during the test
and thought I would fail” (her estimation was 70% and her actual mark was 95%). Further, on
Notecard #6, Neha wrote, “The gap is due to lack of confidence and careless mistakes. I thought
I should have studied harder” (her estimation was 60% and her actual mark was 98%). Toward
the end of the semester, on Notecard #10, Neha shared, “I was underconfident about my answers
and also thought I forgot how to do stuff. I did not know if I was doing it right and I did a lot
more work than I needed” (her estimation was 70% and her actual mark was 97%). Overall,
throughout the intervention, Neha pointed out that her calibration was influenced by her self-
confidence as well as her self-efficacy beliefs.

In her interview, Neha continued to bring up the issue of confidence as the most
influential factor in her calibration, stating, “I am very underconfident with my answers and
second-guess myself a lot.” Although I welcomed this consistency, I realised that despite
improvement in Neha’s overall calibration (see Appendix K), Neha’s self-perceptions remained
predominantly intact. I was thus reminded that for me as a teacher and researcher, focusing on
what students are confident about might be as important as focusing on the development of their
calibration.

As noted earlier, 12 students participated in the follow-up interviews. In addition to the
aforementioned four examples, my analysis showed that the other eight students’ written
comments were also confirmed by their verbal assertions during the interviews. Thus, in the third
round of my analysis, the intervention’s notecard and questionnaire assertions for students who

participated in interviews were consistently matched by their interview statements. The
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consistency of what students revealed during their interviews and their previous comments was
reassuring regarding the authenticity of the data in that the research data reflected students’
genuine thoughts and feelings and that there was consistency over time. This issue has
implications for methodology and pedagogy in relation to classroom interventions that are
designed to improve calibration accuracy.

Overall, by conducting three rounds of blended data analysis, I followed the change in
students’ calibration accuracy, as well as the evolution of students’ perspectives on calibration.
In so doing, I sought to explore potential answers to my research question: In what ways might
students’ calibration change and develop in the context of a year 11 mathematics classroom? In
the next section, I revisit students’ perspectives on what they perceived to have influenced their
calibration and how they thought their calibration changed in the context of the intervention. Due
to the enormity of the data, in what follows I present the students’ perspectives under seven
assertions made based on what was categorically consistent in the three rounds of the blended
data analysis.

Assertion #1: Overall, students placed a high value on personal study strategies such
as notetaking, reviewing, and completing homework, in relation to the change in their
calibration. As noted earlier, on the reflection notecards which were repeated every week, I
asked the group why there was a gap between their estimated and achieved marks (if such a gap
existed) and how they were planning to close this gap. To clarify, in the absence of any other
context or frame of reference, in my analysis of students’ comments in response to these two
questions, my interpretation was that by using the term ‘gap’ students referred to the discrepancy
between their estimated and achieved marks, in the same way that I had taught them the concept

and in the same manner that we had used the term in our classroom conversations.
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In their responses as to how they were planning to close the gap, students placed a high
value on their study efforts. For instance, on Notecard #6, Adnan who estimated 85% and
achieved 67% shared, “To close the gap, I have to start properly studying and doing all the
homework.” It seemed that Adnan perceived his calibration as a function of his achievement and
assumed that better marks meant better calibration. It made sense for students like Adnan who
overestimated their task performance to plan to raise their marks by making adaptive adjustments
to their study behaviour and hence narrowing the gap between their estimated and achieved
marks. However, in his interview, Adnan provided a different perspective by stating, “What I
really tried to do [to close the gap] was to fix my work habits. By doing that I hoped that I would
feel more confident, and like...I would close the gap.” This was informative for me because in
these comments, Adnan related his calibration accuracy to his confidence.

Some students shared the view that to become better calibrated, they had to increase their
study efforts, but they did not comment on the notion of confidence. For instance, on Notecard
#2 regarding how to close the gap, Leah wrote, “To close the gap, I feel like I need to study
more,” Li Min noted, “to close the gap [I should] practice more to know the words [Sic],” and
Rabia shared, “To close the gap, I must first practice more to understand the material.”

As a teacher, I am undoubtedly supportive of students’ study efforts. However, what I
hoped for students was to adjust their performance estimations to the level of their understanding
and preparedness (Lichtenstein et al., 1982) to improve their calibration. As I discussed in my
blended data analysis, it is possible for low-achieving students to possess good calibration
accuracy and their calibration accuracy may improve over time, as was the case for Anna. Alas,
as noted earlier, I had no access to students’ notecard comments until after the interviews and

was unable to provide feedback and guide them in the right direction.
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Some comments reflected students’ self-perceptions in connection with their study
behaviour. For instance, on Notecard #2, when asked how he was planning to close the gap of
miscalibration, Sheng gave credence to personal study efforts, “I need to study harder, read the
textbook, do more work.” However, on Questionnaire #2, which he completed toward the end of
the semester, Sheng included a self-perception belief when he related, “I think my calibration is
bad because I am lazy. I didn’t work hard.”

Some students placed a high value on directing their study efforts toward improving their
English language facility to close the gap of miscalibration. For instance, on Notecard #3, Zhang
wrote, “[There is a gap because] I not understand the meaning of some words [Sic].” Later, on
Questionnaire #2, he shared, “I not understand the words. I write slow. I have to study words
[Sic]”. Similarly, Marel noted, “There is a gap because I just arrived from ... and did it all in
Arabic so I have to improve my mathematics English [Sic].” To my knowledge, the notion that
students’ language facility might affect their calibration has not appeared within the research
literature. As an aspect of the due care for students, this issue deserves attention with respect to
any language of instruction used in calibration research.

Students’ decisions regarding doing more homework, reviewing their class notes,
practicing with more complex questions, asking for extra help, and watching educational videos
are components of their self-regulation. In the context of my classroom intervention, as students
became aware of the gap between their estimated and achieved performance outcomes, some
students focused predominantly on improving their task performance outcomes to close the gap
of miscalibration, while others decided to work strategically to improve their calibration.
Overall, the blended data encompassing the entire quantitative and qualitative data, consistently

suggested that students related their calibration accuracy to their study habits and efforts.
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Assertion #2: Some students intentionally miscalibrated despite several episodes of
reflection and feedback. As discussed earlier, my blended data showed that some students
intentionally miscalibrated. For instance, Anjani’s comments attested to her intentional
miscalibration throughout the semester. On Questionnaire #1, Anjani wrote, “I usually don’t
estimate accurately and estimate lower because I don’t want to set high expectations and end up
disappointed.” On Notecard #1, after estimating 75% and achieving 100%, Anjani shared, “I
always underestimate just in case I did badly.” Later, on Notecard #10 with an estimation of 70%
and an actual mark of 97%, Anjani illustrated her continued intentional miscalibration by stating,
“I was underconfident about my answers, so I decided to underestimate to be safe.” Finally, on
Questionnaire #2 Anjani noted, “I underestimate my knowledge because I am scared of
disappointment.” In her interview, Anjani’s confirmed her previous comments:

Some students like me may think that they may do badly, but they end up getting a high

mark because they studied. I set the expectation really low for myself. That’s why there is

such a gap. I think when I saw the gap, I was happy because I was having low

expectations, but I was getting a high mark. That is how I will personally do it. When I

set a low goal and get a high mark, I am kind of happy and in a way, I am happy about

the gap. For me the gap was really intentional.

Anjani’s written and spoken comments confirmed that she had intentionally kept her self-
estimations low for self-protection and motivation. In so doing, for a variety of reasons, Anjani
intentionally underestimated her performance outcomes, which affected her calibration.

To provide another example, on Notecard #1, Fang noted, “I never want to be too
confident. I always underestimate. It is my safety net”. Comments regarding students’ intentional

miscalibration, which surprised me the first time that I was working through the blended data set,
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were confirmed by students’ open and elaborate assertions during the interviews. For instance,
on Notecard #2, Fang shared, “I never want to guess something too high and get my hopes up.
My estimation is kind of like my safety net,” and on Notecard #10 Fang commented, “I am never
confident. I thought I did the Knowledge section all wrong. I underestimated to be safe”. Fang’s
comment regarding the Knowledge section on the test speaks to the development of Fang’s
calibration and demonstrates the increasing sophistication in her metacognitive knowledge.
During the interview with Fang, I had the opportunity to learn more about the reasons behind her
intentional miscalibration:

I think the most important reason for the gap is confidence. For me, confidence was the

main problem. I know I am good at math. I do not want to gloat, but I do think I have

math skills. However, when I am doing some of the questions, I am like, OK is this right?

Then I am not sure anymore. I start thinking, OK, I will give myself 75% to be on the

safe side. Luckily, when I get my grades back, they are always so much better than I

expected. I am lucky. Getting higher than what I expected always makes me happy...

On the positive side, Fang’s interview comments were consistent with what she had
already shared in written form. It made me realise, however, how resistant to change her self-
perceptions were, since these self-perceptions had barely changed after several episodes of
strategy training, reflection, and feedback.

Assertion #3: Supporting students’ confidence for the development of their
calibration deserves attention. As I noted earlier, in the context of this study, students used the
two phrases of ‘to close the gap’ and ‘to become better calibrated’ synonymously. With respect
to the notion of closing the gap of miscalibration, the references to students’ self-perceptions

appeared across the data. For instance, on Notecard #6 Adnan wrote, “There is a gap because I
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was not confident about some questions.” On Notecard #4 Tahir shared, “There is a gap because
I have no confidence,” and on Notecard #5 Andreas noted, “I have to become more confident to
close the gap.” Throughout the semester, I was unaware of what students wrote on their
questionnaires and notecards. When I started to read through the data, I realised that students had
used some of their own terminology and ways of explaining phenomenon to answer my
questions on the questionnaires and notecards. For example, although in teaching about
calibration I did not use the terms ‘overconfidence’ or ‘underconfidence,” and strictly talked and
taught about ‘overestimation’ and ‘underestimation,’ as reflected in students’ assertions, they
adhered to the notions of overconfidence and underconfidence, and used this confidence-oriented
terminology side-by-side with my estimation-oriented terminology.

Assertion #4: Students’ mathematics-related experiences, including performance
outcomes, classroom teachers, and mathematics-related stress were identified by students
as factors that influenced their calibration. In this regard, on Notecard #6 Anna wrote, “I
estimated based on my past experiences in other math courses,” and on Notecard #4 Bilal noted,
“I overestimated myself because if I put my effort in, I get a higher mark in other classes.” In
another example, on Notecard #12 Abrar noted, “I think I was never right about my mark,
because it is math. I didn’t believe I could get a high mark.” On Notecard #10 Kristian shared, “I
want to have high marks so I want to put high expectations, but in reality, I can’t reach those
expectations, because it is math.” These comments suggest that in the future studies on
calibration, the role of mathematics itself as a subject-matter deserves attention.

With regards to the role of mathematics teachers in influencing students’ calibration, on
Questionnaire #2 Fang wrote, “We all appreciated that you were really friendly... I think that’s

what motivated me, and my calibration improved over time.” Reflecting on mathematics related

193



stress and anxiety, on Notecard #8 Anna wrote, “I underestimated because math is my weakest
subject. I am always nervous. I also have a fixed mindset that my math will never be the
greatest.” In her interview, Anna confirmed the anxiety that she felt for the subject-matter,
stating, “I think it is difficult for me because I have always been afraid of math...math had never
been my forte,” and also added another dimension by stating, “The reason for the gap maybe
depends on who your past teachers were.” The topic of mathematics-related anxiety and its
relation to metacognition has been attended to by metacognition researchers (e.g., Legg &
Locker, 2009). To my knowledge, however, the influence of such anxieties on students’
calibration has not yet been explored.

Assertion #5: Students identified the four components of my classroom intervention
to have influenced their calibration. Students’ references to the four dimensions of my
classroom intervention—strategy training, classroom tests, feedback, and reflection—emerged
from the data as the influencing factors on students’ calibration.

The first component of my classroom intervention was monitoring strategy training. In
this regard, on Questionnaire #2 Leah noted, “I learned better because you asked us to explain
what we were doing, to you and to each other. It made me think about what I was doing and why
I was doing it. I could not lose track. After a while, I was doing it even in physics.”

The second component of my intervention relied on curriculum-based classroom tests in
which students were given a metacognitively oriented opportunity to choose their test questions.
In this regard, on Questionnaire #2 Yasir noted, “Students were comfortable knowing that there
are options, like they could choose their own questions on a test. They knew there was a way
out,” while Shirin shared, “This time there is less of a gap because you always let us choose our

own questions and I think I am getting better at it.”
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The third component of my intervention was providing feedback by using calibration
graphs. In this regard, on Questionnaire #2 Neha shared, “I feel that my calibration has improved
as [ am now able to understand what I am doing and why. You kept asking us to do those
calibration graphs in class and I can now recognize what my weak points are and what I struggle
with. I slowly started to close the gap between what I knew and what I thought [ knew.” On
Questionnaire #2 Kristian wrote, “We did those graphs and it reminded us and motivated us,”
while in her interview, Shirin shared, “My estimates were what I thought [ knew and then, wow!
I didn’t know any of that. My calibration graph helped me become more realistic about my
schoolwork. It was an eyeopener.”

Finally, the fourth component of my intervention, reflection notecards, was mentioned in
students’ assertions as “did not let us forget about our calibration” (Anna’s interview), and
“notecards were like a mirror. They showed us where we were” (Yasir’s interview). In these
comments, students relayed what they viewed to be useful about my classroom intervention and
how the four elements of strategy training, classroom test, feedback, and reflection influenced
their calibration.

Assertion #6: Students described the adaptive, self-generated changes that they
made to their study habits in the context of this classroom intervention. On Notecard #1,
Anjani noted, “To close the gap, I must continue to practice for math everyday.” On Notecard
#3, regarding her study behaviour, Anjani wrote, “I should practice more on complex questions
rather than doing everything.” Later, on Notecard #9, she made more changes to the ways that
she studied mathematics by adding a study partner, “I must redo all the homework questions,

work harder, and work with Neha.” In her interview, Anjani shared, “To close the gap, I tried to
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go to the textbook, ask for help, and watch videos,” indicating that she continued to change and
modify her study behaviour.

The adaptive, self-driven changes that students make to their study behaviour are aspects
of their self-regulation because as noted by Zimmerman (2002) these changes take place when
students use self-generated thoughts, feelings, and strategies to attain their study goals. As such,
adaptive change to students’ study behaviour was a pedagogical goal of my intervention, which
intended to support the students in becoming metacognitive, self-regulated learners.

Assertion #7: Over time, students developed their own personal theories of
calibration which indicates a change in students’ metacognitive knowledge. In her interview,
Neha shared, “From all the lessons I have understood that calibration is about understanding how
you think and how you make decisions. We usually make judgment calls and make decisions.
Calibration means questioning those decisions. Calibration questions why you are doing this and
why you are doing that.” In these comments, Neha elaborated on her personal theory of
calibration indicating a change in her declarative metacognitive knowledge which I discussed in
detail in Chapter Two of this thesis. Students’ personal conceptualisations (i.e., theories) of
calibration—which, to my knowledge, have not been explored in calibration research—
highlighted the ways in which students theorised about the construct of calibration and what it
entailed. For instance, during the student interviews, Shirin explained, “Calibration really shows
what you think you are doing as opposed to what you are actually doing. It is like you recognize
there are things that you can do so that you understand math better,” while Yasir noted,
“Calibration is like a fitness course, you know. You take a photo of yourself to see how you did
before and after...you flex your math muscles!” Shirin and Yasir’s comments also attest to the

change in these students’ metacognitive knowledge.
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Relating her understanding of what she thought calibration was, in her interview, Fang
commented, “We talked about calibration a lot and I know that it is very helpful in terms of what
you need to work on and what you need to work less on. It doesn’t need to be in a classroom.
You can use it in life in general.” In her later interview comments, Fang shared, “Calibration
teaches you that you have to set goals for yourself if you want to be successful. In anything you
have difficulty in life, you can set a goal and work towards it, but you have to work.” Fang’s
comments indicate change in her declarative, procedural, and conditional metacognitive
knowledge.

Other students also offered personal theories about what they thought calibration was.
Some of these comments were in connection with students’ knowledge and understanding of
mathematics. For instance, Kristian wrote, “Calibration is about knowing what you know and
don’t know. I realized I did not know as much math as I thought I knew,” and Anjani said,
“Calibration helps you prioritize your time on learning what you don’t know over what you
already know.” Students also connected calibration to their self-regulation. For instance, Adnan
shared, “Calibration is all about questioning the decisions that you make about how you study,”
and Marel wrote, “Before this course, I never thought about setting a goal and trying to get there.
Now I do that in all my courses.” Notably, these comments attest to the change and development
in students’ metacognitive knowledge. For example, when Faraz shared, “Calibration made me
realize how much math I did not know and how I could improve my work by asking those what,
why, how questions that you taught us,” he demonstrated the change in his declarative and
procedural metacognitive knowledge.

The results of my analysis suggest that in students’ views, the relationship between one’s

academic task performance and calibration was bi-directional. To explain, students suggested
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that not only improved task performance could enhance one’s calibration, but also improving
one’s calibration could potentially lead to better task performance outcomes. Calibration
researchers have attended to this issue only unidirectionally (Bol et al, 2005; Hacker et al, 2000;
Isaacson & Fujita, 2006; Jacobson, 1990; Maki, 1998; Miller & Geraci, 2011), suggesting that
high-achieving students are more accurate in their calibration judgements than their low-
achieving peers. The students’ comments on the reciprocity of this relationship suggested that
they believed that to achieve a high level of performance, they needed to become better
calibrated than they already were. For instance, on Questionnaire #2, Leah wrote, “The more
calibrated you are, the better you will be able to study,” and during her interview, Shirin shared,
“I think calibration helps you become more aware of your knowledge level and what your
strengths and weaknesses are. It can improve your marks.” In these comments, students
suggested that better calibration might improve their task performance outcomes. On the other
hand, on Questionnaire #2, Li Min noted, “If you can get good marks, then you know your level
and you know good calibration [Sic],” and Faraz wrote, “Because calibration is the ability to
know your strengths and weaknesses, if you want good calibration first you need good math
marks.” In these comments, students posited that improved task performance might lead to
enhanced calibration, hence, suggesting the reciprocity of the relationship between calibration
accuracy and task performance in mathematics.

During the follow-up interviews, students elaborated on the utility of calibration beyond
academics. In a sense, they generalised and transformed what they had learned about calibration
in the classroom context to a much broader social context, which I found encouraging. To
provide examples, Faraz said, “I think that you can definitely use calibration in life, like, to know

if you are good at your job or you need to improve something,” and Zishan commented, “I think
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this kind of knowledge is general, because with anything in life you have a certain goal and you
have, like, a personal expectation. When you start doing something you realise you can do better
at it. It’s kind of calibration.” Additionally, Andreas shared, “Being at work, field, or anywhere,
interacting with people, you can be, like, what can I do better in this job, which is calibration,
really,” and Adnan asserted, “You have to detach yourself from a situation. You have to see a
situation from a third person’s perspective, and I think that’s when metacognition comes in.” In
another example, Yasir said, “Calibration helps you know what went into knowing what you
know and what you actually got. You can see the difference, so you can get better at anything
through calibration,” while Janani shared, “I found calibration interesting, like, trying to estimate
the outcome of any situation.”

A Summary of my Overall Findings

In this chapter, I reported my findings as they emerged from the varied layers of my
analyses. However, to be explicit, herein I highlight the main findings of my study.

My quantitative analysis suggested an optimistic view in which calibration was perceived
to be malleable and could be developed in the context of a classroom intervention, such as mine.
The statistical analysis indicated substantial variations in both calibration and bias scores.
Although as a group, the students underestimated their task performance outcomes throughout
the semester, their collective estimations became more accurate. Notably, as a group, the
students made their most accurate estimation on their last self-assessment on their final exam,
which suggests that any classroom intervention that aims to improve the calibration accuracy of a
group of students in the context of an academic subject, such as mathematics, might take time
and explicit training and opportunities for feedback and reflection to be effective. My

quantitative analysis further suggested that as a group, students consistently underestimated their
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task performance throughout the semester as well as on their final exam, and yet, the group’s
collective calibration accuracy improved over time, which may attest to the complexity and
multidimensionality of calibration.

My three-layered blended data analysis provided further insights into the dynamic nature
of students’ calibration. The findings confirmed the malleability of calibration both conceptually
(e.g., as students’ metacognitive knowledge developed and they tuned in to improve their own
calibration) and in practice (e.g., as students’ calibration accuracy improved over time). My
blended data analysis suggested that at the start of the intervention a high level of calibration
awareness in the form of metacognitive knowledge was not common among the students who
also highlighted the influences of personal, behavioural, and environmental factors on their own
calibration.

In my view, an important finding of my blended data analysis was students’ intentional
miscalibration, in which high-achieving students intentionally underestimated their task
performance for motivation and self-protection purposes. In my blended data analysis, students’
English language facility was an influential factor in the development of their calibration as
reported by them. Further, the students indicated mathematics, as a school subject matter, to be
influential for their calibration and suggested a bi-directional association between task
performance outcomes and calibration accuracy, which is inconsistent with the unidirectional
association that is currently suggested in calibration research literature. With regards to students’
personal theories of calibration, my blended data analysis indicated that students viewed
calibration as a useful concept that was applicable to both academic and non-academic areas of

their lives.
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In the service of ecological validity, the future research on calibration may benefit from
conducting research in actual classrooms with students, giving credence to students’ perspectives
on what they are confident about, what might influence their calibration, and what kind of
support they need (e.g., a metacognitively oriented and inclusive classroom environment, the
choice of their own test questions, opportunities for feedback and reflection) in designing
classroom interventions to improve students’ calibration.

Chapter Four Summary

I started Chapter Four by describing my quantitative data analysis, which explored the
numerical and graphical patterns of change in the measures of students’ calibration accuracy.
Subsequently, I detailed my three rounds of blended data analyses. In the first round, I explored
the development of calibration for each individual student by blending the qualitative and
quantitative data at 12 testing instances for which the qualitative and quantitative data were
simultaneously created by the students. In the second round, I inquired into the development of
calibration for the entire group by analysing all the qualitative and quantitative data, except for
students’ interview data. Finally, in the third round of my analysis, I added the interview data
and analysed my entire research data looking for consistencies and inconsistencies in my
research findings. I concluded Chapter Four by summarizing the findings of my study and a
chapter summary.

In Chapter Five, I discuss my research findings within the context of the calibration
research literature as I approach an answer for my research question. Moreover, I comment on
the educational implications of this study and its contributions to the theory, teaching practice,
and to the advancement of knowledge. I conclude Chapter Five by an outline of the limitations of

my findings, my views on the future of calibration research, and my final reflections.
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Chapter Five
Discussion

Introduction

Often conducted in controlled experimental settings using diagnostic snapshot designs,
calibration research has produced inconclusive or contradictory results in a variety of areas.
Questions remain as to whether and how it is possible to develop students’ calibration in the
context of everyday classrooms, using interventions that utilise monitoring strategy training,
curriculum-based classroom tests, students’ calibration graphs, and students’ reflection
notecards. Moreover, there is a disconcerting absence of students’ voices, opinions, and self-
attributions from the contemporary research on calibration. Through this study, I responded to
these concerns within the naturalistic setting of a mathematics classroom in a suburban public
high school in central Canada. As such, together with 24 students in a grade 11 mathematics
course that [ was teaching, we embarked on a journey of learning, reflection, and self-evaluation.

An inspiration for this research was to situate my study within the contemporary
scholarly discourse on metacognition research in mathematics education. Further, I aspired to
contribute to the body of metacognition studies in mathematics education by presenting
calibration as a topic worthy of attention and deep examination due to its role in students’ life-
long learning and achievement. Central to this study was the exploration of the potential change
in mathematics students’ calibration accuracy over time and multiple testing sessions. I
implemented a mixed methods study, seeking both qualitative and quantitative data. In addition
to the quantitative data analysis procedures, I employed three rounds of blended data analyses to
analyse and interpret the change in students’ calibration in the context of a structured,

multifaceted classroom intervention.
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In this chapter, I describe how the findings of this study predicate an answer for my
research question: In what ways might students’ calibration change and develop in the context of
a year 11 mathematics classroom? Moreover, in this chapter, I convey the educational
implications and contributions of my findings, explain the limitations of my findings, provide
recommendations for future research, and offer my final reflections.

Approaching an Answer for my Research Question

Johnson and Christensen (2008) contend that mixed methods researchers should employ
triangulation to converge the results from the different methods. As described in Chapter Four,
my research findings were the result of my analytical synthesis of the quantitative data and the
blended data, in the context of the research literature on calibration. The open-ended
questionnaires, test performance outcomes, test performance estimations, reflection notecards,
calibration graphs, and in-depth interviews were the methods that I used to gain insights into the
phenomenon of calibration change. Through comparing and contrasting the results obtained by
using these different methods in the context of the vast body of research literature on calibration,
I now describe the main points that emerged from my research findings and how these findings
are confirmatory and convergent in providing an answer for the research question of my study.
Calibration Is Malleable

Despite the inconclusive results of the experimentally designed studies of calibration as
discussed in Chapter Two, the results of this study suggest that calibration is malleable and can
be developed. In my study, the calibration accuracy of 18 out of 24 students in the group
improved. The change in calibration for four students with initially good calibration accuracy
was negligible. However, two students, Rabia and Bilal, became less calibrated over time. This

finding was surprising, considering that students had engaged in monitoring training sessions for
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14 weeks and were explicitly taught monitoring strategies. The blended data analysis, however,
brought into light the influences of the personal (e.g., self-confidence and self-efficacy beliefs),
behavioural (e.g., study behaviours), and environmental (e.g., influences of teachers and peers)
factors on students’ calibration. For instance, as I discussed in Chapter Four, in her comments,
Rabia placed an emphasis on her inadequate base knowledge of mathematics and her inability to
focus while engaged in task performance, while Bilal shared his intentional underestimation of
task performance to avoid disappointment. My quantitative analysis informed me as to sow
calibration changed for Rabia and Bilal (i.e., the measures of discrepancy increased and they
became less calibrated over time), but it was the blended data analysis that suggested why and in
what way the change took place. As a researcher, I found the findings of my blended data
analysis critical to my understanding of the change in students’ calibration.

In a unique case, Zishan consistently overestimated his task performance. The qualitative
data revealed that this overestimation presumably motivated him. One might consider the
possibility that the overall improvement in the measures of calibration accuracy might have been
higher than what the quantitative results suggested, had the students not intentionally biased their
own estimations. As such, my findings speak to the importance of considering students’ views
about themselves and what they are confident about in conducting sound calibration research.
Classroom Interventions Have the Potential to Develop Students’ Calibration Over Time

Despite the small number of 24 participants, the results of both quantitative and blended
data analyses communicated the possible educational significance of this classroom intervention
by (a) bringing the importance of self-evaluation of task performance to the students’ attention,
(b) providing strategies for the monitoring and regulation of task performance while on daily

mathematical tasks, and (c¢) providing the students with a set of metacognitive strategies that are
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potentially applicable to other areas of life beyond academics. In response to the research
question, although the qualitative findings revealed an enhancement in students’ calibration
awareness and the quantitative results showed an improvement in students’ calibration accuracy,
the adaptive change in calibration took time and engaged students’ personal effort to take effect.
This suggests that as a thinking skill, the development of calibration takes time and requires the
use of monitoring strategy training and the students’ reflection notecards calibration graphs. The
convergence of the results of the blended data analysis and the quantitative data analysis suggests
that classroom interventions might facilitate the development of students’ calibration.
Calibration Is Multidimensional and Complex

The evidence of the recurring notions of students’ self-confidence and self-efficacy
within my blended data analyses may explain the relatively small improvement in the numerical
values of calibration accuracy. Educational researchers have often explored calibration in the
light of academics and school-related issues, such as test difficulty, subject matter, and academic
expertise. It is possible, however, that the influences on students’ calibration are not always
academically oriented.

In my study, the blending of the qualitative and quantitative data and the emergent results
spoke to the complexity of calibration by revealing that far from being a mere numerical
discrepancy, calibration is also a deeply rooted metacognitive and social construct. In response to
the research question, I contend that although the results provided optimism by showing that
students’ calibration could be developed through strategy training, curriculum-based classroom
tests, feedback, and reflection, the overall results suggest that the development of calibration is a
complex and lengthy process that depends, at least in part, on students’ perceptions of

themselves and their environment.
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Being Unskilled Is not the Only Reason for Miscalibration

The Dunning—Kruger effect (Kruger & Dunning, 1999) postulates that academically
unskilled (i.e., low-achieving) students suffer a double misfortune in that they lack both the
required academic expertise as well as the skills necessary to be aware of their lacking. In this
study, among the 24 participants, the quantitative data showed that Abrar, Andreas, and Shirin
performed predominantly at an academically low level throughout the semester. In their
comments, they maintained that their calibration neither changed nor improved over time. By
blending the qualitative data of these students’ comments with the quantitative measures of their
calibration, however, I showed that their calibration did change and improve over time. As
Kruger and Dunning (1999) and Nietfeld and Schraw (2002) hypothesised, it is possible that the
knowledge of the field (e.g., conceptual and procedural content knowledge of mathematics in
this study) may be foundational to the accuracy of performance evaluations made in the field.
Nevertheless, based on my blended data analysis, ten students (in a group of 24) who
intentionally miscalibrated (nine students consistently underestimated, and one student
consistently overestimated) were high-achieving students. This group miscalibrated throughout
the semester not because they were academically unskilled, but because they were influenced by
personal, behavioural, and environmental factors. In responding to the research question, I
contend that students’ calibration changes in response to their perceptions of the self and the
environment.
Stability of Students’ Performance OQutcomes Explained

As noted in Chapter Four, Figure 4.2 illustrates students mean performance estimations
(the dashed line) versus their mean achieved performance outcomes (the full line). In comparison

to students’ estimations, their performance outcomes were substantially more stable, as the
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quantitative findings showed that students’ performance outcomes were more consistent with
less variability than their calibration accuracy measures. This was unprecedented, considering
that calibration researchers (e.g., Hacker et al., 2000; Hacker et al., 2008a; Schraw et al., 1993)
have noted the stability of students’ performance estimations (both predictions and postdictions)
to be substantially higher than students’ performance outcomes. Further, in contrast to some
researchers’ (e.g., Roderer & Roebers, 2013) contention that students’ calibration scores are
highly influenced by test properties, the current findings indicated that students’ performance
outcomes across two different types of tests (quizzes versus tests and exams) remained
considerably stable, but that the calibration measures changed in mean-value and variance across
testing episodes. As such, the results suggested that the students possibly took the test properties
into account while estimating their performance, which affected their calibration measures. For
instance, on a reflection notecard after a quiz, in explaining her miscalibration, Kristian wrote, “I
thought it would be easy because it was just a quiz, so I estimated high.” Importantly, the
students’ performance estimations were made affer answering the test questions, which
presumably placed them in a better position for accurate self-estimation of task performance.
How students performed mathematically did not seem to be influenced by test properties.
Students’ lack of confidence in their performance outcomes, however, led to a greater variability
in their calibration than in their performance outcomes.

In response to my research question regarding the ways in which calibration might
change and develop, although the findings portray an optimistic view in which students’
calibration is malleable, they also indicate that calibration change takes time and may require the
explicit teaching of metacognitive strategies to take effect. The findings also suggest the

possibility that some students may intentionally miscalibrate for personal and motivational
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reasons. Intentional miscalibration is an important issue that could potentially affect the results of
any quantitative study of calibration. This issue can be brought to light only if researchers adopt

a mixed methods approach to conduct research on calibration. The findings of my study further
indicate that the naturalistic setting used in this study was in fact an important portal for
calibration change, and that calibration change depends on not only academic factors, but upon
students’ perceptions of the self and the world. Finally, in response to the research question, the
results of this study reveal that the change in students’ calibration was less stable than the change
in students’ test performance, which also speaks to the malleability of calibration.

I took the long and effortful path of conducting classroom research on calibration to find
an answer to my research question: In what ways might students’ calibration change and develop
in the context of a year 11 mathematics classroom? Before embarking on this journey, being
professionally immersed in mathematical thinking for the past three decades, I speculated clear
and definitive answers. However, I am now cognizant that through my research I have created
more questions than answers. [ am also certain that there are no definitive or indisputable
answers to my research question.

In theorising about students’ calibration change, I have come to realise that the ways in
which students try to improve their own calibration are as varied and unique as each individual
student. In my study, students’ calibration changed not only in personal ways, but also in
connection with the social and environmental factors unique to each student. I posit that in order
to design classroom interventions that work for students, calibration researchers should consider
a whole person approach to research, because the percentages that are used to determine
calibration are more than mere numbers; they reflect the whole person’s views about themselves

and the world around them. In my study, those views changed students’ calibration and with the
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change in calibration, some of those views changed, as well, attesting to the complexity and
multi-dimensionality of calibration. Hence, it seems appropriate to ask: If calibration is so
complex, can students’ calibration be developed through the use of classroom interventions? I
learned from my study that the answer is yes, however, the intervention should address the whole
person rather than to attempt to solicit accurate numbers. For instance, students’ confidence
about themselves and the subject matter, their proficiency level in the language of instruction,
their images of success, and their feelings of achievement and personal expertise are important to
address in classroom studies of calibration. By adopting a whole person approach to research,
calibration researchers might succeed in conducting classroom interventions that achieve both
goals of caring for students, as well as enhancing their calibration.
Educational Implications of This Study

The findings of this study have implications for classroom pedagogy by suggesting that
high school mathematics students may benefit from monitoring strategy training incorporated in
teachers’ daily lessons. To help students develop their calibration, monitoring strategies should
be taught explicitly, embedded in relevant mathematical tasks, and discussed, modelled, and
reinforced. The findings of this study also posit that metacognitive feedback, performance
feedback, and reflection may improve calibration accuracy and encourage self-learning. Yet
another implication of the findings is that in teaching mathematics, teachers should be cognizant
of students’ beliefs about themselves both as an individual and as a mathematics learner, since
such beliefs affect students’ decision-making and calibration.
What I Learned From my Students

In this study, students contributed to all aspects of my work, possibly without realising

how intensely I learned from them and how privileged this knowledge seemed. My
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unprecedented learning experience went beyond anything that I had learned from my study of the
books, research papers, PhD dissertations, journal articles, and reading anything related to
calibration that I could find, in a time span that stretched between the year 1900, with
Woodworth and Thorndike’s paper on judgements of magnitude, and the year 2019, with
Stoten’s paper on calibration accuracy. Despite benefitting from 120 years of research on
calibration, I owe my students a debt of gratitude for teaching me about (a) the inadequacies of
language, (b) the undiscovered intricacies of silence, and (c¢) an appreciation for the immense
complexity of calibration.

I call the first dimension of my learning the inadequacies of language. In my days of
attempting a classroom intervention with students, I became aware that we were all experiencing
something for which we did not have the proper language of expression. I came to realise that if
calibration researchers were to focus on classroom research, it would be necessary to modify the
research methodologies, as well as the language, tone, and modality. This is because sometimes
what seems appropriate in theory may be neither useful nor practical in a classroom setting. For
instance, in theory, the adaptation of the monitoring strategies by students is expected to take
place after one or two brief training sessions. In such cases, while students work individually,
they are trained by the researchers who are unknown to them, using the research material that are
not of any relevance or motivational value to students. In practice, however, the following
prospects need to be considered: (a) Monitoring strategies may need intensive modelling and
reinforcement, using familiar material, expressions, and relevant examples; (b) These strategies
may require a long period of time, possibly several months, to be internalised and become
habitual; and (c) Working in isolation may not be as helpful for the development of students’

calibration as working in a classroom setting that embraces social interactions.
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The second dimension of my learning was to learn about the undiscovered intricacies of
silence. I learned to listen more patiently than ever and value the frequent long pause as a
remarkable educational tool. I negated the notion of the ‘awkward pause’ wholeheartedly and
learned to appreciate ‘silence’ as an opportunity, while students struggled to bring their ways of
thinking about their thinking out and into the open. This spoke not only to the inadequacies of
the language of instruction in dealing with the cognitive phenomena, but also to the fact that
talking about ways of thinking seemed to be an unchartered territory for most students.

The third dimension of my learning was an appreciation for the immense complexity of
calibration, beyond anything that I could have learned from books. Engaging with students in
monitoring training sessions, calibration graphing, and calibration sessions week after week was
a humbling experience, which illuminated for me the limited reach of the current theories when
challenged in the real-world context of a classroom. Although the results of this study supported
research findings (e.g., Coutinho, 2007; Roderer & Roebers, 2013) suggesting that classroom
interventions may improve students’ calibration, my results highlighted new areas of complexity
by revealing that to be effective, such interventions need to adopt a whole person approach.
Contributions of This Study

In this section, I detail the contributions of my study in three areas: (a) contributions to
the theory, (b) contributions to the educational practice in mathematics education, and (c)
contributions to the advancement of knowledge.

Contributions to the Theory

As I noted earlier, since its inception in 1990, Nelson and Narens’s theory of

metacognition has served as a unifying theory in the study of metacognition and its components.

Some calibration researchers (e.g., Boekaerts & Rozendaal, 2010; Efklides, 2011) have criticised
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the theory for introducing metacognition as a unidimensional construct and for not adequately
explaining how students process correct and incorrect confidence judgements, which is essential
to the formation of confidence judgements and calibration accuracy. Of considerable importance
for the present study was the fact that the theory succinctly explains how improved monitoring
skills while on academic tasks may trigger the appropriate control processes. For instance, unless
students realise that they are not prepared for an upcoming test (i.e., monitoring processes), they
may not decide to review their class notes (i.e., control processes).

The findings of my study suggest that over time, a classroom intervention that involves
monitoring strategy training, classroom tests, feedback, and reflection may have an overall
positive influence on students’ calibration. The results of my blended data analysis also revealed
that some students reported a gradual adaptive change in their study behaviour, or recognised the
need to do so, which may be related to their developing calibration awareness. This particular
outcome which involves a change in students’ behaviour provides support for the Nelson and
Narens’s theory of metacognition by suggesting that when the intervention instructions are
delivered at the meta-level (e.g., monitoring strategies; Kuhn, 2016), they may possibly trigger
enhanced control processes in students and facilitate behavioural change.

In addition, the findings of this study are aligned with the social cognitive theory
(Bandura, 1986) by highlighting the role played by students’ self-perceptions in their self-
estimations of task performance and their calibration accuracy. Consistent with the social
cognitive theory, my study suggests the centrality of metacognitively oriented learning
environments to the notion of change in students’ metacognition and calibration. The findings
provide further support for the social cognitive theory by demonstrating the reciprocity of the

influence of calibration accuracy and task performance, and by showing that as a thinking skill,
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calibration must be explicitly taught, modelled, and reinforced in order to become internalised
and habitual.
Contributions to the Teaching Practice in Mathematics Education

The current study was based on a classroom intervention that explored the change in
students’ monitoring skills (i.e., development of their calibration). Monitoring has been shown to
be foundational to human learning (Alexander, 2013; Valdez, 2013) and critical to mathematical
problem-solving (Desoete, 2009; Desoete et al., 2003; Stillman & Mevarech, 2010; Roderer &
Roebers, 2013; Schoenfeld, 1992). Studies with the specific goal of improving students’
calibration accuracy have largely been situated in undergraduate level classrooms (e.g., Bol et
al., 2005; Bol & Hacker, 2001; Hacker et al, 2008a; Hadwin & Webster, 2013; Lindsey & Nagel,
2013; Mengelkamp & Bannert, 2010; Nietfeld et al., 2005, 2006a; Nietfeld & Schraw, 2002;
Schraw et al., 2014; Schraw et al., 1993; Valdez, 2013) often conducted over a short period of
time; no study of calibration that [ have been able to locate has explored the development of
calibration in the context of a high school mathematics classroom, using a mixed methods
methodology.

Moreover, ecological validity (Goodman, 2008) continues to pose a challenge, as
calibration researchers often employ experimental laboratory-style designs, producing results
that may not always be generalisable to a classroom context. Through this study, I responded to
the need for ecologically valid (Goodman, 2008) studies in a mathematics classroom using
curriculum-based material.

This study was not strictly pre-planned to elicit a certain power or effect-size but was
rather designed to evolve naturally by inviting and including all the students in the course and by

using methods embedded in mathematics teaching practice. The design was simple and flexible
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in order to facilitate adaptation to other courses and grade levels by mathematics teachers. Since
I still had to meet the demands and expectations of being a classroom teacher, the elements of the
intervention were designed to blend smoothly with the classroom tasks. Although I did not
collect any data on students’ test anxiety, it is possible that, as I briefly noted in the interview
conversations, the students experienced less test anxiety than before knowing that on a test they
could choose the questions they thought they knew how to answer. My quantitative analysis
showed that over time, students’ performance scores rose (see Figure 4.2), suggesting that they
possibly became more skilful at choosing the questions that they thought they knew how to
solve, indicating better calibration. Mathematics teachers may find the method used in this study
a fair method of assessment that provides a model to assess what students think they know, can
demonstrate, and are confident about.

In my study, the students demonstrated a gradual improvement in their calibration
accuracy, indicative of enhanced monitoring processes. As Valdez (2013) highlighted,
monitoring primarily pertains to students’ confidence judgements about their knowledge of
strategies that support cognition, dictating when and how to execute strategies that may influence
their performance. In Valdez’s (2013) view, while on an academic task, students’ confidence
judgements can likely influence how they review, modify, or correct the steps taken towards
identifying an answer. Overconfident students, however, may fail to make an effort to detect and
correct their mistakes, while underconfident students may spend most of the allocated time on
only a few questions and fail to complete the task at hand. The findings of my study were
consistent with calibration research (e.g., Butler & Winne, 1995; McCormick, 2003; Schunk,

1996) in suggesting that by incorporating simple calibration training strategies in their daily
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pedagogy, teachers may bring their students many steps closer to becoming metacognitive self-
learners who approach any learning task with efficiency.
Contributions to the Advancement of Knowledge

In this study, I utilised curriculum-based classroom tests and encouraged students’
engagement in monitoring strategy training, self-reflection, and feedback to explore the
development of students’ calibration accuracy. I used two frequently used components of
calibration: absolute accuracy and bias. Considering that few studies have been designed with the
specific goal of developing students’ calibration using classroom interventions (Bol et al., 2005;
Hacker et al., 2008a), this study adds to the advancement of the body of knowledge on
metacognition and calibration. In addition, the classroom tests and monitoring training methods
were innovative insofar as they were designed for mathematical tasks, emphasising calibration
accuracy. To date and to my knowledge, no other classroom tests and monitoring training
strategies have been offered in calibration research, specific to high school mathematics.

Moreover, my findings add to the depth of prior calibration research findings by
proposing that the lack of cognitive or metacognitive strategies may not be the only reason
behind students’ miscalibration. In particular, my analysis showed that high-achieving students
who are often considered high-calibrators may be affected by a curious condition in which they
might intentionally miscalibrate. As such, my research findings attest to the complexity and
multidimensionality of calibration, proposing that calibration researchers should attend to the
reciprocal interactions of personal, behavioural, and environmental influences in describing the
elements that may be consequential to students’ task estimation and calibration.

In the present study, a reciprocal relationship between calibration accuracy and

performance emerged from the students’ assertions, adding a new dimension to the
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unidirectional relationship often cited in calibration research (e.g., Hacker et al, 2008b; Hacker et
al., 2000; Jacobson, 1990; Kruger & Dunning, 1999; Maki, 1998) in which students’ calibration
accuracy depends on their achievement level. In the current study, the students noted that they
intended to try to improve their performance scores by improving their calibration accuracy,
suggesting that they believed their achievement level depended on improved calibration
accuracy, which is also sensible.

More broadly, the findings of this study contributed to the understanding of the nature of
students’ confidence judgements by providing a first-hand account of the factors that students
considered they used to make their confidence judgements—a novel perspective that may be
utilised in the design of effective classroom interventions.

Limitations of my Findings

I discussed the limitations of the research design in Chapter Three. In this section, |
outline the limitations of the findings of this study. Throughout this classroom intervention, I
encountered a number of restrictions that imposed limitations on my findings. For instance, the
small number of participants, which was not in my control, limits the generalisability of the
results. Further, the nature of the course (i.e., a senior mathematics course) limits the range of the
findings. Students’ confidence and motivation influenced their calibration accuracy throughout
the semester. Expressions of students’ self-protection in the form of intentional underestimation
superficially inflated the measures of calibration and to varying extents, influenced and biased
the quantitative results of my study. Although the classroom studies of calibration such as mine
possess ecological validity, I acknowledge that the complexities of a naturally unfolding

classroom environment may have affected or limited my research findings.
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The qualitative data in the present study revealed a variety of issues of importance that
were not addressed in calibration studies. For instance, in my analysis, the students asserted that
as a subject matter, mathematics influenced their estimations. It is likely that mathematics, with
its specific terminology, symbolism, and structure influenced the students’ calibration and
limited the findings. This issue was more pronounced for those participants who were learning
English as a second or third language, many of whom reported that in their respective home
countries, mathematics learning was not so heavily language based as it is within the Canadian
mathematics curriculum. It is possible that students’ English language facility influenced the
current study.

Theoretical limitations were inevitable, considering that the two theories that
underpinned this study (i.e., Nelson and Narens’s theory and Bandura’s social cognitive theory)
make certain assumptions, which possibly influenced the findings of this study. To elaborate, the
social cognitive theory assumes (Pintrich, 2000; Zimmerman, 2001) that while on learning tasks,
students actively construct meaning and establish goals based on various cognitive, social, and
environmental influences. This assumption does not take the intentional miscalibration of some
students, as seen in this study into account.

Moreover, Nelson and Narens’s (1990) theory of metacognition assumes that students’
capability to monitor their thinking processes while on learning tasks necessarily leads to their
selection of control processes. This view has been challenged by researchers. For instance,
Efklides (2008) distinguished between conscious monitoring which is deliberate, and
nonconscious monitoring which is ongoing and implicit. In Efklides’ (2008) view, ongoing

nonconscious monitoring processes do not trigger control processes.
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Additionally, even when students monitor diligently, they still have a choice whether to
partake in control processes or not. Finally, my qualitative data spoke to the influence of
students’ self-concepts on their calibration. One way or another, all these considerations may
impose limitations on the findings of my study.

Looking Forward

The research on different aspects of cognition, including metacognition, has progressed
substantially in the past 4 decades, changing how people view learning, motivation, and
achievement. The findings of the current study highlighted the importance and utility of
classroom interventions for developing students’ monitoring strategies and their calibration.
Through future research in this field, scholars may further delineate the nature of students’
confidence judgements and the role self-perceptions play in the development of students’
calibration.

In this study, in making their confidence judgements, students drew upon a large number
of factors that were not always consistent with their identified goals such as improving
calibration accuracy. In my attempt to explore the naturally occurring change in students’
calibration, I did not provide the students with any guidelines to base their performance
estimations on. For instance, students were not asked to make their performance estimations
based on their previous performance outcomes, hours of study, or content difficulty. If improving
calibration accuracy is intended, however, researchers should be wary of performance
estimations made based on unrelated tasks. In the future, calibration researchers may decide to
provide clear guidelines to reduce the variability of the bases of students’ performance
estimations. I propose that such guidelines could lead to reduced variability and more effective

classroom interventions.
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The findings of the current study illustrated the prominent role of students’ perceptions of
the self as well as their beliefs about their mathematical capabilities (i.e., their self-efficacy
beliefs) on their calibration accuracy—a topic that has rarely been addressed in calibration
research. Future research may benefit from giving the due credence to these beliefs and how they
affect calibration accuracy. As Anderson, Nashon, and Thomas (2009) elaborated, such
perspectives support the ontological and epistemological frameworks that view learning and
achievement as occurring holistically and in a broad context.

As I stated in the results section of this dissertation, a noteworthy outcome of the present
study emerged when the students reported that they changed their study behaviour and test
preparation methods based on what they learned about calibration. This outcome aligns with both
Nelson and Narens’s (1990) theory and Bandura’s (1986) social cognitive theory, suggesting that
through the enrichment of students’ metacognitive knowledge, classroom interventions such as
mine may influence students’ learning habits and study behaviour.

Further, the students’ views of calibration posit a new topic for future research. It is
possible to ask: In what ways might students’ personal conceptualisations of calibration
influence their actual calibration? This question, to my knowledge, has not been explored in
classroom research on calibration. For instance, would the development of calibration take a
different path for Rabia, who thinks “calibration means calculating quantities that are unknown”
than for Leah, who theorises calibration as “the ability for one to know his or her strengths and
weaknesses and to study accordingly”?

In conjunction with Bandura’s (1986) social cognitive theory, Nelson and Narens’s

(1990) theory of metacognition served the present study well. I posit that through the proper
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synthesis of these two theories, calibration researchers might find a unifying framework through
which to explain the dynamic nature of calibration.
Final Reflections

In one of my calibration sessions, I asked the students the following:

e How important is it for a driver to realise that he is driving in the middle of a two-way
road?

e How crucial is it for a pilot to know that he is flying too close to the summit or for a
surgeon to realise that she has received almost no training for an upcoming surgery?

e How important is it for students to have a clear understanding of their own competency
and preparedness before writing an important exam?

The present study rests on the importance of self-evaluation of task performance. I have
had the good fortune of combining two of my greatest inspirations—mathematics and
education—in my role as a mathematics teacher for the past 3 decades. Although I am grateful, I
have often wondered: If I could wish for something that my students would take away with them
as they leave the high school behind, what would that be? Would it be a working knowledge of
calculus, a good hold on trigonometry, or a thorough understanding of geometry? One may
imagine a long list to choose from, but what I truly wish for students is to become a good judge
of their own knowledge, understanding, and competencies, because such judgements are the first
step toward self-reliance and a successful lifelong journey of learning and achievement.

Conducting educational research on metacognition within the complexities of classroom
teaching was effortful but also rewarding. It afforded the participants, including myself, with
many instances of pausing to listen to each other and to contemplate on all the unique and

personal ways of sense-making in mathematics while engaging in mathematical thinking as well
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as in thinking about mathematical thinking in the form of monitoring. The intervention served as
an opportunity for me to bring the concept of calibration out and into the open and provided the
students with a set of thinking strategies with a reach beyond their grade 11 mathematics course.

This doctoral dissertation is the story of my students’ calibration as reflected not only in
their comments, monitoring judgments, and performance scores, but also in their chatter and
sound of laughter, worries and anxieties, and hopes and aspirations. I was the storyteller, but the
story was always theirs, not mine. The writing process was also very personal for me; I started to
write this dissertation with several quotes from my father in the Summer of 2016, and I lost him
in the Fall of 2016. Although my father was known for his love for numbers and precision, I
believe he would have been pleased with my attempt to convey not only the numbers and
measures, but also the voices, feelings, stories, and memories behind the numbers.

To borrow from Charles Dickens (1987), these are the best of times and the worst of
times. With all the comforts of the modern-day life and the advancements of science and
technology, after working with teenagers for three decades as a teacher, I have come to admire
their brave struggle to endure this age of confusion, isolation, foolishness, and distraction. This
thesis was inspired by them and written for them, endeavouring to provide support for their
lifelong journey of learning and achievement.

The findings of this classroom study connect students’ calibration accuracy to their self-
perception and motivation. Unfortunately, despite being an increasingly popular line of inquiry
in educational and developmental psychology (Bol & Hacker, 2012), the research on calibration
is largely absent from the body of research on metacognition in mathematics education. It is my
hope that the current study may attract attention to calibration as a worthy and critical research

topic in mathematics education.
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Appendix A

Conceptualisation of Calibration Over the Past Four Decades

Source

Proposed Definition of Calibration

. Fischhoff, Slavic, & Lichtenstein,

1977

. Lichtenstein, Fischhoff, & Phillips,
1982

Glenberg, Sanocki, Epstein, & Morris,
1987; Wagenaar, 1988

. Yates, 1990

. Horgan, 1990

. Keren, 1991

. Bjorkman, 1992; Cooke, 1991; Sharp,
Cutler & Penrod, 1988

. Glenberg & Epstein, 1985; Schraw &
De Backer Roedel, 1994; Stone, 2000;
Weingardt, Leonesio, & Loftus, 1994

. Lin & Zabrucky, 1998

Calibration is a term used to describe the
correlation between the degree of confidence
the learners have about their performance and
their actual performance.

Calibration reflects the degree to which
individuals’ judgments about their
understanding, capability, competence, or
preparedness correspond to the understanding,
capability, competence, or preparedness they
actually manifest.

Calibration is a measure of the relationship
between the confidence in performance and
the accuracy of performance.

Calibration is a measure of the degree to
which individuals’ judged ratings of
performance correspond to their actual
performance.

Calibration is defined as the accuracy with
which students can predict their own
performance.

Calibration is the degree of fit between
individuals’ judgment of performance and
their actual performance.

Calibration is a measure of the relationship
between individuals’ level of confidence in
their knowledge and their actual performance.

Calibration refers to the congruence,
alignment, match between students’
metacognitive judgments and their
performance.

Calibration is defined as the degree to which
judgments of performance accurately reflect
actual performance.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Gravalia & Gredler, 2002

Jamieson-Noel & Winne, 2003

Winne, 2004

Maki, Shields, Wheeler, & Zacchilli,
2005

Nietfeld et al., 2005; Zimmerman &
Moylan, 2009

Alvarez & Emory, 2006

Nietfeld, Cao, & Osborne, 2006a

Nietfeld, Enders, & Schraw, 2006b

Hacker, Bol, & Keener, 2008b

Pieschl, 2009

Calibration is the extent of congruence
between students’ estimates of their
capabilities and actual performance.

Calibration is the degree (accuracy) and
direction (bias) of discrepancy between
students’ perception about learning and actual
properties of learning.

Calibration refers to the degree to which
learners’ judgments about some feature of a
learning task deviates from an objectively or
externally determined measure of that feature.

Calibration or absolute accuracy assesses the
precision of a confidence judgment compared
to the performance on a criterion task.

Calibration is the degree to which individuals’
self-efficacy about performance matches their
performance.

Calibration is an executive function that
allows people to monitor their own
performance and judge what they do and do
not know.

Calibration is the degree to which individuals’
perception of performance corresponds with
their actual performance.

Calibration is a term used in the study of
metacognition monitoring that describes the
relation between task performance and a
judgment about that performance.

The degree of correspondence between one’s
perception of performance and actual
performance is referred to as calibration.

Calibration refers to the degree of accuracy of

learners’ perceptions of their own
performance.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Boekaerts & Rozendaal, 2010

Bol, Riggs, Hacker, Dickerson, &
Nunnery, 2010

Bol & Hacker, 2012

Valdez, 2013

Ots, 2013

Rinne & Mazzocco, 2014

Crane, Zusho, Ding, & Cancelli, 2017

Gutierrez, 2017

Gutierrez, 2017

Gutierrez et al., 2017

Rutherford, 2017a

Stoten, 2019

Calibration describes the relationship between
task performance and a judgment about that
performance.

Calibration refers to how accurately
individuals can predict how well they will do
on a task prior to starting it and how well they
judge their performance after completion.

The difference between perceived and actual
performance is referred to as calibration.

Calibration refers to students’ ability to
accurately match their confidence of success
with the actual outcome of a test.

The extent of agreement between a prediction
about performance regarding a certain task
and the actual performance

Calibration is the alignment of accuracy and
confidence.

Calibration refers to learners’ ability to
monitor their own comprehension and
performance.

Calibration refers to the relation between
criterion task performance and a judgment
about that performance.

Calibration is an outcome from the Feelings
of Knowing (FOKs) judgments.

Calibration is the process by which learners
convey what they know and do not know
about a topic.

Calibration is the accuracy of one’s
judgments about one’s performance

Calibration is the relationship between
students’ perception of their performance and
their actual performance.
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Appendix B

Research Gaps as Directions for Future Research

Source

Research Gaps as Direction for Future Research

Lundeberg & Fox, 1991;
McCormick, 2003; Winne, 2004
Barnett & Hixon, 1997

Hacker, Bol, Horgan, &Rakow,
2000

Nietfeld & Schraw, 2002

McCormick, 2003

Zimmerman & Schunk, 2003

Nietfeld, Cao, & Osborne, 2005

Isaacson & Fujita, 2006

The majority of calibration studies have been conducted
in laboratory settings. Although they have strong
internal validity, reasons exist to believe that the
generalisation of some of the findings to naturalistic
contexts such as classrooms may not be possible.

The need exists for more mixed methods studies to
direct research towards more successful interventions.

The need exists for intervention to calibrate students.

Strategy training for monitoring accuracy has not been
done before.

Given the importance, researchers now face the
challenge of increasing monitoring accuracy in actual
classroom practice. It is not clear if the results of lab
settings can be generalised to classroom learning.

Intentional and systematic interventions are necessary to
improve students’ monitoring accuracy.

Previous studies have been done in lab settings, as one-
time testing sessions, which makes generalising
problematic due to the lack of ecological validity. In
laboratory-style studies, the period between learning and
testing is considerably shorter than in real classroom
learning. There is much more to calibration than what
has been investigated so far. About 32% of judgement
accuracy has been explained by students’ explanatory
styles, which means that calibration can be influenced
by a more global self-concept of ability than what the
actual performance data suggests. This may be one
reason why calibration is often resistant to change.

Future research should examine the following: Does
students’ monitoring change over time? What factors
affect monitoring skills? Can these skills be taught to
low-achieving students?
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Nietfeld, Cao, & Osborne, 2006a

Chen & Zimmerman, 2007

Hacker, Bol, & Keener, 2008b

Dignath & Buttner, 2008

Hacker, Bol, & Bahbahani, 2008a

Little evidence exists on how improvement in
calibration relates to complex representations of
classroom material over an extended period of time.
Little work has been done examining the change in
calibration in relation to important affective factors such
as self-efficacy, except for the work of Hacker, Bol,
Horgan, & Rakow (2000), but they have also pointed
out the lack of classroom studies over an extended
period of time.

Little is known about how self-efficacy beliefs affect
post-performance judgements.

Calibration researchers should conduct research in
naturalistic settings of classrooms across grade levels
and subject areas. The augmentation of quantitative data
with rich qualitative data in mixed methods designs is
also recommended. Nearly all the classroom studies we
studied are quantitative. Identifying factors that
contribute to the accuracy of calibration judgements
remains a fertile area for research. The current gaps
include the following:

a) Nearly exclusive use of undergraduate students in
calibration research has left us with limited
understanding of other ages.

b) The need exists for longitudinal studies to uncover
the developmental aspects of calibration.

¢) The need exists for understanding the role of
students’ beliefs and social factors within the classroom
setting.

d) Domain specificity must be considered.

e) The stability of calibration can possibly be attributed
to the stability of personality traits or stable social
factors.

f) Researchers must replicate studies and consider social
factors.

g) Explanatory style and motivation may explain why
calibration is resistant to change.

Research gap exists as to whether interventions are
more effective in high school than elementary school.

Moving from the lab to classroom is necessary to
understand cognition in the context of natural
purposeful activities. Very few classroom studies exist.
The impact of students’ beliefs on calibration has not
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Pieschl, 2009

Parkinson, Dinsmore, & Alexander,
2010

Parkinson, Dinsmore, & Alexander,
2010

Zabrucky, 2010

Miller & Geraci, 2011

Salter, 2012

Hadwin & Webster, 2013

Alexander, 2013

been tested. We recommend formulating interventions
that develop accurate calibration and then testing their
effectiveness in ‘real-life’ classroom contexts.

The exact nature of metacognitive judgements is still
unclear. Some assume them as snapshots and others as
stable.

No studies exist on comparing the reliability and utility
of item-by-item versus overall confidence judgements.
Calibration has rarely been investigated in a domain-
specific context, and whether calibration accuracy can
be improved is a question that has not been definitively
answered. 80% of the studies on calibration are not
situated in academic domains such as mathematics or
science, and 67.5% use convenience samples of
undergraduates; hence, the developmental aspects of
calibration are not reflected in research.

In examining calibration, factor of self has been
ignored.

The reasons why the calibration of low-achieving
students does not improve are not known. Previous
interventions have not been helpful for them.

Policies for numeracy and literacy exist but not learning
to learn. The need exists to ensure that the needs of
students who enter secondary school without necessary
learning-to-learn skills are met. Developing self-
regulated learning skills makes the high school
experience more effective, less stressful, and ultimately
more rewarding.

No research has studied the degree to which calibration
improves or remains stable over time or across
consecutive judgements of confidence.

Research gap exists as to what kind of interventions can
be implemented to improve students’ judgement
accuracy, how can calibration be validly and reliably
measured, and does one mode of rating or analysis have
superiority.

The need exists to clarify whether the positive relation
between monitoring and performance still holds in a
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Roderer & Roebers, 2013

Valdez, 2013

Stoten, 2019

natural setting. It is not known if the findings in one
subject can be generalised to others.

In most studies, only one test is used, so it is a snapshot
of students’ monitoring skills. Most studies in
calibration are conducted in controlled lab-style settings,
where tests are designed to elicit maximum monitoring.
Tests are also administered by people unknown to
students with minimal resemblance to a real classroom.
The importance of natural setting and ecological validity
1s ignored.

Current views have suggested that it is time to
investigate calibration in more authentic settings such as
classrooms, using authentic assessment and
performance measures.

Until recently, an overwhelming proportion of
researchers have employed a quantitative approach to
conduct research on calibration.
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Appendix C

Inconclusive or Contradictory Results in Calibration Research

Study

Mixed Findings

Conceptualisation:

. Alexander, Dinsmore, Parkinson, &

Winters, 2010

. Hacker, Bol, & Keener, 2008b

. Nelson & Narens, 1990

. Bol, Hacker, O’Shea, Allen, 2005;

Hacker, Bol, Horgan, & Rakow, 2000;
Thomas & McRobbie, 2012; Stoten,
2019

Malleability of Calibration:

. Bol & Hacker, 2001; Bol, Hacker,

O’Shea, Allen, 2005; Koriat, 1997;
Nietfeld, Cao, & Osbourne, 2005;
Nietfeld & Schraw 2002

Glenberg, Sanocki, Epstein & Motris,
1987; Gutierrez de Blume, 2017,
Hacker, Bol, Horgan, & Rakow, 2000;
Nietfeld, Cao, & Osbourne, 2006a;
Schraw, Potenza, & Nebelsick-Gullet,
1993; Yates, 1990

. Bol & Hacker, 2001; Bol, Hacker,

O’Shea, Allen., 2005; Nietfeld, Cao,
& Osbourne, 2005

Gutierrez & Schraw, 2015

Contradictory results may be due to the lack
of a clear conceptual definition and grounding
within a theoretical framework.

Contradictory results are found when different
measures of calibration are used (e.g.,
predictions versus postdictions).

Metacognition is a stable psychological
construct.

Metacognition is a dynamic socio-cultural
construct.

Improving calibration accuracy is difficult or
not durable.

Different types of intervention can lead to
significant improvement in calibration
accuracy.

Three classroom studies showed that
calibration tends to remain stable despite
feedback and practice.

Studies show that calibration accuracy is
malleable and can be improved.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Reflection:
Nietfeld, Cao, & Osbourne, 2006a

Hacker, Bol, Horgan, & Rakow, 2000

Feedback:

Callender, Franco-Watkins, &
Roberts, 2016; Stone, 2000;
Zimmerman, 1990

Schraw, Potenza, & Nebelsick-Gullet,
1993

Stone, 2000; Zimmerman, 1990

Nietfeld, Cao, & Osbourne, 2005

Calibration in a Classroom:
Hacker, Bol, Horgan, & Rakow, 2000;
Nietfeld, Cao, & Osbourne, 2006a

Bol & Hacker, 2001; Bol, Hacker,
O’Shea, Allen, 2005; Nietfeld, Cao, &
Osbourne, 2005

Bol & Hacker, 2001

Confidence Judgments:
Pajares & Kranzler, 1995

Hadwin & Webster, 2013

Reflection and instruction on self-assessment
are found to be effective for all students.

Reflection and instruction on self-assessment
are effective only for high achievers.

Feedback is effective in improving calibration
accuracy.

Feedback is not effective in improving
calibration accuracy.

In lab, generally, feedback improves
calibration

In a classroom setting, feedback does not
improve calibration.

Modest gain in calibration accuracy has been
achieved in classroom studies.

Negligible gain in calibration accuracy has
been achieved in classroom studies.

Less gain was achieved in calibration
accuracy when the teacher reviewed with
students than when students reviewed without
a teacher.

Confidence judgements are measures of self-
efficacy.

Confidence judgements are indicators of
monitoring. They are not a measure of self-
efficacy because they are not about students’
general ability to learn.
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Appendix D

Invitation Letter to Parents/Guardians and Informed Consent Form for Students under 18 Years

of Age
Dear Mr. / Mrs. ............ Parent/Guardian of............. Date:
My name is Behnaz Herbst and this semester, [ will be .......... ’s mathematics teacher in

grade 11. In addition to teaching, I am also a PhD Candidate at the University of Alberta. The
focus of my research is on metacognitive calibration; my intention is to close the gap between
students’ self-estimations of their performance and their actual performance in mathematics, and

I am writing to request ............... ’s participation in research. I have enclosed a Research
Information Sheet to provide you with some background information about my research, but I
am also writing to invite you and .......... to a Research Information Night, which I will be

hosting on Monday, Feb. 8 in our school library from 7 PM to 9 PM. In this meeting, [ will
explain my research and answer any questions you have.

All students in the course are invited and may take part in research related activities that I
will introduce as a component of my regular pedagogy in teaching the course. However, only the
data of students with a signed parental consent form will be included in research. I have asked
Ms. Edwards in the Main Office to be in charge of collecting the signed consent forms, because |
do not wish to know who the research participants are. In the enclosed Research Information
Sheet, you will find a description of the research procedures in more detail, but to explain
briefly, students will begin by completing a questionnaire. During the following 10 weeks, they
will estimate their grades on quizzes and tests, will graph their estimated grade against the actual
grade, and will plan how to close the gap between their estimated and actual grades. The final
stage of the study includes another questionnaire and follow-up interviews. The last day of the
study is Friday, May 13, 2016, however, I will conduct the interviews during the first two weeks
of July.

Participation is on a voluntary basis. Students in my course have the option of joining
another section of the course with the same content and assessment but no research component,
and those who decide to remain in the course I am teaching, can always terminate their
participation and withdraw their research-related data at any stage of the study even after May
13. I do not wish to be informed if my students participate or withdraw, so they will only have to
inform Ms. Edwards in the Main Office about the withdrawal from the study. Students also have
the option of staying in my class without participating in research. The plan for this study was
reviewed for its adherence to ethical guidelines by the University of Alberta Research Ethics
Board (REB 2) and the District School Board External Research Review Committee (ERRC). To
participate in research, the District School Board requires a signed parental consent form. I will
bring the consent forms to the Research Information Night on Monday, Feb. 8, but for your
convenience, I will attach the form to this letter, as well.

Should you require more information, please feel free to E-mail me at behnaz.herbst@...
or call the Mathematics Department at ......... Should you need a translator, please let me know
and I will make the necessary arrangements.
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I would like to welcome .......... to the course and I look forward to personally meeting
and greeting you both on Feb. 8.

Thank you for considering my request and with warm regards,

Belnas Hobot

Parent/ Guardian Informed Consent Form (Parents of Students under 18 Years of Age)

L have read the accompanying Research Information
Sheet and give my informed consent for my son/daughter to participate in the research study
titled 4 Classroom Study of the Development of Mathematics Students’ Metacognitive
Calibration, conducted by Ms. Behnaz Herbst, my son/daughter’s mathematics teacher, which
will take place on school premises between February 1, 2016 and May 13, 2016, with the
exception of the follow-up interviews, which will be conducted after the semester ends.

I consent to my child (Please check each item you consent to) participation in the following
research-related activities,

o Complete two questionnaires, one at the beginning and the one in the end of the
study

Participate in calibration sessions and activities

Participate in performance estimation and graphing

Participate in completing student notecards

Participate in brief audio-recorded interviews, after the semester ends.

o O O O

In agreeing for my child to take part in this study, I understand that:

e Students are under no obligation to participate

e The classroom teacher will not know who the participants are until after the semester
ends

Even after giving my consent for my child to take part, he/she may discontinue his/her
participation without penalty at any time and his research material will be withdrawn at
the end of the semester.

Information that is provided will be treated as confidential. Direct quotes from my child
may be used in research-related presentations and publications only after his/her name
and other personal identifiers have been removed

Without identifying individual students, data from this research will be used for the
purpose of a PhD dissertation and research reports may be used for academic and
professional presentations for the advancement of mathematics education.

I understand that I am under no obligation to consent to my child’s participation in this study and
that I and/or my child can withdraw consent from the study at any point in time after which any
information or data linked to my child as an individual will be withdrawn from the study.
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(Print Name)

(Signature) (Date)

Please note that two copies of this form will be provided. One copy should be signed and
returned, and the other copy should be kept for your records. Should you have any questions or
concerns please feel free to contact the teacher-researcher directly at ...............
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Appendix E

Invitation Letter to Students, Informed Assent Form for Students under 18 Years of Age, and
Informed Consent Form for Students over 18 Years of Age

Dear ................ Date:

My name is Ms. Herbst and I will be your mathematics teacher in the grade 11 course
that you are taking this semester (MCR3U). I am writing to invite you to participate in the
research component of this course, which will focus on students’ self-estimation of test
performance and will attempt to close the gap between students’ perceptions of performance and
their actual performance on mathematical tasks, such as tests and exams, with potentially
positive effects on students’ strategic efforts and study behaviour. I am also writing to invite you
and your parents to a Research Information Night which I will be hosting on Monday, Feb. 8 in
our school library from 7 PM to 9 PM. In this meeting, I will explain my research and answer
any questions you and your parents might have.

All students in the course are invited to participate in this research. The enclosed
Research Information Sheet will provide you with a description of research procedures and what
students will do, but to explain briefly, students will begin by completing a brief questionnaire.
During the following 10 weeks, they will estimate their grades on quizzes and tests, will
illustrate their expected grades against the actual grades on a graph, and will plan strategies to
improve accuracy. In the final stage of the study, students will complete another questionnaire
and participate in audio-recorded interviews. Students who are 18 years old can sign their own
consent, otherwise, they need to sign an assent form and will need a consent form signed by their
parents/guardians. For your convenience, [ have attached both forms to this letter. Ms. Edwards
in the Main Office is in charge of collecting the signed consent forms. I am asking all my
students to go through the research activities, because I do not wish to know who the actual
research participants are and whose data will be included in the research. With exception of the
interviews, the last day of data collection for this study will be Friday, May 13, 2016, and the last
date for the withdrawal of data will be July 30, 2016.

The plan for this study has been reviewed for its adherence to ethical guidelines by a
Research Ethics Board at the University of Alberta. For questions regarding participant rights
and ethical conduct of research, contact the Research Ethics Office at 780 492 2615.
Participation is on a voluntary basis. Right now, you have the option of joining another section
of the course with no research component, and if you decided to remain in the course I am
teaching, you can terminate your participation in research at any later time by simply letting Ms.
Edwards in the Main Office know. You also have the option of staying in my class without
participating in research.
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I look forward to working with you this semester and will be pleased to explain my
research to you on Research Information Night next Monday, Feb. 8 and answer any questions
you might have.

Thank you for considering my request, and with best regards,

Sincerely,

Betuas Herbot

Assent Form for Students under 18 Years of Age
Date:

Please sign below to indicate your willingness to take part in the study described above
and be sure to return the signed forms to Ms. Edwards in the Main Office.

I, have read the accompanying Research Information
Sheet and give my informed consent to participate in the research study titled 4 Classroom
Study of Mathematics Students’ Metacognitive Calibration, conducted by Ms. Herbst, my
mathematics teacher, which will take place on school premises between February 1, 2016 and
May 13, 2016, with the exception of the follow-up interviews, which will be conducted shortly
after the semester ends.

I hereby agree to (Please check each item you consent to):

o Complete two questionnaires, one at the beginning and the one in the end of the
study

Participate in calibration sessions and activities

Participate in performance estimation and graphing

Participate in completing student notecards

Participate in brief interviews, after the semester ends.

O O O O

In agreeing to take part in this study, I understand that:

e [ am under no obligation to participate

e The classroom teacher will not know who the participants are until after the semester
ends

e Even after giving my consent to take part, I may discontinue my participation without
penalty at any time and may also withdraw the research material that was already
collected by contacting Ms. Edwards in the Main Office.
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e Information that is provided will be treated as confidential. Direct quotes from me may
be used in research-related presentations and publications without any reference to my
name or any other personal identifiers.

e Without identifying students, research reports will be used for the purpose of a doctoral
dissertation and for academic and professional presentations.

I understand that I am under no obligation to consent to participation in this study and that I can
withdraw consent from the study at any point in time after which any information or data linked
to me as an individual will be withdrawn from the study.

(Print Name)

(Signature) (Date)

Dear student: Please note that two copies of this form will be provided. One copy should be
signed and returned to Ms. Edwards in the Main Office (NOT to the classroom teacher), and the
other copy should be kept for your records. Should you have any questions or concerns about
this study, please feel free to contact the teacher-researcher directly at ...................

Consent Form for Students over 18 Years of Age

Date:

Please sign the form below to indicate your willingness to take part in the study described above
and be sure to return the signed forms to Ms. Edwards in the Main Office.

I, have read the accompanying Research Information
Sheet and give my informed consent for to participate in the research study titled 4 Classroom
Study of Mathematics Students’ Metacognitive Calibration, conducted by Ms. Herbst, my
mathematics teacher, which will take place on school premises between February 1, 2016 and
May 13, 2016, with the exception of the follow-up interviews, which will be conducted shortly
after the semester ends.

I hereby agree to (Please check each item you consent to):

Complete two questionnaires, at the beginning and in the end of the study
Participate in calibration sessions and activities

Participate in performance estimation and graphing

Participate in completing student notecards

Participate in brief audio-recorded interviews, after the semester ends.

O O O O O

In agreeing to take part in this study, I understand that:

e [ am under no obligation to participate
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The classroom teacher will not know who the participants are until after the semester
ends

Even after giving my consent to take part, I may discontinue my participation without
penalty at any time and may also withdraw the research material that was already
collected by contacting Ms. Edwards in the Main Office.

Information that is provided will be treated as confidential. Direct quotes from me may
be used in research-related presentations and publications without any reference to my
name or any other personal identifiers.

Without identifying students, research reports will be used for the purpose of a doctoral
dissertation and for academic and professional presentations.

I understand that I am under no obligation to consent to participation in this study and that I can
withdraw consent from the study at any point in time after which any information or data linked
to me as an individual will be withdrawn from the study.

(Print Name) (Date)

(Signature)

Dear student: Please note that two copies of this form will be provided. One copy should be
signed and returned to Ms. Edwards in the Main Office (NOT to the classroom teacher), and the
other copy should be kept for your records. Should you have any questions or concerns about
this study, please feel free to contact the teacher-researcher directly at .............
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Appendix F

Research Information Sheet and Contact Information

Title of the Research Study

A Classroom Study of the Development of Mathematics Students’ Metacognitive Calibration
Timeline:
February 1, 2016 — May 13, 2016 (Interviews will be conducted shortly after the semester ends)

Background and Purpose

To be successful in academic subjects such as mathematics, students need to be able to
self-evaluate their test performance. The accuracy of these evaluations, also called
metacognitive calibration 1s considered important for learning, motivation, and achievement. In
other words, students might decide not to spend much time and effort studying and practicing
for a test, unless they can distinguish between what they can and cannot do mathematically. The
present study is a fourteen-week-long classroom intervention, designed to teach grade 11
mathematics students a set of skills which will help them become more accurate in their self-
evaluation of mathematical tasks.

Procedures

Phase I: During the first two weeks of the semester (Feb. 1-12, 2016) students will complete a
questionnaire and receive some background information about calibration.

Phase II: Starting the third week of school, every Tuesday, students will receive a brief lesson
on calibration. For example, these lessons may include “what is calibration and why is it
important for students to be well calibrated?” Also, after each formal assessment such as a quiz
or a test, and before it is graded, students will make an estimate of their grades. When the test is
returned, they will reflect on the reasons why there might be a gap between the estimated and
received grades, will graph the results, and will make plans for more accurate performance
evaluation.

Phase III: During the last two weeks of the study (May 2-13, 2016) students will complete
another brief questionnaire. Soon after the semester ends, the participants will take part in brief
audiotaped interviews (cameras/ video-recording devices will NOT be used).

All the signed consent and assent forms should be directed to Ms. Edwards in the Main Office.
The classroom teacher does not wish to know who the research participants (with a signed
consent/assent form) are until the semester ends.
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Benefits for Students

This intervention has several benefits for participating students:

- Participants will learn and practice a set of metacognitive calibration skills that are
essential to successful task performance in mathematics.

- General metacognitive skills can be used in all subject areas. They are considered life-long
learning skills that students can use throughout their lives.

- As students become more accurate in self-evaluation of task performance, their test
performance in mathematics is expected to improve.

- By realizing their autonomy over their study behaviour and performance, students may
recognize they are in charge of their grades and can perform better by expending more
time and effort.

Privacy and Confidentiality

Personal records and research material relating to this study will be kept confidential.
However, the research data will be used without identifying students. Participants’ names will
not be disclosed to any outside party and any report published about this study will not identify
the participants. After data collection is completed, all names will be removed and replaced by
Research ID Numbers and hence no part of this study or the research material may be traced
back to the individual students. Research related data will be stored in secure locked filing
cabinets in the Main Office at school, until the end of the semester.

Voluntary Participation

Although all students in the course are encouraged to participate in this study,
participation is on a voluntary basis. Students who present a signed parent/guardian consent form
to Ms. Edwards in the Main Office will be assigned a Research ID Number and while all the
students in the course will go through the stages of the study together, only the research material
of students with Research ID Numbers will be included in the data analysis.

Students have the option of joining a different section of the course with the same content
and assessment but no research component and those who decide to remain in the course can
withdraw their participation and their research-related data at any stage of the study until July 30.
Students also have the option of staying in the course without participating in research. Other
than Ms. Edwards who is in charge of the consent forms, nobody (not even the classroom
teacher) knows who the participants are and students who wish to withdraw from the study are
asked to do so without informing the classroom teacher. They are only required to inform Ms.
Edwards in the Main Office.

Contact Names and Phone Numbers

With any questions or concerns, please contact:
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Classroom Teacher-Researcher

Research Supervisors

Behnaz Herbst
Mathematics Department
(School Name)

(School Phone Number)
behnaz.herbst@.....

Dr. Florence Glanfield
Vice-Provost (Indigenous
Programming & Research) &
Professor, Department of Secondary
Education

University of Alberta

(780) 492 6492
olanfiel@ualberta.ca

Dr. Greg Thomas

Professor of Science Education
Department of Secondary Education
University of Alberta

(780) 492 5671
othomas]1 @ualberta.ca

The plan for this study has been reviewed for its adherence to ethical guidelines by a Research
Ethics Board (REB 2) at the University of Alberta. For questions regarding participant rights
and ethical conduct of research, contact the Research Ethics Office at 780 492 2615.
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Appendix G

Student Questionnaire #1

Name Date

Instructions: 1) Please read the following questions carefully and answer in detail, to the
best you can, in your own words. There are no right or wrong answers.
i1) There are 4 questions in total. Use the back of the sheets should you
need more space for your answers.
i11) Please ask me if you are not sure what the question is asking. Thank you!

1. Are you sometimes surprised by your score when you get a test or quiz back? Explain.

2. Ifthere is sometimes a gap between the score you expected and the one you received, in
your view, what are the reasons for this gap?
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3. After writing a test, do you think you could accurately estimate your test score? If so,
how do you think you will make this estimation and what would you base this estimation
on?

4. Do you usually receive a grade which is more than what you expected, less than what you
expected, or the same as what you expected? Why do you think this is the case?
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Appendix H

Student Questionnaire #2

Name Date

Instructions: 1) Please read the following questions carefully and answer in detail to the
best you can, in your own words. There are no right or wrong answers.
i1) There are 4 questions. Use the back of this sheet should you need more
space for your answers.
111) Please ask me if you are not sure what the question is asking. Thank you!

1) You have been participating in educational research for the past 3 /2 months.
Congratulations! What does ‘calibration’ mean to you? How do you make sense of it and
what do you think it means or does?

2) In your experience, how did your calibration change and develop over time, if it did?
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3) Each time that you noticed a gap between your estimated and actual scores, what did you
think the main reasons were?

4) Each time that you made a performance estimation, how and based on what did you make
your estimations?

Dear Students,

Please see the next page for three important questions. Thank you!
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Three Important Questions

1) As an important component of this research, would you like to participate in a brief
audio-recorded interview with me? No cameras will be used, and I will only audio record
your answers. These interviews will take place in the first two weeks of July. Thank you!

Please check the appropriate box:

Yes, I am interested in participating in audiotaped interviews

No, thank you!

2) After the completion of data analysis, would you be interested in receiving some
feedback and recommendations regarding your calibration? Please check the appropriate
box:

Yes, I would like to receive feedback

No, thank you!

3) After June 30, would you like the originals of your research material (questionnaires,
notecards, and your calibration graph) to be returned to you? Please check the appropriate
box:

Yes, I would like the originals back

No, thank you!
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Appendix I
Ten Weekly Calibration Sessions, Modelling, and Reinforcement

Session # 1 Script Tue. Feb. 16, 2016
Title: Self-Evaluation of Task Performance Matters!

How important is it for a pilot to realize that he is flying too close to the summit? How
crucial is it for a surgeon to know that she has almost had no training for an upcoming surgery?
How about you?! How important is it for you; mathematics students to realize that you need to
review some topics and solve some more problems to perform well on your upcoming test?

You are correct in thinking that these are very different scenarios, but in fact, they all rest on the
same premise: the importance of self-evaluation of task performance; in all these scenarios,
people need to be able to accurately evaluate their own performance (usually against some
perceived standard), with some consequences to follow if they are unable to do so.

Back to the example of mathematics students, let’s do some brainstorming and see why self-
evaluation of performance might be important for students. (Discussion)

This Friday, you will write your first quiz. Remember that you will receive part-marks for
relevant partial steps and expressions of mathematical thinking. After answering the questions,
please make an estimation of your performance; that is your expected grade in this quiz. In the
upcoming weeks, we will have more quizzes, tests, a midterm exam, and a final exam. After
each one, you will be asked to make an estimate of your performance. For simplicity, we call all

the quizzes and tests in this course ‘Quests’ and will show them as Q1, Q2, Q3, and so on.
Thanks!

Lesson #1: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

Working out a problem set on the board I make some mistakes, intentionally, but keep going.
When the solution is complete, I give myself an estimation of 85% on the entire task and wait for
comments and discussion. What are the underpinnings of accurate estimations in students’
opinion? What are the consequences of inaccurate performance estimations?

Second, I ask some students to each choose a set of homework questions, solve them on the
board, and give themselves a performance estimation percentage. We discuss Zow one should
evaluate task performance in mathematics. This may help prepare the students for a similar
activity on Friday and initiate some thought-provoking conversations.

Finally, students sit in ‘groups of professionals’. In one group, the members are all doctors,
others are groups of teachers, journalists, judges, nurses, lawyers, and so on. As they interact,
one member pretends that she/he cannot accurately estimate her/his task performance on a
certain task. The professional group members discuss how this issue may affect the whole group.
This scenario intended to reinforce the importance of self-evaluation of task performance in
social and professional settings.
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Lesson # 2 Script Tue. Feb. 23, 2016
Title: What Does It Mean to Be Calibrated?

Last Tuesday, we talked about the importance of accurate performance estimation. To the
extent that a person can estimate his or her own task performance accurately, we say that he or
she is calibrated. Are you familiar with the word ‘calibration’? What do you think it means?
(Discussion)

Calibration is a term used in engineering and instrumentation. It is a comparison between a
measurement which is the standard (accepted as correct) and one of unknown accuracy. Suppose
you regularly weigh yourself at the gym, but it seems that the ‘calibration’ of the weighing scale
is off because it reads 'z Ib without any load. The manager promises she will get the maintenance
crew to calibrate the scale and asks you to use the digital scale which is calibrated. What do you
think being calibrated means for students to be well calibrated in terms of their task
performance? (Discussion) What does it mean for students to be poorly calibrated? (Discussion)

Last Friday, you wrote a quiz, and on your quiz, you made a performance estimation. Here is
your quiz! I have marked it. Is your estimated grade the same as your actual grade?

Please find the notecard I have attached to your quiz, and take a moment to answer two
questions: Why do you think the grades differ and what would be a good strategy for you to use
to close the gap?

You have also each received a personal calibration graph. It is a blank grid with your name on it.
Please take a moment and point-plot your performance on your first quiz as Q1 on this graph. In
order to do this, take your estimated grade in % as the x-value and take your actual grade in % as
the y-value. Then point-plot the point Q1(X, y) on the calibration graph. Thank you!

Lesson #2: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

- I put a question on the board and start solving it, while thinking aloud. I present a scenario
in which I do not know how to solve this problem, but I am aware of the prospect of my
poor performance on this task and so I spend some time asking students to help me solve
the problem and looking at similar problems in the textbook. Then I ask: What do you
think happened here? What was the person’s weakness in this scenario? What was her
strength in this scenario? (Discussion)

- Groups of two, one student acts as a well-calibrated mathematics student, pilot, lawyer,
and so on, and the other one as a poorly calibrated member of the same group. They
present a brief skit of their professional aspirations and plans to the class. What happens
when people misjudge their own performance preparedness?

- Groups brainstorm and make suggestions as to how one can improve one’s calibration
accuracy and help others to achieve the same goal.
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Lesson # 3 Script Tue. March 1, 2016
Title: Overestimation & Underestimation of Performance
Here is the story so far:

In our first lesson, we looked at the importance of accurate estimation of task performance, and
in our second lesson we learned about the concept of calibration: To the extent that people can
accurately estimate their own task performance, they are calibrated.

I am also returning your tests to you. Please take a moment to answer the two questions you have
on your new notecards and point-plot your performance as Q2 on your personal calibration
graph.

Have you wondered why I asked you to ‘graph’ your performance? Why do you think I asked
you? (Discussion)

What do you make of that line that you all have on your calibration graphs; the line at 45° called
the line of perfect calibration. What do you think it stands for? (Discussion)

What do you think it means to overestimate task performance? (Discussion)
What does it mean to underestimate task performance? (Discussion)

What is your status? Are you overestimating, underestimating, or neither? Are you perfectly
calibrated?

Lesson #3: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

- T invite two students to illustrate overestimation and underestimation of task performance,
while they study for an important test together.

- I invite skits for brief enactment of overestimation and underestimation within the frame
of schoolwork, but it can be in any subject area.

In groups of three, each group chooses a certain profession. Within the group, one person
demonstrates overestimation in preparing for a task, the second person demonstrates
underestimation, and the third person demonstrates perfect calibration. They discuss the
issues each faced and report back to the whole class.
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Lesson # 4 Script Tue. March 8, 2016
Title: What Are the Estimation Judgments Made of?
Just to refresh your memory here are the ideas we have talked about, so far:

- Self-estimation of task performance (and self-evaluation of task performance against an
external standard) matters.

- Well-calibrated people estimate their performance with accuracy, while poorly calibrated
people don’t.

- There are two types of miscalibration: overestimation and underestimation. A person may
overestimate himself/herself on one type of task and underestimate himself/ herself on
another type.

When a person makes an estimation judgment, he or she makes that judgment based on
‘something’. Please take a moment and discuss with each other or in groups how your
estimations are made and based on what. What is the nature of these estimates? (Discussion)

Also, I am now returning your tests. Would be great if you could please take a moment to
complete your notecards and point-plot this performance as the point Q3 on your personal
calibration graphs!

The questions on students’ reflection notecards asked two specific questions about the reasons
for the potential gap between students estimated and achieved performance scores and the
strategies students had to close the gap. By reminding the students of the previous calibration
sessions, | intended to make the content and terminology more accessible to students and
facilitate their writing of more detailed and elaborate explanations on their reflection notecards.

Lesson #4: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

- I present a scenario in which I am basing my estimation of test performance in math on
my previous performance on a history test and will invite comments.

- In groups of three using chart-paper and markers, each group will brainstorm and provide
a list of the reasons given by group members for their estimations. For instance, are these
estimations based on previous performance in math, previous calibration, previous
performance in other subjects, personal effort, or time spent studying? What factors
influence these estimation judgments? One of the students will do a synthesis of the data
contributed by all groups.

- After group conversations, group members list on the board how they make their
performance judgments. This may help students who are not sure how these judgments are
made.

(March Break: The week of March14. School re-opens March 21)
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Lesson # 5 Script Tue. March 22, 2016
Title: Role of Overestimation and Underestimation in Guiding Study Behaviour
Welcome back! Here is what we have talked about so far:

- Self-estimation of task performance (and self-evaluation of task performance against an
external standard) matters.

- Well-calibrated people estimate their performance with accuracy, while poorly calibrated
people don’t.

- There are generally two types of miscalibration: overestimation and underestimation.

- Anindividual’s estimation of task performance is made based on many factors.

Let me ask you this question: Andrew is a senior math student like yourselves and he is two
days away from an important test. He has not studied any of the course topics before. The course
content has been completely new and somewhat challenging to him. He has also missed many
classes and extra help sessions and done neither any thinking about the topics nor any
homework, but he thinks that he will get at least 85%. In a sense, he is --------- ? Yes, he is
overestimating his performance. My question for you is: Do you think that Andrew’s estimation
will affect his study behaviour for this test? Will you elaborate? (Discussion)

In this scenario Andrew ‘does not know his stuff’ so to say, but he thinks that he knows enough
to perform at 85% level. Imagine a classmate of Andrew, Alida, a good math student who has
been very conscientious. She has attended all the classes and done all the homework while
engaging in mathematical thinking and reasoning and ‘she knows her stuff” per se. Alida will
make an estimation of about 65%. In a sense, Alida is ---------- ? Yes, she is underestimating her
performance. How would this underestimation guide her study behaviour? (Discussion)

I am also returning your last test. Please spend a few minutes completing your notecards and
point plotting Q4. Thanks!

Lesson #5: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

- Class is divided into three groups and each group has a piece of large chart-paper and
some markers. In this scenario, the members of the first group are all over-estimators,
members of the second group are all under-estimators, and the members of the third group
are all well calibrated. An important exam is approaching, and students have limited time.
Each group will make their own list of the ways they will spend valuable study time.

- In groups, students brainstorm: How can a person recognize that he is overestimating or
underestimating performance, and once this realization is achieved, how can he become
better-calibrated?

- Groups brainstorm: In what ways might miscalibration influence study behaviour and
come up with a list. A compiled list will be posted on the wall and on class website.
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Lesson # 6 Script Tue. March 29, 2016
Title: I Understand Calibration, but What Is Metacognition?
Hi everyone! Here is the story so far, just to refresh your memory:

- Self-evaluation of task performance matters!

- If you evaluate your performance with accuracy, you are ‘well calibrated’.

- ‘Miscalibration’ means that you either overestimate or underestimate your performance.
- People base their performance judgments on different factors.

- Calibration guides students’ strategic study behaviour and affects their academic success.

In teaching you about calibration, I have sometimes used its correct (and long) name:
metacognitive calibration. This is because calibration is a component of a much larger concept,
called metacognition. But what is metacognition? Metacognition means to be aware of your
thinking and also to regulate your thinking. For instance, if you have ever repeated to yourself or
written down a phone number because you did not want to forget it you are metacognitive. The
reason is that not only you are aware of your thinking processes (for instance, you know that you
have to somehow manage to hold the phone number in your memory), but also you can think of
control strategies, such as repeating or writing down the phone number to manage and control
your thinking processes. Now, think about a mathematical function you want to graph, so you
might begin by factoring the defining equation to find the zeros or do some point plotting to get a
general shape. This is ‘cognition’ at work. But you may also think: Have I seen this function
before? How difficult would it be to graph this function? Do I know enough to graph this
function? Here, you are thinking about your own cognition. This is called metacognition. In
other words, the subject of your thinking can be a graph, or a movie, or a cloud in the sky, and it
can also be ‘your thoughts’. In the simplest, metacognition has been defined as Thinking about
your own thinking, as well as the monitoring and control of your thinking. Got it? Questions?

So, doing math engages your cognition, but thinking being aware of your thoughts while doing
math is metacognition (e.g., maybe I should slow down while reading so I understand better —
this is called a monitoring process). Calibration is all about monitoring because to be well
calibrated means that you can distinguish between the ‘known’ and ‘not-yet known’ concepts
and direct your time and effort toward the ‘not-yet-known’ concepts.

I am also returning your tests. Please complete your notecards and plot the point Q5 on your
personal calibration graph. Thank you!

Lesson #6: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

Due to the importance of monitoring for successful mathematical problem-solving, in the
following scenarios I combine the topic of metacognitive calibration with mathematical problem-
solving scenarios for the benefit of my students.
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- I model how problem-solving can go wrong without proper monitoring and possibly result
in miscalibration. I choose a non-routine problem and solve it without monitoring my
steps, explaining what can go wrong, and then once again with monitoring my steps. I
remind the students that the accuracy of monitoring judgments is called calibration and
that monitoring processes guide successful mathematical thinking and problem-solving
steps. Different textbook problems that are familiar and relevant for students will be used.

- I review the different stages of a metacognitive problem-solving heuristic, which I taught
students at the beginning of the semester: read more than once, think/analyse, plan your
solution, implement your solution, and verify. I will provide examples and connect the
overseeing of these steps to monitoring and calibration.

- I give students a set of non-routine math questions that require some metacognition to
solve. Students work together, and we discuss what is different about these questions. One
example of non-routine questions is: Find as many Pythagorean triplet of integers as you
can. An example is {3,4,5}, because 3° + 4° = 5°. Make a conjecture about a general rule,
which can be used to obtain all these Pythagorean triplets of integers.

Lesson # 7 Script Tue. April 5, 2016
Title: Metacognition in Mathematical Tasks

OK, who can tell me something about metacognition? What else? Why does it matter, in your
view? Why is it important for mathematics students — and all students for that matter — to be
‘aware’ of their thinking and monitor and control their thinking while on academic tasks?

We talked about problem-solving and you may agree with me that metacognition (some call it
reflection or mindfulness, but the scientific term is metacognition) is the essence of mathematical
problem-solving and without metacognition, successful problem-solving might be highly
improbable. This is mainly because senior mathematics students frequently face novel
mathematical tasks that require attention and mental effort. What do you think this means in
terms of monitoring? (Discussion)

Now that you are becoming more aware and more knowledgeable about monitoring and
controlling of your thoughts, I also want to mention that the human brain does not multitask
(Medina, 2008). Is this news to you? There is a simple reason for it: Your brain’s neural circuits
that are engaged in one task such graphing a parabola are not the ones that will be engaged in a
completely different task such as understanding what is happening on a TV show that you are
watching simultaneously. So, what your brain does is ‘task-switching’ (Medina, 2008), which
means that you will be slower and more prone to making errors than if you would have focused
on one task at a time. Metacognitive individuals have figured this out. They are very aware of
their thoughts and can bring them back when they stray away. Since metacognition is so crucial
to mathematical problem-solving, let’s spend a few minutes to build on what we did last week,
and I will show you how the stages of problem-solving work when we use metacognition. Let
me take up your homework questions metacognitively!
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I am also returning your tests. Please complete your notecards and point plot Q6 on your
personal calibration graphs. Thank you!

Lesson #7: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

- Groups of three or four, choose your partners, choose a problem, and take a large sheet of
chart paper. Consult with each other and decide which problem-solving steps you are
going to use to solve the problem. Some examples include reading, thinking, analyzing,
and planning. Identify the steps that you and your group take and solve the problem.

- Groups of two students to act as Student and Teacher. The teacher reviews the problem-
solving steps, gives the student a problem to solve, and will supervise the solution
carefully, then they switch places. This way, we can take up some of the homework
questions.

- Write one of the homework questions or any question that you like on a piece of paper. Then
provide your own heuristic for problem-solving. In other words, explain in words, what your
method will be (e.g., First I do .... because ... and then [ will ...... ). You may also solve the
problem if you want to.

Lesson # 8 Script Tue. April 12,2016
Title: Importance of Calibration Graphs
Hi everyone! Just to refresh your memory, in the last two lessons we focused on

Lesson #6: Metacognition means thinking about your own thinking, as well as monitoring and
controlling of your thinking,

Lesson #7: In problem-solving, metacognition helps us see if the method works, if we are moving
in the intended direction and whether we are getting meaningful answers.

Do you have any questions regarding these two topics?

Today, we will focus on the calibration graphs you have been doing. These graphs, as you know,
demonstrate how close you are to ‘perfect calibration’ but how? (Discussion) Can this
continuous self-generated feedback help students adjust their time and study behaviour to the
difficulty of the tasks they are facing at school? How? (Discussion)

As you know, calibration graphs can show you whether you are overestimating or
underestimating your performance. How do you think this information might be helpful?
(Discussion)

Let me return your test. Please spend a few minutes completing your notecards and point plotting
the point Q7 on your calibration graphs. Thanks!
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Lesson #8: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

- In groups of 3 or 4, make a calibration graph for an imaginary student, whose Q1, Q2, and
so on show overestimation at the beginning but she gradually becomes more accurate as
time goes by. What would this students’ calibration graph look like? Name the points Q1,
Q2, and so on and be sure to include the Line of Perfect Calibration. Can you make a few
recommendations to help student improve his/her calibration?

- Yesterday, you helped a student become better calibrated. Now go back to your groups
and come up with a graph for another imaginary student, who in an under-estimator. What
would his/her graph look like? Can you make some recommendations to help him/her?

- We have focused on calibration graphs. These graphs are an excellent source of visual
feedback about performance. Today, individually or in your groups, comment on what
you have learned or can learn from working with these graphs, and from what you or your
friends have experienced in this regard. Any comments and suggestions are welcome.

Lesson # 9 Script Tue. April 19, 2016
Title: Thinking fast and Slow on Mathematical Tasks

Calibration is about our mental ‘decision making’ and without getting too technical and
boring, I want to briefly tell you about how behavioural and cognitive psychologists think that
our minds work. To borrow from Daniel Kahneman who won the 2002 Nobel Prize for
behavioural economics, the human mind works by incorporating two systems that he calls
System 1 and System 2. System 1 is fast and intuitive. It is the first thing that comes to your
mind. It works without mental effort and can only answer easy questions. System 2 is the slow
system. It is rational and logical and uses reason and mental effort. When you look at a math
question and immediately, sometimes without even reading the question to the end, you say: Oh,
I know this, and you start solving the problem, that is System 1 at work, because System 2 is
slow and will not decide so quickly. It will go through the cycle of logical thinking and will
make sure you understand the problem and have a logical way to solve the problem before giving
you the green light. My point is: 1) the first answer that comes to your mind in doing
mathematics is not usually the best one unless you are an expert on the topic and have a great
deal of experience and 2) when you come up with a quick answer for a math question, always be
suspicious that maybe your System 1 has tricked you by replacing a more difficult question with
an easy one it knows how to answer. Do you want to try an example? Listen to my voice and
think about this problem and see what immediately comes to your mind. Write it on a piece of
paper just for yourself:
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Together, a pen and a pencil cost $1.10. The pen costs one dollar more than the pencil. How
much does the pencil cost? [Pause] Yes, the first response is $0.10, which is wrong. The correct
answer is $0.05. Let’s try another question:

All roses are flowers. Some flowers fade quickly. Therefore, some roses fade quickly. Right or
wrong? It is wrong, although it sounds right to System 1. In estimating your performance, doing
math, or any other thinking activity we need to put our System 2 to work. Please also complete
your new notecards and plot point Q8 on your calibration graphs. Thanks!

Lesson #9: Modelling and Reinforcement

Ideas for Classroom Scenarios and Activities

- We talked about how the human mind works and my point was to bring to your conscious
attention that logical thinking is not a given. It requires attention and mental effort.
Therefore, as far as mathematics questions are concerned, unless you are an expert on the
subject, the first answer that comes to your mind is most probably wrong. Decision
making affects your calibration accuracy and your mathematical performance. Have you
ever had a gut feeling which went wrong? I will tell you about one of mine then in groups
of 4, please share one of yours!

- In groups, make a list of what you think System 1/System 2 do. I give you some
examples.

- With a friend, tell each other what comes to mind first, then work the problems out:

a) It takes 5 machines, 5 minutes, to make 5 rulers. How long would it take 100 machines to
make 100 rulers? Would it be 100 minutes or 5 minutes?

b) In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 48 days
for the patch to cover the entire lake, how long would it take for the patch to cover half of the
lake? Would it be 24 days or 47 days?

Lesson # 10 Script Tue. April 26, 2016
Title: Where to next?

Thank you all for accompanying me on this journey of learning about calibration! Let’s look at a
summary of the previous nine lessons (I will review, briefly). You know so much now and I
hope you will use this knowledge moving forward. Let me share with you that in the 1980s,
educational researchers demonstrated that without any other factors being involved, students who
set a goal/expectation for themselves showed significant and spontaneous academic progress.
This is important and I encourage you to always set a goal and work toward it in all subject
areas, especially when you study for a test or an examination. Also, remember System 1 and
System 2 from now on. After studying/reviewing a portion of the content, which is going to be
on a test, if you had a ‘hunch’ or a ‘good feeling’ that you knew enough and could stop studying,
you should know that it is certainly your System 1 talking.
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My hope is that you will always spend some time thinking logically (using System 2) about how
much effort you have expended and what it takes to be successful on a task before deciding
whether you are ready for your test or need to study some more. In decision making, you should
be patient, take your time, and depend on logic and evidence, rather than basing your decisions
on your feelings at the time. Now I need a person with a reasonably good handwriting to go to
the board and I want each of us to contribute by telling him/her to write down one thing that they
learned during this study.

Also, please complete your notecards and point plot Q9, which I returned, on your calibration
graphs. Thank you!

Lesson #10: Modelling and Reinforcement
Ideas for Classroom Scenarios and Activities

- Remember that you cannot improve something that you are unaware of. Study habits are
fundamentally important to your academic success. These habits strongly influence your
decisions as to how to expend time, attention, and other cognitive resources on academic
tasks toward successful task performance. Let’s work in groups of 3 or 4. Everyone will
contribute by writing down what their main study habits are and how they can improve it.
Here, we will only focus on mathematics.

- An important goal of this study was to bring to your attention that you are in control of
your thinking, study habits, and mathematics performance scores. What do you think this
means and what do you think about your own autonomy and authority? (Discussion) What
do you think affects your grades in math? (Discussion)

- You may find it interesting to know that although calibration research in psychology goes
back to the year 1900 (more than a century ago), more than 80% of the contemporary
research on calibration is not situated in an academic domain such as mathematics or
science, but rather resides in professional and judicial areas. In groups of 4 or 5 make lists
of what in your opinion calibration research can do for other fields and professions such as
medical sciences, law enforcement, air and marine navigation, business, economics,
management, engineering, and so on. This speaks to the importance of calibration for task
performance in any professional or academic area that you might be interested in. Use
Google if you want.

- General metacognitive skills are lifelong learning skills. How do you think these skills
(e.g., planning, monitoring, evaluation) might be applied to your other academic courses
to help you prepare for tests and exams?

- It is sometimes said that the best way to learn a topic is to teach it. Do you think you can
teach someone about metacognition? Try and let me know.
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The Calendar Representing the Intervention-Related Activities
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Mathematics MCR3U
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3 4 5 6/7
New Semester |Building context for |Building context for
Welcome & the study, the study,
Introduction answering answering
questions questions

notes

8

Questionnaire #1

9

Calibration Lesson
+ Monitoring
strategy training

10

Questionnaire #1
(If missed) +
Monitoring
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11

Questionnaire #1
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Monitoring strategy
training

12

Assessment #1
Students choose
questions + estimate
performance scores

13/14

15

Return test & Take
up+ Calibration
graphs + Reflection
notecards

16

Calibration lesson
+ Monitoring
strategy training

17

Monitoring
strategy training

18

Monitoring strategy
training

19

Assessment #2
Students choose
questions + estimate
performance scores

20/21

22

Return test & Take
up + Calibration
graphs + Reflection
notecards

23

Calibration lesson
+ Monitoring
strategy training

24

Monitoring
strategy training

25

Monitoring strategy
training

26

Assessment #3
Students choose
questions + estimate
performance scores

27/28

29

Return test & Take
up + Calibration
graphs + Reflection
notecards

28

N



5

WEEK

6

WEEK
| notes

8 WEEK 7 WEEK
| notes | notes

WEEK
| notes

MARC

5

12016

) SUBJECT Mathematics MCR3U
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SAT/SUN
1 2 3 4 5/6
Calibration lesson + | Monitoring Monitoring Assessment #4
Monitoring strategy | strategy training | strategy training |Students choose
training questions + estimate
performance scores
§
Cc
=
7 8 9 10 11 12/13
Return test & Take |Calibration lesson + | Monitoring Monitoring Assessment #5
up + Calibration Monitoring strategy | strategy training | strategy training |Students choose
graphs + Reflection |y4iping questions + estimate
notecards performance scores

14

15

MARCH

16

17

BREAK

18

19/20

21

Return test & Take
up + Calibration
graphs + Reflection
notecards

22

Calibration lesson +
Monitoring strategy
training

23

Monitoring
strategy training

24

Monitoring
strategy training

25

Review &
reinforcement of
calibration lessons

26/27

28

Return test & Take
up + Calibration
graphs + Reflection
notecards

29

Calibration lesson +
Monitoring strategy
training

30

Monitoring
strategy training

31

Monitoring
strategy training

28

W



8

WEEK

12 WEEK 11 WEEK 10 WEEK 9
| notes | notes | notes

WEEK
| notes

APRIL 2016

SUBJECT, Mathematics MCR3U
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SAT/SUN
1 2/3
Assessment #6
Students choose
questions + estimate
performance scores
:q/‘:i
(o]
c
4 5 6 7 8 9/10
Return test & Take |Calibration lesson + | Monitoring Monitoring Assessment #7
up + Calibration Monitoring strategy | strategy training | strategy training |Students choose
graphs + Reflection | 3jping questions + estimate
notecards performance scores

11

Return test & Take
up + Calibration
graphs + Reflection
notecards

12

Calibration lesson
+ Monitoring
strategy training

13

Monitoring
strategy training

14

Monitoring
strategy training

15

Assessment #8
Students choose
questions + estimate
performance scores

16/17

18

Return test & Take
up + Calibration
graphs + Reflection
notecards

19

Calibration lesson +
Monitoring strategy
training

20

Monitoring
strategy training

21

Monitoring
strategy training

22

Assessment #9
Students choose
questions + estimate
performance scores

23/24

25

Return test & Take
up + Calibration
graphs + Reflection
notecards

26

Monitoring strategy
training

27

Monitoring
strategy training

28

Monitoring
strategy training

29

Assessment #10
Students choose
questions + estimate
performance scores

30///31

28

(o)



13

WEEK

14

WEEK

MAY 2016

SUBJECT, Mathematics MCR3U
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SAT/SUN
Questionnaire #2 Questionnaire #2 Assessment #11
(If missed) Students choose
questions + estimate
performance scores
g
S
)
Return test & Take |Monitoring strategy | Monitoring Monitoring Saying thanks &
up + Calibration  training strategy training | strategy training |closing remarks

graphs + Reflection
notecards

Assessment #12 is
the final exam

notes

287



Appendix K

Students’ Individual Calibration Graphs
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Appendix L

Seven Samples of Individual Student’s Blended Data Analysis
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Appendix M

Ethics Approval Issued by the University of Alberta Research Ethics Board (REB 2)

Notification of Approval

Date: September 28, 2015
Study ID: Pro00057546
Principal . Behnaz Herbst
Investigator:
Study . Florence Glanfield
Supervisor:

.. . A Classroom Study of the Development of Mathematics Students’ Metacognitive
Study Title: L

Calibration

Approval
Expiry Date: Tuesday, September 27, 2016

Approved  Approval Date Approved Document

Consent 9/28/2015 Letterhead_Letter of Invitation (Parents) and Informed Consent Form

Form: 9/28/2015 Letterhead_Research Information Sheet and Contact Information
9/28/2015 Letterhead_Letter of Invitation (Students) and Assent & Consent Forms

Thank you for submitting the above study to the Research Ethics Board 2. Your application has been
reviewed and approved on behalf of the committee.

A renewal report must be submitted next year prior to the expiry of this approval if your study still
requires ethics approval. If you do not renew on or before the renewal expiry date, you will have to re-
submit an ethics application.

Approval by the Research Ethics Board does not encompass authorization to access the staff,
students, facilities, or resources of local institutions for the purposes of the research.

Sincerely,

Stanley Varnhagen, PhD
Chair, Research Ethics Board 2

Note: This correspondence includes an electronic signature (validation and approval via an online
system).
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Appendix N
Ethics Approval Issued by the School Board External Research Review Committee (ERRC)
January 12, 2016
Dear Behnaz Herbst,

Re: A Classroom Study of the Development of Mathematics Students’ Metacognitive
Calibration

Thank you for your detailed response to the External Research Review Committee (ERRC)
letter from November 2015 and which addressed all of the comments and questions. On behalf
of the ERRC, final approval is now granted for your investigation of students’ self-evaluation
and meta-cognitive calibration of their task performance in mathematics. As previously noted,
we understand that you will be implementing classroom interventions and math tasks to all
students as part of the regular program and pedagogy in your own Grade 11 Math class at
(School Name), but that only those with consent will submit materials for the research study
(e.g. questionnaires, grade estimates, reflection notecards, gap graphing, and follow-up
interviews). We also appreciate the change in procedure to conduct individual student
interviews on-site before the end of the semester. As a condition of this approval, ERRC will
also look forward to receiving both an electronic and paper copy of your final report upon
completion, and which you anticipate will be available by ..............

Sincerely,

Sally Erling,

Chair External Research Review Committee,
E-mail: ERRC@....

c.c. Principal, (School Name)

2015-2016-32
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