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ABSTRACT

Research has shown that many high school students are not prepared for college
and/or the work force because they have not learned how to learn. Students who are
unaware of the metacognitive process are usually underachievers who have lower
academic goals, and are less accurate in assessing their own abilities. While
metacognition is a learning strategy that has been shown to increase learning,
comprehension, attention, motivation, and memory, it continues to be a missing
component in today’s classrooms. In order to determine if metacognitive awareness – as
measured by the Motivated Strategies for Learning Questionnaire (MSLQ) – could be
increased, a quasi-experimental study was conducted to determine the effects of teaching
a process-oriented metacognitive strategy to students at a public high school located in
Massachusetts. The sample population consisted of 68 students in all four grade levels,
with 32 in the control group, and 36 in the treatment group. The results of the study
showed that less than half of the sample population initially reported being familiar with
metacognition, and that there were no significant differences in the reported levels of
metacognitve awareness between the four grade levels. It was also found that
metacognitive awareness could be increased by providing direct instruction followed by
exercises in the utilization of the learning strategy. These findings were consistent with
the research that has shown metacognitive skills can be taught through carefully designed
and delivered instructional activities.
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CHAPTER I
INTRODUCTION

Introduction to the Problem
You will not teach them WHAT to think, but HOW to think, and they will then
know how to act.
- Abigail Adams
The technology department at our high school currently offers computer
programming, web page design, and audio production classes. These classes are
considered electives, and are usually comprised of 15-24 students with the grade level
ranging from freshman to senior. During the course of the semester, students are
presented with a series of increasingly difficult concepts related to the subject. Related
concepts, when possible, are grouped together – or chunked – in an effort to make it
easier for the students to organize and remember the information. In order to maintain
consistency in the classroom, each concept is presented in a similar fashion. First, the
previous concept is reviewed in order to ensure its understanding. Students are then given
a handout that lists the concept and provides a standardized format for note taking during
the discussion portion of class. The handout, if completed by the student, is designed to
serve as a reference during the completion of practice and graded projects. Next, the new
concept is described and discussed, students are asked how it relates to the previous
concept, and how they think it might be utilized in their projects. LanSchool – the
classroom management software – is used to broadcast examples of the concept to each
student monitor. During this demonstration, typical problems that students have
1
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encountered in the past are identified. These mistakes are highlighted in an attempt to
help current students avoid similar situations or circumstances. The lesson ends with a
summary and a question and answer session. After any misunderstandings have been
addressed, students are given the remainder of the class period in order to examine and
explore the new concept and its interaction(s) with the previous concepts. Once two or
three new concepts have been presented, a practice – or formative – project is completed,
and then a graded – or summative – project is assigned to assess student learning. To
ensure the utilization of the presented concepts, students are given the technical
requirements for each graded project, and to encourage creativity, students usually have
the option of choosing their own topic or content. Due to the cumulative nature of the
class, successive projects become more complex as they incorporate not only the new
concepts, but each previous one as well.
During the completion of these projects, many of the students:
1. Lack organizational and time management skills.
2. Do not exhibit any creativity or imagination.
3. Are not detail oriented, do not take notes, or ask questions.
4. Are not able to clearly communicate their thoughts and ideas.
5. Exhibit characteristics of learned helplessness insomuch as they proclaim, “I
can’t do this,” when their first attempt is not successful.
Understandably, at the beginning of the semester, these students may be unaware of how
to be or do these things. They may not be familiar with or understand the tools,
techniques, and technologies required in order to effectively and efficiently plan,
organize, and complete their projects. That being the case, in addition to the subject
2
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matter presented in class, students are initially given specific directions on how their
projects should be organized, e.g., the file and folder structure, along with suggestions on
how to logically proceed through the project. Despite being provided with these
instructions and suggestions, there are still students who have difficulty beginning or
completing their projects, and consequently make the same mistakes from project to
project. This is troublesome, especially as the semester progresses, due to the fact that the
structure of the class and of each project is basically the same. While metacognitive
strategies such as questioning, checklists, and self- and peer-evaluations are currently
provided and modeled in conjunction with the projects, not all students seem to
understand the universal nature and purpose of these techniques. They may consider them
separate and optional – not essential – strategies, and only consciously utilize them when
reminded, or as an afterthought. Considering the original impetus for this study was
based on the observations and frustrations of watching students attempt to complete their
classroom assignments and projects, the hope to help these students overcome the
barriers that impede their learning and success, especially during project-based learning,
by making metacognitive strategies a more integral and required component of each
project.

Background of the Study
In Rising to the Challenge: Are High School Graduates Prepared for College and
Work? (2005), as many as two in five recent high school graduates said that there are
gaps between the education they received in high school and the overall skills, abilities,
and work habits that are expected of them in college and in the work force today. Of the
3
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1,487 public high school graduates that were interviewed for the study, 56% of the
respondents that were currently enrolled in college, and 49% of the respondents that were
not currently enrolled in college, respectively said that high school had left them
unprepared for the work and study habits expected of them in college or in the work
force. Employers and college instructors also agreed that a large proportion of students
are unprepared. Of the 400 employers interviewed, 39% estimated that recent high school
graduates with no further education were unprepared for the expectations that they faced
in entry-level jobs, with 45% not adequately prepared for the skills and abilities they
needed to advance beyond entry level. Of the 300 instructors – those who taught firstyear students at two- and four year colleges – interviewed, only 18% felt that most of
their students came to college extremely or very well prepared.
These findings were echoed in a report from the Blackboard Institute and in a
press release from CanoeAndShovel.com. The Blackboard Institute found that high
school students should learn in technology-rich classrooms that redesign the learning
process to emphasize problem-solving, critical thinking, and other higher-order thinking
skills, in order to help close the achievement gap between high school and college
(Zwang, 2011). CanoeAndShovel.com (2011) stated that business growth and survival in
the new economy depended on innovation and the implementation of new ideas and
processes, but that students were unprepared for these types of challenges as they lacked
leadership, critical thinking, and problem solving skills. Sadly, it seems, the traditional
school curriculum has not focused on teaching the necessary skills to ensure the success
of their students in the post-secondary education or work worlds.

4
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Traditional education focuses on teaching, not learning. The traditional approach
to classroom instruction is teacher-centered and is generally focused on the mastery of
content (How Does It Differ From the Traditional Approach, 2004). This type of
instruction, however, reinforces passive learning, particularly in inexperienced or
unprepared students (Steinhorst & Keeler, 1995). In this common classroom approach,
students passively learn by listening to teacher-led lectures. A typical lecture delivers as
much information as possible – as quickly as possible – while students passively sit,
listen, and maybe take notes. They quietly record and absorb the information dictated to
them, and then are assessed on their ability to recall and communicate what they have
heard, read, or seen. Ironically, passive learners operate under the misconception that
they are doing their best if they simply listen to the teacher. These students, not knowing
how to be active participants in the lecture, rely only on memorization and repetition for
learning (Major & Palmer, 2001). While the lecture approach does have its advantages,
e.g., the ability to present a great deal of information in a short period of time, research
shows that being passive in the classroom generally leads to only limited retention of
knowledge by students (McKeachie, Svinicki, & Hofer, 1998). Based on the Cone of
Experience (Dale, 1969), verbal symbols are the least effective method at ensuring
student retention. This is followed by recordings, radio, and still pictures, and then
motion pictures. By contrast, direct purposeful experiences are the most effective.
Despite this, the underlying assumption of the traditional educational system is that
students will still be able to recall and apply any previously presented information to the
solution of new problems as they arise, both in school and in real life situations (Howard,
2002). Unfortunately, most classroom activities are only taught with regard to how the
5
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student will be tested rather than to how the learned activity can be applied in their life
(Travis, 1996). While these students may become successful repeaters of knowledge, they
are not learning how to apply their knowledge to open-ended, real-life challenges (Cadle,
2010).
During the school year, students are required to understand and perform a variety
of tasks, but very few teachers provide sufficient explanation of the strategic skills
needed to complete these tasks (Paris & Oka, 1986). Traditional, teacher-centered,
education does not focus on the development of thinking processes and metacognitive
strategies (Cadle, 2010) as teachers assume that their students have already learned them
(McKeachie, 1988). That not being the case, a system for teaching learning strategies
needs to be implemented in the classroom because, as discussed, passive learners do not
know or use learning strategies, are usually not successful students (Finegan, 2009), and
ultimately fail in school (Learning Strategies, 2011). This methodology is based on the
assumption that self-awareness of thinking processes is a developmental ability, which
can be encouraged by training in metacognitive skills (Wiens, 1983). Bransford, Brown,
and Cocking (2000) agreed, stating that developing strong metacognitive strategies and
learning to teach those strategies in a classroom environment should be standard features
of the curriculum in schools of education Metacognitive awareness is simply thinking
about thinking. Metacognitively aware learners are more strategic and perform better than
unaware learners. When learners use regulatory metacognitive skills, they do better at
paying attention, they use learning strategies more effectively, and they are more aware
of when they are not comprehending something they are trying to learn (Schraw &
Dennison, 1994). Therefore, the teaching of metacognitive activities must be
6
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incorporated into the subject matter that students are learning (White & Frederickson,
1998), and the classroom often provides the best opportunity to develop the
metacognitive skills needed by students (Clark, 2002). Research shows that explicitly
teaching these skills and study strategies will improve learning (Commander & ValeriGold, 2001; Ramp & Guffey, 1999; Chiang, 1998; El-Hindi, 1997; McKeachie, 1988).
Teaching means teaching students how to think and how to learn. It is not just
about communicating facts or mechanical skills (Cromley, 2000), but about
communicating the process of learning how to understand the world. The changes in our
society necessitate a change in the role and function of schools so that they better meet
the needs of the learner as a whole person, whether that person is a student, teacher,
administrator, or parent. There is abundant evidence that motivation, learning, and
achievement are enhanced when learner-centered principles and practices are in place
(McCombs & Whisler, 1997), because learner-centered education places the student at
the center of education. By helping the student acquire the basic skills to learn, it
ultimately provides a basis for learning throughout life, and therefore places the
responsibility for learning on the student, while the instructor assumes responsibility for
facilitating the student’s education (Arizona Faculties Council, 2000).

Statement of the Problem
The central theme of any curriculum should be to teach students how to learn
(Association of American Colleges, 1985). However, considering the reported number of
students who are unaware of the metacognitive process (Everson & Tobias, 2001;
Matzano & Harris, 1999), and the number of teachers who do not currently teach
7
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metacognitive strategies (Veldheer & Davenport, 2008), learning how to learn is still not
considered a necessary outcome of the traditional, discipline-based classroom (Halpern,
1999).
Metacognition is increasingly recognized as an essential element of skillful
thinking and learning. However, the ability to think skillfully and to reflect on our
thinking is not an innate human characteristic; therefore, helping students to understand
and control how they think is difficult (Buoncristiani & Buoncristiani, 2008). Most
students are unaware of the metacognitive process (What Is Metacognition, 2005), and
many teaching and learning situations do not encourage the development of
metacognitive awareness among its students (Ellis, 1999) as most classroom instruction is
generally focused on the transfer of facts rather than on the development of thinking
processes and metacognitive strategies. In fact, student thinking is devalued in many
traditional classrooms. Students are expected to listen, learn and reproduce the
knowledge of the dominant social, economic class and leave the teaching to the teacher
(Brooks & Brooks, 1993). Regrettably, this traditional Sage on the Stage philosophy is
compounded by the continued emphasis on standardized testing. Teachers, in order to
comply with the stringent requirements of the tests, have become content specialists,
trained in the language of content, but not in the development of thinking skills. This
approach often fails to teach students how they best learn and how to most effectively
process information (Cadle, 2010) as standardized test scores often only measure
superficial thinking (Kohn, 2000). Students without metacognitive approaches are
essentially learners without direction (O’Malley, Chamot, Stewner-Manzanares, Kupper,

8
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& Russo, 1985). According to Costa & Kallick (2009), students who lack metacognitive
skills:
1. Often follow instructions or perform tasks without wondering why they are
doing what they are doing.
2. Seldom question themselves about their own learning strategies or evaluate
the efficiency of their own performances.
3. Have little or no motivation, and virtually have no idea of what they should do
when they confront a problem and are often unable to explain their strategies
of decision-making.
Learning for these students is reduced to episodic rote learning and memorization,
primarily directed at just passing tests and getting through school. Unfortunately, rote
memorization is the usual learning strategy – and often the only strategy – employed by
high school students when they go to college (Nist, 1993).
The idea that all students should learn how to think critically is a relatively new
one (certainly since the turn of the 20th century), and one for which most schools are not
well prepared (Cromley, 2000). Gardiner (1998) said that only 14 percent of the 745
research university students he surveyed said that they had ever been formally taught how
to study, in high school or in college. The thinking skills needed to analyze, classify,
organize, summarize, and discern the overabundance of information provided through
various media are not being taught as an integral component of the core curriculum
(Cadle, 2010). If learners are to be afforded the opportunity to regulate their own
learning, then a metacognitive strategy has to be developed and implemented in the
classroom in order to redefine the learning outcomes (Ponnusamy, 2010), and this can
9
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only be accomplished by empowering students, making them stakeholders in their own
learning, and consequently, making them responsible for their own learning and learning
processes (Gentry, n.d.).

Purpose of the Study
The purpose of this study will be to examine the relationship between teaching a
process-oriented metacognitive strategy and increasing the level of metacognitive
awareness in high school students. In order to determine the existence of this relationship,
two Introduction to Computer Programming classes at a public high school in
Massachusetts will be compared in terms of their posttest Motivated Strategies for
Learning Questionnaire (MSLQ) scores.
Metacognition is a critically important, yet often overlooked component of
learning (Lovett, 2008). Wang, Haertel, & Walberg (1990) reviewed 179 papers on
learning achievement to discover that metacognition ranked first among the more than
200 factors that affect schooling outcomes. Additional research indicates that direct
instruction in metacognitive strategies can induce increases in student learning (Scruggs,
1985), and many learning theorists believe that students with better metacognitive
abilities are more likely to become better learners. While there are several approaches to
metacognitive instruction, the most effective seem to involve:
1. Providing the learner with a metacognitive strategy.
2. Providing the learner with an experience or practice in using the strategy.
3.

Having the learner evaluate the outcomes of their efforts.

10
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Simply providing strategies without a significant experience does not seem to be
sufficient for the development of metacognitive control (Livingston, 1997). Teachers who
do provide the strategies and experiences, and who identify the factors that enhance
metacognitive development, can assist their students in developing metacognitive
awareness (Fisher, 1998), and the development of metacognitive awareness is considered
to be one of the keys to successful learning (Ellis, 1999).

Research Questions
The goal of this study will be to answer the following questions:
1. What is the percentage of students who are currently familiar with the term
metacognition?
2. How does providing direct instruction in a process-oriented metacognitive
strategy affect the reported use of cognitive and metacognitive strategies by
high school students as measured by the Motivated Strategies for Learning
Questionnaire (MSLQ)?
3. What is the relationship between student grade levels and the reported use of
cognitive and metacognitive strategies by high school students as measured by
the MSLQ?

Nature of the Study
The research conducted in this study will be quantitative in nature and will be
used to determine the influence of providing direct instruction in a metacognitive strategy
on the level of metacognitive awareness of high school students. A quasi-experimental
11
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nonequivalent groups design (NEGD) will examine how an independent variable, the
teaching of a process-oriented metacognitive strategy, affects the dependent variable, the
reported level of metacognition. The Motivated Strategies for Learning Questionnaire
(MSLQ) will be used to assess the levels of metacognition. The MSLQ was designed to
measure student motivation and their use of learning strategies. A thorough discussion of
the methodology used in this study will be provided in Chapter III.

Significance of the Study
The goal of instructional technology is to improve the efficiency and effectiveness
of student learning and instructional technologists do this by first understanding how
students learn, and then by designing instructional materials and systems to facilitate that
learning. By selecting appropriate technologies to aid in the design and delivery of
instruction, instructional technologists solve educational problems. From an instructional
design perspective, this study has identified an educational problem, and – based on the
ADDIE model – will:
1. Analyze – identify instructional goals.
2. Design – develop learning objectives.
3. Develop – create instructional materials.
4. Implement – distribute and deliver the instructional materials.
5. Evaluate – ensure that the materials achieved the desired results.
The results of this study will then have the potential to benefit any classroom
teacher, not just those who teach computer programming. The results will initially benefit
those teachers who are interested in helping their students become more active and
12
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independent learners who are confident and motivated in the classroom. For teachers who
are unaware or unfamiliar with metacognition, or how to incorporate it into their
classroom, the study will provide them with both information and a process on how to
assist their students develop their metacognitive awareness. It will be especially
beneficial to those teachers who utilize project-based learning, or any type of learning
activity that requires a series of tasks to be identified and then completed in a specific
order. By introducing a process-oriented metacognitive strategy and using a learning
journal along with their classroom activities, assignments and projects, teachers will help
their students learn how to plan, monitor, and evaluate their learning, which in turn, will
make them more efficient, effective, and successful problem solvers.
Along with the research that dictates the importance and necessity for teaching
metacognitive strategies in the classroom, there are also a number of articles that
recommend using learning journals as a means to augment the development of
metacognition (Blakely & Spence, 1990; Case, Gunstone, & Lewis, 2001; Farmer, 2003;
List, 2007; Peirce, 2004). By using a learning journal, metacognitive awareness is
increased as students become actively engaged in their own learning while recording and
reflecting on their own thinking. However, despite these meaningful recommendations,
many of these articles simply advocate the use of learning journals without providing a
scientific basis for their suggestion. Considering the dearth of empirically based research
with respect to the effectiveness of using learning journals as a means of developing or
increasing metacognitive awareness, the results of this study will also:

13
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1. Serve to bridge the gap between educational theory and practice by providing
a practical application to test the effectiveness of using a learning journal to
increase metacognitive awareness.
2. Contribute to the understanding and/or improvement of educational processes
and outcomes.
3. Contribute to the existing body of educational research and knowledge.

Assumptions
This study will make the following assumptions:
1. The students have not have had any prior instruction in metacognitive
strategies.
2. The students will be receptive and participate in the study to the best of their
ability.
3. Metacognitive strategies can be taught.
4. Metacognitive strategies can be learned.
5. Metacognition can be measured.
6. The Learning Strategies section of the MSLQ measures the students’ use of
cognitive and metacognitive strategies.
7. The use of metacognitive strategies will lead to improved academic
performance.

14
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Limitations
This study will have the following limitations:
1. The sample population will be small and not randomly selected.
2. The sample population will be limited to two introductory computer
programming classes at a public, four-year, comprehensive high school
located in Massachusetts.
3. Due to the small and unique sample population, the results may not be
generalizable beyond the specific population from which the sample will be
drawn.
4. The demographic distribution of the sample population will be dependent
upon the students who sign up for and who are then scheduled for the class.

Delimitations
This study has the following delimitations:
1. The limited computer programming knowledge and skills of the researcher
with regard to the design and development of the treatment, the Metacognitive
Task Tracker.

Definition of Terms
Learning journal - A diary of process in which students reflect upon their
thinking, make notes about their awareness of ambiguities and inconsistencies, and
comment on how they have dealt with difficulties (Blakely & Spence, 1990).

15
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Metacognition – Thinking about thinking (Fogarty, 1994), or knowing about
knowing (Metcalfe & Shimamura, 1994).
Metacognitive awareness – Relates to an individual's awareness of where they are
in the learning process, their knowledge about content knowledge, personal learning
strategies, and what has been done and needs to be done (Wilson, 1999).
Metacognitive self-regulation – The process of taking control of and evaluating
one's own learning and behavior (Ormrod, 2009).
Metacognitive strategies – A sequential plan of action that requires developing a
plan of action, maintaining/monitoring the plan of action, and evaluating the plan of
action (North Central Regional Educational Laboratory, 1995).

Organization of the Study
This study will consist of five chapters. Chapter I will provide an introduction to
the study, and will identify the research problem and research questions, along with the
purpose, nature, and significance of the study. Chapter II will present a comprehensive
review of the existing literature. Relevant research will be discussed and compared in
order to provide an in-depth summary of related studies and viewpoints consistent with
the research problem. Chapter III will discuss the research methodology and design,
including the instruments, participants, procedures, and materials that will be used in the
study. Chapter IV will provide an analysis of the collected data, and Chapter V will
discuss the results of the study, including the findings, conclusions, and recommendations
for future research.
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CHAPTER II
REVIEW OF LITERATURE

Introduction
Educational psychology focuses on the study of how people learn and develop in
educational settings. It is the study of the social, ethical, and cognitive development of
students as they progress from children to adult learners. Educational psychologists
develop and apply theories of teaching, learning, and human development to determine
the most effective ways for educators to teach these students. This branch of psychology
also includes the social, emotional, and cognitive processes that are involved in learning,
and incorporates a number of other disciplines, including developmental psychology,
behavioral psychology, and cognitive psychology.
Cognitive psychology is the branch of psychology that studies mental processes
including how people think, perceive, remember, and learn (Cherry, 2011). It is described
by the Gale Encyclopedia of Psychology (2001) as an approach to psychology that
focuses on the relationship between cognitive or mental processes and behavior.
Metacognition is based in cognitive psychology. The Oxford Dictionaries (2012) defined
metacognition as an awareness and understanding of one’s own thought processes, and
the term metacognition is often associated with the idea of self-awareness, and selfawareness can result in more effective learning (Scottish CCC, 1996).
While metacognition has recently been placed at the pinnacle of self-growth
(Dunlosky & Metcalfe, 2009), the importance of self-awareness – one of the most
fundamental issues in psychology – is not a new concept. The first documented use of a
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metacognitive strategy involved the poet Simonides (557-468 BC). Simonides is credited
with the creation of the method of loci, a powerful mnemonic strategy designed to
improve memory. The Greek philosopher Aristotle (384-322 BC) proposed the concept
of the active and passive mind in De Anima iii 5 (350 BC). During the Middle Ages, the
concept was further developed by such theologians as Thomas Aquinas, and in 1659,
Cartesian rationalism was proposed by Rene Descartes which emphasized the inner
process of self-awareness – a metacognitive process – which is still a powerful force in
philosophical and psychological thought today (Pajares & Schunk, 2002).
While metacognitive knowledge has been evident in cultures since antiquity,
researchers have only begun to systematically investigate metacognition during the past
30 years (Dunlosky & Metcalfe, 2009). Once simply considered an epiphenomenon,
metacognition has emerged as one of the major research interests in cognitive psychology
(Metcalfe & Shimamura, 1996). The study of metacognition has provided educational
psychologists with insight about the cognitive processes involved in learning and what
differentiates successful students from their less successful peers (Livingston, 1997).
While research and practice consistently show that no single factor, strategy, or program
can make all the difference when trying to increase the level of academic success in
school (Scales & Roehlkepartain, 2003), research does indicate that teaching learning
strategies can increase academic achievement (Hattie, Biggs, & Purdie, 1996). Students
who have the ability to set goals, analyze tasks, plan strategies, and monitor their
understanding tend to be more effective learners who have greater intrinsic task interest
and self-efficacy. These types of activities – planning how to approach a given learning
task, monitoring comprehension, and evaluating progress toward the completion of a task
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– are metacognitive in nature, and metacognition has been shown to be one of the critical
components of effective learning.
A subset of the trend of developing self-management skills in metacognition is the
relationship between metacognition and constructivist learning theory (Imel, 2002).
Being a thinking activity, metacognition is closely related to constructivism, and an
important aspect that contributes to meaningful and successful learning, according to the
constructivism perspective, is metacognition (Constructing Constructivism, 2012).
Constructivism is the learning theory that changed the traditional view of learning
from simple knowledge absorption into more active knowledge construction, and the
philosophical roots of constructivism suggests that if the learner considers what they are
learning as important, then they will seek their own insight, i.e., they will build an
understanding based on their current information. Using constructivist principles, these
learners actively process information, while using prior knowledge, skills, and strategies
(Resnick, 1989). Constructivist teaching and learning theory is an approach to learning
that locates cognition and understanding within the individual (Daley, 2002). Daley
(2000), Kuiper (2002), and Peters (2000) all point out how the use of constructivist
learning with its emphasis on self-reflection and knowledge construction can contribute
to the development of skills in metacognition.
Several studies have linked metacognition to a constructivist framework. Results
of these studies indicated that metacognition could play a role in students’ cognition and
knowledge construction:
1. Goos and Galbraith (1996) investigated how students used metacognitive
strategies in small group settings.
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2. Grave, Boshuzien, and Schmidt (1996) examined metacognitive processes like
verbal communication in groups and thinking processes in a problem-based
learning (PBL) environment.
3. Using various qualitative approaches, Thomas and McRobbie (2001) showed
that students’ propensity to enhance their metacognition and learning process
could be linked to the use of a constructivist framework.
Constructivism is not just another way of knowing, but a way of thinking about
knowing (Constructivism Learning Theory, n.d.). Constructivist learning is considered a
constructive, cumulative, self-regulated, goal-oriented, situated, collaborative, and
individually different process of knowledge building and meaning construction (De
Corte, 2000), according to Narode (1989), metacognition is grounded in constructivist
theory, and provides the foundation upon which students can construct new information.
When students think about their own thinking, cognition and metacognition come into
play (Rickey & Stacey, 2000), and opportunities for students to engage in reflective
abstractions, where they deliberately stop and reflect on their thinking processes, how
they plan and execute academic tasks, and how they solve problems, are consistent with a
constructivist philosophy. Constructivism involves the process of questioning, exploring,
and reflecting. This theory says that learners should construct their own understanding
and knowledge of the world through varied experiences. Many active teaching and
learning techniques reflect the constructivist approach, with metacognition, or thinking
about thinking, being an important activity in the constructivist classroom
(Constructivism, 2011). Considering metacognition is grounded in these constructivist
principles, education should no longer focus simply on the transfer of knowledge, but
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also on the development of metacognition (de Jager, Jansen, & Reezigt, 2005).
The purpose of this study will be to examine the relationship between teaching a
process-oriented metacognitive strategy and increasing the level of metacognitive
awareness in high school students. This review of literature is being conducted to
examine the empirical evidence regarding the effectiveness of implementing
metacognitive strategies in the classroom. This chapter is divided into four main sections:
Metacognition, Metacognition in Computer Programming, Research Studies, and Issues.

Metacognition
The Greek word meta signifies going beyond. The term meta refers to second
order knowledge, and the prefix meta- is used in American English to indicate a concept
that is an abstraction from another concept, used to complete or add to the latter. In
ancient Rome, a meta was a column or post, or a group of columns or posts, placed at
each end of a racetrack to mark the turning places (Dictionary.com, n.d.). Metacognition,
then, is cognition that goes beyond ordinary thinking, and is a concept that can be seen as
a turning point in our understanding of the mind (Fisher, 1998).

Definitions of Metacognition
Flavell introduced the concept of metacognition in 1976, and his characterizations
of the main elements of the concept are still in use today (Boekaerts & Simons, 1993; De
Jong, 1992; Resnick, 1989; Simons, 2000). But while metacognition is often defined as
thinking about thinking (Fogarty, 1994), or knowing about knowing (Metcalfe &
Shimamura, 1994), the precise definition of metacognition is a subject of some debate as
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definitions for metacognition tend to vary based on discipline or the perspective of the
defining theorist. Consequently, defining metacognition has not been that simple
(Livingston, 1997) primarily because researchers have not used standard definitions;
therefore, a singular definition for metacognition does not exist.
Metacognition is a concept that has been used to refer to a number of
epistemological processes, and has been described as:
1. The knowledge about and regulation of one’s cognitive activities in learning
processes (Brown, 1978; Flavell, 1979).
2. The orchestration of implementing, monitoring, and reflecting on one’s
thinking (Bransford, Sherwood, Vye & Rieser, 1986; Glaser, 1984).
3. Thoughts about thoughts, knowledge about knowledge, or reflections about
actions (Weinert, 1987).
4. Thinking about thinking; knowing what we know and what we don’t know
(Blakey & Spence, 1990; Costa, 1991).
5. A learner’s knowledge about his or her processes of cognition and the ability
to control and monitor those processes as a function of the feedback the
learner receives via outcomes of learning (Metcalfe & Shimamura, 1994;
Schraw, 1998).
6. Knowledge about themselves and about the strategies they use to tackle
problems (Fisher, 1998).
7. An individual’s awareness of where they are in the learning process, their
content knowledge, personal learning strategies, and what has been done and
needs to be done (Wilson, 1999).
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8. Being aware of our thinking as we perform a specific task and then using this
awareness to control what we are doing (Town, 2002).
9. Knowledge and awareness of one’s own cognitive processes (Mayer, 2003).
To further complicate the lack of a unified definition, terms such as feeling of
knowing, judgment of learning, theory of mind, executive skills, higher-order skills,
comprehension monitoring, learning strategies, and heuristic strategies have also been
associated with metacognition. However, despite the different emphases researchers have
given to their diverse theoretical perspectives, a common conceptualization has emerged
that defines metacognition as the knowledge and control individuals have over their own
cognition and learning experiences (Brown, Bransford, Ferrara, & Campione, 1983;
Corno, 1986; Flavell, 1979; Flavell & Ross, 1981; Jacobs & Paris, 1987; Sternberg,
1985).

History of Metacognition
Metacognition has become a well established, albeit ill-defined, area in
educational research. Metacognition is an important concept in cognitive theory and
brings an awareness of the learning process, the structures involved in that process, the
use of those structures in daily life, and the monitoring of those activities as a way of
improving the educational process (Ridley, D. S. Schulz, P. A., Glanz, R. S., &
Weinstein, 1992).
Metacognition is rooted in the theories of William James, Jean Piaget, Lev
Vygotsky, and John Flavell. While each contributed to the understanding of
metacognition, each had a different perspective. James’ perspective was aligned with the
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Self, Piaget’s with the Other and Object, and Vygotsky’s with the Medium, or Agency of
Language. The perspectives of each theorist reveal parallel and intertwining constructs
that are clearly distinct, yet mutually cognate in their thought and behavior with neither
subsuming nor subordinating the other (Fox & Riconscente, 2008).
William James – along with William Wundt – is considered to be the father of
American psychology as he helped introduce psychology to the United States. He is
given credit for the concept of stream of consciousness, which refers to the flow of
thoughts in the conscious mind. Several themes in his writings presaged the rise of more
explicit theories in metacognition (Crocker, Luhtanen, & Sommers, 2004; Michael &
Oyduk, 2004; Pollio, 1990; Son & Schwartz, 2002). James identified the Self with
cognition, and Habit and Will with self-regulation. He believed that introspective
observation required controlling one’s attention, and that metacognition and selfregulation supported and enabled each other as self-knowledge and self-awareness were
both required for the deliberate mastery of behavior involved in the development of
functional habits (Fox & Riconscente, 2008).
James not only preached metacognition, but practiced it as well. His foundational
metacognitive process – introspective observation – involved both awareness and
communicability. He believed that looking inward was the only way to explore how the
Self could know and act upon itself. James (1890) believed that, “Introspective
observation is what we have to rely on first and foremost and always.” Another aspect of
metacognition addressed by James was the Self as knower (or I) vs. the Self as known (or
me). He believed that education was the process of deliberately acquiring habits and of
controlling one’s behavior. James (1992) stated that, “Education, in short, cannot be
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better described than by calling it the organization of acquired habits of conduct and
tendencies to behavior.” As such, he appealed to teachers to promote a well-developed
suite of adaptive habits, and the capability of deliberately addressing their voluntary
attention to right ideas.
Jean Piaget was a Swiss psychologist who is considered to be the founder of
constructivism, the theory of knowledge that argues that humans generate knowledge and
meaning from an interaction between their experiences and their ideas, i.e., they construct
rather than discover knowledge. He was the first theorist to recognize the differences
between the cognitive processes of children and adults. He discovered that the
intelligence of children develops in four stages:
1. Sensorimotor intelligence.
2. Pre-operational thought.
3. Concrete operational thought.
4. Formal operational thought.
Stage 4, formal operational thought, occurs between 11-12 years old and lasts through
adulthood. During this stage, children become abstract thinkers who use the
metacognitive process of thinking about thinking to solve problems. These formal
operations presuppose metacognition in that children require the ability to think about
their own thoughts. Piaget referred to this thinking about thinking as reflective
abstraction and said that this develops in children through their growing awareness of
different viewpoints and the experience of self-conflict when their understanding is
challenged.
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His perspective on metacognition involved both conscious awareness, and the
capability to communicate one’s rationale. He believed that metacognition and selfregulation co-developed insomuch as one’s organization and systematic thinking about
the world and other perspectives affected, to the same degree, the organization of one’s
own thinking. He believed that by knowing yourself, you were also able to know the
world and to know others. Piaget (1959) described this metacognitive thought – thought
that could be directed by the thinker – as conscious, intelligent, and having the ability to
be communicated by language.
While aspects of Piaget’s theories have been challenged, many of his proposals
are still included in the conventional wisdom of metacognition (Brown, 1987; Flavell,
1992; Harris, 1990; Pinard, 1986). Fox & Riconscente (2008) proposed that the
constructs in Piaget’s theories offer several themes and issues of interest for
contemporary discussions of metacognition. Based on Piaget’s work, they believe that
children naturally learn when interacting with their peers and recommended that
education be designed for adolescents that incorporated abstract and imaginative thought,
and the application of those thoughts to real, concrete specifics, so as to foster mature
metacognitive development.
Lev Vygotsky was a Soviet psychologist and his work has become the foundation
for research in cognitive development, particularly in what has become known as social
development theory (Mcleod, 2007). While Vygotsky shared many of Piaget’s views on
child development, he believed that social learning tended to precede development, as
opposed to Piaget who believed that development preceded learning. He also assumed
that these social interactions played a major role in the origin and development of
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metacognitive functions, and believed that the development of metacognition began with
the internalization of their interactions with others in the home context.
Being one of the first theorists to realize that conscious reflective control and
deliberate mastery were essential factors in school learning, he believed that the role of
education was to give children experiences that were within their zone of proximal
development thereby encouraging and advancing their individual learning (Berk &
Winsler, 1995). The zone of proximal development (ZPD) – a concept developed by
Vygotsky – was defined it as the distance between the actual developmental level as
determined by independent problem solving and the level of potential development as
determined through problem solving under adult guidance, or in collaboration with more
capable peers (Mcleod, 2010). In other words, the ZPD was the difference between what
a learner could do independently (without help) and what he or she could do with the
guidance and assistance of adults or more-skilled children. His concept of the ZPD was a
component of his social development theory in that it maintained that students must
interact with their more capable peers when developing metacognition. Vygotsky’s
theories have provided the foundation for contemporary classroom interventions that
begin with direct instruction by the teacher, followed by teacher modeling, guided
practice of cognitive and metacognitive strategies, and finally a gradual release of
responsibility to the student (Baker, n.d.). The relevance of these theories on
metacognition have been noted by Braten (1991), Brown (1987), Harris (1990), McCaslin
and Hicky (2001), and Wertsch (2008), and according to Brown (1987), Vygotsky
influenced metacognitive theory through his discussion on transference from other-
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regulation to self-regulation. It was this transition from other- to self-regulation that
became regarded as the hallmark of metacognitive development.
The concept of metacognition – relative to cognitive psychology – started with
John H. Flavell (1976, 1979). Flavell, an American developmental psychologist, is
currently regarded as the founder of modern metacognitive research. As one of the
founders of social cognitive developmental psychology, he introduced America to the
work of Jean Piaget in 1963 when he published The Developmental Psychology of Jean
Piaget, and consequently first developed his ideas for metacognition based on Piaget’s
concept of formal operational thought.
The theory of metacognition began in 1971 when Flavell first used the term
metamemory to describe the ability to manage and monitor the input, storage, search, and
retrieval of the contents of one’s own memory. He implied that metacognition was
intentional, conscious, foresighted, purposeful, and directed at accomplishing a goal or
achieving an outcome. He first used the term metacognition in the 1976 article
Metacognitive Aspects of Problem Solving. He stated that metacognition consisted of
both monitoring and regulation aspects, and further defined metacognition as the active
monitoring and consequent regulation and orchestration of these processes in relation to
the cognitive objects or data on which they bear, usually in service of some concrete goal
or objective (p. 232). In his seminal 1979 American Psychologist article, Metacognition
and Cognitive Monitoring: A New Era of Cognitive-Developmental Inquiry, Flavell
suggested that young children do very little monitoring of their own memory or
comprehension due to their lack of metacognitive ability. He also acknowledged the
interest in metacognition in such fields as reading, oral skills, writing, language learning,
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memory, attention, social interactions, self-instruction, personality development, and
education (Theories of Learning in Educational Psychology, n.d.), and first attempted to
generate a formal model of metacognition by proposing that the monitoring of social
cognitive enterprises occurred through the actions and interactions among the following
four classes of phenomena:
1. Metacognitive knowledge – all the knowledge and beliefs that have been
acquired and stored in long-term memory that concerns anything pertinent
to social cognition.
2. Metacognitive experiences – any conscious cognitive and/or affective
experiences or states of awareness that accompany and relate to a social
cognitive enterprise.
3. Tasks or goals – any of the various objectives that may be pursued during a
social cognitive enterprise.
4. Strategies or activities – the cognitions or other behaviors that are carried
out to attain the task or goals.
In 1987, Flavell elaborated on several aspects of his 1979 theory. He suggested categories
for person variables; defined intra-individual variables; submitted an additional
description of task variables; discussed the importance of distinguishing between
cognitive and metacognitive strategies; and offered clarification on the term
metacognitive experience. He also proposed numerous questions and possible
explanations relating to the development of metacognition, and actively encouraged the
development of metacognition in school children, as there were abundant opportunities to
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develop metacognitive knowledge about person, task, and strategy variables in school
settings.
As an initial advocate of metacognition, Flavell was one of the first psychologists
to study the ways in which children thought about their thinking processes (Alic, 2001).
One of his most famous contributions on the cognitive growth of children was his work
on how children develop an understanding between appearance and reality. These studies
assessed the ability of young children to acknowledge that a given object is really one
kind of thing, when it appeared to be another. Flavell found that young children go
through a regular progression of changes in their ability to distinguish between superficial
appearances and deeper reality (Dewey, 2007), and interpreted this developmental
difference by suggesting that children acquire the notion of mental representation of
reality as distinct from reality itself. Flavell's other work addressed children's developing
understanding of perception, perspective-taking, and their introspective insight into their
own subjective experiences.
According to Flavell and Miller (1998), there have been three main waves of
research on the development of children’s knowledge about the mind. The first wave was
based on the research of Piaget who believed that children began their development by
being cognitively egocentric; that is, by not being aware of their own, or other’s,
conceptual, perceptual, or affective perspectives. The second wave was based on the
metacognitive development of children with a majority of the research studies dealing
with children’s metamemory and their knowledge and use of memory strategies.
Additional studies investigated the metacognition of children with regard to their
language and communication, perception and attention, comprehension, and problem
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solving. The third wave – theory-of-mind development – began in the 1980s and
currently dominates the field of cognitive development (Astington, 1993; Flavell &
Miller, 1998). Flavell’s early work inspired theory-of-mind research, which was the
precursor to his theory of metacognition.

Metacognitive Knowledge
According to Lai (2011), metacognitive knowledge is one of the constituent
components of metacognition. Metacognitive knowledge, also referred to as
metacognitive awareness, involves knowledge about cognition in general, as well as a
conscious knowledge of one's actions, intentions, motives, and intellectual functions. It
includes knowledge of the self, of the general learning strategies that can be used for
different tasks, of the conditions under which those strategies might be used, and
knowledge of the extent to which those strategies are effective (Flavell, 1979; Pintrich et
al., 2000; Schneider & Pressley, 1997).
Flavell (1979) defined metacognitive knowledge as one's knowledge or beliefs
about the factors that effect cognitive activities. He viewed cognitive and metacognitive
knowledge differently based on how the information was used rather than the
fundamental differences between their processes. Flavell believed that metacognitive
activity usually preceded and followed cognitive activity, were closely interrelated and
mutually dependent, and that metacognitive knowledge could lead an individual to
engage in or abandon a particular cognitive enterprise based on its relationship to his
interests, abilities and goals. He further divided metacognitive knowledge into three
categories:
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1. Knowledge of person variables.
2. Knowledge of task variables.
3. Knowledge of strategy variables.
The person category of metacognitive knowledge includes the individual's
knowledge and beliefs about himself as a thinker or learner, and what they believe about
other people's thinking processes (Flavell, 1979). Knowledge of person variables – also
known as self-knowledge or self-awareness – includes general knowledge about how
human beings learn and process information, as well as an individual’s knowledge about
their own learning processes to include their strengths and weaknesses. Having this
knowledge may facilitate or impede their performance in a learning situation, e.g., a
person may believe that they can learn better by listening than by reading, or that a
person perceives her friend to be more socially aware than she really is. Having this selfknowledge is important because not all thinking and learning strategies can be applied
equally in different situations. A student must be aware of the different strategies that are
available to them, and then be able to correctly identify the appropriate strategy based on
the task and their preference. Students must also be able to make accurate selfassessments of their factual, conceptual, or procedural knowledge. If a student does not
realize that they do not know something, then it is unlikely that they will make any effort
to acquire or construct any new knowledge. It is important then that students have an
accurate perception of their knowledge base and expertise rather than an inflated or
inaccurate self-knowledge or self-awareness (Pintrich & Schunk, 2002). In conjunction
with their self-awareness, students also have beliefs about their motivation. This includes
their beliefs about their capability to perform a task (self-efficacy), their goals for
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completing a task, and the interest and value the task has for them (Pintrich, 2002). While
motivational beliefs are usually not considered in cognitive models, research has shown
the link between motivation, cognition, and learning (Pintrich & Schrauben, 1992;
Pintrich & Schunk, 2002; Snow, Corno, & Jackson, 1996). It is important then, that in
addition to developing self-awareness about their cognition and learning, that they
develop self-awareness about their motivation as well.
The task category of metacognitive knowledge encompasses all the information
about a proposed task that is available to a person (Flavell, 1979). Knowledge of task
variables includes knowledge about the nature of the task, as well as the type of
processing demands that it will place on the individual. This type of knowledge requires
knowing that different tasks can be more or less difficult and, as such, requires a different
cognitive approach in order to successfully complete the task. For example, according to
Pintrich (2002), a recall task is considered more difficult than a recognition task and
therefore requires a different strategy. The recall task requires the individual to actively
search their memory in order to retrieve the required information, whereas the
recognition task simply requires that the individual discriminate among alternative
answers and select the appropriate one. Recognizing that different learning and thinking
strategies are better suited for different tasks is an important aspect of learning. Knowing
which strategies are available, and then having the knowledge of when and why to use
them appropriately is essential. Considering that different strategies are more appropriate
for different situations, students must first recognize the requirements of the task, and
then develop the knowledge about when and why to use an appropriate strategy (Paris,
Lipson, & Wixson, 1983).
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The strategy category of metacognitive knowledge involves identifying goals,
sub-goals, and selecting cognitive processes to use in their achievement (Flavell, 1979).
Knowledge of strategy variables includes knowledge about general strategies – both
cognitive and metacognitive – as well as conditional knowledge about when and where it
is appropriate to use such strategies for learning, thinking, and problem solving. Strategic
knowledge can be applied to all or most academic disciplines and includes knowledge of
the various strategies students might use to memorize material, to extract meaning from
text, and to comprehend what they hear in books and other course materials (Pintrich,
2002). Despite the number of different learning strategies, they can be grouped into three
general categories: rehearsal, elaboration, and organizational (Weinstein & Mayer, 1986).
Rehearsal strategies consist of memorizing words, terms, or numbers by repeating them
over and over again. This can be used to learn a relatively small amount of information,
and is good for learning foundational information – information that is necessary to learn
before more complex learning can take place. Elaboration strategies include strategies for
summarizing, paraphrasing, and selecting main ideas from texts, and result in better
comprehension and learning compared to rehearsal strategies. Organizational strategies
include outlining, concept mapping, and note taking. As with elaboration strategies,
organizational strategies usually result in better comprehension and learning as they help
students make connections between and among content elements. In addition to these
general learning strategies, metacognitive strategies help students plan, monitor, and
regulate their thinking and learning (Pintrich, 2002).
Metacognitive knowledge of person, task, and strategy variables, along with selfawareness and motivation, is linked to how well students will learn and perform in the
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classroom. Students who are aware of the different kinds of strategies for learning,
thinking, and problem solving will more than likely be able to use them to recall relevant
information, when studying, and when confronting different classroom tasks (Bransford,
Brown, & Cocking, 2000; Schneider & Pressley, 1997; Weinstein & Mayer, 1986).
Students who lack this knowledge will be less likely to adapt to different situations and
be able to regulate their own learning. Metacognitive knowledge also plays an important
role in the ways students are taught and assessed in the classroom, and should be
explicitly taught to facilitate its development. Regardless of the theoretical perspective –
neo-Piagetian to Vygotskian – researchers agree that as students become more aware of
their own thinking, and as they act on this metacognitive awareness, they tend to become
better learners (Bransford et al., 2000).

Metacognitive Self-Regulation
The second constituent component of metacognition is metacognitive selfregulation (Lai, 2011). Metacognitive self-regulation – also referred to as metacognitive
monitoring, metacognitive control, or self-regulated learning (SRL) – is viewed as a
proactive process that students use to acquire academic skills, such as goal setting,
selecting and deploying strategies, and self-monitoring their effectiveness, rather than a
reactive event that happens to them due to contextual forces (Zimmerman, 2008). It also
refers to the degree students are metacognitively, motivationally, and behaviorally active
participants in their own learning processes (Zimmerman, 1989), and is regarded as a
necessary prerequisite for life-long learning (Wirth & Leutner, 2008).
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Metacognitive theorists examine the self-regulated learning strategies of students
by using different theories to explain why some students are more successful that others
(Pressley, 2000; Schunk, Pintrich, & Meece, 2007). According to Maxim (2009) and
Zimmerman and Martinez-Pons (1988), students who used self-regulated strategies:
1. Are intrinsically motivated.
2. Rely on planned learning.
3. Use more goal setting, planning, organizing, memorizing, and self-monitoring
strategies.
These self-regulated learners usually exhibit a high sense of self-efficacy (Pintrich &
Schunk, 2002), and typically use a variety of self-regulated strategies, believe that they
can perform well, and set multiple and varying personal goals (Eccles & Wigfield, 2002;
Zimmerman, 2000). They are cognizant of their academic strengths and weaknesses,
effectively apply their repertoire of learning strategies to their daily academic tasks, hold
incremental beliefs about intelligence (as opposed to fixed views), attribute their
successes or failures to factors within their control (Dweck & Leggett, 1988; Dweck,
2002), and believe that opportunities to take on challenging tasks, practice their learning,
develop a deep understanding of subject matter, and exert effort will give rise to
academic success (Perry, Phillips, & Hutchinson, 2006). Self-regulated learners are selfstarters, confident, strategic, resourceful, and are self-reactive to task performance
outcomes. They are also good thinkers who share similar characteristics (Brown &
Pressley, 1994):
1. They use cognitive strategies.
2. They employ metacognitive strategies, i.e., they monitor their progress.
36

Texas Tech University, Michael G. McFarland, May 2013

3. They have knowledge of other topics.
4. They possess motivational beliefs.
The degree to which learners are motivated to self-regulate depends on their
commitment to their personal goals and on the self-efficacy beliefs they hold about their
academic capabilities (Zimmerman, 1989, 1994). Not all students, however, are able to
regulate their learning. It is believed that a major cause of student failure is a lack of selfregulation. According to Borkowski and Thorpe (1994), underachievers:
1. Are more impulsive.
2. Have lower academic goals.
3. Are less accurate in assessing their abilities.
4. Are more self-critical.
5. Are less efficacious about their performance.
6. Tend to give up easily.
Underachievers, understandably, are more anxious, have a lower self esteem, have a
higher need for approval, and are more easily influenced by extrinsic factors. Students
lacking in metacognitive knowledge – those, for example, who struggle to know whether
or not a given strategy will be successful – are likely to have difficulties in assessing
whether a further investment of effort is worth their while (Efklides, Samara, &
Petropoulou, 1999). Others adopt approaches to learning that have been characterized as
defensive (Paris and Newman, 1990) and self-handicapping (Covington, 1992).
Typically, these students avoid failure by procrastinating, choosing easy tasks, or
avoiding work altogether. In order for metacognitive strategies to prove effective,
students should not only be aware of which strategies achieve which particular goals, and
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have access to these, but they should also show a willingness to learn, to practice, and to
be able to adapt their strategies as obstacles arise or the task itself evolves (Duckworth,
Akerman, MacGregor, Salter, & Vorhaus, 2009).
Since there is a growing level of policy interest in self-regulation and its impact
on learning and attainment (Duckworth, 2009), understanding the notion of selfregulation is important for teachers. The literature shows that self-regulation skills have
important benefits for students, and that these skills can be developed and improved with
appropriate teaching and support:
1. There is a positive overall relationship between self-regulation and academic
achievement. Children and young people with more adaptive personal skills
and learning resources are more likely to succeed academically (Duncan,
Dowsett, Claessens, Magnuson, Huston, & Klebanov, 2007; McClelland,
Morrison, & Holmes, 2000).
2. Individual elements of self-regulation – e.g., attitudes towards learning,
attention and persistence – are also related to academic achievement (Yen,
Konold, & McDermott, 2004).
3. Zins, Weissberg, Wang, and Walberg (2004) confirmed the importance of
self-regulated learning strategies in facilitating academic performance.
4. Aspects of self-regulation such as attention, persistence, flexibility, motivation
and confidence can all be improved as a result of effective teaching and
learning practices (Diamond, Barnett, Thomas, & Munroe, 2007).
5. Students who utilized self-regulated learning strategies were more
academically successful than their peers (Winters, Greene, & Costich, 2008).
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According to Zimmerman and Risemberg (1997), self-regulation of learning has
been shown to be teachable, but could be improved through appropriate guidance,
modeling of effective strategies, and by creating supportive and challenging contexts
(Boekaerts & Corno, 2005; Perry & Vandekamp, 2000). Classrooms high in selfregulated learning practices are those in which teachers engage students in complex,
open-ended activities, involving them in evaluating their own and others’ work (Perry,
1998; Perry & Vandekamp, 2000; Winne & Perry, 2000). Unfortunately, few teachers
systematically help their students improve their self-regulatory processes and beliefs so
they can better learn on their own. Students are seldom given much choice in academic
tasks or activities, and are not typically provided with the explicit modeling of strategic
behaviors needed to carry out complex learning tasks. They are rarely given the
opportunity to establish their own goals for academic work that is important to them, or
to monitor their progress toward those goals. Furthermore, students are rarely given the
choice of when, where, or with whom they can study. Volet (1991) emphasized that
simply providing knowledge without any prior experience was inefficient at developing
metacognitive self-regulation or control. Schraw (1998) added that cognitive strategies
were enhanced and improved on by training in metacognitive knowledge and skills.
Educators, then, must take a larger role in cultivating students’ capacities to regulate their
behaviors, emotions, cognitions, and environments. By helping students acquire these
necessary self-regulatory skills, teachers can encourage students’ desire to become lifelong learners.
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Teaching Metacognition
Metacognition has been identified as one of the three core learning principles for
the enterprise of teaching. Metacognitive knowledge is generally linked to student
learning, and the impact of direct instruction on cognitive outcomes has been widely
demonstrated (Muijs & Reynolds, 2001; Pressley & McCormick, 1995). Research also
indicates that there is a close relationship between metacognition and performance
(Rahman, Jumani, Chaudry, Chisti, & Fahim, 2010) as metacognition has been linked to
receiving better grades and performing better on tests of intelligence. According to
Samson (2011), when students engage in metacognition, they:
1. Come to an understanding of what they understand.
2. Make adjustments in their learning strategies to improve their learning in
subsequent opportunities, particularly when they recognize that their
understanding is flawed or incomplete.
In How People Learn, Bransford et al. (2000) stated that the integration of
metacognitive strategies with discipline-based learning could enhance student
achievement and could help students develop the ability to learn independently, and
therefore should be consciously incorporated into curricula across disciplines and age
levels. Metacognitive strategies enable learners to monitor and improve upon their
knowledge (Gourgey, 1998) and to ensure that their goals and tasks are properly
understood and then successfully completed. Metacognition occurs when this knowledge
is spontaneously integrated with an awareness of thinking on a specific task and when the
awareness is used to control what is being done (Harrison, 1991). It is therefore
imperative that effective study skills, with metacognition as the goal, be taught. By using
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instructional techniques such as direct instruction, modeling, and practice (Metacognition
and Its Development, n.d.), students will become more facile with finding unique
problem solving strategies in the future (Metacognition: Applications and Importance in
Study Skills, n.d.).
However, metacognition does not automatically develop in all students, and
therefore teachers have an essential role in its development. Research indicates that
metacognition can be taught to students in order to improve their academic performance
(Maqsud, 1997), so it would seem obvious that teachers should teach students how to
regulate their own learning processes (Schoenfield, 2001). Teachers often assume that
students will be able to acquire metacognitive knowledge on their own; however, Kiewra
(2002) stated that students are rarely instructed how to learn. Schank and Cleave (1995)
asked, “How can students learn by doing what they do, when they do not know how to do
what they have to do to learn?” Pintrich (2002) argued that novice learners needed to
have a repertoire of different general strategies for learning and thinking to master new or
challenging tasks. According to Halter (n.d.), novice learners, in general, do not:
1. Stop to evaluate their comprehension of the material.
2. Examine the quality of their work.
3. Stop to make revisions.
4. Attempt to examine a project in depth.
5. Make connections to see the relevance of the material in their lives.
Adept learners, on the other hand, plan, monitor, and modify their cognition at various
stages in their acquisition of knowledge and skills (Baker & Brown, 1984; Ghantala,
1986; Pressley, Borkowski, & Schneider, 1987; Zimmerman & Martinez-Pons, 1986).
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Georghiades (2004) pointed out that metacognition has a substantial potential for
assisting educators in creating classroom environments that foster flexible and creative
learning, and suggested that teachers teach study skills, learning to learn strategies (Gall,
Gall, Jacobsen, & Bullock, 1990; Simpson, Hynd, Nist, & Burrell, 1997), or embed
metacognitive strategy instruction within subject matter courses. According to Pressley &
Woloshyn (1995), when embedding strategy instruction teachers should:
1. Introduce the strategy by modeling it and describing it.
2. Sell the strategy by telling why it works.
3. Generalize the strategy by telling where else it is useful.
4. Perfect the strategy by providing practice opportunities.
Teacher modeling has been shown to be one of the best ways to teach all
comprehension strategies. Explicit teacher modeling provides students with a clear
example of those concepts, skills, and strategies. By modeling the metacognitive process
themselves, teachers can raise the level of metacognitive thought in their classrooms.
This can serve to focus student attention on how tasks are accomplished. In the creation
of this metacognitive environment, teachers monitor and apply their knowledge,
deliberately modeling metacognitive behavior to assist their students in becoming aware
of their own thinking (Abromitis, 2009; Blakey & Spence, 1990). In Modeling (2006),
the teacher provides a structure to guide students by:
1. Describing the skill or strategy.
2. Clearly describing features of the strategy or steps in performing the skill.
3. Breaking the skill into learnable parts.
4. Describing or modeling the skill using a variety of techniques.
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5. Engaging students in learning through showing enthusiasm, keeping a steady
pace, asking good questions, and checking for student understanding.
Modeling an expert’s cognitive process leads to improved performance on
transfer tasks as students gain new ideas about how to work more effectively. Cognitive
processes that are normally internal and hidden are externalized so that the learner can
understand both what the expert did and why he or she did it; thereby developing a
conceptual model of the processes required handling a task (Pedersen & Liu, 2002).
Through modeling the metacognitive process themselves, teachers can raise the level of
metacognitive thought in their classrooms, which can serve to focus student attention on
how tasks are accomplished.

Metacognitive Learning Strategies
The effective use of metacognitive learning strategies is one of the primary
differences between more and less able learners. The metacognitive ability to select, use,
and monitor particular strategies in a given context for a specific purpose means that the
learner can think and make conscious decisions about their own learning processes
(Anderson, 2002). To be effective, metacognitive instruction should explicitly teach
students a variety of learning strategies and also when to use them (Anderson, 2002). The
educational implication for the application of these metacognitive strategies – such as
self-awareness and self- monitoring – is to develop independent learners who can control
their own learning and learn how to learn for life.
Learning strategies, by definition, are thoughts and behaviors which are intended
to create an impact on a learner’s ability to select, acquire, organize, and integrate new
43

Texas Tech University, Michael G. McFarland, May 2013

knowledge (Weinstein & Mayer, 1986); they are approaches to learning and using
information, and are used by students to help them understand and solve problems.
Research supports the notion that metacognitive strategies, when used effectively, result
in increased learning and achievement (August, Flavell & Clift, 1984; Bransford et al.,
2000; Everson, & Tobias, 1998; Jones & Idol, 1990), as a repertoire of learning strategies
and the capacity to manage one’s own learning are essential for effective learning
(Boekaerts, Pintrich, & Zeidner, 2000; De Corte, Verschaffel, & Op‘t Eynde, 2000).
Students who do not know or use good learning strategies are often passive learners and
ultimately fail in school. Learning strategy instruction is usually tied to the needs and
interests of students, are based on many types of learning styles (Ekwensi, Moranski,
&Townsend-Sweet, 2006), and focuses on making the students more active learners by
teaching them how to learn and how to use what they have learned to solve problems and
be successful. However, students cannot be expected to learn these metacognitive
strategies on their own. Before they can understand and utilize a particular concept, skill,
or strategy in a meaningful way, they must be able to access the attributes of that concept,
skill, or strategy. The task of the educator, then, is to acknowledge, cultivate, exploit, and
enhance the metacognitive capabilities of the learner (Metacogntion and Constructivism,
n.d.). By teaching specific strategies and allowing their students the opportunities to learn
and practice metacognition, teachers can guide their students to become more strategic
thinkers by helping them understand the way they process information (Fountas &
Pinnell, 2000).
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Engaging students in the use of their cognitive processes, however, is not always
a simple task. Fortunately, a number of strategies and techniques aimed at enhancing the
metacognitive abilities of students have been suggested:
1. Journaling.
2. Self-questioning.
3. Know – Want to Know – Learned (K-W-L).
4. Preview, Question, Read, and Reflect (PQ4R).
5. Identify, Define, Explore, Act, and Look (IDEAL).
The use of journaling as a pedagogical strategy is a relatively recent phenomenon
that has steadily increased over the past 30 years (Koontz, 2004). While primarily used as
a method for improving writing skills, teachers in other disciplines – social studies,
mathematics, engineering, science, and education – have integrated journaling into their
classrooms as well (Duerdan, Green, Garland, Doak, McCarter, Roedel, Evans, &
Williams, n.d.; Inspiring Teachers, n.d.). Journaling, in its various forms, is a means for
recording personal thoughts, daily experiences, and evolving insights, and can be defined
as:
1. The permanent records of thoughts and ideas that an individual has processed
and clarified through the act of writing or otherwise recording their
experiences (Killion, 1999).
2. A diary in which students reflect upon their thinking, make note of their
awareness of ambiguities and inconsistencies, and comment on how they have
dealt with difficulties. This type of journal is a diary of process (Blakey &
Spence, 1990).
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A learning journal – one type of journal – consists of thoughts, reflections, feelings,
personal opinions, and even hopes and fears recorded during an educational experience. It
can be used to enhance learning because it demands reflective thinking, and reflection,
according to educational theorists and cognitive scientists such as Dewey, Knowles,
Schön, and Vygotsky, is found at the heart of learning (Cyboran, 2005).
Journaling is typically one of the most complex forms for recording personal
changes and insights, which may explain why it still remains underused as a teaching or
learning tool (Hiemstra, 2001). While using traditional journaling has some drawbacks,
e.g., the logistics of collecting, reading, commenting on, and returning the journals, there
are a number of potential benefits associated with creating and maintaining learning
journals in the classroom:
1. Journaling is, perhaps, the best instructional strategy for promoting student
and instructor reflectivity (King & LaRocco, 2006).
2. Students who voluntarily wrote reflective journal entries on their assigned
reading improved their performance on multiple-choice quizzes compared to
students who did not complete such entries (Burrows, McNeill, Hubele,
Bellamy, 2001).
3. The process of maintaining a journal assisted students in becoming better
organized and aided them in their personal growth, development, intuition,
self-expression, and stress reduction (Hiemstra, 2001).
4. Learning journals have been found to be a valuable strategy for checking
student’s understanding of core concepts, promoting reflection on the
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connections between theory and practice, enhancing insight, and promoting
critical thinking (Andrusyszyn & Davie, 1997; Halva-Neubauer, 1995).
Other benefits of using journaling include creating connections between new and
previous knowledge, enhancing reflective thinking, enhancing metacognition, and
improving problem solving and critical thinking (Duerdan et al., n.d.; Hiemstra, 2001;
Kelly, 2004; Kerka, 2002; Killion, 1999).
According to Ganz and Ganz (1990), self-questioning encourages students to
monitor their own cognition, as well as assess their feelings about the efficacy of their
thinking. It also assists students in the employment of self-correction and the
development of newer understanding. Teachers can encourage self-questioning by
providing their students with a series of divergent questions, or by allowing their students
to create and answer their own questions.
Self-questioning is also used in the K-W-L strategy to ensure that students
comprehend what they are reading. The K-W-L strategy is an instructional reading
strategy that is used to guide students through a text by providing them with a way to
categorize knowledge (Ogle, 1986). Ogle and Carr (1987) asserted that K-W-L helps
students become more active thinkers while they read, and helps teachers become more
interactive in their teaching. By using the K-W-L strategy, students activate their prior
knowledge, which encourages further inquisition, active reading, and research. In order to
use the K-W-L strategy, students begin by brainstorming everything they Know about a
topic. This information is recorded in the K column of a K-W-L chart. Students then
generate a list of questions about what they Want to Know about the topic. These
questions are listed in the W column of the chart. During or after reading, students answer
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the questions that are in the W column. This new information that they have Learned is
recorded in the L column of the K-W-L chart. Using the K-W-L strategy serves several
purposes (Conner, 2006):
1. Eliciting prior knowledge.
2. Setting a purpose for the reading.
3. Helping students to monitor their comprehension.
4. Allowing students to assess their comprehension of the text.
5. Providing an opportunity for students to expand their ideas beyond the text.
The use of the PQ4R can lead to a more active learning environment and deeper
understanding of the information. The PQ4R method is a six-step process that students
can use to improve reading comprehension and memory retention. By using the six steps
– previewing, questioning, reading, reflecting, reciting, and reviewing – students are
better able to organize information, thereby making it more meaningful. See Table 2.1 for
the steps in the PQ4R method.
Bransford and Stein (1993) developed the heuristic known as IDEAL. A heuristic
is a method for solving problems that employs principles (rules of thumb) that usually
leads to a solution (Schunk, 1996). The IDEAL process consists of five steps:
1. Identify the problem.
2. Define the problem.
3. Explore possible solutions and strategies.
4. Act on the strategies.
5. Evaluate results.
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The use of these five steps can lead to more efficient and effective thinking and
problem solving.
Additional instructional strategies exist to teach metacognition as well. Research
has recommended:
1. Providing explicit instruction in declarative, procedural, and conditional
knowledge (Cross & Paris, 1988), and explicit instruction in cognitive and
metacognitive strategies (Shraw, Crippen, & Hartley, 2006; Shraw, 1998).
2. Emphasizing how, when, and why to use metacognitive strategies, along with
the importance of using the strategies (Cross & Paris, 1988; Kramarski &
Mevarech, 2003; Schneider & Lockl, 2002; Shraw et al., 2006; Shraw, 1998).
3. Assisting students in monitoring and regulating their cognition (Kramarski &
Mevarech, 2003; Kuhn, 2000; Shraw, 1998).
4. The use of collaborative or cooperative learning (Cross & Paris, 1998;
Hennessey, 1999; Kramarski & Mevarech, 2003; Kuhn & Dean, 2004;
Martinez, 2006; McLeod, 1997; Paris & Winograd, 1990; Schraw &
Moshman, 1995; Shraw et al., 2006).
5. Promoting metacognition by modeling metacognitive skills during instruction
(Kramarski & Mevarech, 2003; Martinez, 2006; Schraw, 1998).

Transfer of Learning
Teaching for transfer is one of the seldom-specified but most important goals in
education. A tacit assumption is that any knowledge or skills learned in school will
transfer to situations encountered outside of school; however, research into the process of
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transfer shows how problematic it is to assume that transfer happens automatically In
fact, it does not, and there are many barriers in traditional teaching that may actually
inhibit such transfer (Lightner, Benader, & Kramer, 2008). Teaching for transfer, then, is
especially important to learning theory and educational practice because very often the
kinds of transfer hoped for do not occur.
Transfer of learning is defined as the ability to apply knowledge or procedures
learned in one context to new contexts (Mestre, 2002), and occurs when learning in one
context or with one set of materials impacts the performance in another context or with
other related materials (Perkins & Salomon, 1992). The theory of transfer of learning –
originally introduced as transfer of practice – was introduced by Thorndike and
Woodworth in 1901, and explored how individuals would transfer learning in one context
to another context that shared similar characteristics. Schunk (2004) elaborated on the
original characteristics required for transfer by making the distinction between near and
far transfer. In near transfer, there is an overlap between the learning situations; the
original and transfer settings are similar. In far transfer, there is little overlap between the
learning situations; the original and transfer settings are dissimilar. Goel (2009)
ascertained that it is easier to design instruction that leads to near vs. far transfer, as near
transfer skills are highly procedural and beyond a certain point, almost mechanical. She
believed that most learning situations, however, do not render themselves to this
procedural or mechanical approach, as problem solving usually involves deep thinking
and analysis, and therefore requires far transfer skills.
Metacognitive thinking is a key element in the transfer of learning (Fisher, 1998),
and metacognitive strategy instruction must take this into account as research supports a
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positive correlation between instruction in metacognitive strategies and transfer of
learning. Studies explicitly show that metacognitive skills play an important role in
effective learning and in academic success (Flavell, 1985; Klein, 1998; Swanson, 1992;
Zimmerman & Martinez-Pons, 1990), and allows good problem solvers to recognize
flaws or gaps in their own thinking, articulate their thought processes, and revise their
efforts (Brown, Bransford, Ferrara, & Campione, 1983). Expert learners consider their
learning goals, plan accordingly, and monitor their own learning (Lovett, 2008).
Accordingly, successful students are also aware of, monitor, and control their learning.
They acquire and develop a repertoire of metacognitive strategies that can be used and
transferred to different learning situations (Adkins, n.d.). Students without metacognitive
approaches, by contrast, are essentially learners without direction or opportunity to
review their progress, accomplishments, or future directions (O’Malley, Chamot,
Stewner-Mazanaares, Russo, & Kupper, 1985).
In order to facilitate the transfer of learning, Perkins and Salomon (1988) defined
two broad instructional strategies that foster transfer: hugging and bridging. Hugging
recommends that instruction directly engages the learner in an approximation of the
desired performance. For example, a teacher might give a practice exam rather than just
talking about an exam technique, or a job counselor might engage in a simulated
interview rather than just talking about good interview conduct. The learning experience
thus mimics – or hugs – the target performance, maximizing the likelihood low road – or
automatic – transfer. With bridging, the instruction encourages the making of
abstractions, searching for possible connections, mindfulness, and metacognition.
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Fogarty, Perkins, & Barrell (1992), suggested ten techniques that could be used for
teaching hugging and bridging:
1. Setting expectations.
2. Matching.
3. Simulating.
4. Modeling.
5. Problem-based learning.
6. Anticipating applications.
7. Generalizing concepts.
8. Using analogies.
9. Parallel problem solving.
10. Metacognitive reflection.
An underlying assumption in our education system is that learned knowledge will
be available in the future and be applicable to the solutions of new problems as they arise
in school and in real life situations (Howard, 2002). However, conventional educational
practices often fail to establish the conditions for this transfer of learning (Perkins, 1992).
Simply mastering a component skill is sometimes not enough to support non-routine
problem solving, and students need to know not only what to do, but also when to do it;
therefore, metacognitive skills are needed to control and monitor their cognitive
processes (Hartman, 2001) when problem solving and performing transfer tasks.
Metacognitive research indicates that a significant part of effective learning is to be
aware of, and in control of, one’s own thinking and learning processes, and metacognitive
knowledge of the different thinking and learning strategies is related to the transfer of
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learning; that is, the ability to use knowledge gained in one setting or situation in another
(Bransford et al., 2000). Student success is dependent on the appropriate transfer and
effective use of these relevant thinking and learning strategies, and successful transfer is
dependent on these students being able to effectively control and monitor their learning.

Metacognition in Computer Programming
Computer programming has been described as the new Latin for the school
curriculum as it was assumed that students would develop general problem solving skills
as they learned to program. However, the results of some empirical studies suggest that
the teaching of programming has created significant difficulties for high school and
university students (Sleeman, 1986). Given the high demand for skilled programmers,
programming education is of significant global concern; however, current programming
education is far from successful (Ma, Ferguson, Roper, Ross, & Wood, 2008), as many
first-year programming students find the concept of programming difficult to grasp, let
alone master (Dunican, 2002; Jenkins, 2002; McCracken, Almstrum, Diaz, Guzdial,
Hagan, Kolikant, Laxer, Thomas, Utting, & Wilusz, 2001; Proulx, 2000). Computer
programming is an integral part of any computer science curriculum and requires
problem solving and analytical thinking skills (Bonar & Soloway, 1989; Henderson,
1986; Linn & Clancy, 1992; Maheshwari, 1997b; Riley, 1981). However, while computer
science students traditionally acquire a basic understanding of the grammar and features
of a programming language, they often fail to achieve their desired level of performance
in introductory programming courses (Bayman & Mayer, 1988; McGill & Volet, 1997)
because they lack, or are deficient in, these requisite skills (Ismail, Ngah, & Umar, 2010).
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Programming, at least theoretically, encourages learners to evaluate their
solutions and thinking processes, and through this cognitive process, the student should
be able to transfer their newly acquired problem solving skills to novel problem situations
(Costelloe, Sherry, Magee, & Munro, 2006). Novice learners, however, rarely reflect on
their own performance and seldom evaluate or adjust their cognitive functioning to meet
changing task demands, or to correct unsuccessful performances (Ertmer & Newby,
1996). A number of studies have concluded that novice programmers know the syntax
and semantics of individual statements, but do not know how to combine these features
into valid programs (Soloway & Spohrer, 1989), i.e., they understand and can explain the
programming concepts, but still fail to use them appropriately in their programs. The
biggest problem for novice programmers, then, does not seem to be the understanding of
basic concepts, but rather learning how to apply them (Lahtinen, Ala-Mutka, & Järvinen,
2005). Rist (1996) also noted that another source of difficulty for students was with
program planning. Students who failed to set appropriate goals often used the inefficient
method of trial and error to solve their programming problems. This lack of planning
resulted in poor understanding of the problem itself, even if it was successfully solved
(Reif, 1990).
Volet and Lund (1994) suggested that success in computer programming relied on
the acquisition of three types of knowledge:
1. Syntactic (knowledge of specific facts about a programming language and
rules for its use).
2. Conceptual (understanding of computer programming constructs and
principles).
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3. Strategic (programming-specific versions of general problem-solving skills).
While acquiring the first of these types of knowledge is the foundation for most computer
science curricula, acquiring the latter two requires the use of metacognitive skills. The
general argument among computer science educators is that most introductory
programming courses do not place enough emphasis on the awareness and understanding
of conceptual and strategic level knowledge, focusing instead upon syntactical issues
(Linn, 1985; Linn & Clancy, 1992; McGill & Volet, 1997; Volet & Lund, 1994). Miles,
Blum, Staats, & Dean (2003) insisted that students must move beyond this syntactic level
of knowledge in order to achieve the conceptual knowledge required for program design.
They must also acquiring strategic level knowledge, which includes metacognitive skills,
that are used to solve novel programming problems, test programs, and debug logic errors
(Volet & Lund, 1994).
While a lack of problem solving ability is viewed as the main cause for failing to
learn programming (Barnes, Fincher, & Thompson, 1997), Bayman and Mayer (1983)
found that students often hold an inappropriate understanding of key programming
concepts which may also cause difficulties in solving programming problems.
Unfortunately, using traditional learning approaches when learning how to program are
less than ideal while trying to ensure that students develop the appropriate mental models
needed for understanding the key programming concepts. Computer programming
requires that students be able to form mental models of the problem’s structure, as well as
identify the relationships between the program’s objects. Ideally, students will form a
mental model that is close to the model of how a program actually works. Unfortunately,
many programming students acquire non-viable mental models of the basic programming
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concepts (Ma et al., 2008). In addition to the conceptual cognitive skills, students need to
develop an awareness of their own mental models as they access and evaluate the
multiple design strategies used during the program design process. According to Miles et
al. (2003), two key metacognitive skills are necessary in developing these mental models:
awareness and analogical transfer. By developing their metacognitive awareness – by
thinking about their own thinking – students can attain insight into their own metal
models (Berardi-Coletta, Buyer, Dominowski, & Rellinger, 1995; O’Neil & Abedi,
1996). Strategies to develop this awareness include:
1. Having students think aloud, or verbalize their thoughts, while solving a
problem (Berardi-Coletta et al., 1995).
2. Asking students questions about their actions and thoughts while solving a
problem (Volet & Lund, 1994).
3. Requiring students to complete a checklist while attempting a task.
Despite this awareness, some students still fail to recognize the underlying principles of
the problem (Hsu & Wedman, 1994; Ross & Kilbane, 1997), and may still not be able to
discern whether or not they have activated the appropriate model required to successfully
solve the programming problem unless it is explicitly pointed out to them. In order to
successfully use analogical transfer to solve programming problems, students must be
able to extract the relevant information from the current problem and compare it to
similar problems they have encountered (Gick & McGarry, 1992; Mayer, 1992; Ross &
Kilbane, 1997).
Ultimately, motivation and metacognition are key factors in learning how to
successfully write a computer program. According to Biggs (1988), an important aspect
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of metacognition is how well students manage their time and effort when they are
working on complex tasks. Types of management include:
1. Understanding what the problem is about, then planning a solution (deciding
what to do and for how long), rather than hastily attempting a solution.
2. Monitoring or keeping track of how well things are going during the
development of a solution and allocating resources.
3. Evaluating a plan of action.
Carbone, Mitchell, Gunstone, & Hurst (n.d.) re-worked Biggs’ self-questions into ones
more suited to elicit metacognitive actions in students studying programming. Questions
to assist students in developing a plan of action might include:
1. What should I do first?
2. How does this exercise link in with earlier material covered?
3. What earlier concepts should I revise before proceeding?
4. Can I break the problem up into smaller manageable chunks?
5. How does this section of the task relate to the abstractions of the course?
6. Can I solve part of the problem?
While maintaining or monitoring the plan of action, students can ask themselves:
1. What do I need to do if my code does not compile?
2. What resources do I have available to eliminate unexpected software bugs?
3. How will I handle equipment failure, network crashes?
4. What diagnostic skills do I posses that I can use?
Finally, when evaluating the plan of action, programming students can ask themselves:
1. Does my program work with other data?
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2. What are the limitations of my code?
3. Can I describe the chunks of my code?
4. Could I repeat this exercise without step-by-step instructions?
5. What could I have done differently?
6. What have others done?
7. Do I need to go back through the task and revise any material to fill in any
blanks in my understanding?
Research shows that motivated students enjoy higher levels of success and display better
self-regulatory control (Schunk et al., 2007), the outcomes of which can influence future
motivation. Reflecting and drawing upon prior knowledge and experience are important
metacognitive activities that contribute to problem solving and successful computer
programming.

Research Studies
Empirical evidence exists that metacognitive skills can be taught (Cross & Paris,
1988; Dignath & Büttner, 2008; Haller, Child, & Walberg, 1988; Hennessey, 1999;
Kramarski & Mevarech, 2003), and that there is a link between metacognitive strategies
and academic performance (Cook, 2006; Maqsud, 1997; Marzano, Hattie, & Wenglinsky,
2005).
Cook (2006) stated that the literature on metacognition indicated that
metacognitive awareness is frequently related to better performance. He questioned,
however, whether students were aware that they were consciously monitoring their
performance, or even using metacognitive strategies to solve problems. He conducted
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two studies. The first study showed that student reading performance was faster and more
accurate when students used such discrimination strategies as re-reading and focusing on
specific semantic features during the initial reading. The second study showed that
students were, indeed, aware of their strategies, and frequently focused on and evaluated
their solutions to problem solving.
Cross and Paris (1988) described a study designed to improve the metacognitive
skills and reading comprehension of third and fifth grade students. In order to increase
their awareness and use of effective reading strategies, 171 students were provided with
strategy training on explicit attention to declarative, procedural, and conditional
knowledge about reading strategies. This Informed Strategies for Learning curriculum
resulted in significant gains in both grade levels with regard to evaluating task difficulty,
evaluating one’s own abilities, goal planning, and task monitoring.
Dignath and Büttner (2008) conducted a meta-analysis of 49 studies that
investigated the impact of various training characteristics on the training outcomes,
academic performance, strategy use, and motivation of students. See Table 2.2 for the
mean effect sizes of providing metacognitive, cognitive, and motivational training to
primary school – first through sixth grade – students. The researchers determined that
self-regulated learning could be effectively fostered at the primary school level. They
also noted higher effect sizes when researchers conducted the training instead of regular
teachers, and that higher effect sizes were obtained when the training was conducted
within the scope of mathematics rather than reading, writing, or other subjects.
Haller et al. (1988) performed a meta-analysis on 20 empirical studies and
determined that metacognitive instruction had a robust effect on reading awareness and
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comprehension. The study included more than 1,500 students and resulted in mean effect
size of 0.71. The largest effects were noted for students in the seventh and eighth grades,
impressive for students in the second and third grades, and modest for students in the
fourth through sixth grades. The results also suggested that metacognitive instruction for
less than 10 minutes per lesson were insufficient for producing a significant effect. While
the authors recommend using a variety of diverse techniques for achieving these results,
they found that the most effective instructional strategies included the textual-dissonance
approach, self-questioning, and backward-forward search strategies.
Hennessey (1999) described a study that involved 170 first through sixth grade
students. Over the course of three years, science students were engaged in activities that
were specifically designed to develop their metacognitive abilities. The teachers involved
in the study created opportunities for their students to clarify their conceptions in small
groups, promoted metacognitive discourse among their students, encouraged conceptual
conflict, and facilitated student practice in different contexts. Hennessey concluded that
the program resulted in qualitative changes in the metacognitive abilities of students from
one year to the next with students in the first grade exhibiting the highest levels of
metacognition.
Kramarski and Mervarech (2003) investigated the effects of providing
metacognitive instruction to 384 eight-grade math students. They found that students who
were provided with metacognitive instruction in either a cooperative or individualized
learning environment were able to outperform their peers with regard to interpreting
graphs, using logical arguments to support their mathematical reasoning, their fluency
and flexibility of mathematical explanations, their performance on transfer tasks, and
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their level of domain-specific metacognitive knowledge, such as using strategies for
representing math concepts in multiple ways.
Maqsud (1997) found a significant positive relationship between metacognitive
ability, non-verbal reasoning ability, and the math and English achievement scores of
senior high school students. Using the Swanson Metacognitive Questionnaire (1990), the
Raven Standard Progressive Matrices (1958), and math achievement scores, he found that
the mean math scores for students with higher metacognitive ability was significantly
higher than the scores for students with lower metacognitive ability.
Marzano, Hattie, & Wenglinsky (2005) concluded that metacognitive thinking is
the primary vehicle for student learning, transfers to other learning situations, and
produces positive academic outcomes. After analyzing 395 research studies, they
categorized metacognition as a macro strategy, and higher order thinking, cooperative
learning, and independent practices as micro strategies that showed a positive
measureable effect on student achievement. Marzano then recommended that teacher
teach these specific methods in order to improve student’s ability to think using higher
order thinking skills.

Issues
Despite the fact that metacognition has been heralded as one of the most powerful
predictors of learning (Wang, Haertel, & Walberg, 1997), Schunk (2008) intimated that
there were still several questions that needed answered, and recommended that future
research on metacognition and self-regulation include:
1. Providing clear definitions for processes.
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2. Identifying relevant theories.
3. Ensuring that assessments clearly reflect processes.
4. Linking processes with academic outcomes.
5. Conducting more educational developmental research.
6. Tying processes firmly with instructional methods.
Researchers have a tendency to use technical terms without defining them
(Schunk, 2008). He warned, however, that common definitions are not the rule in
education, and therefore it was unwise to assume that readers will know the meanings
and boundaries of the terms. While educational psychology is an inexact discipline, and
multiple definitions are not that unusual, researchers are still faced with the major issue
of providing clear definitions for metacognition, self-regulation, and self-regulated
learning (Dinsmore, Alexander, & Loughlin, 2008). They found that when no explicit
definition for the central process being studied was provided, the definition had to be
inferred from the measures employed in the studies. Winters, Greene, & Costich (2008)
also noted that researchers, when lacking clear guiding conceptual frameworks, used
terms interchangeably, which created confusion. Schunk (2000) acknowledged that while
the situation is understandable, it is problematic because the definition of a process
influences its assessment and interpretation.
Research that is not firmly connected with theory will be disconnected from other
research and will not offer clear implications for educational policy and practice (Schunk,
2008). While Flavell, Bandura, and Zimmerman are often referenced when researching
metacognition, self-regulation, and self-regulated learning, Fox and Risconscente (2008)
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and Dinsmore et al. (2008) have shown that other perspectives have influenced these
fields as well.
Metacognition is usually measured by using questionnaires, interviews, thinking
aloud protocols, or simulated tutoring (Desoete, Roeyers, Buysse, & De Clercq, 2002;
Kluvers & Simons, 1992; Meijer, Elshout-Mohr, & Van Hout-Wolters, 2001; Pintrich &
De Groot, 1990; Van Hout-Wolters, 2000). Questionnaires are used most frequently due
to being easily administered and analyzed (De Jong, 1992; Walraven, 1995). Whichever
method is utilized in the study, researchers must ensure that the assessment clearly
reflects the cognitive concept the instrument has been designed to measure. The
supposition that definitions can be inferred from the basis of the study’s content is
inexact. As such, it is imperative that researchers clearly explain how their measures are
reliable and valid indicators of the variables they are attempting to study (Schunk, 2008).
Not relating the results of self-assessments to academic performance when
measuring metacognition and self-regulation can cause two problems:
1. The results of the self-assessments can be unreliable because students are
often unrealistic with regard to what they know, or what they do.
2. The results of the self-assessment can be viewed as correlational vs. causal if
not related to student learning or achievement.
While the results of numerous self-assessments have been correlated with motivation,
learning, and achievement, Maggioni and Parkinson (2008) argued that researchers
needed to engage in more detailed studies of how changes in metacognition and selfregulation affected learning outcomes.
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Dinsmore et al. (2008) and Loyens, Magda, and Rikers (2008) recommended the
need for more educational research on effective teaching strategies for the development
of metacognition and self-regulation based on the developmental level of the student.
According to Alexander, Carr, and Schwanenflugel (1995) and Kopp (1982), increasing
the capacity for metacognition and self-regulation requires its development, and research
that investigates its development at different levels could have critical implications for
educational practice.
Research on problem-based learning by Loyens et al. (2008), and computer-based
learning by Winters et al. (2008) support the recommendation that instructional methods
used to develop metacognition and self-regulation needs to be related. By firmly tying the
cognitive concept to the instructional method, predictions can be made which can be
tested and verified in research studies.
Schunk (2008) suggested that these recommendations, collectively, would help
clarify:
1. Why these processes are important.
2. How they link with theory and educational outcomes.
3. How they are validly and reliably assessed.
4. The effectiveness of helping students at different developmental levels
improve their metacognition, self-regulation, and self-regulated learning.
He believed that enhancing the understanding of metacognition, self-regulation, and selfregulated learning would lead to solid implications for educational policy and practice.
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Conclusion
According to a panel report by the Association of American Colleges and
Universities (2002), students should be educated to be intentional learners who are
purposeful and self-directed. Intentional learners are integrative thinkers who develop
self-awareness, and who are highly motivated, independent, and strive toward selfdirection and autonomy (Savin-Baden & Major, 2004).
Metacognition is thinking about thinking, i.e., intentional thought about one’s
own thinking and is generally regarded as an essential component of successful thinkers
and learners (Wirth & Perkins, 2008). The concept is as old as rational thought, and has
been a staple of the educated mind as far back as Socrates. It is both a process and a skill
whose basic tenet is that by understanding what the mind is thinking during learning, an
individual will be able to focus their strengths and overcome their weaknesses when
completing a project or assignment, or when reading. Metacognition is important and
consequential for learners of all ages, and its development and application is essential to
problem solving and learning. Students who develop metacognitive awareness and who
utilize metacognitive strategies become expert learners who consider their learning goals,
and who plan, monitor, and evaluate their progress and results. These self-regulated
learners develop a repertoire of thinking processes that can be applied to solve a variety
of problems. Novice learners, by comparison, are not aware of their learning goals, do not
plan, monitor, or evaluate, and often apply inappropriate learning strategies to the
situation. They are, not surprisingly, disappointed with their results.
Teaching means teaching students how to think, but despite research that supports
the teaching and learning of metacognition, classroom teachers often fail to provide direct
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instruction in metacognitive strategies. According to Martinez (2006), teachers should
intuitively recognize the importance of metacognition and should promote metacognitive
awareness in the classroom by:
1. Emphasizing the meaning and importance of metacognition.
2. Modeling the metacognitive skills.
3. Providing opportunities that require their students to practice metacognition.
4. Guiding and encouraging their students in using social interactions to cultivate
their metacognitive capacity and critical thinking.
Lovett (2008) added that teachers should:
1. Teach students that the ability to learn develops over time.
2. Teach students how to set goals and plan to meet them.
3. Give students opportunities to practice self-monitoring and adapting.
The value of education is not in the specific course content; it is in learning how
to learn (Atwood, 2007). The purpose of education, then, should be to help produce
students who are able to manage their own lives by setting goals, monitoring their
progress toward those goals, and making the necessary changes in order to achieve those
goals. By developing their metacognitive awareness, students become aware of their own
thinking and become independent thinkers and learners. Metacognition, consequently, is
one of the most valuable life – as well as academic – skills that can be taught, learned,
and developed (Metacognitive Knowledge, 2010).
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Table 2.1
Steps in the PQ4R Method
Step

Description

Preview

Survey the material to get an idea of the general organization, major
topics, and subtopics. Look at headings and pictures to try to identify
what you will be reading about.

Question

Ask questions about the material as you read it. Use headings to ask
questions (who, what, why, where).

Read

Read the material. Try to answer your own questions while reading.

Reflect

Think about the material that you just read and try to make it
meaningful by:
• Relating it to things that you already know about.
• Relating the subtopics to primary topics.
• Trying to solve contradictions.
• Trying to use the material to solve simulated problems.

Recite

Practice remembering the information by stating points aloud and
asking and answering questions. Use headings, highlighted words,
and notes on major ideas.

Review

Actively review the material, focusing on asking yourself questions,
and re-reading the material only when you are not sure of the
answers.

Source: Slavin, R. E. (2005). Educational psychology: Theory and practice. Boston, MA:
Allyn & Bacon.
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Table 2.2
Effect Sizes for Selected Treatments
Type of Treatment

Mean Effect Size

Any self-regulation training (metacognitive, cognitive, and
motivational)

0.73

Metacognitive and motivational strategies training (all strategies)

0.97

Metacognitive and cognitive strategies training (all strategies)

0.81

Metacognitive strategies training (all strategies)

0.54

Metacognitive strategy training in planning and monitoring

1.50

Metacognitive strategy training in planning and evaluation

1.46

Training on metacognitive reflection – knowledge about and value
of strategies

0.95

Cognitive strategies training (all strategies)

0.58

Cognitive strategy training in elaboration

1.19

Cognitive strategy training in elaboration, organization, problem
solving

0.94

Cognitive strategy training in problem solving

0.72

Source: Dignath, C. & Büttner, G. (2008). Components of fostering self-regulated
learning among students: A meta-analysis on intervention studies at primary and
secondary school level. Metacognition and Learning, 3(3), 231-264.
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CHAPTER III
METHODOLOGY

Restatement of the Purpose
The purpose of this study will be to determine the effectiveness of providing
direct instruction in a process-oriented metacognitive strategy on increasing
metacognitive awareness by comparing two Introduction to Computer Programming
classes in terms of their MSLQ posttest scores at a public high school in Massachusetts.
Metacognitive awareness relates to an individual’s awareness of where they are in the
learning process, their knowledge about content knowledge, personal learning strategies,
and what has been and needs to be done (Wilson, 1999). By including instruction and
discussion on a process-oriented metacognitive strategy in the classroom, this study
hopes to increase the student’s level of interaction and reflection during the problem
solving process.

Research Design
The research conducted in this study will:
1. Be quantitative.
2. Utilize a quasi-experimental nonequivalent groups design.
3. Use convenience sampling.
Research that is positivist, or quantitative, in nature is grounded in the assumption
that features of the social environment constitute an independent reality and are relatively
constant across time and settings. Quantitative researchers develop knowledge by
69

Texas Tech University, Michael G. McFarland, May 2013

collecting numerical data on observable behaviors of samples and then subjecting these
data to numerical analysis (Gall, Borg, & Gall, 1996); in other words, quantitative
research seeks to test whether independent variables influence outcomes or dependent
variables (Creswell, 2005).
This study will utilize a quasi-experimental, pre- and posttest, nonequivalent
groups design. According to Creswell (2009), the nonequivalent groups design is a
popular approach to quasi-experiments and is one of the strongest and most widely used
quasi-experimental designs (Key, 1997). Trochim (2006) added that it is also one of the
most frequently used designs when conducting social research. Quasi-experiments are
very similar to true experiments; however, they lack randomization, which is an
important aspect of a true experimental design. Instead, quasi-experiments use naturally
formed or preexisting groups and are commonly employed in the evaluation of
educational programs when random assignment is not possible or practical (Gribbons &
Herman, 1997).
The preexisting groups for this study will consist of two non-technology classes
(e.g., math), and two sections of the Introduction to Computer Programming class. The
students in the non-technology classes will serve as the control group and will complete a
pretest and posttest administration of the Motivated Strategies for Learning Questionnaire
(MSLQ), but will not receive any direct instruction in metacognition, or be required to
utilize the Metacognitive Task Tracker (MTT). The students in the control group will be,
however, provided with their individual test results at the end of the study. The students
in the Introduction to Computer Programming classes will serve as the treatment group.
They will complete a pretest administration of the MSLQ, receive direct instruction in
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metacognition, be required to utilize the MTT during the completion of their projects, and
then complete the posttest administration of the MSLQ.
Group A (control)

O1 ------------------------ O2

Group B (treatment)

O1 ---------- X ---------- O2

O indicates an observation while X designates the introduction of a
treatment of intervention. The time proceeds from left to right.
Reichardt (2009) says that time spent studying quasi-experimentation can be
justified for at least two reasons. The first reason acknowledges that randomized
experiments often produce more credible results that quasi-experiments, but recognizes
that randomized experiments are not always possible because of either ethical or practical
constraints. As a result, researchers may have no choice in many situations except to fall
back on quasi-experimental designs. The second reason is that science often progresses
best when it employs a diversity of methods that have a corresponding diversity of
strengths and weaknesses (Mark & Reichardt, 2004; Stankovich, 2004). While quasiexperiments are easier to implement (Kerlinger & Lee, 2000), their lack of random
assignment can result in an ambiguous interpretation (Kirk, 2009), in addition to being
inferior in terms of internal validity (Atwater & Babaria, 2001).
This study will use non-probability convenience sampling rather than random
selection and assignment. According to Webster’s Ninth New Collegiate Dictionary
(1985), a sample is a finite part of a statistical population whose properties are studied to
gain information about the whole. Typically, the nonequivalent groups design uses
preexisting, intact groups such as classrooms or schools. Ideally, these groups are as
similar as possible, so that the treatment group can be fairly compared with the control
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group. Convenience samples, however, leave the study open to criticism if anyone thinks
that some particular characteristic of the sample affected the results and can present a
plausible argument as to why this should be so (Krathwohl & Smith, 2005). Another
noted problem with convenience samples is that they are not truly representative and due
to the possible dissimilarities between the groups, the researcher cannot scientifically
make generalizations about the population as a whole.

Variables
Variables are characteristics or attributes of an individual or an organization that
researchers can measure or observe, and vary among the individuals or organizations
studied (Creswell, 2005).
This study will use four types of variables:
1. Independent.
2. Dependent.
3. Intervening.
4. Confounding.

Independent
Independent variables are attributes or characteristics that influence or affect an
outcome or dependent variable (Creswell, 2005). This study will use three types of
independent variables: measured, control, and treatment. The measured variables will be:
1. Gender will be obtained from the demographic survey and will be coded as
either male or female.
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2. Age will be obtained from the demographic survey and will be coded as 14,
15, 16, 17, or 18.
3. Grade level will be obtained from the demographic survey and will be coded
as 9, 10, 11, or 12.
The control variable – or covariate – will be the score on the MSLQ pretest for the
control and treatment groups. This score will serve as a baseline measurement and be
used to control any initial differences on the measured levels of metacognitive awareness
for each sample group. This score will not be directly measured and will be statistically
controlled through the use of the Analysis of Covariance (ANCOVA) statistical
procedure.
The treatment variables will be direct instruction in a process-oriented
metacognitive strategy, and the Metacognitive Task Tracker, an original computer
application that is designed to increase metacognitive awareness by encouraging students
to identify tasks, annotate problems, and to list possible solutions during the problem
solving process. While both levels of the treatment group will be provided with direct
instruction, only one level will be required to utilize the MTT during the completion of
their second project.

Dependent
Dependent variables are attributes or characteristics that are dependent on or
influenced by the independent variable (Creswell, 2005). The dependent variable used in
this study will be:
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1. The level of metacognitive awareness as determined by the difference
between the pretest and posttest scores on the Learning Strategies section of
the MSLQ.

Intervening
Intervening – also called mediating – variables are attributes or characteristics that
stand between the independent and dependent variables and exercise an influence on the
dependent variable apart from the independent variable (Creswell, 2005). The one
intervening variable used in this study will be:
1. The elapsed amount of time since the student participated in the Freshman
Guidance Seminar. This will be based on the student's current grade level and
will be coded as 4 for freshman, 3 for sophomore, 2 for junior, 1 for senior, or
0 for non-participation, e.g. students who transferred to the school after their
freshman year.
While metacognition is not specifically discussed during the Freshman Guidance
Seminar (FGS), students are introduced to learning styles and study skills, maybe for the
first time. Based on the Creswell definition, the FGS may influence the results of the
study and should therefore be included, especially considering that the FGS is the only
official time that these topics are presented to students. If students are already familiar
with learning strategies, then their results on the MSLQ may be a result of prior
knowledge rather than the direct instruction and treatment.
The FGS is a six-session class that occurs during the first quarter of the first
semester of the school year. Students meet for one class period each seven-day rotation
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for a time period of 90-minutes, and all high school freshmen are required to attend. One
of the purposes of the FGS, according to the guidance counselors, is to help freshmen
with their transition from middle school to high school by providing them with
information and resources on learning styles and study skills. During the FGS, students
complete a Learning Styles Inventory (Appendix A), a Study Skills Self-Assessment
(Appendix B), and a Learning Styles Contract (Appendix C).
The Learning Styles Inventory is a thirty-item, four category, self-report
questionnaire designed to help students:
1. Identify their learning preference(s).
2. Evaluate how they learn and process information.
3. Enhance their learning potential.
Once the Inventory is completed and scored, students are given handouts on the
auditory, tactile/kinesthetic, and visual learning styles. Each handout lists the
characteristics, recommended strategies, and study tips for each learning style.
The Study Skills Self-Assessment is a thirty-four-item, two category, self-report
questionnaire designed to identify potential deficiencies in student study habits. Students
complete and score the Assessment, and then are directed to the booklet How to Get
Good Grades In Ten Easy Steps by Linda O'Brien (2010). The scores on the Assessment
correlate with the sections in the booklet. Once a deficiency is identified, students are
encouraged to explore and incorporate the suggested activities in order to improve their
academic performance.
The Learning Styles Contract is a seven-item questionnaire designed to
summarize and consolidate the information presented in the FGS. As students complete
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the Contract, they formulate a learning/study plan for the school year utilizing
appropriate strategies based on their learning style(s). The Contract is completed prior to
the conclusion of the class.
At the conclusion of the FGS, students are given a folder that contains all of the
handouts and questionnaires distributed or completed during the class. This folder serves
as a resource that the student can access and reference at any time during the school year.

Confounding
Confounding variables – sometimes called spurious variables – are attributes or
characteristics that the researcher cannot directly measure because their effects cannot be
easily separated from those of other variables (Creswell, 2005). A variable can confound
the results of a research study if:
1. It affects the dependent variable.
2. The groups differ on the confounding variable.
Therefore, identifying and controlling potential confounding variables is the single most
important task faced by researchers (Graziano & Raulin, 2011).
The confounding variable in this study will be intrinsic student motivation.
Motivation influences how and why people learn, as well as how they perform (Pintrich
& Schunk, 1996). According to Brophy (1987), student motivation to learn is an acquired
competence developed through general experience, and then stimulated through
modeling, communication of expectations, and direct instruction or socialization by
others, especially parents and teachers. However, poor motivation is one of the chief
contributors to underachievement, which often results in students only exerting a
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minimum amount of effort. Far too many students do not develop their academic abilities
or talents only because they lack the desire to do so (Meese & McColskey, 2001).
Students lack motivation for a number of different reasons. They may not
understand the importance or benefits of education; they may not understand the course
content and therefore think that they cannot succeed; they may only use the computer as a
non-academic distraction; their peers may negatively influence them, or they may simply
not care. If a student is indifferent or unwilling to learn or apply the metacognitive
strategy discussed during the study, then their classroom performance may result in an
MSLQ posttest score that is insufficient in determining the effectiveness of the treatment.
In order to maintain a high level of student motivation during the study, the
researcher will:
1. Utilize a supportive teaching style that provides prompt, frequent, and positive
feedback (Davis, 1993), allows for student autonomy (Reeve & Hyungshim,
2006), and establishes a sense of belonging (Freeman, Anderman, & Jensen,
2007).
2. Set high, but realistic, expectations for the student performance. Research has
shown that teacher expectations have a powerful effect on student
performance (Forsyth & McMillan, 1991), and Stipek (1988) notes that
students expect to learn if their teachers expect them to learn.
3. Strategize with struggling students by teaching them how to learn
(Tuckerman, 2003).
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Instrument
This study will utilize the Motivated Strategies for Learning Questionnaire
(MSLQ) (Appendix D). Permission to use the MSLQ was requested and received from
the Combined Program in Education and Psychology (CPEP) at the University of
Michigan on February 11, 2010. Marie-Anne Bien, the secretary for CPEP, replied that
the instrument may be used for a fee of $20.00. A check for that amount was mailed to
the university on February 15, 2010.
The MSLQ is a self-report, seven-point Likert scale instrument designed to be
administered in the classroom. It takes approximately 20-30 minutes to complete and
assesses the motivational orientations and learning strategies used by college students.
The MSLQ, or its subscales, has been widely used with different student groups, in
different fields, and in different countries. It is used to determine the motivation and
learning strategies of secondary school, high school, and university students, or adult
learner in various companies. The scales are used in different fields such as motivation
and performance, learning strategies and success, self-efficacy, self-organization, Web
and Internet-based learning, and distance learning. They are also used in several
disciplines such as education psychology, social sciences, accounting, nutrition and
teacher training (Chen, 2002; Duncan & McKeachie, 2005).
The MSLQ was designed and formally developed in 1986 by Paul R. Pintrich,
David A. F. Smith, Teresa Garcia, and Wilbert J. McKeachie of the National Center for
Research to Improve Postsecondary Teaching and Learning (NCRIPTAL) and the School
of Education at the University of Michigan. Yi-Guang Lin, Moshe Naveh-Benjamin,
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Stuart Karabenick, Donna Kempf, Terry Crooks, Susan Reiter, Carol Weiss, and Robert
Doljanac were instrumental in assisting the four authors with the development process.
The MSLQ contains two sections, one on motivation and one on learning
strategies. For the purposes of this study, only the Learning Strategies section will be
utilized. Learning strategies are designed to teach learners how to learn (Jonassen, 1985)
and are defined as thoughts and behaviors intended to influence the learner’s ability to
select, acquire, organize, and integrate new knowledge (Weinstein & Mayer, 1986).
Effective learning involves knowing when to use a specific strategy, how to access that
particular strategy, as well as when to abandon an ineffective strategy (Jones, Sullivan
Palincsar, Sederburg Olge, & Glynn Carr, 1987).
The Learning Strategies section of the MSLQ consists of 50 items, 31 regarding
students’ use of different cognitive and metacognitive strategies, and 19 concerning
student management of different learning resources. The three general types of scales
used in the learning strategies section are cognitive, metacognitive, and resources
management. See Table 3.1 for a listing of the general scales, subscales, and number of
questions. These scales are based on a general cognitive model of learning and
information processing (Weinstein & Mayer, 1986). The taxonomy developed by
Weinstein and Mayer identified specific strategies and methods available to learners to
assist them with selection, acquisition, construction, and integration of knowledge.

Modifications
For the purposes of this study, four modifications to the original MSLQ will be
made (Appendix E). First, the sample population will consist of high school students in
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grades 9 – 12. While the MSLQ was originally designed for college students, Garcia and
Pintrich (1995) stated that carefully designed self-report instruments, such as the MSLQ,
could probably be used with students in the upper elementary grades and beyond as they
can provide a relatively efficient and practical measure of students’ motivation and use of
learning strategies.
Second, due to the purpose of the study, only Part B – the Learning Strategies
section – will be utilized. Part B consists of 50 questions that are divided into nine
subscales that deal with learning strategies and study skills. Pintrich, Smith, Garcia, and
McKeachie (1993) suggested that the 15 different scales of the MSLQ could be used
together or singly, and that they were designed to be modular and could be used to fit the
needs of the researcher or instructor.
Third, in order to elicit more accurate and reliable answers from the high school
sample, the seven-point Likert scale will be reduced by two items to five-points, and then
labeled accordingly. As designed, the seven-point Likert scale responses range from:
1 = Not at all true of me.
7 = Very true of me.
Items 2 – 6 are not given a specific value. The scale and values will be changed to:
1 = Never.
2 = Rarely.
3 = Sometimes.
4 = Often.
5 = Always.
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According to Alwin and Krosnick (1991), Attitude questions with more response
options tended to have higher reliabilities, although there are some important exceptions.
More extensive verbal labeling of numbered response options was found to be associated
with higher reliability…. Based on this exception, the modification could increase the
reliability of the answers by giving the students fewer, yet more concrete choices, which
could minimize any confusion and uncertainty in their responses. While the original
MSLQ was designed for college students who are probably more familiar with answering
Likert-type questions, many high school students do not respond well to the abstract,
which in this case would be the unlabeled choices. Prior to modifying the scale and its
associated labels, Dr. Wilbert J. McKeachie, one of the original authors of the MSLQ,
was contacted via email at the University of Michigan and asked for his thoughts and
permission on making this modification. He graciously responded to say that the changes
should work as long as everything else in the instrument remained constant.
Finally, in order to make the results of the study easier to interpret, only the sum
of the responses will be calculated instead of their means. Currently, the mean for each
item in a scale is determined by the sum of the individual responses divided by the
number of items in the scale. For example, if there were four items in a scale, and a
student responded with “4,” “5,” 2,” and “1” respectively, the sum of their responses
would equal “12,” and this sum would be divided by the number responses, which would
result in a mean of “3” for that student on that scale. The overall mean for that student
with regard to the 50 questions on the instrument would then be calculated by taking the
sum of each of the nine means and dividing it by nine (the number of scales), resulting in
an overall mean somewhere between 1 and 5.
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For the purposes of this study, only the sums will be used. Just as in the previous
example, if a student responded with “4,” “5,” 2,” and “1” respectively, the sum of their
responses will equal “12,” and that value will be sufficient; no additional calculations will
be needed. The overall sum for that student with regard to the 50 questions on the
instrument will then be calculated by simply adding the sums for each of the nine scales
together, resulting in an overall sum somewhere between 50 and 250. Scoring the MSLQ
this way will result in the same standard deviation of the data, but by using the expanded
data range, the results may be better able to demonstrate the differences in the data.

Reliability and Validity of the MSLQ
According to Creswell (2005), an instrument that reports individual scores should
be reliable and valid. A measurement procedure is considered reliable when it produces
stable, consistent measurements, i.e., it will produce the same (or nearly the same) scores
when the same individuals are measured under the same conditions (Gravetter &
Wallnau, 1996). A test is considered valid when it measures what it claims to be
measuring to accomplish a specific purpose with a specific group of people (Crowl,
1993).
Pintrich et al. (1993) determined the MSLQ to be a useful, reliable, and valid way
to assess motivation and learning strategies in the classroom. Using data from their
sample, the authors completed a number of statistical tests to determine the reliability and
validity of their instrument. Based on a study of 380 Midwestern college students,
construct validity for the MSLQ was determined by using two confirmatory factor
analyses, one for the items in the Motivation scale, and one for the items in the Learning
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Strategies scale. The six scales in the Motivation section and the nine scales in the
Learning Strategy section were found to represent a coherent conceptual and empirically
validated framework for assessing students’ motivation and use of learning strategies
(Pintrich et al., 1993).
Internal consistency estimates of reliability for the MSLQ were calculated using
Cronbach’s alpha. The majority of the alphas for the individual subscales (9 out of 15)
were fairly robust, e.g., greater than .70, with the largest one, self-efficacy for learning
and performance, being .93. The alphas for the remainder of the subscales fell below .70,
with the lowest one, help seeking, coming in at .52 (Table 3.2).
Numerous research studies have supported the factor structure of the MSLQ and
the stability of the fifteen scales (Garcia & Pintrich, 1995; Jacobson, 2000; McClendon,
1996; Pintrich et al., 1993). Benson (1998) also suggested that the MSLQ showed sound
structure, its subscales showed factor validity, and the items represented concepts related
to the information-processing model of cognitive strategy use. The MSLQ has also
proved valid and reliable in several studies (Barker & Olsen, 1997; Garcia & Pintrich,
1995, 1996; Garcia, 1995; Kivinen, 2003; Pintrich et al., 1993) and is thus, according to
Pintrich et al. (1993), a reliable and useful tool that can be adapted to a number of
different purposes for researchers, instructors, and students.

Treatment
The treatment for this study will be an original computer application entitled the
Metacognitive Task Tracker (MTT). The software will be designed and developed by the
researcher using Microsoft Visual Basic, the 2010 Express Edition. This version of the
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program is a component of Visual Studio 2010 Express, a free set of software
development tools that Windows developers can use to create custom applications. This
program can be downloaded at http://www.microsoft.com/express/Downloads/#2010Visual-Basic. While the program can be downloaded and used for free, Microsoft does
require that the copy be registered within 30 days in order to continue using the product.
The MTT is an electronic learning journal that is designed to complement the
direct instruction on the process-oriented metacognitive strategy learned in class. The
application will provide a student with a series of relevant prompts that require a written
response. This type of systematic prompting has been shown to assist students in the
learning and skill acquisition process (Prompt Hierarchy, 2009). The prompts are similar
to the questions on the Project Checklist and the Task Completion Flowchart that
students will use as they complete their classroom projects. By using a structured
approach to record the pertinent details of their project, as well as document their
thoughts about the planning, completion, and evaluation of the project, students will
begin to develop their metacognitive awareness. As they record and review their
progress, they can then reflect on the connections between what they know and do not
know, what works and does not work, and what they can do to develop and improve their
own problem-solving process.
The MTT application consists of seven tabs/sections (Appendix F):
1. Cover – Provides the title of the program, its description, and the copyright
information.
2. Student – Requires the student to enter their name, class, and class period.
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3. Project – Requires the student to enter the title of their project, provide a
written description of the project, and select the assigned and due dates for the
project.
4. Tasks – Requires the student to list the individual tasks in the project and then
re-order them into ascending order.
5. Tracker – The focal point of the program. The student will answer a series of
questions as they complete each task in the project. The questions correspond
to the items on the Task Completion Flowchart.
6. Self-Eval – Once the project has been completed, the student will answer a
series of questions about their project. The open-ended questions will require
the student to reflect on a number of different elements about their project.
7. Summary – All student input will be listed and made available in a print-ready
format.
Once the student provides their answer(s) for a specific section, they will click the
Save button which will create or update a text file for that section. The MTT application
creates the text files and saves them in the same directory on the student’s computer. The
date and time will be saved with the student information in order to track the elapsed
amount of time spent on each activity.
According to Graham (2003), critical thinking and decision-making skills... can
be taught and developed... through journal writing. Hays (2004) states that learning is
enhanced through keeping a learning journal in a number of ways:
1. The act of writing what one has observed, read, or participated in reinforces
the content and the lessons inherent in those activities.
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2. Recalling specific events and interactions commits them to memory. Putting
them into perspective and exploring the context in which they occurred can
lead to important insights and connections.
3. Keeping a learning journal makes learning a conscious and deliberate process
as learners think about what works and what does not work.
E-journaling has many educational advantages; however, it currently remains an
underused teaching and learning tool (Phipps, 2005). By using the MTT in conjunction
with the direct instruction, the researcher hopes to increase metacognitive awareness by
providing the student a mechanism for helping them stay focused, organized, and on task.

Situation
This study will take place at a public, four-year, comprehensive high school. The
school is located in Massachusetts and is accredited by the New England Association of
Colleges and Secondary Schools (NEASC). See Tables 3.3, 3.4, and 3.5 for the 20112012 student population, 2010-2011 student ethnicities, and the 2009-2010 teacher data
(Massachusetts Department of Education).
The school requires that students be enrolled in a minimum of six subjects each
semester. Classes are scheduled on a seven-day rotation. All major courses are scheduled
five times per seven-day cycle, with one 90-minute class per cycle. The four other
periods are 60 minutes in length. Science classes may meet up to two additional periods
each cycle.
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Participants
Participants for this study will be selected from a convenience sample of students
enrolled in two sections of the Introduction to Computer Programming class. The class:
1. Is offered through the Technology Department.
2. Is considered a non-academic elective. Upon successful completion, the
student earns 2.5 credits, which applies toward their graduation requirements
in Arts and Technology.
3. Does not require a prerequisite, so students in all grade levels have the option
of signing up for the class.
4. Typically consists of 15-20 students.
In order to protect the rights, welfare, and privacy of the participants:
1. The researcher will be available to answer any questions or address any
concerns regarding the privacy of the participants, or the procedures to be
used in the study.
2. All obtained data will only be used for the purposes of the study.
3. Only the researcher will have access to the data, which will either be stored on
a password-protected computer, or in a locked file cabinet.

Procedures and Materials
Permission to conduct this study will be obtained from the superintendent of the
school district (Appendix G), and from the Institutional Review Board (IRB) (Appendix
H) at Texas Tech University. Once permission has been obtained, the researcher will
begin the study.
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The study will be conducted during the second semester of the 2011-2012 school
year, between February and March 2012. The study will begin during the second week of
the second semester. This will allow time for any student schedule changes and will
result in fewer interruptions in the study. The study will be conducted in three phases
(Table 3.6) over a period of six weeks. Based on the school’s rotating class schedule
(Table 3.7), with classes meeting three or four times a week, the researcher will meet
with the participants for 18 sixty-minute, and four ninety-minute, class periods for a total
instructional time of twenty-four hours.

Phase One
In Phase One – lasting one week (four class periods) – each student will:
1. Receive copies of the Metacognition Overview handout (Appendix I), the
Recruiting Materials handout (Appendix J), and the Parent Consent
(Appendix K) and Child Assent (Appendix L) forms.
2. Be provided with an overview of the tools required for the completion of their
programming projects.
3. Receive and complete the Demographic Survey (Appendix M).
4. Complete the MSLQ pretest.
The Metacognition Overview handout describes and defines metacognition, lists
the steps in the process-oriented metacognitive process, summarizes relevant research
studies, and outlines the academic benefits of learning, understanding, and applying the
metacognitive strategy. After the handout has been discussed, any questions have been
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answered, and any concerns have been addressed, each student will receive copies of the
Recruiting Materials handout, the Parent Consent form, and the Child Assent form.
The Recruiting Materials handout discusses the intent and purpose of the study,
and also serves as a solicitation for student volunteers. While many students will be
interested in the study, their participation will be contingent upon returning the signed
and dated Parent Consent and Child Assent forms. These forms provide information on
the researchers, the purpose and procedures of the study, its risks and benefits, and
participant rights. Students will receive these forms in class, and their parents will receive
duplicate forms via email. The purpose of emailing the forms is to minimize any lost time
due to misplaced or forgotten forms. The researcher will read the forms aloud in class and
answer any questions or address any concerns that the future participants may have.
Parents will be instructed to contact the researcher via email or telephone in the event that
they have any questions or concerns. The participants and their parents will have three
class periods to read, sign, and return the forms. Although students will be highly
encouraged to participate in the study, they will be informed that their participation is
voluntary and that they have the right to withdraw at any time. Students who decline to
participate, or who withdraw from the study, will remain in the class as a non-participant,
and will still receive direct instruction in the metacognitive strategy.
While the researcher waits for these forms to be returned, students will be
provided with an overview of the tools required for completing their programming
projects. They will begin to learn about the basic features of Adobe Dreamweaver and
Sencha Touch. More specific instruction on these two tools will be provided in Phase
Two. In addition to the tools overview, the importance of an organized file and folder
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structure will be discussed and emphasized as its understanding will be essential for the
successful creation and completion of the programming projects.
Once the Parent Consent and Child Assent forms have been returned and
collected, participants will receive and complete the Demographic Survey during class.
This survey will provide the descriptive statistics on student gender, age, and grade level
for each of the sample populations. Phase 1 will then conclude with the administration of
the MSLQ pretest.

Phase Two
In Phase Two – lasting 2.5 weeks (nine class periods) – students will:
1. Receive direct instruction in a metacognitive learning strategy based on the
elements of the NCREL process-oriented definition of metacognition, and will
receive the following five handouts: Using Metacognition to Complete a
Project (Appendix N), Creating a Task Checklist (Appendix O), Task
Checklist Practice (Appendix P), Task Completion Flowchart (Appendix Q),
and Planning and Monitoring (Appendix R).
2. Complete the First Project (Appendix S).
3. Complete the Project Self-Evaluation (Appendix T).
The direct instruction will consist of classroom discussions and exercises based
on the information found in the five handouts. Students will initially receive their
instruction and handouts prior to beginning the first project. The learning strategy will
first be discussed in generic terms in order to illustrate its universal relevance. The goal is
to have students recognize the global applicability of the strategy, and how it can be
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utilized with any of their school projects. If students can be convinced that the strategy is
all-encompassing, and not simply limited to their programming class, then maybe they
will be more receptive to learning and applying the concept outside of its immediate
learning environment.
The first handout, Using Metacognition to Complete a Project, provides an
overview of the metacognitive process by defining the process, listing the three steps in
the process, and then by providing a series of generic questions that are related to each
step in the process. The questions are designed to prompt and promote critical thinking,
which in turn increases metacognitive awareness. According to Halpern (1996), critical
thinking focuses on, and increases the probability of, a desired outcome, and by
continuing to ask and answer questions, an individual can therefore increase his or her
metacognitive awareness (Hemming, 2000).
The second handout, Creating a Task Checklist, is designed to enhance the
Planning component of the metacognitive strategy by discussing the purpose for creating
a task checklist, defining both Specific and Vague, offering suggestions on creating better
checklists, and providing a written example of a task that is vague, good, and better.
Considering that most students do not take the time to plan their projects, they are
consequently unaware of what is needed to complete those projects. By breaking a
project down into separate, individual tasks, students can take the mystery out of
completing their assignments by creating an itemized checklist, which can serve as a
guide for what they need to do.
The third handout, Task Checklist Practice, is an exercise related to the Creating
a Task Checklist handout. Students will be provided with a scenario, and then given a list
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of ten tasks that are required for the successful completion of the scenario. Students will
number the tasks from 1 to ten, the order in which they need to be completed. The
purpose of this exercise is to have students realize that oftentimes specific tasks must be
completed in a specific order, especially when writing a computer program.
The fourth handout, Task Completion Flowchart, is designed to enhance the
questions asked in the Planning and Monitoring handout by providing a visual
representation of the task completion process. By utilizing the same flowcharting
symbols used in class, the students will start to develop an understanding, and recognize
the benefits of, using diagrammatic representations to illustrate the step-by-step solutions
required for solving specific problems.
The fifth handout, Planning and Monitoring, is the primary tool that students will
use to complete their first project. This handout consists of three sections:
1. The task checklist.
2. The task completion checklist.
3. The project summary checklist.
In order to properly utilize the handout, students will first complete the Task Checklist
section by listing all the tasks required to complete the project in the TASK column. The
tasks are not required to be listed in consecutive order as they can be numbered and renumbered using the NUMBER column. After all the tasks have been listed, students will
know exactly what they need to do in order to complete their project. The second section
of the handout is the Task Completion Checklist. There will be one task completion
checklist per task in the project. Students will first copy the Task number and Task from
the task checklist to the top of the task completion checklist, and then answer the first
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question, Do I know how to complete the task (make a prediction)? If they check N, they
will complete the If not, what do I need to do? section. Once they resolve their issue(s),
or if they checked Y, they will go to the next question, Did I successfully complete the
task (Attempt 1)? If they check N, they will complete the If not, what did not work and
what will I do different? section. They will continue to answer this question until they
resolve their issue(s), or until they check Y. Once Y is checked, they will skip to the last
question on the page, Do I have another task? If they check N, then the project is
complete. If they check Y, then they will repeat the process for the remaining tasks in the
project. The third, and final, section of the handout is the Project Summary. Students will
fill in the Total number of tasks after completing the task checklist. At the end of every
class period, students will update the Number of tasks completed and Number of tasks
remaining sections, along with the appropriate percentages. The section allows students
to track their progress during the completion of their project.
After the initial discussion, students will begin their first project. Considering that
this will be their first attempt at using a metacognitive strategy, as well as writing a
computer program, the project will be completed in conjunction with the researcher in
order to emphasize and reinforce the connection between thinking and doing. The
researcher will not assume that the class has had any prior instruction in metacognitive
strategies or any computer programming experience. According to the Navy Instructor
Manual (2009), the Law of Primacy states that any information learned the first time is
retained longer than any information that has to be unlearned and then relearned. As such,
it will be very important to ensure that the required metacognitive and computer
programming concepts are presented accurately and sequentially. Also, due to the
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cumulative nature of the class, the understanding of the concepts must be ensured prior to
the presentation of any new material to the class. In order to do this, the researcher will
use a combination of teacher modeling and the Socratic method of asking and answering
questions in order to ensure that the students understand the step-by-step processes
needed to utilize the metacognitive strategy in relation to successfully creating their
computer application.
The purpose of the first project will be to create the user interface (UI) for a
simple web-based mobile application (app) in the time-honored Hello World tradition.
Prior to creating any files, students will be required to create a storyboard of the project.
Landay & Meyers (2001) state that storyboarding is useful for making early concept
sketches. Using an iPhone template with gridlines (Appendix U), students will neatly
sketch and label the layout and design of the user interface that they are about to create.
The app will be created using the educational version of Adobe Dreamweaver
CS5.5 and the open source license version of Sencha Touch. Adobe Dreamweaver is the
industry-standard integrated development environment (IDE) used for creating standardsbased websites. Students will use the Dreamweaver IDE to create the required HTML,
JavaScript, and Cascading Style Sheet (CSS) files needed for the project. Sencha Touch
is a mobile app framework that will allow students to replicate the user interface features
found in native iPhone, Android, and BlackBerry touch applications. Sencha Touch is
currently available as a free download from
http://www.sencha.com/products/touch/license/.
The project will require one HTML file, one JavaScript file, and one Cascading
Style Sheet (CSS) file in order for the app to properly function (Appendix V). These
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documents will be created and modified with the Dreamweaver IDE. The completed
project will consist of one panel, one toolbar with First Project as its title, and the text
Hello world! displayed on the screen (Appendix W).
Phase Two will conclude with a student self-evaluation – the third element of the
process-oriented strategy – of the project. Sloan (1996) says that teachers should
encourage self-evaluation because it allows their students to become active participants in
their own education. When students are required to evaluate themselves, they consciously
assess what they did or did not do, and what they knew or did not know; they begin to
recognize their own strengths and weaknesses, which is an indication of metacognitive
awareness.
The researcher will review each self-evaluation in order to determine if the
metacognitive strategy was effectively utilized, and if the app creation process was fully
understood. Each student will receive individual feedback on their self-evaluation and
have the opportunity to ask relevant questions about the course content covered in Phase
Two. These questions and answers will be shared with the class as a whole in order to
increase its collective knowledge and understanding of the material, and to possibly
promote or provoke an undiscovered thought.
After the project is reviewed, the app will be uploaded to the school web server
and will be accessible through a supported touch-enabled device, or through a WebKitbased browser, e.g., Safari. The project will display differently depending on the device
used to access the app. While the purpose of the class is to create smartphone apps, the
coding needed for the application to differentiate between the various devices has not yet

95

Texas Tech University, Michael G. McFarland, May 2013

been added to the JavaScript file. An example of the project can be viewed at
http://www.hopkinton.k12.ma.us/hsteach/mmcfarland/diss/first.html.

Phase Three
In Phase Three – lasting 2.5 weeks (9 class periods) – students will:
1. Review the process-oriented metacognitive strategy.
2. Be introduced to the Metacognitive Task Tracker.
3. Complete the Second Project (Appendix X).
4. Complete the Project Self-Evaluation.
5. Complete the MSLQ posttest.
Phase Three will begin by reviewing the definition of metacognition and
reflecting on the benefits of using the metacognitive strategy in class. The Project
Checklist, Task Completion Flowchart, and Project Self-Evaluation handouts will also be
reviewed in order to ensure their understanding and proper use.
The treatment group will then be introduced to the Metacognitive Task Tracker
(MTT). The MTT application will be published, i.e., compiled into an executable file,
using the ClickOnce feature of Visual Basic.NET. Publishing the application will create
the following files and folders:
1. setup.exe
2. mtt.application
3. Application Files folder
Once created, these files and folders will be moved into a folder named MTT and
then compressed to create MTT.zip. Using LanSchool (http://www.lanschool.com/) – the
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classroom management software installed in the computer lab – MTT.zip will be sent to
each student in class. The students will move the MTT.zip folder to their desktop, doubleclick it to uncompress it, and then double-click setup.exe in order to install the MTT
application on their computer. Once the application has been installed, it can be accessed
by selecting Start > Programs > Metacognition > MTT. In the event the application
needs to be uninstalled, the student can use the Change/Remove option after selecting the
MTT application from the Control Panel > Add or Remove Programs window.
After the application has been installed, discussed, and tested, both classes will be
given their Second Project. This project will be an open-ended example, albeit on a
smaller scale, of the type of assignments the students will experience as the class
continues. While the project will be similar to the First Project, it will be slightly more
complex. The main difference between the projects will be the inclusion of a JavaScript
function whose purpose will be to display an Alert box when it is called. The purpose for
the added complexity will be to actively engage the students in utilizing the elements of
the metacognitve strategy in order to solve the problem, i.e., successfully complete their
project.
This project will require one HTML file and one JavaScript file (Appendix Y).
The project will not require a CSS file as there are no elements that require formatting.
As before, students will use Dreamweaver to create the files and the Sencha Touch
framework to create the user interface. The completed project will contain two toolbars,
one with the title Second Project, and one that contains a button with the text label Hello.
When the user clicks (in a browser) or taps (on a touch device) the button, an Alert box
will appear that displays the message Hello world! (Appendix Z).
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The control group and the treatment group will differ only with regard to the use
of the MTT intervention. While the control group will have received the same instruction
on metacognition as the treatment group, they will not be required to document their
thoughts and progress as they proceed through the project. Both groups will be allowed to
ask questions, but the researcher will only provide indirect answers in order to encourage
and increase the natural development of student metacognitive awareness.
The Second Project will end in a manner similar to the First Project:
1. Students will complete their project self-evaluation.
2. The researcher will read each self-evaluation and provide appropriate
individual and group feedback.
3. The completed project will be uploaded to the school web server. An example
of the project can be viewed at
http://www.hopkinton.k12.ma.us/hsteach/mmcfarland/diss/second.html.
Phase Three will conclude with the administration of the MSLQ posttest. After
the test has been completed, all data from the pretest and posttest will be compiled and
coded. All participants will then be provided with individual feedback on their responses
to the learning strategy scales of the MSLQ (Appendix AA). The purpose of this
feedback is to help the student determine his or her own strengths and weaknesses
concerning their abilities and study skills, and to offer suggestions on how to improve
their performance in these specific areas. The feedback will report individual scores, as
well as the class mean, top 25%, middle 50%, and bottom 25% for each scale in order for
the students to compare their scores with the other students in the class.
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At the conclusion of the study, all student names will be separated from the
original documents and those names and documents will be shredded to ensure
confidentiality and anonymity.

Data Analysis
The data in this study will be analyzed using descriptive and inferential statistics.
Descriptive statistics will be used to describe the basic features of the data, and inferential
statistics will be used to make inferences about the dependability of the observed
differences between the control and treatment groups.

Descriptive
The purpose of descriptive statistics is to quantitatively describe the distribution
of the characteristics in a sample (Kaufold, 2007), and to summarize the trends and
tendencies in the data. The descriptive statistics used in this study will be:
1. A frequency distribution.
2. The measures of central tendency.
3. The measures of variability.
4. Measures of relative position.
These statistics will be used to describe the categorical data collected from the
demographic study, as well as the continuous data collected from the MSLQ pre- and
posttest scores for both the individual participants, and for each sample group in its
entirety.
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A frequency distribution will be constructed in order to summarize the
demographic data for the sample. Frequency tables will be constructed to organize the
gender, age, and grade level data for the control and treatment groups. An additional
frequency table will be created to display the summaries for the entire sample population.
Once the frequency tables have been created, the information will be transformed into a
bar graph in order to display the data in an easily read visual format.
The central tendency will denote the averages for the sample. The measures of
central tendency will include the mean, the median, and the mode. The mean will indicate
the arithmetic average, the mode will indicate the most frequently occurring score, and
the median will indicate the exact middle of all the scores. The measures of variability
will include the range, variance, and standard deviation, and the measures of relative
position will include the Z-score and percentile rank.

Inferential
Inferential statistics are mathematical procedures used to determine how likely an
exhibited characteristic in a sample will be accurately exhibited in the population from
which the sample was drawn (Crowl, 1993). The statistical tests used in this study will be
the Analysis of Covariance (ANCOVA) and Analysis of Variance (ANOVA). Research
questions one and two will be answered using the ANCOVA; however, Green and
Salkind (2008) suggested that the homogeneity-of-slopes assumption be empirically
evaluated prior to conducting the ANCOVA. If the assumption is violated, the ANCOVA
should not be conducted and an analysis to assess simple main effects should be
conducted. Research question three will be answered using the ANOVA.
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The ANCOVA will be used to answer questions one and two because it is often
used with pretest-posttest designs, with studies that lack random assignment, and it
provides an appropriate solution for a study with the following characteristics:
1. Type of hypothesis/question: Group comparison.
2. Number of independent variables: One or more.
3. Number of dependent variables: One.
4. Number of covariates: One.
5. Type of independent variables: Categorical.
6. Type of variable: Continuous.
7. Type of distribution of scores: Normal
The means being compared in questions one and two will be the MSLQ posttest scores,
and the covariate will be the MSLQ pretest scores. The level of significance for the test
will be established at p < .05, and the data will be analyzed using the IBM Statistical
Package for the Social Sciences (SPSS) Statistics Standard GradPack 20 for the Mac.
In educational research, the ANCOVA is most commonly used with quasiexperimental designs. This study will use the nonequivalent groups design (NEGD), one
of the most common quasi-experimental designs. However, Trochim (1995) states that
while the ANCOVA does work with the NEGD, the lack of random assignment tends to
complicate the analysis and can result in bias. This bias results from the effect of the
pretest measurement error which may create a pseudo, or false, treatment effect which
can lead to the attenuation, or flattening, of the slopes in the regression lines. In order to
properly analyze the NEGD, the pretest scores need to be adjusted for measurement error
with what is often called the Reliability-Corrected ANCOVA model. The Reliability101
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Corrected ANCOVA will be used to neutralize the effect of the covariate – the MSLQ
pretest scores – in the experiment. This reliability correction process reverses the possible
measurement error induced by dissimilarities between the pretest results of sample
groups. To solve the bias in the ANCOVA, Cronbach’s alpha – a coefficient of reliability
– will be used to calculate an adjusted mean for the pretest scores. This adjusted
calculation will help to make the appropriate adjustments that compensate for any pretest
measurement error.
Research question three will be answered by using a one-way ANOVA. Students
will be divided into grade levels – freshman, sophomore, junior, or senior – and the
ANOVA F test will be used to evaluate whether the group means on the dependent
variable differ significantly from each other.

Expected Results
The researcher expects that providing direct instruction in a process-oriented
metacognitive strategy will result in an increase in the metacognitive awareness of both
levels of the treatment group as measured by the MSLQ posttest. However, based on his
prior classroom experience with high school students, the researcher also expects:
1. That the increase will not be as pronounced in the group that only receives
direct instruction. After the metacognitive strategy has been introduced,
explained, and modeled during the completion of the First Project, its
subsequent use and natural development will be dependent upon the value that
the student places on its continued use, despite being provided with
documented evidence of its benefits.
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2. That some of the students in the treatment group will be hesitant and/or
resistant to using the treatment, the Metacognitive Task Tracker. Once again,
despite evidence to the contrary, the use of the MTT will be seen as an
inconvenience rather than an opportunity to become a better student.
Both levels of the treatment group will benefit from being introduced to the processoriented metacognitive strategy, and to the concept of metacognitive awareness.
However, the benefits will be proportional to the amount of effort that the student is
willing to exert.
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Table 3.1
General Scales, Subscales, and Number of Questions in Part B of the MSLQ
General Scale

Subscale

Questions

Cognitive

Rehearsal

4

Elaboration

6

Organization

4

Critical Thinking

5

Metacognitive

Metacognitive Self-Regulation

12

Resource Management

Time and Study Environment

8

Effort Regulation

4

Peer Learning

3

Help Seeking

4

Source: Pintrich, P. R., Smith, D. A. F., Garcia, T., & McKeachie, W. J. (1991). A
manual for the use of the motivated strategies for learning questionnaire. Michigan:
School of Education Building, The University of Michigan. (ERIC Document
Reproduction Service No. ED338122).
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Table 3.2
Internal Consistency Estimates of Reliability for the MSLQ
Scale

Items in the Subscale

α

Motivation Subscales
- Intrinsic Goal Orientation

1, 16, 22, 24

.74

- Extrinsic Goal Orientation

7, 11, 13, 30

.62

- Task Value

4, 10, 17, 23, 26, 27

.90

- Control of Learning Beliefs

2, 9, 18, 25

.68

- Self-Efficacy for Learning and
Performance

5, 6, 12, 15, 20, 21, 29, 31

.93

- Test Anxiety

3, 8, 14, 19, 28

.80

105

Texas Tech University, Michael G. McFarland, May 2013

Table 3.2. Continued.
Internal Consistency Estimates of Reliability for the MSLQ
Scale

Items in the Subscale

α

Learning Strategies Subscales
- Rehearsal

39, 46, 59, 72

.69

- Elaboration

53, 62, 64, 67, 69, 81

.75

- Organization

32, 42, 49, 63

.64

- Critical Thinking

38, 47, 51, 66, 71

.80

- Metacognitive Self-Regulation

33, 36, 41, 44, 54, 55, 56, 57, 61, 76,
78, 79

.79

- Time/Study Environmental
Management

35, 43, 52, 65, 70, 73, 77, 80

.76

- Effort Regulation

37, 48, 60, 74

.69

- Peer Learning

34, 45, 50

.76

- Help Seeking

40, 58, 68, 74

.52

Source: Duncan, T. G., & McKeachie, W. J. (2005). The Making of the Motivated
Strategies for Learning Questionnaire. Educational Psychologist, 40, 117-128.
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Table 3.3
2011-2012 Student Population
Grade

N

%

Male

Female

9th

270

25.26

122

148

10th

290

27.13

149

141

11th

237

22.17

111

126

12th

272

25.44

134

138

1,069

100

516

553

Totals

Source: High school front office
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Table 3.4
2010-2011 Student Ethnicities
Ethnicity

%

African-American

1.2

Asian

1.9

Hispanic

0.8

Multi-race / Non-Hispanic

0.4

Native American

0.0

Native Hawaiian / Pacific Islander

0.3

White

95.4
Total

100

Source: Massachusetts Department of Elementary and Secondary Education (DESE)
http://www.doe.mass.edu
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Table 3.5
2010-2011 Teacher Data
Item

N

Total Number of Teachers

77.4

Total Number of Classes in Core Academic Areas

637

Percent of Teachers Licensed in Teaching Assignment

98.7%

Percent of Core Academic Classes Taught by Teachers
Who Are Highly Qualified

97.8%

Student / Teacher Ratio

13.5:1

Source: Massachusetts Department of Elementary and Secondary Education (DESE)
http://www.doe.mass.edu
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Table 3.6
Three Phases of the Study
Phase

Length

Steps

One

1 week
(4 class periods)

1. Distribute and discuss the Metacognition
Overview handout
2. Distribute, complete, and collect the
Demographic Survey
3. Discuss, administer, and collect the
MSLQ pretest

Two

2.5 weeks
(9 class periods)

1. Provide direct instruction and activities in
the process-oriented metacognitive strategy
in conjunction with the course content
2. Distribute and discuss the First Project
3. Complete the First Project
4. Grade and review the First Project

Three

2.5 weeks
(9 class periods)

1. Review the process-oriented
metacognitive strategy
2. Introduce the Metacognitive Task Tracker
to the treatment group
3. Distribute and discuss the Second Project
4. Complete the Second Project
5. Grade and review the Second Project
6. Discuss, administer, and collect the
MSLQ posttest
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Table 3.7
Seven-Day Rotating Class Schedule
A

B

C

D

E

F

G

Period 1

Period 6

Period 4

Period 2

Period 7

Period 5

Period 3

Period 2

Period 7

Period 5

Period 3

Period 1

Period 6

Period 4

Period 3

Period 1

Period 6

Period 4

Period 2

Period 7

Period 5

Period 4

Period 2

Period 7

Period 5

Period 3

Period 1

Period 6

Period 5

Period 3

Period 1

Period 6

Period 4

Period 2

Period 7
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CHAPTER IV
RESULTS

Introduction
This chapter presents the results of the data collection and data analysis regarding
the effects of providing direct instruction in a process-oriented metacognitive strategy on
increasing the metacognitive awareness of high school students. The chapter provides a
review of the descriptive statistics of the sample population, results of the data analysis,
and a summary of the findings.

Participants
There were a total of 68 students that participated in this study. The participants
were high school students enrolled at a public, four-year, comprehensive high school
located in Massachusetts. The study utilized a quasi-experimental nonequivalent groups
design, which resulted in the participants being chosen due to the preexisting nature of
the classrooms selected to participate in the study.
Demographic information was obtained from all 68 participants (Table 4.1). The
68 participants were divided into two groups. The control group consisted of 32 students
(47%), and the treatment group consisted of 36 students (53%). There were 49 males
(72%), and 19 females (28%). Participant ages ranged from 14 to 18 years old with 9
being 14 (13%), 12 being 15 (18%), 13 being 16 (19%), 19 being 17 (28%), and 15 being
18 (22%). All four grade levels were represented with 19 freshman (28%), 11
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sophomores (16%), 8 juniors (10%), and 30 seniors (46%). The term metacognition was
familiar to 28 (41%) students prior to beginning the study.

Data Analysis
The data was analyzed using Microsoft Excel 2008 and IBM SPSS Statistics
Version 20 for Mac OS X. A confidence interval of 95% with an alpha level of .05 was
used for all statistical tests.

MSLQ Reliability Coefficients
A reliability analysis was conducted to evaluate the internal consistency of the
Learning Strategies section of the Motivated Strategies for Learning Questionnaire
(MSLQ). Cronbach’s Alphas were calculated for the pretest and posttest administrations
of the MSLQ, and the reliability analysis produced coefficient alphas of .90 for the
pretest administration, and .92 for the posttest administration (Table 4.2). According to
Gliem and Gliem (2003), a high value for Cronbach’s Alpha indicates good internal
consistency of the items in the scale, and the nearer Cronbach’s Alpha coefficient is to 1,
the better the internal consistency of the items in the scale. Based on the rules of thumb
for interpreting Cronbach’s Alphas (George & Mallery, 2003), the results of the
reliability analysis showed that the reliability estimates for the Learning Strategies
section of the MSLQ were in the Excellent range.
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Descriptive Statistics
Table 4.3 shows the mean and standard deviation for the control and treatment
groups on the pretest and posttest administrations of the MSLQ Learning Strategies
section.

Homogeneity-of-Slopes Assumption
One assumption of the one-way analysis of covariance (ANCOVA) is that the
covariate is linearly related to the dependent variable within all levels of the factor, and
the weights or slopes relating the covariate to the dependent variable are equal across all
levels of the factor (Green & Salkind, 2008). The ANCOVA assumes the homogeneity of
regression slopes, and the null hypothesis for this test is that the population slopes are
homogeneous, which is an indication that there is no interaction between the covariate
and the treatment group. A scatterplot showed that the regression slope for the treatment
group was not significantly different from the slope in the control group (Figure 4.1), and
a preliminary analysis evaluating the homogeneity-of-slopes assumption indicated that
the relationship between the covariate and the dependent variable did not differ
significantly as a function of the independent variable, F (1, 64) = .56, p > .05, i.e., the
homogeneity of the regression effect was evident for the covariate, and the covariate was
linearly related to the dependent measure (Table 4.4).

Analysis of Covariance
Once the assumption of homogeneity of regression slopes had been met, a oneway analysis of covariance (ANCOVA) was conducted. The independent variable, the
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assigned group, included two levels: a control group, and a treatment group. The
dependent variable was the posttest means on the Learning Strategies section of the
MSLQ. The covariate was the pretest means on the Learning Strategies section of the
MSLQ.
The ANCOVA was significant, F (1, 65) = 8.40, p < .05. Based on the
conventional cutoffs of .01, .06, and .14 (Green & Salkind, 2008), the strength of the
relationship between the treatment and the dependent variable, as assessed by a partial η2,
was strong, with the treatment factor accounting for 14% of the variance of the dependent
variable, holding constant the MSLQ pretest scores (Table 4.5).
The means for the MSLQ posttest scores were adjusted for initial differences and
were ordered as expected across the control and treatment groups. The treatment group
had the largest adjusted mean (M = 154.04), and the control group had the smallest
adjusted mean (M = 146.71) (Table 4.6). Considering that there were only two groups,
follow-up tests were not conducted.

Analysis of Variance (ANOVA)
In order to determine whether there was any significant differences in the reported
levels of metacognitive awareness between the four grade levels, an ANOVA F test was
conducted. For the purposes of this test, students were divided into four groups based on
their current grade level, regardless of originally being in the control or treatment groups.
The demographic data for each grade level is listed in Table 4.7, and the descriptive
statistics are listed in Table 4.8.
The ANOVA makes two assumptions:
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1. The dependent variable is normally distributed.
2. The two groups have approximately equal variance on the dependent variable.
The Q-Q plot data (Figure 4.2) showed that the dependent variable appeared to be
normally distributed because the values created a linear line on the graph, and the values
were very close to the linear line. Based on these results, assumption number one was
met.
The second assumption was that the groups had approximately equal variance on
the dependent variable. The results of the Levene’s Test were not significant, p > .05
(Table 4.9), meaning that the variances were approximately equal, and thereby satisfying
assumption number two.
Once both assumptions were met, the ANOVA was conducted. The results of the
ANOVA were not significant, F (3, 64) = .24, p > .05 (Table 4.10), indicating that there
were not any significant differences in the reported levels of metacognitive awareness
between the four different grade levels. Considering that the results were not significant,
follow-up tests were not conducted.

Summary
A study was conducted to examine the effects of providing direct instruction in a
process-oriented metacognitive strategy on increasing the metacognitive awareness of
high school students. The sample population of 68 students was divided into one control
group (n = 32) and one treatment group (n = 36), and completed the pretest
administration of the Learning Strategies section of the MSLQ. The treatment group then
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received direct instruction in the metacognitive strategy, and then both groups completed
the posttest administration of the MSLQ.
The reliability analysis showed that the reliability estimates for the pretest and
posttest administrations of the MSLQ were in the Excellent range with Cronbach’s
Alphas of .90 and .92 respectively. The results of the ANCOVA were significant, F (1,
65) = 8.40, p < .05, and indicated that the null hypothesis should be rejected. The partial
η2 of .14 suggested a strong relationship between the treatment and dependent variable,
the scores on the posttest administration of the MSLQ, controlling for the MSLQ pretest
scores. The results of the ANOVA were not significant, F (3, 64) = .24, p > .05,
indicating that the null hypothesis should be accepted.
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Table 4.1
Frequency and Percentages of Demographic Variables (n = 68)
Variable

Control

Treatment

Freq

Percent

Freq

Percent

32

47.1

36

52.9

Male

15

46.9

34

94.4

Female

17

53.1

2

5.6

14

4

12.5

5

13.9

15

6

18.8

6

16.7

16

4

12.5

9

25.0

17

10

31.3

9

25.0

18

8

25.0

7

19.4

Group
Gender

Age
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Table 4.1 Continued
Variable

Control

Treatment

Freq

Percent

Freq

Percent

Freshman

10

31.3

9

25.0

Sophomore

4

12.5

7

19.4

Junior

0

0.0

8

19.4

Senior

18

56.3

12

36.1

Yes

18

56.3

10

27.8

No

14

43.8

26

72.2

Grade Level

Familiar with Metacognition
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Table 4.2
Internal Consistency of the MSLQ Learning Strategies Section
Administration

Cronbach’s Alpha

Pretest

.90

Posttest

.92
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Table 4.3
Descriptive Statistics for Control and Treatment Groups
Administration

Control

Treatment

Mean

SD

Mean

SD

Pretest

137.66

23.77

153.33

18.47

Posttest

138.78

23.84

161.08

20.12
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Table 4.4
Results for the Homogeneity-of-Slopes Assumption
Source

df

Mean
Square

F

Sig.

Partial Eta
Squared

Group * Pretest

1

42.60

.56

.46

.01

Error

64

76.74
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Table 4.5
Results for the ANCOVA: Between-Subjects Effect
Source

df

Mean
Square

F

Sig.

Partial Eta
Squared

Group

1

798.45

10.48

.00

.14

Error

65

76.21
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Figure 4.1 Regression Slopes for Control and Treatment Groups
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Table 4.6
Adjusted MSLQ Posttest Means
Group

Mean

Std. Error

Treatment

154.04

2.27

Control

146.71

2.27
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Table 4.7
Frequency and Percentages of Demographic Variables (n = 68)
Grade Level

Freq

Percent

Freshman

19

27.94

Sophomore

11

16.18

Junior

8

11.76

Senior

30

44.12
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Table 4.8
Descriptive Statistics for Grade Levels
Administration

Pretest

Posttest

Mean

SD

Mean

SD

Freshman

141.47

30.87

146.68

31.83

Sophomore

149.55

15.40

153.27

19.12

Junior

145.88

15.15

153.13

16.10

Senior

147.50

20.24

151.40

23.54
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Figure 4.2 Q-Q plot for sample population grade levels
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Table 4.9
Levene’s Test of Equality
F

df1

df2

Sig.

1.425

3

64

.24
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Table 4.10
Results for the ANOVA: Between-Subjects Effect
Source

df

Mean
Square

F

Sig.

Partial Eta
Squared

Group

3

146.70

.24

.87

.01

Error

64

621.54
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CHAPTER V
DISCUSSION

Introduction
This study was conducted in order to examine the relationship between teaching a
process-oriented metacognitive strategy and increasing the level of metacognitive
awareness in high school students. Considering the quasi-experimental nature of the
study, the nonequivalent groups design (NEGD) was utilized to determine how the
independent variable – the teaching of the metacognitive learning strategy – affected the
dependent variable – the reported level of metacognitive awareness – as measured by the
Motivated Strategies for Learning Questionnaire (MSLQ).
This chapter provides a discussion on the results of that study, and is organized
into four major sections. First, the findings of the study will be presented and discussed in
relation to current and previous research. Second, the implications for those findings will
be discussed. Third, the limitations of the study will be presented, and finally,
recommendations for future research will be suggested.

Findings
The purpose of the study was to investigate and provide answers for the following
three research questions:
1. What is the percentage of students who are currently familiar with the term
metacognition?
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2. How does providing direct instruction in a process-oriented metacognitive
strategy affect the reported use of cognitive and metacognitive strategies by
high school students as measured by the Motivated Strategies for Learning
Questionnaire (MSLQ)?
3. What is the relationship between student grade levels and the reported use of
cognitive and metacognitive strategies by high school students as measured by
the MSLQ?

Research Question One
Research question number one pertained to the percentage of students who were
currently familiar with the term metacognition. The results of this study indicated that
only 28 (41%) of the 68 students in the sample population reported being familiar with
the term. This percentage, however, was not equally divided between the control and
treatment groups. There were 18 students (56.3%) – 15 seniors and 3 sophomores – in the
control group who reported being familiar with metacognition, while there were only 10
students (27.8%) – 4 seniors, 5 juniors, and 1 sophomore – in the treatment group who
reported being familiar with the term. The seniors in both groups reported that they had
learned about the concept in their Advanced Placement (AP) Psychology class, while the
remaining juniors and sophomores reported learning about the concept in their Honors
Time to Think class. There were not any freshmen in either group who reported being
familiar with the concept of metacognition.
It was surprising to find that less than half of the sample population reported
being familiar with metacognition. It was also noted that the percentage of students in the
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treatment group who were familiar with the term was less than half that of the control
group. These results were surprising to the instructors of the AP Psychology and Honors
Time to Think classes as well. While those classes are considered electives, the instructors
reported that the classes were in high demand and always well attended, and therefore
thought that the overall percentage of students who reported being familiar with
metacognition would be at least 75%, especially considering the timeframe of the study,
which was conducted at the end of the second semester of the 2011-2012 school year.
They were not that surprised, however, that not any freshmen reported being familiar
with the term. While Honors Time to Think is a class that is open to freshman, the
instructors reported that only a handful have taken the class during the past few years.
One possible reason for this difference may have been the non-random nature of
this study. Due to the quasi-experimental design of the study, convenience sampling was
used to select the sample population from preexisting classes. While an advantage of
convenience sampling is its ease of use, a disadvantage is that the sample may not be
representative of the entire population, which could limit its generalizability and result in
low external validity (Castillo, 2009). For this particular study, the sample population
was chosen from four classes. The control group consisted of students from two math
classes – Geometry and AP Calculus – while the treatment group consisted of students
from two elective Introduction to Computer Programming classes. While there were
twelve students from the control group who had also taken AP Psychology, there were
only two students from the treatment group who had done the same. There were six
underclassmen from the treatment group who had also taken Honors Time to Think, but
only three from the control group. The overall percentage of students from both groups
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who had also taken one of the other classes may have resulted in the difference in the
level of familiarity between the two groups.
Another interesting observation was that students only mentioned learning about
metacognition in either one of two different classes. In order to determine if
metacognition was discussed or used in more than just those classes, an informal email
was sent out to the high school teachers asking, Does anyone - outside of AP Psych and
Honors Time to Think - discuss the learning strategy "metacognition" (thinking about
thinking) with your students? Teachers from a variety of classes and departments
responded with the following comments (names and referenced websites were removed,
but the comments are otherwise unedited):
1. We discuss this concept in all of my art classes. I only use the term
"metacognition" in the upper level classes, however, on a consistent basis I
remind students that reflecting on their artistic process--the choices they
make, tendencies, preferences, ways of working, strengths, struggles, etc-helps them to better understand the way they learn and how they make sense
of things & relate to the world around them. In Art 3, 4, 5, and AP students
consistently analyze the links between their works and process, inspirations,
etc to better understand what it is they are drawn to and are interested in
communicating.
2. I spend a lot of time working and discussing with my students how they learn
and teaching them to be efficient with their time. We also discuss how to see
the big picture and not get caught up in the details (or vice versa depending on
the student). I'm not sure if this is helpful.
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3. We use it for our American Lit courses (CP and Honors). The students write a
metacognitive reflection about each essay they write throughout the semester
to look at their growth as writers.
4. I don't know if this is useful info for you but in counseling we address
cognitive processes ( distortions, irrational thoughts, reframing etc. and how
our thinking gives rise to feelings and ultimately shapes behavior. In order to
address behavior change the student must think about their thinking/
perception, how those thoughts give rise to feelings and motivate behavior.
5. I used to use it with my students in academic support when I was still in the
classroom.
6. A few years ago I started keeping a meta-cognitive journal in my ninth grade
World History classes, but it didn't last through the 1st semester because it just
took too much time away from the content.
7. I do. And I'd be happy to help you out.
8. Believe it or not, teachers talk to their students about reading
"metacognitively" -- and the kids get it (as my daughter put it, I need to "think
about my thinking" when I read). Hope this helps
9. i do! ceck out the group/individual rubrics on the Metacognition page of my
site: [DELETED] also the "new unit resolution!"
10. You can imagine that "meta cognition" plays a crucial role in learning another
language. I mention "meta cognition" in my Spanish classes often. NOTE:
Not all students are listening to me when I refer to the term itself, nevertheless
memorizing and recognizing patterns are crucial for advancement and success
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in the target language. At the end of every class, I require students to think
about the learning and to write down what they learned in each class
[Knowledge] and how we applied it to real life situations in Spanish [Skills].
Students in my classes engage in meta cognition [and I see it] when they selfcorrect as they hear themselves making audible errors. Also, for responses to
writing prompts in Spanish, I create open-ended situations requiring short
sentence responses, but I assess their ability to write answers that are
comprehensible and appropriate to the topic with no errors in form. The last
part makes them realize that if they get to choose which words to use to
address the prompt, they need to be sure that what they communicate is
correct. Attention to detail is often lacking when they arrive in my class, but
the more that they are assessed in this way, the more they start to think about
controlling what they write. This is in Spanish IV. Is this helpful? I guess that
the answer to your question is YES.
11. I used it for 1 month in my Calculus class.
12. With my 9th graders (honors intro to chemistry) I have them analyze their
own work and look for patterns in the types of questions they do well on or
poorly on and create specific strategies- it has metacognition ties, but I don't
discuss the concept directly. Is that what you mean?
13. I am going to do a metacognitive-like practice with my 9th graders.
Tomorrow, periods 3-4 (which meet 2nd and 3rd) are the first to go through it.
Then I will do it with my period 1, probably the next day, whenever that
meets, possibly Wednesday. They will be looking a small body of writing
136

Texas Tech University, Michael G. McFarland, May 2013

work and reflecting on their own performance, looking at how they improved,
specifically. I am going to try to get them to seriously consider their own
decision making as writers in their explanations. I am still kind of working out
the details of how I will guide them through this, but my hope is that it is
metacognitive on some level. Any thoughts from you would be welcome.
Based on these responses, metacognition is fortunately discussed and/or practiced
in more than just the AP Psychology and Honors Time to Think classes, which once again
lends credibility to the assumption that the relatively low percentage of students who
were familiar with metacognition was due to the non-random nature and convenience
sampling used in the study.

Research Question Two
Research question number two pertained to the effects of teaching a processoriented metacognitive learning strategy. The results of this study indicated that the
combination of using direct instruction in conjunction with a computerized exercise
designed to reinforce the facets of the learning strategy resulted in a significant increase
in the level of metacognitive awareness for the treatment group as measured by the
MSLQ.
The study began with the control and treatment groups both receiving the pretest
administration of the MSLQ in order to determine their initial levels of self-reported
metacognitive awareness. For the purposes of this study, both groups received a modified
version of the MSLQ. Students were asked to rate themselves on only the 50 items in the
Learning Strategies section of the instrument, and the original seven-point Likert-type
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scale was reduced by two points, to five, and then labeled accordingly. As designed, the
seven-point scale responses ranged from:
1 = Not at all true of me.
7 = Very true of me.
Items 2 – 6 did not have a specific value. The scale and values were changed to:
1 = Never.
2= Rarely.
3 = Sometimes.
4 = Often.
5 = Always.
The change was made with the hope of soliciting more accurate answers from the sample.
When the means for the pretest administration of the MSLQ were compared, the
control group had a slightly lower average (M = 137.66, SD = 23.77) than the treatment
group (M = 153.33, SD = 18.47). Based on the values for the five-point scale, the control
group ranked themselves just below Sometimes, and the treatment group ranked
themselves just above Sometimes. The original assumption for the difference in the
pretest mean scores was attributed to either the number of freshmen or seniors in each
group. Considering that freshmen are not afforded the opportunity to take either AP
Psychology or Honors Time to Think, the thought was that their unfamiliarity with the
metacognitive learning process would lower the overall average of their particular group.
This inequality, however, proved not to be the case as the control group consisted of 10
freshmen, while the treatment group had an almost equal number with nine. Conversely,
15 of the seniors in the control group reported being familiar with metacognition, while
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only two of the seniors in the treatment group reported being familiar with the term.
Furthermore, over 50% of the control group was familiar with the term metacognition,
yet less than half that amount was familiar with the term in the treatment group. If
anything, based on the difference in the number of students who had been introduced to
metacognition, the pretest mean for the control group should have been higher. A
possible explanation for this anomaly may be due to the limitations of using a self-report
instrument. While self-report instruments have many advantages, they are inherently
biased by the person's feelings at the time they filled out the questionnaire (Self-Report
Study, 2012), the respondents may lack the introspective ability to provide an accurate
response to a question (Hoskin, 2012), or students may simply not have as much selfknowledge as the researcher assumes (What Are the Disadvantages of Self-Report
Measures, 2010). Self-report inventories are also limited in other ways (VanZile-Tamsen,
1996):
1. Students may endorse items they interpret to be desirable, regardless of
whether they actually engage in the cognitive activity.
2. Different students may interpret the items in different ways, making it difficult
to compare responses.
3. Students may engage in metacognitive activities that are not assessed in the
self-report.
Any one of these items may have contributed to the fact that the pretest mean average for
the control group was lower than that of the treatment group.
The posttest administration of the MSLQ resulted in similar scores with a minimal
increase in the mean score for the control group (M = 138.78, SD = 23.84), and a larger
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increase in the mean score for the treatment group (M = 161.08, SD = 20.12). As in the
pretest administration, the control group ranked themselves just below Sometimes, and
the treatment group ranked themselves just above Sometimes. The higher mean score for
the control group, as before, may have simply been the result of using a self-report
instrument, or it may have been due the natural development of metacognition, which is
unlikely considering the short period of time between each administration of the MSLQ.
While research concludes that metacognitive abilities appear to improve with age (Cross
& Paris, 1988; Hennessey, 1999; Kuhn & Dean, 2004; Schneider, 2008; Schneider &
Lockl, 2002; Schraw & Moshman, 1995), Kuhn (2000) characterized the development of
metacognition as very gradual.
The difference in the posttest mean score for the treatment group – based on the
Analysis of Covariance (ANCOVA) – was enough to be considered significant; therefore,
the treatment could be considered successful in increasing the metacognitive awareness
of the students in the treatment group. This success, as previous research has suggested,
may have been due to the fact that the direct instruction was augmented with an exercise
in the use of the metacognitive learning strategy. The impact of direct instruction in
metacognition has been widely demonstrated (Muijs & Reynolds, 2001; Pressley &
McCormick, 1995), and previous studies have shown that increases in learning have
followed direct instruction in metacognitive strategies. Caliskan & Sünbül (2011) found
that direct instruction in learning strategies increased the metacognitive knowledge of
students, and consequently the use of those metacognitive skills increased student
achievement. Kramarski and Mevarech (2003) reported that students exposed to
metacognitive instruction outperformed comparison students with respect to
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mathematical reasoning and metacognitive skills. Desoete, Roeyers, and De Clercq
(2003) found that students who received direct instruction in both metacognition and
algorithms showed significant gains in not only their metacognitive skills, but in their
math skills and knowledge as well.
In addition to the direct instruction provided to the treatment group, students were
also provided with an exercise in the utilization of the metacognitive learning strategy, an
often missing component in learning strategy instruction. Students used the
Metacognitive Task Tracker (MTT) – a computerized learning journal – to record their
thoughts, actions, and reflections during the completion of their in-class projects. While
research on the use of computer environments for enhancing metacognition is incomplete
and inconsistent (Clements & Nastasi, 1999), computers have been successful in
modeling metacognitive strategies. Lin, Hmelo, Kinzler, & Secules (1999) found that
computers can make often tacit thinking processes overt so they become externalized and
accessible as objects of close reflection and evaluation. Computers have been used as
tutors to help students generate questions, and to develop self-explanation strategies
while reading text (Graesser & McNamara, 2005). Technology has also been used to help
students develop self-correction skills for problem solving (Mathan & Koedinger, 2005),
as well as used to effectively monitor strategies in online scientific inquiries (Quintana,
Zhang, & Krajcik, 2005).

Research Question Three
Research question number three pertained to the relationship between the level of
metacognitive awareness and student grade levels. The results of this study indicated that
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there were no notable differences between the levels of metacognitive awareness reported
by the students in each of the four grade levels. Freshman, as expected, had the lowest
pretest mean (M = 141.47. SD = 30.87), while sophomores had the highest (M = 149.55,
SD = 15.40). Freshman also had the lowest posttest mean (M = 146.68, SD = 31.83),
while sophomores, once again, had the highest (M = 153.27, SD = 19.12). While the
posttest means for each grade level were slightly higher than the associated pretest
means, the smallest difference occurred in the senior class with an increase of 3.90, while
the largest difference occurred in the junior class with an increase of 7.25.
These results were similar to and consistent with the other findings in the study.
That the freshmen had the lowest pre- and posttest means was not surprising due to the
fact that they had not taken Honors Time to Think, or possibly were not aware that they
had been exposed to any metacognitive concepts in any of their other classes. While it
was discovered that teachers in classes other than AP Psychology and Honors Time to
Think used metacognitive concepts, the term metacognition was not always used to
describe the strategy. Anderson (2002) stated that metacognitive instruction should
explicitly be taught to students if it was to be effective, but while a portion of the
freshman in this study, especially in the control group, may have been introduced to
metacognitive principles, they did not know what the concept was called, and therefore
may have been less likely to accurately report its use.
The sophomore class had the highest pre- and posttest means, but they were not
much different than the pre- and posttest means for the junior and senior classes. With the
exception of the freshman pretest means, all means all hovered around 150, or
Sometimes. The fact that the mean scores for each grade level in the sample population
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were in the Sometimes range was encouraging, meaning that students in all grade levels –
on average – occasionally used metacognitive learning strategies. However, considering
the number of juniors and seniors who take Honors Time to Think and AP Psychology, it
could be safely assumed that the means for those two groups should have been higher,
possibly approaching the 200, or Often, category. Considering the dearth of research on
metacognition and different high school grade levels though, the similar means between
all four grade levels may have been due – as before – to the non-random nature and
convenience sampling used in the study, or to the fact that students learned about
metacognition, but were not required to utilize the strategy by completing any practical
exercises.

The Metacognitive Task Tracker
While the Metacognitive Task Tracker (MTT) was designed to assist students
with the organization and management of their projects, its use received mixed reviews.
While students were good about providing student and project information, and then
listing and ordering the required tasks in the project, their use of the Tracker tab was
either nonexistent, or inconsistent. Some students did not use it at all, or in most cases, its
use was sporadic enough to minimize any potential benefits. This may have been because
the use of the MTT was, in effect, optional, i.e., not a part of their grade. Considering that
the Recruiting Materials, Parent Consent Form, and Child Assent Form handouts all
stated that participation is voluntary, perhaps there was no motivation to complete that
part of the MTT, especially when there was no recourse in the form of a lowered grade.
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Perhaps requiring the use of the MTT in future, non-study, projects, may encourage its
use, resulting in a more significant increase in the levels of metacognitive awareness.
At the end of the study, students completed their final self-evaluation. One of the
questions was Do you think using the Metacognitive Task Tracker helped you to better
organize and complete your project? Why or why not? The responses were almost
equally divided, with 16 (44%) answering Yes, and 20 (56%) answering No. The
following comments were made by the students and are representative of each group:
1. Yes. I never knew that planning and keeping track of a project could make
such a difference! It took a little extra time, but I always knew what I needed
to do.
2. Yes. Breaking down a project into individual tasks made the project seem
more manageable.
3. Yes. I use a similar system (not as detailed) when I have to do a project, but
it’s on paper. Having all the information in one spot though made it very
handy.
4. Yes. The printout at the end was very interesting. It listed all the tasks in the
project, how long it took me to complete each task, and what I did when I had
a problem.
5. Yes. While initially using the Task Tracker seemed inconvenient, its real
value for me was that it kept track of how long it took me to perform each
task, which is something I had never considered before.
6. No. I think the task tracker is a neat idea, but it takes too much time to use. I
would rather just work on my project.
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7. No. I don’t see the point. When I have to do a project, I just want to sit down
and do it.
8. No. Having to go back and forth from Dreamweaver to the task thing was a
pain, so I pretty much didn’t do it.
9. No. It was too much extra work. I had enough problems with Dreamweaver
and the programs I was trying to write to worry about something else.
10. No. I knew what I needed to do, so why did I need to write it down?
While the Yes students could see the value in using such a system, they were
already – for the most part – the better students, those who used utilized learning
strategies on a regular basis. The No students, however, seemed much more worried
about the time it took to use the MTT, or did not consider the benefits of its use. The
challenge, then, may be to incorporate the MTT in a more transparent, or seamless
manner. This version of the MTT was a standalone application that was only installed on
the computers in the classroom, but a future version could be web-based, thereby giving
students 24/7 access to the program, allowing them to enter information, or review their
progress from outside of the classroom.

Implications
The teaching of metacognitive strategies has been shown to increase learning,
comprehension, attention, motivation, and memory, and decrease learning disabilities
(Bonds & Bonds, 1992; Calderhead, 1987; Cross & Paris, 1988; Jakab, 1999; Luke &
Hardy, 1999; Palincsar & Brown, 1987; Salomon, Globerson, & Guterman, 1989;
Swanson & De La Paz, 1998; Weinert, 1987; Wittrock, 1986). While research supports
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the enhanced benefits of metacognitive instruction in the classroom, it continues to be a
missing component in most of today’s classroom instruction (Curwen, Miller, WhiteSmith, & Calfee, 2010).
Based on the results of this study, there are two primary implications that should
be considered:
1. Metacognition is not a widely discussed; therefore, not widely utilized
learning strategy.
2. Direct instruction unto itself is not enough to increase metacognitive
awareness and must be combined with relevant exercises that reinforce the
application of the learning strategy.
While research has shown that metacognitive skills can be taught (Halpern, 1996;
Joseph, 2010; Lovett, 2008; Nietfeld & Shraw, 2002; Thiede, Anderson, & Therriault,
2003), many educators are not familiar with the methods for teaching and assessing
metacognition (Lai, 2011), and therefore do not include such discussions and activities in
their classroom. Case in point, outside of the information presented on metacognition
during this study, students reported that their only other exposure to the concept of
metacognition was either during an AP Psychology class, or an Honors Time to Think
class. According to the school’s 2011-2012 High School Profile, Honors courses are
…designed to be rigorous, challenging, in-depth courses requiring extensive work
outside the classroom, while AP courses are …fast paced courses that cover more
material in greater depth than honors level courses. While Mintzes, Wandersee, and
Novak (2000) noted that advanced study courses present a significant opportunity for
providing students with instruction in metacognition, our Honors and AP students were
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only presented with a definition and an introductory discussion on the conceptual
framework of the metacognitive concept – which may have been beneficial – but due to
the accelerated pace of the classes, those discussions did not include any follow up
exercises or practical experience in utilizing the learning strategy. It has been suggested
that students need increased opportunities to develop awareness of their own process of
learning to build metacognitive self-knowledge (Bransford, Brown, & Cocking, 2000;
Lin, 2001; Pintrich, 2002; Schraw, 2000). Livingston (1997) noted the limited benefits of
receiving direct instruction in learning strategy implementation without providing
relevant practice experiences. Research also suggests that metacognitive skills cannot be
taught out of context, e.g., you cannot simply take a course on metacognition; you need
to learn and apply it within the context of disciplinary content (Wirth & Perkins, 2008);
therefore, students do not necessarily engage in metacognitive thinking unless they are
explicitly encouraged to do so through carefully designed instructional activities
(Bransford et al., 2000; Lin, 2001; Pintrich, 2002). This deficiency was evident in a
number of students from the treatment group. It was noticed that while the seniors in the
treatment group could define the term metacognition, they were unable to successfully
apply the concept during the completion of their projects. This reinforces the fact that in
order for students to fully develop their metacognitive abilities, they must not only be
provided with the meaning and importance of metacognition, they must also be allowed
to further develop and refine their understanding by being given the opportunity to
practice those skills in an environment that requires the use of metacognition (Martinez,
2006).
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Limitations of the Study
There were four main limitations to this study. The first limitation was the actual
start date of the study. Originally scheduled to begin at the beginning of the semester, the
start date was delayed due to pending Institutional Review Board (IRB) approval.
Conducting the study at the beginning of the semester would have proven to be more
beneficial to the students as they would have been provided the opportunity to utilize the
metacognitive strategy for the duration of the semester, thus reinforcing its meaning and
purpose.
The second limitation involved a lack of student motivation with respect to
utilizing and completing the Metacognitive Task Tracker (MTT), primarily the
Monitoring component. One of the original assumptions for the study was that students
would participate to the best of their ability, but this was not the case. While they seemed
motivated to complete the actual projects, they were very resistant to using the MTT for
its designated purpose. The task tracker was designed to help students plan, monitor, and
evaluate their progress during the completion of a project, but without constant
reminding, its use was either ignored, or delayed until after the project was already
completed. This may also be related to the late start date of the study in that students had
already adopted or developed a problem solving strategy, and by that time in the
semester, the MTT may have seemed unnecessary.
The third limitation was that the sample population – especially with respect to
the treatment group – was not representative of the total student population at the high
school. According to the enrollment data published by the Massachusetts Department of
Elementary and Secondary Education (DESE), the total student population at the high
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school for the 2011-2012 school year consisted of an almost equal number of male and
female students. Of the 1,069 students, there were 515 males (48.2%), and 554 females
(51.8%). By comparison, the sample population consisted of 49 males (72.1%), and 19
females (27.9%). While the control group was more representative of the total student
population with 15 males (46.9%), and 17 females (53.1%), the treatment group,
however, was highly skewed towards males with 34 males (94.4%) vs. 2 females (5.6%).
The fourth limitation was the instrument itself. While the Motivated Strategies for
Learning Questionnaire (MSLQ) was designed to assess the motivational orientations and
learning strategies of students, only one of the nine learning strategies subscales was
specific to metacognition. Considering the primary purpose of the instrument was to
measure metacognitive awareness, a better alternative may have been the Metacognitive
Awareness Inventory (MAI) (Appendix AB). The MAI, designed and tested by Schraw
and Dennison (1994), is a 52-item self-report instrument that asks true/false questions
about how students plan, monitor, and evaluate their work. Considering the processoriented nature of the study, the MAI may have been a more appropriate choice.

Recommendations for Future Research
Metacognition has been recognized as a critical component in successful learning
(Brown, Bransford, Ferrara, & Campione, 1983; Flavell, 1987; Hacker, Dunlosky, &
Graesser, 1998; Pressley, Etten, Yokoi, Freebern, & Meter, 1998), as research has shown
that students who utilize metacognitive strategies perform better in the classroom. In
order for continued research to remain viable and beneficial to classroom teachers – and
consequently to their students – future research on metacognition should include:
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1. Providing a singular definition for metacognition.
2. Educating teachers on how to teach and assess metacognition.
While definitions for metacognition tends to vary based on discipline, or on the
perspective of the defining theorist, a precise definition of metacognition is still the
subject of some debate. Most researchers have eschewed defining metacognition in either
rigid or operational terms (Paris & Winograd, 1990), and Brown (1987) referred to
metacognition as a fuzzy concept. Metacognition, however, is more of a complex concept
that has been used to refer to a number of epistemological processes, and as such, an
exact definition for metacognition does not exist. Schunk (2008) said that researchers
have a tendency to use technical terms without defining them, and warned that common
definitions are not the rule in education. That being the case, future research should first
focus on providing a singular definition for the term metacognition. Researchers will
benefit from having such an explicit definition as they will no longer have to infer the
meaning of the term from the context of the study, which will result in less confusion
when conducting and interpreting the results of their research studies.
Metacognition has been identified as one of the three core learning principles for
the enterprise of teaching, and as such, teachers play an essential role in its development.
Metacognitive skills facilitate learning; therefore, teachers should organize their teaching
in such a way that students can develop and use these skills (Caliskan & Sünbül, 2011).
Being able to provide this instruction, though, requires teachers who are knowledgeable
about metacognitive learning strategies and how to best teach them. However, despite the
widespread agreement on the instrumental role that teachers have in providing explicit
metacognitive instruction to their students (Baker, 2008; Kintsch & Kintsch, 2005;
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National Reading Panel, 2000; Pressley, 2002; RAND Report, 2002), there continues to
be a number of teachers who do not teach metacognitive strategies (Veldheer &
Davenport, 2008).
While teachers may be aware of the need for these learning strategies, efficacy
studies have shown that metacognitive strategy instruction is not well practiced in today’s
classrooms due to inadequate resources and/or a lack of professional development (What
is Metacognition, 2005). Many educators are not familiar with the methods for teaching
and assessing metacognition (Lai, 2011) because they have not been provided with
instruction in how to properly use them (Pressley, 2002). While increasing the use of
metacognition by teachers may increase their effectiveness (Marchant, 1989), without
adequate and appropriate professional development, these much-needed learning
strategies will not transfer to, or persist, in most classroom settings (Baker, 2008; Block
& Duffy, 2008; Boulware-Gooden, Carreker, Thornhill, & Joshi, 2007). Therefore, in
order to bridge the gap between the research on effective teacher professional
development (Baker, 2008; Duke & Martin, 2008; Pressley, 2002), future research should
also focus on how and when to effectively provide educators with the appropriate
metacognitive knowledge and skills in order for them to be able to teach, model, and
evaluate the metacognitive skills of their students. For example, research could be
conducted on current teacher certification programs in order to determine if and when
metacognition is discussed and/or utilized by the students in the program. If
metacognition is indeed one of the three core learning principles for the enterprise of
teaching, then its inclusion in teacher preparation programs should not only be required,
but also sequenced throughout the program in order to promote its continued use. If the
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results of the study determined that the program was lacking sufficient instruction in
metacognition, then the program requirements could be adjusted accordingly based on the
data. Another example could be conducting research on if or how teachers continue to
use metacognitive activities in their classrooms after graduating from their certification
programs. While studies have been conducted with pre-service and experienced teachers
(Stewart, Cooper, & Moulding, 2007; Wen, 2012), they were limited in scope, i.e., only
to the research location. By conducting follow-up studies in the classroom, the
effectiveness of the metacognitive instruction could be determined for both the teacher
and their students. The results from these types of studies could increase the use of
metacognition by teachers by helping them learn to plan, monitor, and evaluate their
instruction. Consequently, the development of these metacognitive skills in teaching is
crucial to teacher education because of its relation to improving the quality of teaching
(Wen, 2012).

Conclusion
The term metacognition is used to describe the ability to assess our own skills,
knowledge, or learning. However, students who lack this ability often think that they
have mastered course material that they barely know (Lang, 2012). Teaching should
mean teaching students how to think, and the value of education should not be in learning
specific material; it should be in learning how to learn (Atwood, 2007).
Metacognition is a powerful phenomenon that enables students to set goals, plan,
problem solve, monitor progress, and evaluate their own thinking effectiveness (Beamon,
2001). However, while the importance of metacognition in human thinking, learning, and
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problem solving is well established (Anderson, Oates, Cox, Dunlosky, & Perlis, 2005),
students are rarely instructed how to learn (Kiewra, 2002), which can be profoundly
disabling. Students who lack metacognitive skills and strategies are usually
underachievers who have lower academic goals, are less accurate in assessing their
abilities, are less efficacious about their performance, and tend to give up easy. Teachers,
then, must help these students with not only what to know, but how to know, and then
with how to use that information and those strategies in the same ways as their more
competent peers (Fisher, 1998). If the primary purpose of education is in learning how to
learn (Eastman, 2011), then consequently, teachers have an essential role in helping their
students become more proficient in monitoring their own thinking and learning (National
Research Council, 2002), which will then result in them becoming more purposeful,
flexible, and creative problem solvers.
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Learning Styles Inventory
ALWAYS

1.
2.
3.
4.

5.
6.
7.

8.

9.
10.
11.

12.

I would rather read material in a textbook
than listen to a lecture.
I like to write things down or take notes
to review.
I benefit more from lab classes than
science lectures.
I prefer to have information written on a
chalkboard/PowerPoint and
supplemented by assigned readings.
I require explanations of diagrams,
graphs, or maps.
I would rather listen to a book on tape
than read by myself.
In my spare time, I like to do projects
that involve using my hands (i.e.,
painting, constructing, using tools, etc.).
I can remember a subject best by
listening to a lecture that includes
information, explanations, and
discussion.
I play with coins or keys in my pocket.
Reviewing information on flashcards
helps me to remember it.
When trying to remember a phone
number, I “let my fingers do the
walking.” In other words, my fingers
seem to remember the numbers on their
own.
When trying to remember how to spell a
word, I write down the word using
alternate spellings until I see the spelling
sequence I know is correct.
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ALWAYS

13.

14.

15.

16.
17.

18.
19.
20.
21.

22.

23.

24.

When trying to remember a phone
number, I “hear” the number sequence in
my head in the way someone told me the
number, or in the way I previously
recited the number out loud.
When taking a test, I can “see” the
answer in my head as it appeared in my
notes or in the textbook.
I learn to spell better by repeating the
words out loud than by writing the words
on paper.
I am good at working on and solving
jigsaw puzzles and mazes.
I prefer to listen to the news on the radio,
rather than read about it in the
newspaper.
I like to chew gum or snack while I am
studying.
I am skillful with and enjoy developing
graphs/charts.
I can tell if two sounds match if
presented with a pair of sounds.
When trying to remember a phone
number, I can “see” the number sequence
in my head, or can “see” the way the
numbers look on the phone.
If I have to assemble something, I would
rather look at a diagram than listen to
someone tell me how to put it together.
I learn a new skill better by trying it
myself, rather than by watching someone
do it.
As a child, I enjoyed having stories read
to me, or listening to stories on tape.
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ALWAYS

25.
26.
27.
28.
29.
30.

I benefit from studying with a partner or
a group.
As a child, I liked to read books in my
free time.
I tend to doodle during lecture by
drawing on my notebook pages.
I understand directions better when they
are written down.
I prefer to use posters, models, or
practice activities in class.
I find myself talking out loud when
studying alone.
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Scoring
DIRECTIONS: Place the point value on the line next to the corresponding item below.
Add the points in each column to obtain the preference score under each heading.
ALWAYS: 5 Points
SOMETIMES: 3 points
SELDOM: 1 point
NEVER or NOT SURE: 0 Points
VISUAL

AUDITORY

KINESTHETIC/TACTILE

#

PTS

#

PTS

#

PTS

1

_____

5

_____

3

_____

2

_____

6

_____

7

_____

4

_____

8

_____

9

_____

10

_____

13

_____

11

_____

12

_____

15

_____

16

_____

14

_____

17

_____

18

_____

21

_____

20

_____

19

_____

22

_____

24

_____

23

_____

26

_____

25

_____

27

_____

28

_____

30

_____

29

_____

VPS Score =

_____

APS Score =

_____

KPS Score =

_____

VPS = Visual Preference Score
APS = Auditory Preference Score
KPS = Kinesthetic/Tactile Score
*** If you have similar scores in two areas, then congratulations! You are multi-modal
and can use different strategies to absorb and retain information.
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Study Skills Self-Assessment
Read each statement and consider how it applies to you. If it does apply to you, check Y.
If it does not apply to you, check N. The purpose of this assessment is to find out about
your own study habits and attitudes.
Y
1.

N
If I have extra time in class, I do not usually begin my homework or
ask the teacher for assistance.

2.

I am often up late into the night completing homework or studying for
a test scheduled for the next day.

3.

I usually socialize during study halls instead of completing homework.

4.

I tend to talk on the phone, spend time online, or watch TV before
completing homework.

5.

I often lose classroom papers and homework assignments.

6.

I do not have a system for organizing materials for each class.

7.

It is hard to find things in my backpack and locker.

8.

I do not use an assignment notebook.

9.

I am late to school at least 3 times per month.

10.

I have a difficult time adapting to different teaching styles.

11.

I miss homework assignments on a regular basis.

12.

I often forget a pen or pencil for class.

13.

I rarely ask and answer questions in class.

14.

I do not work well on group projects.

15.

My mind often wanders in class.

16.

I often have difficulty knowing what is important to write in notes.

17.

I do not usually date my notes and classroom papers.

18.

I find it hard to read my own notes.

19.

I lose concentration when reading a textbook.

20.

I often do not remember what I have just read.
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Y
21.

N
I read quickly to get through the material, but often do not understand
what I read.

22.

It takes me a long time to read textbook material.

23.

I do not have a comfortable place to study and complete homework.

24.

I have a hard time getting started on homework and studying.

25.

I have difficulty knowing what to study for a test or a quiz.

26.

I do not usually complete study guides.

27.

I cannot easily memorize vocabulary words and facts.

28.

When writing a paper, I have a hard time choosing a topic.

29.

I do not proofread my written work.

30.

I do not often write a rough draft before writing a final draft of an
assigned paper.

31.

I tend to get very anxious when beginning a test.

32.

I complete all test questions in the order given.

33.

I tend to get stuck on difficult questions.

34.

I often run out of time when taking tests.
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Scoring
Total up your Y answers among the categories below. Please take note of whether you
answered Y for two or more statements in any category. Circle the categories in which
you scored 2 or more Y’s. If you answered Y to two or more questions in any category,
you may want to try some of the suggested activities to improve your study habits in
those areas.
•
•
•
•

Questions 1-4 – Time Management
Questions 5-8 –Organization
Questions 9-14 –Classroom Skills
Questions 15-18 –Listening and Note Taking

#Y’s __________
#Y’s __________
#Y’s __________
#Y’s __________

•
•
•
•

Questions 19-22 –Reading
Questions 23-27 –Study Techniques
Questions 28-30 –Writing Skills
Questions 31-34 –Test Taking Strategies

#Y’s __________
#Y’s __________
#Y’s __________
#Y’s __________

Now review the booklet How to Get Good Grades in Ten Easy Steps and choose at least
one specific strategy you could employ to improve your study habits. To help you make
your selection, you may want to read the steps, noted below, that are outlined in the book.
•
•
•
•
•
•
•
•

Time Management – Step 3
Organization – Steps 2 and 7
Classroom Skills – Step 4
Listening and Note Taking – Step 5
Reading – Step 6
Study Techniques – Step 5
Writing Skills – Step 7
Test Taking Strategies – Steps 8 and 9

One specific strategy I can employ to improve my study habits is:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
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Learning Styles Contract
My goal for the school year is: ______________________________________________
________________________________________________________________________
________________________________________________________________________
My learning style is: _______________________________________________________
My study environment at home looks like this: __________________________________
________________________________________________________________________
________________________________________________________________________
To accommodate my learning style, I plan to make the following changes to my study
environment:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
At home and in school, I already use the following strategies, which are associated with
my learning style:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
At home, I would like to try the following strategy(ies) associated with my learning style
(write at least one):
________________________________________________________________________
________________________________________________________________________
At school, I would like to try the following strategy(ies) associated with my learning style
(write at least one):
________________________________________________________________________
________________________________________________________________________
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MOTIVATED STRATEGIES FOR LEARNING QUESTIONNAIRE
PART B: LEARNING STRATEGIES
The following 50 questions ask about your learning strategies and study skills for this
class. There are no right or wrong answers, please just answer as accurately as
possible. Use the scale below to answer the questions. If you think the statement NEVER
applies to you, i.e., I never do this, circle 1. If you think the statement ALWAYS applies
to you, i.e., I always do this, circle 5. If you are somewhere in between 1 and 5, circle the
appropriate number.
1

2

3

4

5

Never (0%)

Rarely (25%)

Sometimes (50%)

Often (75%)

Always (100%)

1.

When I study the readings for this course, I
outline the material to help me organize my
thoughts.

1

2

3

4

5

2.

During class time I often miss important points
because I'm thinking of other things.

1

2

3

4

5

3.

When studying for this course, I often try to
explain the material to a classmate or friend.

1

2

3

4

5

4.

I usually study in a place where I can
concentrate on my course work.

1

2

3

4

5

5.

When reading for this course, I make up
questions to help focus my reading.

1

2

3

4

5

6.

I often feel so lazy or bored when I study for this
class that I quit before I finish what I planned to
do.

1

2

3

4

5

7.

I often find myself questioning things I hear or
read in this course to decide if I find them
convincing.

1

2

3

4

5

8.

When I study for this class, I practice saying the
material to myself over and over.

1

2

3

4

5
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1

2

3

4

5

Never (0%)

Rarely (25%)

Sometimes (50%)

Often (75%)

Always (100%)

9.

Even if I have trouble learning the material in
this class, I try to do the work on my own,
without help from anyone.

1

2

3

4

5

10.

When I become confused about something I'm
reading for this class, I go back and try to figure
it out.

1

2

3

4

5

11.

When I study for this course, I go through the
readings and my class notes and try to find the
most important ideas.

1

2

3

4

5

12.

I make good use of my study time for this
course.

1

2

3

4

5

13.

If course readings are difficult to understand, I
change the way I read the material.

1

2

3

4

5

14.

I try to work with other students from this class
to complete the course assignments.

1

2

3

4

5

15.

When studying for this course, I read my class
notes and the course readings over and over
again.

1

2

3

4

5

16.

When a theory, interpretation, or conclusion is
presented in class or in the readings, I try to
decide if there is good supporting evidence.

1

2

3

4

5

17.

I work hard to do well in this class even if I don't
like what we are doing.

1

2

3

4

5

18.

I make simple charts, diagrams, or tables to help
me organize course material.

1

2

3

4

5

19.

When studying for this course, I often set aside
time to discuss course material with a group of
students from the class.

1

2

3

4

5

20.

I treat the course material as a starting point and
try to develop my own ideas about it.
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1

2

3

4

5

Never (0%)

Rarely (25%)

Sometimes (50%)

Often (75%)

Always (100%)

21.

I find it hard to stick to a study schedule.

1

2

3

4

5

22.

When I study for this class, I pull together
information from different sources, such as
lectures, readings, and discussions.

1

2

3

4

5

23.

Before I study new course material thoroughly, I
often skim it to see how it is organized.

1

2

3

4

5

24.

I ask myself questions to make sure I understand
the material I have been studying in this class.

1

2

3

4

5

25.

I try to change the way I study in order to fit the
course requirements and the instructor's teaching
style.

1

2

3

4

5

26.

I often find that I have been reading for this class
but don't know what it was all about.

1

2

3

4

5

27.

I ask the instructor to clarify concepts I don't
understand well.

1

2

3

4

5

28.

I memorize key words to remind me of
important concepts in this class.

1

2

3

4

5

29.

When course work is difficult, I either give up or
only study the easy parts.

1

2

3

4

5

30.

I try to think through a topic and decide what I
am supposed to learn from it rather than just
reading it over when studying for this course.

1

2

3

4

5

31.

I try to relate ideas in this subject to those in
other courses whenever possible.

1

2

3

4

5

32.

When I study for this course, I go over my class
notes and make and outline of important
concepts.

1

2

3

4

5

33.

When reading for this class, I try to relate the
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material to what I already know.
1

2

3

4

5

Never (0%)

Rarely (25%)

Sometimes (50%)

Often (75%)

Always (100%)

34.

I have a regular place set aside for studying.

1

2

3

4

5

35.

I try to play around with ideas of my own related
to what I am learning in this course.

1

2

3

4

5

36.

When I study for this course, I write brief
summaries of the main ideas from the readings
and my class notes.

1

2

3

4

5

37.

When I can't understand the material in this
course, I ask another student in this class for
help.

1

2

3

4

5

38.

I try to understand the material in this class by
making connections between the readings and
the concepts from the lectures.

1

2

3

4

5

39.

I make sure that I keep up with the weekly
readings and assignments for this course.

1

2

3

4

5

40.

Whenever I read or hear an assertion or
conclusion in this class, I think about possible
alternatives.

1

2

3

4

5

41.

I make lists of important items for this course
and memorize the lists.

1

2

3

4

5

42.

I attend class regularly.

1

2

3

4

5

43.

Even when course materials are dull and
uninteresting, I manage to keep working until I
finish.

1

2

3

4

5

44.

I try to identify students in this class whom I can
ask for help if necessary.

1

2

3

4

5

45.

When studying for this course, I try to determine
which concepts I don't understand well.

1

2

3

4

5

46.

I often find that I don't spend very much time on
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this course because of other activities.

1

2

3

4

5

Never (0%)

Rarely (25%)

Sometimes (50%)

Often (75%)

Always (100%)

47.

When I study for this class, I set goals for myself
in order to direct my activities in each study
period.

1

2

3

4

5

48.

If I get confused taking notes in class, I make
sure I sort it out afterwards.

1

2

3

4

5

49.

I rarely find time to review my notes or readings
before an exam.

1

2

3

4

5

50.

I try to apply ideas from course readings in other
class activities such as lecture and discussion.

1

2

3

4

5

215

Texas Tech University, Michael G. McFarland, May 2012

APPENDIX F
METACOGNITIVE TASK TRACKER

216

Texas Tech University, Michael G. McFarland, May 2012

217

Texas Tech University, Michael G. McFarland, May 2012

218

Texas Tech University, Michael G. McFarland, May 2012

219

Texas Tech University, Michael G. McFarland, May 2012

220

Texas Tech University, Michael G. McFarland, May 2012

221

Texas Tech University, Michael G. McFarland, May 2012

222

Texas Tech University, Michael G. McFarland, May 2012

223

Texas Tech University, Michael G. McFarland, May 2012

APPENDIX G
PERMISSION LETTER FROM SCHOOL DISTRICT

224

Texas Tech University, Michael G. McFarland, May 2013

APPENDIX H
TEXAS TECH UNIVERSITY
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APPENDIX I
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APP DEVELOPMENT
Metacognition Overview
You will not teach them WHAT to think, but HOW to think, and they will then know how
to act.
- Abigail Adams
WHAT IS IT?
1. Thinking about thinking
2. Knowing what you know and don't know
3. Reflecting on your thought process(es)
WHAT IS THE PROCESS?
1. Planning – What do I need to do?
2. Monitoring – How am I doing?
3. Evaluating – How did I do?
WHAT DOES THE RESEARCH SAY?
1. The process of knowing how to learn and knowing which learning strategies do
and do not work are valuable skills that have the potential to differentiate
successful learners from less successful learners (Schwier, 2009).
2. Learning is enhanced when students have the opportunity to identify, reflect on,
and assess how they learn (KETW, 2006).
3. There is a growing consensus that learning to learn is the ultimate life skill for the
21st century (Carr and Claxton, 2002).
4. Metacognition is a strong predictor of academic success and problem-solving
ability (Dunlosky & Thiede, 1998).
5. Most students are unaware of the metacognitive process (Fogarty, 1994).
HOW CAN IT BENEFIT YOU?
1. It can help increase your confidence and motivation in the classroom.
2. It can help increase your comprehension, retention, and recall of information.
3. It can help make you a more active, independent, and better-organized participant
in the learning process.
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APP DEVELOPMENT
Recruiting Materials
Good morning. I am writing a paper for Texas Tech University, and part of that paper
requires that I conduct a research study. The reason that I tell you that is because I would
like for you to participate in the study.
The study involves learning about metacognition, a learning strategy that will help you
better understand and successfully complete your projects. Considering computer
programming is a very precise undertaking, using this learning strategy will assist you in
staying focused, will help you identify problems, and keep you from making the same
mistakes over and over again. Plus, using this learning strategy is not limited to just this
class. You can use it for anything that you want to do better, e.g., school, athletics,
playing the guitar, skateboarding, etc.
We will all benefit from this study. I will finish my paper and finally graduate, and you
will learn how to better manage your time, and better complete your projects. For those
of you about to go off to college, this is especially important because you will have lots to
do and only a limited amount of time to do it, so any strategy that you can use will only
make your life better (not easier, but better).
Before we begin though, we first need permission from your parents or guardians. Once
they approve, then you have to agree to participate in the study as well. Just so you know,
participation is voluntary and you can quit at any time. You will still be provided with the
same class content and complete the same projects, you will just not complete the
additional paperwork required for the study.
If you are interested in participating in the study, please raise your hand and I will give
you the Parent Consent form and Child Assent form to take home to discuss with your
parents or guardians. Once the forms are signed, then we can begin the study.
If anyone has any questions, please let me know.
Thank you.
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APP DEVELOPMENT
Parent Consent Form
Thank you for your interest in participating in our research project. This form describes
the project. Please read it over carefully and let us know if you have any questions.
What is the purpose of this research?
We are interested in finding out how using a particular learning strategy affects the
learning skills and study habits of students. Research has shown that students who use
this learning strategy are more successful when completing their schoolwork.
What will be asked of my son or daughter?
This study does not involve any information or tasks that are not normally presented in
class. During normal instruction for this unit, all students will:
1. Be provided with information and examples on how to use the learning strategy.
2. Complete two simple in-class projects that emphasize the use of the learning
strategy.
In addition, if your son or daughter participates in this study, they will:
1. Complete a pretest, which means they will answer 50 questions about their
current learning skills and study habits. This questionnaire will take
approximately 20 minutes to complete.
2. Complete a posttest, which means they will answer the same 50 questions to see if
using the learning strategy resulted in an improvement in any of their learning
skills or study habits.
Are there any risks to participating?
No, there are no known risks or discomforts associated with this research.
Will my privacy be protected?
Yes. Your privacy is very important to us. Your information will be kept in a locked
cabinet and only Dr. Maushak or Mr. McFarland will have access to this information. We
will give your son or daughter a unique ID number and only refer to this ID number in
our files. Names will not be used, and will never be publically shared. In any report we
may publish, we will not report individual responses, only overall responses for the
group. All questionnaires will be destroyed one year after the study is completed.
Is this research voluntary?
Yes. Participation is completely voluntary. You can decide that you do not want your son
or daughter to participate in the study. They can also stop at any time once the study
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begins, and they can skip any questions on the survey that they do not feel comfortable
answering. Whether or not they participate in the study will not affect yours or their
relationship with Texas Tech University.
Is there any monetary compensation for participating?
No. Your son or daughter will not receive any monetary compensation for participating in
this study. However, Mr. McFarland will provide snack food for the class at the end of
the semester.
Can I find out the results of this study?
Yes. Once the data collection and analysis is completed, your son or daughter will receive
information on their individual scores, and how those scores compared with the other
students in their class. These scores can be used to identify their strengths and
weaknesses with regard to their current learning skills and study habits.
Who should I contact if I have more questions?
The researcher conducting this study is Dr. Nancy J. Maushak. Dr. Maushak may be
reached by email at nancy.maushak@ttu.edu, or by phone at 505-980-5017. The coresearcher conducting this study is Michael G. McFarland. Mr. McFarland may be
reached by email at mmcfarland@hopkinton.k12.ma.us, or by phone at 508-497-9820 ext
1296.
For additional questions about your son or daughter’s rights as a subject, please contact:
Texas Tech University Human Research Protection Program (HRPP)
Office of the Vice President for Research
Texas Tech University
Lubbock, Texas 79409
806-742-2064
______________________________________________
PRINTED NAME
______________________________________________
NAME OF SON OR DAUGHTER
______________________________________________ ________________________
SIGNATURE OF PARENT OR GUARDIAN
DATE
This consent form is not valid after September 30, 2012.
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APP DEVELOPMENT
Child Assent Form
You are being asked to participate in a study about metacognition. Metacognition is a
learning strategy that can help you do better in school. It can also benefit you by:
1. Increasing your confidence and motivation in the classroom.
2. Increasing your comprehension, retention, and recall of information.
3. Helping to make you a more active, independent, and better-organized participant
in the learning process.
If you agree to participate in the study, you will:
1. Provide information about your gender, your age, your grade level, and if you
have any prior knowledge about metacognition.
2. Answer 50 questions about your current learning skills and study habits.
3. Learn about metacognition, a learning strategy that will help you better complete
your projects.
4. Complete two practice projects that utilize the new learning strategy.
5. Answer the same 50 questions to see if the learning strategy made any difference
in your learning skills and study habits.
Participation in the study is voluntary. If you decide to participate, but then change your
mind, you can withdraw at any time without any questions.
I will always be available to answer your questions during the study. You will also
receive a copy of this form in case you have any questions at a later time.

___________________________________________________
PRINTED NAME
___________________________________________________
SIGNATURE
___________________________________________________
DATE
This assent form is not valid after September 30, 2012.
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APP DEVELOPMENT
Demographic Survey

ID:
Class period:  2
4
Gender:  Male
 Female
Age:  14
 15
 16
 17
 18
Grade:  Freshman
 Sophomore
 Junior
 Senior
Are you familiar with the concept of metacognition, that is,
could you define or explain it if you had to?
 Yes
 No
If you checked Yes, define or explain what you think
metacognition is (at the bottom of this paper). Also, please
write down where, or from whom, you learned about it.
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APP DEVELOPMENT
Using Metacognition to Complete a Project
RESEARCH
Metacognition is the process of planning, assessing and monitoring one’s own thinking;
the pinnacle of mental functioning (Alvo, 1990; Cotton, 2001).
PLANNING (Project) – What do I need to do?
1. Do I know what I need to do (big picture)? If not, how can I find out?
2. Can I describe what I need to do (in non-vague terms)?
3. How much time do I have to complete the project?
4. What should I do first?
5. Create a task list
a. List all the tasks that need to be completed
b. Put the tasks in order
c. How many tasks do I have to complete?

MONITORING (Tasks) – How am I doing?
1. Do I know which task I need to complete? If not, how can I find out?
2. Do I know how to complete the task? If not, how can I find out?
3. Did I complete the task? If not, why?
4. How long did it take to complete the task?
5. Do I have another task to complete?
6. How many tasks do I have left?
7. Am I completing the tasks in the right order?
8. How much time do I have left?

EVALUATING (Project) – How did I do?
1. Did I complete the project? If not, what tasks do I have left to complete?
2. Do I like the way the project turned out? Why or why not?
3. What was the least difficult thing for me to do?
4. What was the most difficult thing for me to do?
5. What will I do differently on the next project?
6. What was the most important thing I learned from doing this project?
242

Texas Tech University, Michael G. McFarland, May 2013

APPENDIX O
CREATING A TASK CHECKLIST

243

Texas Tech University, Michael G. McFarland, May 2013

APP DEVELOPMENT
Creating a Task Checklist
PURPOSE
1. You don’t DO a project; you complete a series of tasks that results in the
completion of an assignment.
2. A Task Checklist is a prioritized (ordered) list of written activities. It is designed
to organize your thoughts, which will assist you in efficiently completing your
assignment.
3. When creating your Task Checklist:
a. Remember that a task is one (1) specific item that needs to be completed.
b. List ALL tasks (do not assume that you will remember something);
nothing should be implied.
c. Do not assume that the reader knows what you are talking about; provide
details.
d. Your goal is to take the thoughts in your head and communicate them in a
clear, precise, and logical manner. It’s not that you don’t know what to do,
it’s can you express it?
DEFINITIONS (Merriam-Webster)
1. Specific – Free from ambiguity; Accurate.
2. Vague – Not clearly expressed; Stated in indefinite terms; Not having a precise
meaning.
SUGGESTIONS
1. Answering the Who? What? When? Where? Why? and How? questions will
provide needed details for your tasks (not all are required for each task). For
example, adding dates, times, names (for folders, files, variables, etc.) will help to
make your tasks more specific.
2. Don’t forget about creating folders, creating and saving files, adding the
necessary elements (e.g., a form BEFORE a text input), or testing, debugging, and
submitting your app.
EXAMPLE
1. Homework
a. Vague – I need to do my homework.
b. Specific
i. Good – I need to read my English assignment, do my algebra, and
organize my project.
ii. Better – I need to read pages 35-42 of Lord of the Flies (discussion
on Tue during Block 2, solve problems 1, 3, 5, 7, and 9 in Chapter
2 (due TOMORROW, Block 4!), and organize my Web Page
Design project by creating a project folder named DW1, with a
subfolder for images.
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APP DEVELOPMENT
Task Checklist Practice
PURPOSE
Planning is the first step in the metacognitive process. Before you can do something, you
need to know what that something is. A task checklist is a tool that can be used to identify
and order a series of related tasks, which will result in the more efficient completion of
your project. While creating and completing a task checklist may seem like extra work
(especially at first), it will save you time, and your project will turn out better.
SCENARIO
Using Dreamweaver, you are to create a User Interface (UI) for a generic mobile
application. The UI will contain a header <div> with a title placeholder and a Back
button, a content <div> with a form that contains 1 text input, 1 select menu, and two
buttons, and a footer <div> with a navbar that contains two options.
You’ve identified the following ten (10) tasks that need to be completed in order to finish
your project. They are not in the correct order, so number them from 1 to 10.
TASK LIST
NUMBER COMPLETE TASK
Create and save new HTML, CSS, and JavaScript files
Test in iOS Simulator
Add navbar with two buttons to footer <div>
Add title placeholder and Back button to header <div>
Create a subfolder for the new project
Add <form> elements (text input, select menu, two buttons)
Attach the CSS and JavaScript files to the HTML file
Validate HTML file to make sure the code is correct
Compress project folder and submit to Moodle
Insert <form> in content <div> and give form a name and id
Once you have identified and ordered your tasks, you will have a much better idea of
what needs to be done, will know how much of your project has been completed, and how
much remains.
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Task Completion Flowchart
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APP DEVELOPMENT
Planning and Monitoring

Name:

Date:

RESEARCH
Current research evidence suggests that metacognitive monitoring decisively affects
learning (Loizdou & Koutselini, 2007).
PURPOSE
Monitoring is the second step in the metacognitive process. Keep asking yourself
questions like, How am I doing, Am I making progress, What will I do next, and What
will I do if I have a problem?
ASSIGNMENT
You are to use the Planning and Monitoring handout for the remaining tasks in your
current project. First, create and order your Task List. Next, use the Task Completion
checklist to monitor your progress on each task. Finally, at the end of each day, update
the Project Summary sheet.
TASK LIST
NUMBER TASK
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TASK COMPLETION
Task number:
Task:
Y

N





ITEM

Do I know how to complete the task (make a prediction)?
If not, what do I need to do?

Y

N





ITEM

Did I successfully complete the task (Attempt 1)?
If not, what did not work and what will I do different?

Y

N





ITEM

Did I successfully complete the task (Attempt 2)?
If not, what did not work and what will I do different?

Y

N





ITEM

Did I successfully complete the task (Attempt 3)?
If not, what did not work and what will I do different?

Y

N





ITEM

Did I successfully complete the task (Attempt 4)?
If not, what did not work and what will I do different?
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PROJECT SUMMARY
Total number of tasks:
Date:
Number of tasks completed:

Number of tasks remaining:

Percent of project completed:

Percent of project remaining:

Date:
Number of tasks completed:

Number of tasks remaining:

Percent of project completed:

Percent of project remaining:

Date:
Number of tasks completed:

Number of tasks remaining:

Percent of project completed:

Percent of project remaining:

Date:
Number of tasks completed:

Number of tasks remaining:

Percent of project completed:

Percent of project remaining:

Date:
Number of tasks completed:

Number of tasks remaining:

Percent of project completed:

Percent of project remaining:

Date:
Number of tasks completed:

Number of tasks remaining:

Percent of project completed:

Percent of project remaining:
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APP DEVELOPMENT
First Project

Name:

Date:

TASK
1. Create a web-based mobile application (app). Your app will contain one toolbar
with First Project as its title, and will display the message Hello world! on the
screen.
PROJECT CHECKLIST
1. Answer the questions prior to beginning and during the completion of the project.
WORKFLOW
1. Create the storyboard
a. Using the iPhone Design Template, neatly sketch and label the layout and
design of your project.
2. Create the folder and file structure (project organization)
a. Folders
i. Project folder: Yourlastname-FirstProject (save inside your class
folder)
ii. Project subfolders (save inside your project folder):
1. lib – copy the sencha-touch.js and sencha-touch.css files to
this folder
b. Files
i. Using Dreamweaver, create three properly formatted files and save
them in your project folder:
1. HTML – index.html
2. JavaScript – first.js
3. CSS – first.css
3. Modify the files
a. index.html
i. Attach the sencha-touch.css, first.css, sencha-touch.js, and first.js
files using the HTML <link> and <script> tags.
b. first.js
i. Add the Ext.setup method used to initialize your app.
ii. Add the onReady method that defines the function used to create
the toolbar and add the text.
c. first.css
i. Create a class named .bodyFormat that adds a 10 pixel top and left
margin to the document.
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APP DEVELOPMENT
Project Self-Evaluation

NAME:

DATE:

NOTES
1. Please provide specific (non-vague) answers to the following questions (where
applicable).
2. Be honest and reflective, i.e. think about the question and your answer before you
write it. Do not simply write down the first thing that pops into your head.
3. Remember, this is designed to help you become a better student by thinking about
what you did or did not do, what did or did not work, and about how your next
project can be better.
Project title

Describe your project, i.e. what you were supposed to do. Provide specific details.

Did your project meet the minimum requirements of the assignment?
Yes
No
If not, what did you not include, and why?

Did your project function correctly, i.e. did it do what it was supposed to do?
Yes
No
If not, describe what did not work, and how you would fix it?

Did you submit your project on time?
Yes
No
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If not, why?

Overall, do you like the way your project turned out?
Yes
So-so
No
What do you like the most about your project?

What do you like the least about your project?

What was the most difficult part of the project for you?

What was the least difficult part of the project for you?

If you had to do this project again, what would you do different?

List one suggestion for a new student about to complete this project:

Do you feel confident that you can complete the next project?
Yes
No
Did you think the classroom time allotted for this project was:
Too much
Too little
Just right
Do you think you made the best use of your classroom time while completing this
project?
Yes
No
Any suggestions on how I can make this project more interesting or beneficial to you?
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What can I do to make the subject matter easier for you to understand?

Explain how properly planning a project can save you time and result in a more
successful product. Provide specific examples of how you used planning on this project.

Explain how monitoring your progress while completing the tasks in a project can be
beneficial to you. Provide specific examples of how you used monitoring on this project.

Explain how evaluating your project once it has been completed can assist you in doing a
better job on your next project.
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APP DEVELOPMENT
iPhone Design Template
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APP DEVELOPMENT
First Project Files
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APP DEVELOPMENT
Completed First Project
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APP DEVELOPMENT
Second Project

Name:

Date:

TASK
1. Create a web-based mobile application (app) that:
a. Contains one toolbar with Second Project as its title.
b. Contains one toolbar with a Hello button.
c. Calls the helloWorld function when the button is clicked.
d. Displays Hello world! in an alert box.
PROJECT CHECKLIST
1. Answer the questions prior to beginning and during the completion of the project.
WORKFLOW
1. Create the storyboard
a. Using the iPhone Design Template, neatly sketch and label the layout and
design of your project.
2. Create the folder and file structure (project organization)
a. Folders
i. Project folder: Yourlastname-SecondProject (save inside your class
folder)
ii. Project subfolders (save inside your project folder):
1. lib – copy the sencha-touch.js and sencha-touch.css files to
this folder
b. Files
i. Using Dreamweaver, create three properly formatted files and save
them in your project folder:
1. HTML – index.html
2. JavaScript – second.js
3. Modify the files
a. index.html
i. Attach the sencha-touch.css, sencha-touch.js, and second.js files
using the HTML <link> and <script> tags.
b. second.js
i. Add the Ext.setup method used to initialize your app.
ii. Add the onReady method that defines the function used to create
the toolbars and alert box.
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SECOND PROJECT FILES
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Second Project Files
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Completed Second Project
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APP DEVELOPMENT
MSLQ Feedback
Cognitive Strategy: Rehearsal
This scale is a measure of how often you use study strategies such as re-reading class
notes and course readings and memorizing lists of key words and concepts. A high score
means you use these strategies fairly often.

Your score:

_______________

Class mean:

_______________

Top 25%:

_______________

Middle 25%:

_______________

Bottom 25%:

_______________

Suggestions: List the important terms and topics in the course. Define them and repeat
them out loud. Break up that list into smaller lists that are made up of closely related
items. Make up images or rhymes to help you remember those lists. Generate test items
to help you measure your recall.
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Cognitive Strategy: Elaboration
This scale reflects how often you attempt to summarize or paraphrase (put into your own
words) the material you read in your textbooks, and how often you try to relate the
material to what you already know or have learned. A high score means that you use
these strategies fairly often. These strategies usually result in better performance than
rehearsal strategies.

Your score:

_______________

Class mean:

_______________

Top 25%:

_______________

Middle 25%:

_______________

Bottom 25%:

_______________

Suggestions: Paraphrase and summarize important information. Use your own words to
describe the material covered during the lecture or in the assigned reading. Pretend you
are the teacher and are trying to explain the topic to students. Try to figure out how each
topic relates to each other. What are the connections between what you’ve heard in the
lecture, talked about during the discussion, and read in the book?
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Cognitive Strategy: Organization
This scale refers to your ability to select the main ideas from your readings as well as
your attempts to organize and put together what you need to learn in this course.

Your score:

_______________

Class mean:

_______________

Top 25%:

_______________

Middle 25%:

_______________

Bottom 25%:

_______________

Suggestions: Outline course material and identify where the text and lecture overlap and
don’t overlap. This will give you a starting point in developing connections between
ideas presented in two different contexts. Make charts, diagrams, or tables of the
important concepts. Something like a flowchart or a tree diagram is usually very helpful
in trying to understand how different ideas “go together.”

281

Texas Tech University, Michael G. McFarland, May 2013

Cognitive Strategy: Metacognition
This scale is a measure of how often you think about what you are reading or studying as
you do your schoolwork. For example, do you monitor your attention while you read or
do you often find that you have read 10 pages in your textbook and can’t remember
anything about it? Do you adjust your reading speed if you are reading something
difficult in comparison to reading the newspaper? A high score means that you try to plan
your work and check on whether you understand the course material.

Your score:

_______________

Class mean:

_______________

Top 25%:

_______________

Middle 25%:

_______________

Bottom 25%:

_______________

Suggestions: Skim the reading material before you begin to see how it is organized. Look
at the headings and subheadings of the text to give yourself an idea of how things are
related to each other. While reading, ask yourself questions about the paragraph you have
just read and scribble key words in the margins of the book or in a notebook. Try to
determine which concepts you don’t understand well. Although this method takes longer
initially, you are more likely to remember what you have read. This saves you time later
when studying for a test.
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Resource Management: Time and Study Space
This scale is a measure of how well you manage your time and schedule, and your use of
a place to study. A high score means that you have a method for managing your schedule
and you try to study somewhere where you can finish your schoolwork.

Your score:

_______________

Class mean:

_______________

Top 25%:

_______________

Middle 25%:

_______________

Bottom 25%:

_______________

Suggestions: Keep track of what you do with your study time for a week. Write down
your goals for each study period and then write down what you actually accomplished
during that study period. Analyze the chart at the end of the week. You may want to
change the place where you study, or the times when you study, or who you study with.
Try to come up with a study schedule that works best for you.
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Resource Management: Self-Effort
This scale refers to your willingness to try hard on your schoolwork, even when the work
is difficult. A high score means that you try hard and exert effort in your studying.

Your score:

_______________

Class mean:

_______________

Top 25%:

_______________

Middle 25%:

_______________

Bottom 25%:

_______________

Suggestions: Keep a list of the times you find yourself procrastinating instead of studying
certain topics. Try to analyze why you postpone studying for these topics by discussing
them with other students. Talking with them may lead you to consider an approach that
may help you act more quickly instead of delaying studying the material.

284

Texas Tech University, Michael G. McFarland, May 2013

APPENDIX AB
METACOGNITIVE AWARENESS INVENTORY
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Metacognitive Awareness Inventory (MAI)

Answer each of the statements below as True or False.
1. I ask myself periodically if I am meeting my goals.
2. I consider several alternatives to a problem before I answer.
3. I try to use strategies that have worked in the past.
4. I pace myself while learning in order to have enough time.
5. I understand my intellectual strengths and weaknesses.
6. I think about what I really need to learn before I begin a task.
7. I know how well I did once I finish a test.
8. I set specific goals before I begin a task.
9. I slow down when I encounter important information.
10. I know what kind of information is most important to learn.
11. I ask myself if I have considered all options when solving a problem.
12. I am good at organizing information.
13. I consciously focus my attention on important information.
14. I have a specific purpose for each strategy I use.
15. I learn best when I know something about the topic.
16. I know what the teacher expects me to learn.
17. I am good at remembering information.
18. I use different learning strategies depending on the situation.
19. I ask myself if there was an easier way to do things after I finish a task.
20. I have control over how well I learn.
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21. I periodically review to help me understand important relationships.
22. I ask myself questions about the material before I begin.
23. I think of several ways to solve a problem and choose the best one.
24. I summarize what I’ve learned after I finish.
25. I ask others for help when I don’t understand something.
26. I can motivate myself to learn when I need to.
27. I am aware of what strategies I use when I study.
28. I find myself analyzing the usefulness of strategies while I study.
29. I use my intellectual strengths to compensate for my weaknesses.
30. I focus on the meaning and significance of new information.
31. I create my own examples to make information more meaningful.
32. I am a good judge of how well I understand something.
33. I find myself using helpful learning strategies automatically.
34. I find myself pausing regularly to check my comprehension.
35. I know when each strategy I use will be most effective.
36. I ask myself how well I accomplish my goals once I’m finished.
37. I draw pictures or diagrams to help me understand while learning.
38. I ask myself if I have considered all options after I solve a problem.
39. I try to translate new information into my own words.
40. I change strategies when I fail to understand.
41. I use the organizational structure of the text to help me learn.
42. I read instructions carefully before I begin a task.
43. I ask myself if what I’m reading is related to what I already know.
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44. I reevaluate my assumptions when I get confused.
45. I organize my time to best accomplish my goals.
46. I learn more when I am interested in the topic.
47. I try to break studying down into smaller steps.
48. I focus on overall meaning rather than specifics.
49. I ask myself questions about how well I am doing while I am learning something
new.
50. I ask myself if I learned as much as I could have once I finish a task.
51. I stop and go back over new information that is not clear.
52. I stop and reread when I get confused.
Schraw, G. & Dennison, R.S. (1994). Assessing metacognitive awareness. Contemporary
Educational Psychology, 19, 460‐475.
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