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Abstract

This study investigated the use of reflective portfolios in science as a means to provide
students a medium to develop a repertoire of study and self-regulation strategies. These self-
regulation strategies can be accessed and utilized by students to engage in independent study and
help to manage workloads from multiple teachers. The use of a reflective portfolio addresses the
theoretical framework laid out by Pintrich which organized regulatory processes according to
four phases (a) planning, (b) self-monitoring, (c) control, and (d) evaluation. The reflective
portfolio included student work samples, revisions of work, reflections, and goal statements.
Construction of the portfolio gave students the opportunity to engage in a cyclical process of
self-regulation facilitating an on-going assessment dialogue between themselves and their
teacher.

The focus of this study was a convenience sample of students from a public high school
in a suburban community (population of 24,000) in the Northeast. The study used a quasi-
experimental research design. Participants in the study included 158 (n=158) students in a
nonrandomized control-group, pretest-posttest design. Two different situations were compared;
(a) reflective portfolio use and (b) no use of reflective portfolios.

Research question 1 asked: Is there a significant difference in the self-regulatory skills of

high school science students who produce reflective portfolios for their science assignments and



those who do not? The Motivated Strategies for Learning Questionnaire (MSLQ) subscales of
Metacognition Self-Regulation, Effort Regulation, Time and Study Environment, Rehearsal,
Elaboration, and Organization were used to assess student self-regulatory skills. A multivariate
analysis of variance (MANOVA) was applied where the six subscales served as the multiple
dependant variables. The isolation of which specific self-regulatory learning strategies
(Metacognition Self-Regulation, Effort Regulation, Time and Study Environment, Rehearsal,
Elaboration, and Organization) were affected by reflective portfolio use in science was
statistically insignificant.

Research question 2 asked: Is there change over time in the Portfolio Rubric scores
within the group of students who produce reflective portfolios? The student generated reflective
portfolios produced in the treatment group were assessed using the Portfolio Rubric. Four one-
way repeated measure analysis of variance (ANOVA) procedures were used to ascertain if the
rubric scores varied depending on the time interval. Statistically significant gains in students’
rubric scores over time suggest students do benefit from structured goal setting, revision, and
reflection. The findings of this study support the use of reflective portfolios to provide students
the necessary mastery goal orientation to reflect upon their current progress towards meeting
their academic goals. Additionally, this study suggests reflective portfolio use allows students to
consider behavioral changes necessary to meet their goals and provides a framework for a

dialogue about self-regulation and performance between teachers and students.
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CHAPTER ONE: INTRODUCTION TO THE STUDY
Overview

The need for this study was predicated on the findings of Zimmerman (2002) who stated
that although the benefits of students’ use of self-regulatory processes are well documented, few
teachers effectively prepared students to learn on their own. Teachers rarely encouraged students
to establish specific goals, taught specific study strategies, or assessed students’ beliefs about
learning to identify difficulties before they become problematic (Zimmerman, 2002). Moreover,
students were rarely given the opportunity to self-evaluate their own work or critically consider
their competence on new tasks (Zimmerman, 2002).

According to Zimmerman (2001, 2002) what characterizes self-regulating students is
their active participation in learning from a metacognitive, motivational, and behavioral point of
view. Self-regulating students see themselves as agents of their own behavior. They believe
learning is a proactive process. Additionally, they are self-motivated and they use strategies that
enable them to achieve desired academic results (Montalvo & Gonzalez-Torres, 2004). Pintrich
(2000) proposed a theoretical framework which organized self-regulated learning into four
phases: planning (goal setting), self-monitoring, control (managing motivation), and reaction and
reflection (metacognition).

One means to train students in goal setting, metacognition and self-monitoring is through
the use of reflective portfolios. A study conducted by Driessen, van Tartwijk, Overeem,
Vermunt, and van der Vleuten (2005) showed reflection is a prerequisite for learning in the
context of real practice. The creation of a reflective portfolio allowed students to understand
how they learned best, in what ways they learned best, and their limitations related to specific

tasks. In the portfolio process students build a history of their learning including personal goals,



work samples, revisions and corrections, and reflections. Ultimately, the portfolio will be used
as a medium for reflection. Ideally, students set goals for themselves and judge how well they
reach those goals. Goal setting provides a strong foundation for future, honest self-evaluation
and reflection (Courtney & Abodeb, 1999). When using portfolios, students routinely,
thoughtfully and honestly evaluate their own learning with far more detail and introspect than a
teacher ever could. Through the portfolio process these evaluations of learning made by the
student are documented in personal goals and self-reflections.

According to Wade and Yarbrough (1996), reflective portfolio use stimulated students to
develop a new understanding and appreciation of their experiences, recognize links between
different aspects of these experiences, and formulate insights to be tested in future actions. This
form of self-monitoring should allow students to understand how to apply strategies that allow
them to do well on various tasks to related tasks of similar scope and range. The portfolio
becomes a monitoring activity to provide information about relative discrepancies between a
goal and current progress toward that goal (Pintrich, 2004).

The aim of this study was to measure the effect reflective portfolio construction has on
the self-regulation skills of high school science students. The reflective portfolio included
student work samples, revisions of work, reflections, and goal statements. Construction of the
portfolio took place over a 20-week period giving students the opportunity to engage in a
cyclical process of self-regulation facilitating an on-going assessment dialogue between
themselves and their teacher. This study utilized a quasi-experimental research design. A
nonrandomized control-group, pretest-posttest design was used to compare two different

situations; (a) reflective portfolio use and (b) no use of reflective portfolios.



Rationale

Adequate training in goal setting, metacognition and self-monitoring can help all students
improve their degree of control over learning and performance. The purpose of this study was to
investigate if the use of reflective portfolios in science can engage students in a cyclical self-
regulation model involving forethought, performance control, and self-reflection which are
considered key strategies used by self-regulated learners (Schunk & Zimmerman, 1998). By
using these self-regulatory skills students can become empowered to guide their own learning
and internalize the criteria for judging success. In the current era of standards-based education,
the need for formative assessments which improve engagement and learning have become
increasingly important.

Statement of the Problem

Students lack an understanding of their existing self-regulatory skills and opportunities to
develop new ones. Students need a medium, such as a reflective portfolio, to develop a
repertoire of study and self-regulation strategies which they can access and utilize to engage
them in independent study and help them to manage workloads from multiple teachers as well as
display independence and self-efficiency outside of the classroom (Zimmerman, 2002).
Reflective portfolio use in science fosters the development of study and self-regulation strategies
by engaging students in a cyclical self-regulation model involving forethought, performance
control, and self-reflection which are considered key strategies used by self-regulated learners
(Schunk & Zimmerman, 1998).

Significance of the Study
Students and teachers alike can benefit from this study. Students may gain a deeper

understanding of their existing self-regulatory skills and develop new self-regulatory skills which



will have a direct effect on behaviors and strategies used to attain goals. Likewise, teachers may
benefit by using a formative assessment tool which could improve engagement and learning.

In the current era of standards-based education, the need for formative assessments which
improve engagement and learning have become increasingly important. As stated by the
National Committee on Science Education Standards and Assesmments in The National Science
Education Standard (1996), “When teachers treat students as serious learners and serve as
coaches rather than judges, students come to understand and apply standards of good scientific
practice” (p.88). The council also indicated in the standard

The purported objectivity of short-answer tests is so highly valued that newer modes of

assessment, such as portfolios, that rely on apparently more subjective scoring methods

are less trusted by people who are not professional educators. Overcoming this lack of
trust requires that teachers use assessment plans for monitoring student progress and for
grading. Clearly relating assessment tasks and products of student work to the valued
goals of science education is integral to assessment plans. Equally important is that the
plans have explicit criteria for judging the quality of students’ work that policy makers

and parents can understand (p.89).

The method suggested in this study for the production of student generated reflective portfolios
IS a criterion-based procedure teachers can use in their classrooms to meet the federal science
standard.

The Connecticut State Board of Education stated in Connecticut’s Five-year
Comprehensive Plan for Education 2006-2011 (2007), “districts must develop formative
assessments and provide a small, safe, personalized, and positive learning environment” (pp. 3,

4). Similarly, the Connecticut State Board of Education stated in their position statement on



science education (2008), “teachers must provide varied assessments and use the results to
inform instruction” (p. 4). It continues, “Teachers must develop rich science lessons, inquiry
investigations, and assessments that monitor student achievement in science” (p. 2). The use of
reflective portfolios in the classroom meets all these goals as the reflections, revisions, and goal
statements represent on-going snapshots of student learning and achievement throughout the
year.

Additionally, due to the formative nature of the reflective portfolio as an assessment tool,
it can readily be used by the teacher to inform instruction. Reflective portfolios involve the
teacher in a rich collaboration with each student (Courtney & Abodeeb, 1999). This is achieved
through teacher-student dialogues about the process of collection, selection, and assessment of
what has been learned. In this sense, the portfolio becomes a powerful formative assessment tool
for the teacher stimulating a rich, ongoing dialogue between the teacher and student throughout
the academic year clarifying student misconceptions and highlighting areas for instructional
improvement for the teacher.

Definition of Key Terms
1. Criteria are guidelines, rules, or principles by which student responses, products, or

performances are judged (Arter & McTighe, 2001).

2. Goal setting is committing oneself to specific, proximal, and challenging learning

outcomes (Zimmerman et al., 1996).

3. Mastery goals are goals in which the student focuses on the task at hand and what needs

to be done to improve knowledge, understanding, and skill (McMillian & Hearn, 2008).

4. Metacognition is a person’s awareness of his or her own thinking (Crain, 1992).



10.

Reflection is the active, persistent, and careful consideration of any belief or supposed
form of knowledge (Dewey, 1910).
Self-assessment is reflecting upon, reconsidering, and revising the meaning of what a
student has already learned, produced, and believed to be knowledge (Wiggins, 1998).
Self-monitoring is systematic, deliberate observation of covert and overt aspects of one’s
performance on a given task (Zimmerman et al., 1996).
Self-regulated learning is an approach to learning involving goal setting, strategy use,
self-monitoring, and self-adjustment to acquire a skill (Zimmerman et al., 1996).
Self-regulation is processes that activate and sustain cognitions, behaviors, and affects,
and that are oriented toward goal attainment (Zimmerman, 1990).
Student portfolios are a purposeful collection of student work that tells a story about the
student’s efforts, progress, or achievement. This collection must include student
participation in selection of portfolio content, guidelines for the selection of that material,
criteria for judging the merit of the work collected, and evidence of student self-reflection
(Arter & Spandel, 1992).

Chapter Summary

Teachers rarely encourage students to establish specific goals, teach specific study

strategies, or assess students’ beliefs about learning to identify difficulties before they

become problematic (Zimmerman, 2002). Moreover, students are rarely given the

opportunity to self-evaluate their own work or critically consider their competence on new

tasks (Zimmerman, 2002). Yet, students are expected to engage in independent study and

manage workloads from multiple teachers as well as display independence and self-

efficiency outside of the classroom (Zimmerman, 2002). Adequate training in self-regulation



(goal setting, metacognition and self-monitoring) can help all students improve their degree
of control over learning and performance. This study used a quasi-experimental
nonrandomized control-group, pretest-posttest design to compare two different situations; (a)
reflective portfolio use and (b) no use of reflective portfolios to investigate the use of
reflective portfolios in science as a means to engage students in a cyclical self-regulation
model. Additionally, the use of a repeated measures research design was used to see if

significant gains in students’ reflective portfolio scores occurred over time.



CHAPTER TWO: REVIEW OF THE LITERATURE
Chapter Overview

This chapter describes the theory, constructs, production requirements, and research
supporting reflective portfolio use. The chapter consists of the following sections: self-
regulation and social cognitive theory, motivation and self-regulation, portfolios defined,
mastery goal orientation, self-assessment, self-reflection, assessment, and portfolio use.

Self-Regulation and Social Cognitive Theory

Self-regulation consists of processes that activate and sustain cognitions, behaviors, and
affects, and that are oriented toward goal attainment (Zimmerman, 1990). This process can be
viewed in the cyclical phases of forethought, volitional (performance) control, and self-reflection
(Schunk & Zimmerman, 1998). These self-regulation phases involve such academic processes
as goal setting, planning, self-efficacy, motivation, attention, self-monitoring, self-evaluation,
self-reaction, and adaptivity.

The self-regulation process is affected by many factors echoed in the social cognitive
theory of Albert Bandura. Social cognitive theory identifies four core features of human agency
being intentionality, forethought, self-reactiveness, and self-reflectiveness (Bandura, 2001). An
intention is a representation of a future action to be preformed. Intentions, therefore, affect the
likelihood of actions at a future point in time. In essence, intentions are centered on future plans
of action. People tend to form intentions that include action plans and strategies for realizing
them (Bandura, 2004). These future plans of action are rarely specified in full detail. They are
filled in and adjusted, revised, refined, and reconsidered in the face of new information as the
plan is carried out (Bratman, 1999). Therefore, successful implementation of the plan requires

self-regulation of intentions. For this reason, educators must help students be cognitive of their



own thinking, to be strategic, and direct their motivation towards meaningful goals (Montalvo &
Gonzalez Torres, 2004). The goal needs to be for students to learn to be their own teachers
(Schunk & Zimmerman, 1998). In this sense, teachers need to move from teaching towards
guiding students in self-reflective practice.

Using forethought, people set goals for themselves and anticipate the outcome of
prospective actions which guide and motivate their efforts (Bandura, 2004). They anticipate the
consequences of prospective actions and create courses of action to produce desired outcomes
and minimize detrimental ones (Bandura, 2001). Forethought allows people to continually plan
ahead throughout their lives, reorder their priorities, and structure their lives accordingly.
Behavior is therefore motivated and directed by projected goals and anticipated outcomes.
Future events become regulators of behavior. In regulating behavior, people adopt courses of
action likely to produce positive outcomes and discard those that bring unfavorable outcomes.
People begin to regulate the present to dictate a desired future.

Self-reactiveness speaks to the notion that people are not only planners and forethinkers,
but self-regulators as well (Bandura, 2004). Self-directedness is the deliberate ability to make
choices and action plans as well as shape courses of action to motivate and regulate their
execution (Bandura, 2001). It works through self-regulatory processes that link thought to
action.

Social cognitive theory postulates that the self-regulation process (a component of self-
directedness) is itself composed of three major levels being (a) self-monitoring, (b) self-
judgment, and (c) self-reaction (Bandura, 1986). Self-monitoring is deliberate attention to
specific aspects of one’s behavior. Bandura recommended assessing behaviors based on

dimensions such as quantity, quality, rate, and originality (Bandura, 1986). Self-monitoring is



assisted through self-recording where behaviors are recorded over time through such activities as
goal setting. When rooted in an individual’s values and personal identity, goals give activities
meaning and purpose (Bandura, 1986). Goal setting motivates individuals to become self-
evaluative of activities they engage in. Self-evaluation becomes conditional on the standard set
by the goal, thereby giving direction to sustain effort towards goal attainment. When self-
monitoring results in goal progress, students are often motivated to improve (Schunk, 1989).

Self-monitoring is linked closely to self-judgment which refers to comparing present
performance with a standard (Schunk & Zimmerman, 1998). Bandura (1986) placed a great
emphasis on the importance of the self-judgment process and on the factors which may affect
one’s self-judgments. The judgments made by an individual are linked to the type and
importance of the standard being used for comparision. Standards come in two forms being
absolute or normative. Absolute standards are fixed such as when a student attempts to finish a
task in a given amount of time. Normative standards are based on the performance of others
such as when a student attempts to be the first one in a class to complete a task. Standards often
are acquired by observing models where a student compares his or her work against others or
against written norms (such as a rubric) to evaluate the appropriateness of the work under
consideration (Bandura, 1986). Providing students with evaluation standards through rubrics,
models, and exemplars helps students concretely understand outcomes and expectations
(McMillan & Hearn, 2008). Ultimately, when students compare their performance against
standards information is provided about progress (Schunk & Zimmerman, 1997).

Self-reaction involves making evaluative responses to judgments of one’s performance
(Schunk & Zimmerman, 1997). Evaluative reactions involve students’ beliefs about their

progress; for example whether it is good or bad, acceptable or not acceptable, beyond or below

10



expectation (Schunk & Zimmerman, 1997). The belief that one is making acceptable progress
towards a goal and the expected satisfaction that a goal will be attained affects both motivation
and self-efficacy (Schunk & Zimmerman, 1998). When self-monitoring results in goal progress;
the motivation to improve is fostered (Schunk, 1989). Yet, negative evaluations need not
decrease motivation as long as students believe they are capable of improving. Motivation
cannot improve if students think they lack the capability to improve and that increased effort or
better use of strategies will not help (Schunk, 1994). Self-reactions can raise self-efficacy when
they are linked to actual accomplishments. Often, the accomplishment is influenced by tangible
rewards which validate the perception of progress. For example, students who believe they are
improving their study routine might reward themselves by taking a break (Schunk, 1994). If the
student perseveres in the face of adversity and judges that he has improved his study routine he
feels better about himself. Based on this positive efficacy belief the student rewards himself with
a break.

These three self-regulatory processes; (a) self-monitoring, (b) self-judgment, and (c) self-
reaction; interact with one another and with environmental processes (Schunk & Zimmerman,
1997). As students observe and monitor their own performances, they judge them against
standards and react to their judgments. A student’s judgments set the stage for additional and
future observations and monitoring.

The final component to social cognitive theory is self-reflectiveness which involves the
metacognitive capacity to reflect upon oneself and one’s actions (Bandura, 1986). Through
reflection people evaluate their motivation, values, and meaning behind their pursuits.
Ultimately, self-reflection becomes a vehicle for self-adjustment. These adjustments rooted in

reflection, operate as guides and motivators based on an individual’s belief that he or she can
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exert some measure of control over his or her own functioning. This belief can be defined as
one’s self-efficacy. Individuals need to believe they can achieve a desired result through their
own actions. Otherwise, individuals have little incentive to persevere in the face of adversity.

Efficacy beliefs play an integral role in social cognitive theory because they influence
whether individuals think pessimistically or optimistically (Bandura, 1986). These beliefs are
neither global personality traits nor general self-concept, but instead specific self-conceptions
that individuals develop from experience such as successes and failures in different activities.
Therefore, Bandura (1986) believed efficacy plays a key role in self-regulation in relation to
motivation. Based on efficacy beliefs, individuals chose what challenges to undertake, how
much effort to expend, and how long to persevere when faced with obstacles and failure. A
strong sense of efficacy reduces the likelihood of negative effects on the individual such as stress
or depression in taxing situations and strengthens resiliency to adversity. As students work on
tasks, they note their progress mentally which conveys to them what they are capable of learning
and raising their self-efficacy (Schunk, 1989). In the end, an individual’s efficacy beliefs shape
the course of his or her life by influencing the types of activities the individual engages in and
environments the individual selects. Therefore, efficacy effects personal choices made by an
individual and therefore can profoundly affect his or her personal development. Social
influences from the activities an individual chooses to engage in and environments an individual
selects will influence their competencies, interests, and values long after the initial decisions
were made. Thus, through choice, people have a hand in what they become (Bandura, 1986).

In summary, social cognitive theory views human functioning as a series of reciprocal
interactions between behavioral, environmental, and personal variables (Bandura, 1986). The

four components of social cognitive theory being intentionality, forethought, self-reactiveness,
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and self-reflectiveness define the construct of self-regulation and its three processes of
forethought, performance control, and self-reflection. These three self-regulatory processes do
not function in isolation, but interact with one another to shape an individuals’ view of their
world and who they become.

Studies show that students who self-regulate their learning (Corno, 2001; Weinstein,

Husman, & Dierking, 2000; Winne, 1995; Zimmerman, 1998, 2000, 2001, 2002):

1. are familiar with and understand how to use a series of cognitive strategies
(repetition, elaboration, and organization), which help them to attend to, transform,
organize, elaborate, and recover information;

2. know how to plan, control, and direct their mental processes toward the achievement
of a goal (are metacognitive);

3. display a set of motivational beliefs and adaptive emotions (such as self-efficacy,
setting of learning goals, developing positive emotions towards tasks), and have the
capacity to modify and control these, adjusting them to the requirements of the task at
hand;

4. plan and control the time and effort used on tasks and create favorable learning
environments;

5. participate in and control classroom tasks and classroom climate and structure, to the
extent that the context allows; and

6. can use a series of volitional strategies to avoid external and internal distractions.

In schools, these self-regulatory processes allow students to observe their performances,

judge them against goal standards, and react to those judgments. Their evaluations and reactions

set the stage for additional observations (Schunk & Zimmerman, 1997). Correctly implemented,
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activities that promote self-regulated learning can promote intrinsic motivation, internally
controlled effort, mastery goal orientation, and meaningful learning (McMillan & Hearn, 2008).
Pintrich Model of Self-Regulated Learning

Puustinen and Pulkkinen (2001) highlight Pintrich’s model of self-regulated learning as
one of the most important attempts at synthesizing the processes and activities which help to
increase self-regulated learning. Pintrich proposed a theoretical model based on social cognitive
theory. The approach used by Pintrich aimed to classify and analyze the different processes
comprising self-regulated learning as outlined by Bandura’s social cognitive theory (which
characterizes self-regulation as an interaction between personal, behavioral, and contextual
processes) (Montavo & Gonzalez Torres, 2004). In Pintrich’s model, regulatory processes are
organized according to four phases; (a) planning, (b) self-monitoring, (c) control, and (d)
evaluation. Within each of the phases, self-regulation activities are structured into four areas:
cognitive, motivational/affective, behavioral, and contextual. In the Pintrich model, these four
phases represent a sequence followed by a student, but they are not hierarchically or linearly
structured (Montavo & Gonzalez Torres, 2004). In fact, phases may occur simultaneously
producing multiple interactions between the processes. Pintrich also indicates that not all
learning activities explicitly involve self-regulation. Prior experience may be used by the student
to automatically perform a task eliminating the need for such self-regulatory processes as
planning, control, and evaluation.

Pintrich’s model for self-regulation begins in the planning phase where activities such as
goal setting and activation of prior knowledge occurs in the cognitive area; activation of
motivational beliefs such as self-efficacy, task value, and goals occurs in the

motivational/affective area; planning the time and effort to be used on a task occurs in the

14



behavioral area; and activating the perceptions regarding a task and the class context occurs in
the contextual area.

The self-monitoring phase contains activities that help the student become aware of his or
her cognition and motivation (cognition area and motivation/affect area), time and effort use
(behavior area), and conditions of the task and context (context area). Self-monitoring involves
the self-observation of comprehension or metacognitive awareness (cognition area and
motivation/affect area), as well as the processes a student uses to be aware of his or her
motivation and effort (behavior area). The context area of self-monitoring involves the
characteristics of a task and the classroom context (what are the class norms and rules, how is
performance evaluated, what are the task requirements) (Montavo & Gonzalez Torres, 2004).

Control activities involve the selection and utilization of strategies (cognitive and
metacognitive), motivation and emotions (motivational strategies and emotion control
strategies), and time and effort regulation of tasks, as well as control over atmosphere and
structure of the class (Montavo & Gonzalez Torres, 2004). An important control activity is the
construction of knowledge through the process of revision and reprocessing of ideas and
information which promotes greater learning (Scardamalia & Bereiter, 1986). Studies of high
school students have provided support that revision improves the quality of written composition
(Ash, 1983) and that older students make more meaningful revisions than younger students
(Graves & Murray, 1980).

Finally, the reflection phase encompasses the judgments, evaluations, and reactions a
student makes regarding a task in comparison to established criteria (his or her own, or the
teacher’s). Also, critically seeking the cause of success or failure and behavior choice to be

followed in the future are characteristics of this phase (Montavo & Gonzalez Torres, 2004).
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In summary, the Pintrich model provides a framework from which to analyze the
different cognitive, behavioral, motivational, and contextual processes involved in self-regulated
learning. What sets this model apart from its predecessors is the contextual phase. This model
proposed that students can do something to change their context and therefore, the manipulation
of the environment used for learning becomes an important aspect of self-regulated learning
(Montavo & Gonzalez Torres, 2004).

Motivation and Self-Regulation

While research in the 1970s and 1980s focused on cognitive variables such as
information processing, cognitive style, learning strategies, prior knowledge, and thinking
processes, research in the late 1980s and into the 1990s focused on motivational processes such
as self-concept, self-efficacy, attributions, and goal setting (Montavo & Gonzalez Torres, 2004).
An interest in how these variables were linked gave rise to research on self-regulation. Studies
in this area agreed that learning strategy development encouraged cognitive learning and learning
motivation. Interestingly, researchers also suggested that improvement in motivational beliefs
not only effected learning motivation but also influenceed the nature of how students process
information, select, and used learning strategies. Specifically, Wigfield and Eccles (2000)
researched Atkinson’s model of expectancy values which included ability beliefs, expectancies
for success, and the components of subjective task values. This study highlighted the importance
of students’ self-efficacy beliefs and the importance of goal orientation to motivation and the
regulation of learning (Montavo & Gonzalez Torres, 2004). Bandura (1986) believed self-
efficacy plays a key role in self-regulation in relation to motivation.

Studies using the Motivated Strategies for Learning Questionnaire (MSLQ) have

correlated relationships between motivation, learning strategies, and academic performance
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(Pintrich, Smith, Garcia, & McKeachie, 1991). Data from 356 Midwestern college students and
24 community college students in the winter of 1990 were used for a correlational study. The
study used confirmatory factor analysis to link motivation, learning strategies, and course final
grade. The scale correlations with final grade were significant and alpha levels from
correlational analysis ranged from .52 to .93, considered fairly robust. Additionally, Zimmerman
(2001) and Schunk (2001) have contributed studies which highlight the positive effect of student
self-efficacy beliefs on the process of self-regulation.

Portfolios Defined

A portfolio is a collection of student work assembled to provide a representation of that
student’s achievement (Stiggins, 1997). In practice, portfolios often consist of two major
categories (Friedman et al., 2001). First, a collection of evidence in the form of student
generated artifacts chronicling events and experiences and second, a reflection by the student on
what has been learned. Recently, portfolios have gained popularity because of the flexibility
they provide teachers in their assessment practices.

Several important purposes for portfolios as assessment tools have been outlined. They
include their ability to track student achievement over time to reveal improvement or the lack
thereof, preserve the detailed and complex picture of student achievement, and afford students an
excellent context within which to take responsibility for maintaining and tracking their files and
records of achievement. Additionally, portfolios help students learn to reflect on and see their
own improvement as achievers, provide important insights into students’ academic self-concepts,
academic interests, and sense of their own needs, and provide excellent opportunities for students
to practice their reasoning proficiencies. Also, they help students analyze their own work,

compare work over time, draw inferences about their growth or needs, and learn evaluative or
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critical thinking skills. Lastly, portfolios allow students to understand the work production
requirements of real-life situations (Stiggins, 1997).

To merge effectively into instruction, a portfolio must tell a story (Stiggins, 1997). This
story is told through the specific guidelines used to select artifacts for inclusion into the portfolio.
Guidelines vary depending on the purpose of the portfolio. Student portfolios may vary widely
in content and purpose and even in who decides what goes into the portfolio (Sweet, 1993).
Decisions about what goes into a portfolio are typically made by the student creating the
collection but also may involve teachers and peers as well as the structural supports outlining the
requirements for the entire portfolio. Kenfield (1994) suggested that teachers should set specific
guidelines for portfolio production while still allowing the portfolio to display the uniqueness of
each student. The materials included in the portfolio should both provide structure and display
uniqueness. The artifacts would include formal writing along with drafts (such as short stories
and lab reports), anecdotal writing (such as journal entries and learning logs), homework and
class work samples, student generated goals for academic progress, and student self-reflections
of goals, assessments, development in work, and attitude towards school and self. Kenfield
(1994) continued by highlighting that it is the last recommendation of self-reflection which
should get the greatest emphasis. She suggested reflection is one of the best ways for students to
be active participants in setting goals for their own learning. Through this process the portfolio
will support broader thinking around the subject matter being investigated within the reflection
and encourage the development of higher order thinking skills (Kneale, 2002).

Portfolio Structures
Spandel and Culham (1995) suggested several portfolio structures termed the (a)

celebration portfolio, (b) the time sequence portfolio, and (c) the status report portfolio. A
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celebration portfolio is a personal collection of favorite works and special academic mementos.
This type of portfolio displays a final collection of a student’s best work and final drafts (Uphoff,
1989). They portray the best academic experiences of that student. The time sequence portfolio
is used to show change over time and comes in two forms; the growth portfolio and the project
portfolio. A growth portfolio uses constant evaluation criteria to show improvement over time.
This sort of developmental portfolio would contain work samples that represented student
growth over time and involved an assemblage of a large collection of artifacts (Uphoff, 1989).
Alternately, a project portfolio describes specific work carried out over a period of time. In this
case, the evaluation criteria will be suited to the individual steps and strive for an increase in the
work quality at each step. Lastly is the status report portfolio. The status portfolio presents
evidence that certain levels of proficiency have been met. An example of this type of portfolio
would be a college admissions portfolio used to provide evidence of mastery in high school
(Uphoff, 1989).

Historically, the use of portfolios has found wide-spread success in at least three facets of
assessment (Underwood, 1998). First, is the use of the portfolio to foster the kind of careful,
patient work habits observed in craftsmen and artists. Learning, therefore, occurs in chunks
spread out over long periods of time. Students, over this time, will develop a keen sense of the
standards and criteria necessary to critically judge their own performance. Consequently,
assessment is not restricted to finished products, but also to works in progress.

This leads to the second facet which is the use of portfolios to display real student work
produced in the natural classroom setting over time. A process approach to assessment can be
fostered through the portfolio process versus a onetime external predictor of content attainment.

The notion of assessing students alone, with no time for revision, without discussion, without
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feedback, and without any sense of communication seems instinctively troubling (Belanoff &
Elbow, 1986). Friedman et al. (2001) suggested that the use of portfolios as a means of
summative assessment not only measured desired learning outcomes, but also enhanced the
development of strategies, skills, and cognitive processes necessary for lifelong learning.

Last, is the ability of portfolios to demonstrate student growth in writing particularly at
the secondary level. Large-scale traditional testing routinely highlights student reading
proficiency. For most of the century, the assessment of reading has been accomplished by means
of multiple choice tests with little concern over the possible negative impact these tests may have
on reading instruction (Underwood, 1998). Conversely, ever since the College Board added
writing assessment to their Comprehensive Exam in 1916, heated debate over writing instruction
has ensued (Greenberg, 1992). Portfolios not only offer the tools necessary to gather more and
better data about student writing they also model the kinds of practices students need to become
more proficient writers as well as readers.

Paulson, Paulson, and Meyer (1991) summarized the keys to successful reflective
portfolio use into three facets. First, portfolio use is an opportunity to learn over time. The end
product must contain information showing the student engaged in self-reflection. Next, students
must be given the opportunity to select work samples because this will help the students’ value
themselves as learners and their own work. Finally, the portfolio must illustrate growth with
actual examples of work showing improvement over time. In regards to grading, teachers need
to be conscious of the evolving nature of the portfolio when using it as an assessment tool to
ensure students are actively participating in the process at every possible opportunity (Hansen,

1998).
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Mastery Goal Orientation

The portfolio process begins with students setting mastery goals. A mastery goal is one
in which the student focuses on the task at hand and what needs to be done to improve
knowledge, understanding, and skill (McMillian & Hearn, 2008). Students will reach mastery
goals through such cognitive processes as thinking, self-monitoring, and generating solutions.
Additionally, students who set mastery goals tend to immerse themselves in the task and
continually check their progress. The goal setting process involves the student setting goals
which are attainable in a specified amount of time. These goals need to be focused on specific
self-monitoring strategies which will increase the likelihood of the student attaining their
specified goal. In this way, the portfolio becomes a highly individualized and an intensely
personal assessment tool to both the teacher and the student (Sweet, 1993).

A study conducted by Mousoulides and Philippou (2005) supported Pintrich’s (2000)
earlier research that students who set and pursue mastery goals use deeper cognitive strategies
(elaboration and organization) and deeper metacognitive strategies (planning and self-
observation). In the autumn of 2004, 194 sophomore pre-service teachers who attended a
mathematics course participated in a study to test the prediction of a causal model that explains
the impact of self regulatory learning, which encompasses students’ motivational beliefs and
self-regulation strategy use on their achievement in mathematics. A 26-item questionnaire based
on the MSLQ (Pintrich, Smith, Garcia, & McKeachie, 1991) was used. The tested model
contained both observed (measured) variables and latent constructs. The observed variables
were specified as indicators for each of the latent constructs. One of the factors was measured by
six indicators (Self-Efficacy), two factors were measured by four indicators (Task Value and

Elaboration) and four of the factors were measured by three indicators each (Mastery Goal
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Orientation, Extrinsic Goal Orientation, Organization and Metacognitive Strategies). The
Cognitive Strategies latent factor was measured by the two factors Elaboration and Organization.
Finally, the factor Self-Regulation Strategies use was measured by Cognitive Strategies and
Metacognitive Strategies.

The results indicated all factors used displayed high casual effects ranging from .48 - .91.
This study confirmed that mastery goal orientation, can predict a student’s self-efficacy. The
causal effect of mastery goal orientation on self-efficacy was very high, being .85. This finding
indicated that mastery goal orientation is a strong predictive factor of self-efficacy and therefore
has an indirect effect on achievement through self-efficacy. Additionally, this study supported
that mastery goals effect motivational beliefs about students themselves and towards tasks (high
self-efficacy in the face of adversity, task enjoyment, a high level of value of tasks, task
importance, and positive reaction to task as assigned). Finally, this studied supported that
mastery goals effected effort, persistence, and behaviors related to help seeking in the face of
academic adversity.

Mastery Goals and Motivation

Achievement motivation theorists have used careful empirical data to develop a goal-
driven model of motivation aligned with the theory behind portfolio use (Underwood, 1998).
Dweck and Leggett (1988) explained that students who engage deeply in the face of challenges
exhibit mastery goal orientation (sometimes referred to as learning goal orientation or task
involved goal orientation). These students believed the effort they exhibited would improve
them intrinsically and they therefore valued learning for learning’s sake (Harkness, D’ambrosio,
& Morrone, 2006). Students who did not persist in the face of challenges, or engage deeply,

exhibited performance goal orientation. These students solely sought to gain approval and
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advance their status. Performance goal orientated students tended to be more focused on the
outcome of learning and not on the process of learning. Therefore, these students tended to view
learning as a means to an end and were concerned with gaining external rewards or positive
judgments of their abilities. Ames (1990) reported that students tended to favor performance
goals over mastery goals based on school socialization. Children favored the norms set by
schools such as extrinsic rewards, ability grouping, and an emphasis on production, speed, and
perfection which all lent them to performance goal orientation.

A study by Patrick, Anderman, Ryan, Edelin, and Midgley (2001) found that teachers in
mastery focused classrooms emphasized the importance of active learning, student involvement,
and effort. Conversely, it was reported that performance focused classrooms emphasized grades,
formal assessments, and students’ relative performance in relation to the other students in the
class. The study used a qualitative case study research design with seven 7" grade students over
the period of 1 academic year. Data from observations and interviews using naturalistic inquiry
were collected as well as one survey which generated quantitative data used to enrich the
qualitative findings. The data revealed several key findings supporting the link between
behaviors and goals that correspond with their personal goals. Students’ personal goals seemed
to emerge from a series of negotiations that occurred between family goals, school goals,
classroom goals, and peer goals. Simply put, students’ motivation to exhibit particular behaviors
was a manifestation of the interaction between their own personal goals and external goals
placed on them by families, schools, teachers, and peers. Therefore, performance focused
classrooms should yield performance goal-orientated students while mastery focused classrooms
should yield mastery-orientated students. Patrick et al. (2001) also noted that teachers in mastery

goal focused classrooms showed greater enthusiasm towards each day’s lesson. In order for
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students to be cognitively engaged, they must be active participants in learning through
conversations and the exchange of ideas with teachers and other students supporting mastery
goal orientation (Harkness, D’ambrosio, & Morrone, 2006). Portfolio assessment systems,
orientated towards mastery goals, support student ownership, choice, task engagement, and
reflective analysis. Classroom structures that support mastery goal orientation afford students
the freedom to share ideas, ask questions, and make mistakes (Muthukrishna & Borkowski,
1996).
Mastery Goals and Self-Regulation

Pintrich (2000) supported that students’ use of mastery goals was associated with
cognitive and self-regulatory strategies. Once a goal has been set by the student, the reflective
portfolio becomes a monitoring activity to provide information about relative discrepancies
between a goal and current progress toward that goal (Pintrich, 2004). When students are
focused on trying to improve their understanding they are more likely to put effort into their
schoolwork (Patrick, Ryan, & Kaplan, 2007). The effort manifests itself in increased
thoughtfulness, the use of self-regulatory strategies, and an increase in interactions with others
concerning learning and achievement. Meece and Holt (1993) reported in a study of 257 5" and
6" grade middle school science students using cluster analysis procedures that individuals with
high mastery goal orientations had higher effort, grades, and test scores than did students with
higher performance goal orientations.

A qualitative study of four eighth grade science students by Patrick and Yoon (2004)
echoed the findings of Meece and Holt. Of the four students studied over the 8-week period,
three embraced a mastery goal orientation displaying increased conceptual understanding and

test scores. The fourth student, who showed evidence of not being mastery goal orientated, had
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no increase in conceptual understanding or test scores. These findings were consistent with the
vital role mastery goal orientation has on conceptual understanding.

Studies in high schools have supported these claims as well. In a study of 167 high
school students, Ames and Archer (1988) showed the use of mastery goals increased beneficial
achievement behaviors such as selection of better learning strategies, more positive attitudes,
selection of challenging tasks, and increased work satisfaction. The 91 boys and 85 girls in the
study attended an academically advanced high school. Randomly selected students responded to
questionnaires designed to measure the students’ perception of their goal structure on 6 learning
strategies scales. A factor analysis revealed alphas levels from .77 - .88 with a correlation
between scales of -.03. The findings suggest students who exhibited mastery goal orientation
fostered a way of thinking necessary to sustain involvement in the learning. Additionally,
mastery goal orientation increased the likelihood that students pursued tasks that fostered
learning.

However, even though numerous negative effects of performance goal orientation have
been documented, studies have shown a student’s goal orientation can change over time.
Gehlbach (2006) found that students who began a school year with suboptimal goal orientations
for their given classroom setting could change. A sample of 917 9™ and 10" grade world history
students completed the Patterns of Adaptive Learning Survey as a pretest in September and as a
posttest in May of the same academic year. Factor analysis revealed that with a teacher’s
support, students will pursue more mastery oriented goals given the structure of the classroom
supports mastery goal orientation over performance goal orientation. The goals students set

appear to be influenced by the structure of the learning environment. Additionally, Gehlbach
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(2006) reported increases in mastery goal use related to higher year-end content knowledge,
grades, interest, course satisfaction, social perspective taking, and historical empathy.
Self-Assessment and Revision

The process of student self-assessment involves reflecting upon, reconsidering, and
revising the meaning of what a student has already learned, produced, and believes to be
knowledge (Wiggins, 1998). Self-assessment is an integral part of self-monitoring emphasizing
autonomy and student responsibility (Boud, 1999). It allows students to uphold their own
standards without being policed from the outside. Furthermore, student self-monitoring of
learning is important in knowledge construction (Shepard, 2001). That is, students construct
meaning, in part, through self-assessing prior to and during learning (McMillian & Hearn, 2008).
The medium for self-assessment within the reflective portfolio is the selection and revision of
artifacts to be included within the portfolio by the student.

Revision is an important aspect in the development of knowledge. Students learn what
they are trying to say as they write and revise (Odell, 1980). This construction of knowledge
through the process of revision and reprocessing of ideas and information promotes greater
learning (Scardamalia & Bereiter, 1986). Learners begin with partial knowledge and over time
with repeated exposure the learner adds continually to his or her knowledge base (Hofstetter,
Sticht, & Hofstetter, 1999). To facilitate this process, revision should require students to add
new information to the artifact being revised as well as correct errors and clarify distinctions
between the current artifact and the standard being used (such as a rubric, exemplar, or model
artifact) (Marzano, 2007). Quality revisions require structure and guidance and therefore the
standard against which the artifact is being compared becomes of primary importance. Revisions

based on the writers’ perspective of quality do not stress the link between writing and audience
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(Fitzgerald & Markham, 1987). Judgments of quality revisions need to be based on the readers’
perspective, not the writers’ perspective. Revisions produced without structure and guidance can
become highly superficial and therefore not meaningful to the student as a medium for self-
reflection (Fitzgerald, 1987). Therefore, the reader (teacher) should use a known standard such
as a rubric, exemplar, or model artifact to facilitate the production of quality and meaningful
revisions by the student.
Self-Reflection

Almost 100 years ago John Dewey outlined the importance of the reflective process.
Dewey (1910) defined reflection as “active, persistent, and careful consideration of any belief or
supposed form of knowledge in the light of the grounds that support it, and the further
conclusions to which it tends” (p. 6). He continued to describe reflective thought as conscious
and voluntary effort. Dewey then defined the reflective process in two parts “(a) a state of
perplexity, hesitation, doubt; and (b) an act of search or investigation directed toward bringing to
light further facts which serve to corroborate or to nullify the suggested belief” (p. 9). John
Dewey used the terms “active, persistent, act of search and investigation” quite purposefully to
describe reflection as a pursuit which must be undertaken by the learner and is therefore not a
passive process. Additionally, Dewey clearly understood the reflective process to be under the
control of the student when he described it as conscious and voluntary. Dewey went on to stress
the importance of past experiences and prior knowledge. He stated that reflection should lead to
suggestions for change because “If the person has had some acquaintance with similar situations,
if he has dealt with material of the same sort before, suggestions more or less apt and helpful are

likely to arise” (p. 12). These suggestions will develop through the reflective process as one
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hunts for additional evidence to validate the suggestion or prove it absurd. Dewey concluded by
saying “Reflective thinking, in short, means judgment suspended during further inquiry” (p. 13).

The progressive education movement of the 20" century begun by John Dewey was
continued by Jerome Bruner (1966) who discussed the importance of reflection to students in
making knowledge their own. He suggested that by having students reflect back on a difficult
problem and recasting what occurred in a mode of thought understood by the student may help
increase understanding and long-term knowledge retention.

Building on Dewey’s and Bruner’s work, Marzano (2007) took the concept of reflection
into the 21 century and into the classroom by defining the reflective process as a macrostrategy
(set of interacting instructional strategies) used by the teacher. In this sense, reflection is used to
help students actively process content during critical-input experiences. Here again, reflection is
an intentional act, engaging students in interrogating their own thinking to construct some
understanding of it (Lyons, 2002b). Marzano continued by stating that students use reflection as
a means to identify points of confusion, the level of certainty they had about content,
preconceptions that were accurate, and preconceptions that were inaccurate.

Reflection not only is an effective tool for the student, but for the teacher as well, in
terms of instruction. Butler and Winne (1995) reported that asking students to reflect on areas of
confusion enhances their learning and provides the teacher with valuable diagnostic information.
Teachers should therefore use student reflections as a reflective opportunity for themselves by
comparing their own teaching to the ends that were sought. Reflection is not solely a disposition
or a set of strategies for a teacher, but also a kind of analytical knowledge brought to bear on
one’s work (Richert, 1987). In the end, teachers can use these reflections of their own practice to

enhance student learning and the quality of instruction being delivered.
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White and Frederiksen (1998) reported that the power of reflective assessment is so
strong that it even holds promise in reducing the achievement gap. Three teachers teaching four
parallel seventh-grade classes in 2 urban schools followed a standardized science curriculum for
14 weeks. The curriculum was designed to promote thinking in science through the use of seven
scientific investigations. Each teacher involved two classes in small group evaluative
discussions about the investigations while the remaining two classes engaged in a process of
reflective assessment. The reflective assessment followed a feedback loop where students were
introduced to 9 assessment criteria (Overall Quality, Understanding, Inquiry, Connections,
Design, Using Tools, Reasoning, Communication, and Teamwork) assessed on a 5-point Likert
scale. During and at the end of each investigation, students assessed themselves against these
known criteria. Upon the completion of an investigation, students wrote brief narrative
statements assessing their work. Then, they presented their work to the class who, in turn,
assessed the presentations using the 9 known criteria. An ANOVA was performed on the nine
known criteria which compose quality scientific research along with gender and achievement on
state mandated exams. In comparing the treatment group (reflective assessment feedback loop)
against the control group (evaluative discussion) the variable Overall Quality displayed statistical
significance of F(1,106) = 6.82, p < .005. Additionally, a significant interaction was displayed
between the treatment and scores on state standardized exams with an F(1, 106) = 4.98, p < .01.
No significant interactions between gender and the treatment were observed. For each of the 9
criteria, effect size ranges were greater for low achieving students (.256 — 1.030) as measured
with state mandated exam scores than for higher achieving students (-.13c - .3406) on state
mandated exams. The results of this study revealed that the weakest students in the reflective

assessment group performed as well as the strongest students in the control group on state
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mandated exams. Furthermore, the other students in the reflective assessment group did even
better than the control group. The achievement gap, in the reflective assessment classrooms, was
reduced by half.

Ash and Clayton (2004) report that there is a lack of effective structures to help
instructors from diverse disciples guide students through reflecting and meaningful strategies to
evaluate written products. Welch (1999) pointed out that students need help connecting
experiences in classes with their beliefs and assumptions and with deepening their learning. To
this end, Eyler (2000) called for the development of mechanisms that support students in
demonstrating learning outcomes. She believed what is needed is a measure where students can
show that they have achieved greater understanding, the ability to apply knowledge, and problem
solving skills and cognitive development.

A framework for student reflection provided a structured mechanism for students to
demonstrate learning rather than merely reporting it (Ash & Clayton, 2004). Generally, student
written reflections should include the three phases of (a) a description of the artifact or
experience, (c) an analysis of the relevant learning that occurred, and (b) the articulation of the
learning outcomes. This sort of a process to build reflections provides an opportunity for
students to examine their experiences in the classroom in relation to specific course content and
allows them to explore the similarities and differences between theory and practice. It also
allows students personal reflective time on their feelings, assumptions, strengths, weaknesses,
traits, skills, and sense of identity.

Eyler, Giles, and Schmiede (1996) commented that the reflective process does not need
to be difficult, but it does need to be a purposeful and strategic process. The framework

developed by Ash & Clayton (2004), termed articulated learning, provides the needed structure
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for the reflective process. Articulated learning establishes a foundation for students to use the
reflective process to improve the quality of future learning and of future experiences. This
process can be used to support critical thinking about a student’s own learning. The articulated
learning structured reflection response is guided by four prompts (a) what did I learn, (b) how
did I learn it, (c) why is this learning significant, and (d) in what ways will | use this learning for
future goals and self-improvement. Prompt four sets the tone for critical thinking about learning
because it allows students to recognize what they have learned, places the reflection in the
context of the experience, and requires a concise expression of their own learning. The
reflection should be a set of paragraphs preceded by its accompanying prompt. Due to the
structured nature of the reflection, written reflections can be used for both summative and
formative assessments of student learning by the teacher.
Self-Reflection and Reflective Portfolio Use

One means to address the concerns voiced by Eyler et al. (1996) which also incorporates
a structured reflective response as outlined by Ash and Clayton (2004) is through the production
of a formative assessment such as a reflective portfolio. Portfolio use has shifted in recent
history from a mode of representation and documentation to a deliberate method for reflective
inquiry (Lyons, 2006). Each artifact in the reflective portfolio is accompanied by a student self-
reflection on his or her progress towards a mastery goal in reference to the selected, revised, and
included artifact. Typically, these reflections focus on problem areas, what has already been
learned, what still needs to be learned, and plans for how any new learning might take place
(Snadden & Thomas, 1998). The student self-reflection fosters metacognition, a person’s
awareness of his or her own thinking, and is the cornerstone of the reflective portfolio (Crain,

1992). Students benefit from explaining their work and their own evaluation of quality through
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reflective activities such as written self-reflections (McMillian & Hearn, 2008). Reflection helps
students think about what they know or learned while they identify areas of confusion, so they
can create new goals. Students evaluating what they have learned, what they still need to
accomplish, and how they can achieve their goals can all support deeper understanding and more
mature reflection skills.

Kneale (2002) described that personal portfolio use provided a supportive and structured
process to reflect upon learning, performance, and achievement for personal, educational and
career development. The use of reflection helps students become more effective, independent,
and confident self-directed learners, understand how they are learning and relate their learning to
new contexts, and improve study skills. Moreover, reflection allows students to articulate and
investigate personal goals and evaluate their progress towards those goals as well as encourages
a positive attitude to learning throughout life.

Lyons (2002a) used case studies to empirically supported portfolio proponents’ claims
that reflection is the core of the process bringing about new knowledge of practice to
consciousness. Professors from the University of College Cork in Ireland (UCC) produced
portfolios as a means to document and present evidence of their teaching. Findings revealed that
19 out of 20 UCC professors reported that through the reflective portfolio process new
consciousness in their teaching was revealed. For 17 of the 20 faculty, four actions ensued due
to the new consciousness in their teaching being (a) a greater articulation of personal goals and
practices for themselves and their students, (b) questions concerning what students learn and how
they learn it, (c) the consideration of changes in their teaching, and (d) actual changes to their
teaching practices. This validates John Dewey’s suggested outcomes of reflective thinking from

the early 1900’s.
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Other benefits can be yielded from written reflections such as an integration of literacy
development in content areas and a more dynamic look at the multiple learning styles which
exist within the classroom setting. Brown (1994) explained that written reflections have
significant effects on students’ skills in writing. Portfolio use consisting of work samples and
written reflections fostered an integration of writing in the curriculum, provided a provision of a
clear and complete writing profile recording growth over time, and recognized the divergent
learning styles of students.

Self-Judgment Using Criteria

Assessment of the portfolio by the teacher provides students with an opportunity to use a
number of tools from the portfolio in reflective practice, where they discuss issues related to
personal learning needs (Stewart & Richardson, 2000). The quality of the artifact included as
well as the quality of its accompanying reflection is assessed against a scoring rubric. It is
recommended that careful, specific self-assessment techniques are used in any process of
ongoing assessment, especially those supported by rubrics (Andrade, 2000). Rubrics allow
teachers and students to clearly and accurately measure the quality of a desired performance or
product (Bargainner, 2003). Rubrics are based on criteria that a performance or product must
meet to be successful. Criteria need to be related directly to the purpose and nature of the task
(Wiggins, 1998). In other words, a student should not be able to meet all the criteria and still not
be able to complete the task as outlined in the rubric. In rubric design, the teacher must be
careful not to overvalue the specific methods and formats and undervalue the result. The
longitudinal use of teacher generated rubrics which outline clear standards for meeting grading

criteria allows for quality student self-assessment and self-monitoring.
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Valencia (1990) described the grading process by providing some general scoring
guidance. Holistic grading of work samples (artifacts) is appropriate on a day to day basis within
the classroom. However, the contents of the portfolio must be graded following strict criteria set
by the teacher and with the aid of analytic rubrics. Analytic rubrics isolate the major traits of the
artifact into separate criteria and yield a composite score (Moon, Brighton, Callahan, &
Robinson, 2005; Wiggins, 1998). The use of holistic rubrics on a long-term multifaceted
assignment such as a portfolio may compromise validity, reliability, and the quality of the
feedback to the student. Valid inferences on results of the many work samples in a portfolio
must each be assessed separately. The quality of feedback may be compromised if holistic
grading is used because two artifacts equally deficient, one in grammar with excellent content
and the other in content with terrible grammar, would receive the same grade even though the
assignment focused on content and not grammar. Also, unwittingly, different judges of an
artifact may score it differently by applying different criteria within a holistic grading scheme.
The use of analytical rubrics provides clear, distinct, and aptly weighted criteria allowing for a
process favoring consistency and stability. Additionally, students can more easily judge their
own performance in an analytical grading scheme. Students should be engaged in the scoring
process as they select and self-evaluate artifacts to be included within the portfolio.

Reflection involves learners exploring their understanding of what they are doing and the
impact it has on themselves and others (Boud, 1999). This process is fundamentally messy.
Contrary to assessment, which celebrates certainty, reflection thrives on doubt. Assessment
emphasizes the known in a presentation of one’s best work. Reflection is about exploration,
questioning, and probing discrepancies. Intrinsically, both assessment and reflection occur

whether they are prompted or not. Yet, the assessment of reflection is often an incompatible idea
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due to the very nature with which reflection is founded; probing, unsure, and seeking rather than
finite and finished. Therefore, even though assessment and reflection are central processes in the
validation of success in education, the personal nature of reflection poses challenges to its
inclusion in curriculum and standard use as an assessment practice (Stewart & Richardson,
2000).

Assessing Reflection

A lack of agreement exists about what constitutes reflection and there is no widely
accepted means of identifying or accessing reflection (Morrison, 1996). However, the personal
nature of the portfolio work done by students lends to a highly individualized form and structure
that still needs specific guidelines due to the implications of formal assessment (Stewart &
Richardson, 2000).

Issues related to the definition and assessment of reflection can be combated through the
designing of rubrics to guide the production of quality reflections by students. The rubric, if
designed properly, provides the quantification necessary to use self-reflection as a component of
a students’ grade (Ash & Clayton, 2004). Carefully designed rubrics can become a medium to
assess the quality of a student’s thinking. The rubric should be based on levels of mastery
relative to a given standard that has been written by the teacher with specific references to the
learning it is based on. The rubric focuses the student’s written reflection around the specific
learning objectives being investigated and incorporates the standards of critical thinking
concerning the student’s performance. In this way, the student’s reflection becomes a highly
personalized assessment of a particular learning objective in question. Additionally, the rubric
provides valuable feedback to the teacher as possible student confusions become evident to the

teacher as the reflections are assessed against the rubric.
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Arter and Spandel (1992) outlined the criteria for a quality reflection into five guidelines
which can be used by the teacher to design a rubric or other assessment tool. These criteria are:

1. Coverage — Addresses criteria the artifact was assessed with.

2. Accuracy — Depicts an accurate view of achievement and growth.

3. Specificity — Includes examples to support points made in the self-reflection.

4. Integration — Synthesizes important insights into broader conclusions about

achievement.

5. Revelation — Brings new insights about learning.
Using these criteria, the assessment of student self-reflections becomes a seamless process to
both the teacher and the student (Stiggins, 1997). Additionally, both the teacher and the student
become partners in the process of transforming static student achievement evidence (artifacts)
into a current view of the on-going process of achievement and growth.

Portfolio Popularity

Portfolios have become a common feature in many schools and districts (Wiggins, 1998).
Compared to a system dependant on traditional testing, the portfolio process is a system built on
diverse evidence and anchored in student work. Additionally, students can be more effectively
invited into the self-assessment process through the use of portfolios.

Portfolios have been shown to serve many useful purposes (Nidds & McGerald, 1997).
First, is the ability of portfolios to provide an organized means of monitoring student progress.
Second, is that carefully maintained and examined portfolios can enhance both teaching and
learning by engaging the teacher and the student in the process of learning and product
production to demonstrate learning has occurred. Finally, the time spent compiling and

assessing the portfolios provides valuable insight into the learning of students and enhances the
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daily operations of the classroom as it becomes focused on individual student’s learning. Many
teachers, administrators, and policymakers have learned that portfolios can support quality
teaching and improve student learning because portfolios convey to students the criteria of
quality work so that they can apply these criteria to their own work and monitor their own
progress (Sweet, 1993). Nidds and McGerald (1997) concluded that portfolios have been shown
to serve many useful purposes. These purposes include the ability to provide an organized
means of monitoring student progress, the enhancement of both teaching and learning by
engaging the teacher and the student in process and progress, and by providing valuable insight
into the learning of students and the daily operations of the classroom. Also, portfolio use
engages students in activities that are likely to result in products worthy of sharing and referring
back to periodically. Likewise, Kneale (2002) investigated personal development portfolios
required of all college students in the United Kingdom. She reported students who chronicled
their work opened a channel of communication between themselves and their teachers that is
focused on individual student work. Likewise, Kneale reported the benefits of portfolios were
increased self-confidence, increased evaluation skills, and more sophisticated and more in-depth
long-range planning from students. Kneale concluded by stating the most prominent action
promoted by portfolio use was the development of reflective skills in students.

Portfolios can also serve as a focal point for teacher-parent conferences and teacher-
student conferences alike. In a Rose and Gallup 1999 Phi Delta Kappa/Gallup poll of the general
public, respondents were asked “what would provide the most accurate picture of a public
school’s academic progress?” (p. 52). The greatest number of responses (33%) said examples of
student’s work. Standardized tests and letter grades, conventional measures of student

achievement in public schools, both had percentages which fell below the possible response of
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examples of student work (Kohn, 2000). This suggests that the general public would favor a
method students can use to demonstrate learning through work samples such as a portfolio.

Portfolios are made of real student writing and other artifacts created over time in a
natural classroom setting (Underwood, 1998). Though some theorists have suggested that norm-
referenced assessments ought to be kept in a portfolio, the notion of portfolios is generally in
opposition to external tasks and assessments. Belanoff and Elbow (1986) commented that the
idea of students taking large-scale common assessments seemed to contradict an instructional
program committed to collaboration and community. They argued that a clear link between
“real” teaching and “real” writing involves a process-orientated ideology, such as can be fostered
through the portfolio process.

Advantages of Portfolio Use in Schools
Previous research suggests that the use of portfolios has other distinct advantages.

Portfolios promote reflective practice and self-evaluation, link experience with personal
interpretation, and provide an on-going basis for planning and goal setting (Baume, 2001). It has
also been suggested that portfolios enhance the development of strategies, skills, and cognitive
processes necessary for lifelong learning (Friedman, Davis, Harden, Howie, Ker, & Pippard,
2001). Ashcroft and Hall (2006) produced a study which deemed portfolios as an appropriate
method of assessment alongside more traditional approaches. The study consisted of 154 final
year undergraduate pharmacy students at the University of Manchester. Portfolios were
produced by students to document and reflect on evidence to demonstrate they understood links
between learning and prescribing. Upon completion of the portfolios, students completed a
questionnaire comprised of 4 sections designed to elicit responses regarding the students’ view

of the impact of portfolio use on their learning. The students in the study confirmed expectations
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that the portfolio would help them to reflect on their approach to learning and develop a clearer
understanding of their personal and professional development.

In a northern California middle school in 1994-1995, portfolios were used as an
alternative assessment method in math, science, English, and physical education classrooms
(Underwood, 1998). The portfolio project was to design a portfolio prototype which could be
used as a California state assessment tool grounded in research literature, the state’s experiences,
and teacher’s experiences on site. The portfolio project was to develop a supplemental
assessment to external assessments, such as standardized exams. Another part of the project was
to determine whether students in the portfolio classrooms did learn more and do better than
students in traditional assessment classrooms. This quasi-experimental mixed-method pilot
study would serve two purposes for the state of California. First, it would build the knowledge
base of teachers at the site who could continue the work in subsequent years. Second, it would
provide data to answer the question as to whether a portfolio assessment system could be
justified by improved student achievement. Traditional classroom assessment done by one
teacher was compared to portfolio use in an alternative assessment classroom where the
portfolios were graded by an external committee of teachers using a locally developed rubric.
Measures of reading achievement, writing achievement, goal orientation, and the effects of group
placement (either control or experimental group) were examined. The mixed-method ANOVA
revealed a statistically positive effect between reading achievement and portfolio use (F(3, 443)
= 8.5, p <.01). Additionally, statistically significant results were seen between goal orientation
and portfolio use (F(1, 451) = 7.57, p < .05). The grounded theory ethnographic research
provided substantial evidence that showed students learned more in the portfolio classroom than

did students in the no portfolio classroom. In conclusion, this study showed that portfolios are an
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effective instructional tool having a positive influence on student achievement. Notably,
students in the alternative assessment classroom registered significantly higher levels of goal
orientation.

Fifth grade students in an inclusive urban school district produced written reflective
portfolios of pen-pal letters which were assessed by pre-service teachers who used these letters
as part of their own reflective portfolios (Hansen, 1998). The pre-service teachers’ portfolios
were used to gain insights into the complexities of teaching in an inclusive urban school district
and also to provide an opportunity for the teachers to engage in the reflective writing process
along with the students. The development of the portfolios revealed that written reflection was a
key component to the ownership of course objectives. Additionally, the loose organization of the
portfolios and strict requirements for sections to be included within the portfolios allowed
maximum individualization for the students and pre-service teachers alike.

In Kentucky, large-scale portfolio use in the fourth and eighth grades was used to reform
curriculum and instruction (Stecher, 1998). Principals noted, in response to portfolio use,
changes in course offerings (an increase in higher level mathematics and writings courses with a
decrease in remedial and basic academic subjects and enrichment courses), an increase in before
and after school remedial programs, and a focus by teachers to match curriculum to the content
of the portfolio assessment (more time on writing with less on punctuation and spelling and more
time on problem solving and reasoning in mathematics with less on computation). Principals
also noted teachers increasingly provided interdisciplinary experiences in content areas.
Additionally, principals reported student grouping patterns were affected with a decrease in

homogeneous groups. Teachers noted they changed how they prepared and delivered lessons.
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They reported a greater innovation in instructional planning and an increase in the frequency of
assignments demonstrating complex thinking and problem solving.

A study in 2003, of 154 undergraduate pharmacy students (107 female and 47 male)
found portfolios to be an appropriate method for assessing students when used alongside more
traditional assessments (Ashcroft & Hall, 2006). The aim of the portfolio process was to
complement the courses being taught with reflective evidence based assessments. The students’
views were compiled through a questionnaire upon the completion of the project. The
questionnaire focused on four facets of portfolio production being (a) impact on learning, (b)
view on building, (c) as a means of assessment, and (d) to support professional development.
Students viewed the impact of the portfolio process on their learning as positive with 63.8%
reporting the portfolio increased their knowledge base and 63.4% reporting the portfolio allowed
for increased reflection. Additionally, 58.2% reported the portfolio allowed them to identify
their strengths and weaknesses. In building the portfolio, 46.7% reported it was a useful learning
experience and 45.1% felt they gained a sense of achievement and developed necessary
organization skills. The students reported that the portfolio was an effective method to assess
learning with 83.7% reporting they would rather have a portfolio assessment than a traditional
written examination. As a means to measure continued growth and professional development,
71.1% reported the portfolio would be a good means of documenting this and 52.9% reported the
portfolio would be a good tool for judging the recertification of pharmacists. All in all, the
students’ responses confirmed that the portfolio was an effective method to foster reflection on
learning and to develop a better understanding of personal traits and professional development.

In 2005, a report was published chronicling reflective portfolio use by undergraduate

medical students over a 2-year period (Driessen, van Tartwik, Overeem, Vermunt, & van der
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Vleuten, 2005). The conditions for successful reflective portfolio use were identified through
interviews using grounded theory with 13 teachers (mentors) experienced in mentoring students
through the reflective portfolio process. The portfolios produced by the students engaged them
in a cyclical process of self-regulation in which they looked back on their actions, analyzed
them, thought up alternatives, tried out new practices, looked back on their practices, and
continued this process. The objective was to learn from experience with reflection becoming a
condition for professional development. The study was focused on teachers’ impressions of the
portfolio process rather than students’ impressions because teachers’ perceptions of the use and
usefulness of portfolios can be a decisive factor in the successful implementation of the portfolio
process.

The reflective portfolios produced by the students consisted of written self-assessments
of personal development and self-assessments of learning goals derived from the self-
assessments of personal development, artifacts to support the self-assessments, and written
feedback from the students’ mentors. Twice annually students and mentors discussed portfolio
progress in terms of quality and needs for improvement. Mentors’ written feedback from these
meetings were added to the portfolios. The semi-structured interviews with the mentors focused
on three topics: (a) the mentor’s definition of reflective skills, (b) the portfolios effectiveness in
stimulating student reflection on experiences and development, and (c) the conditions for
successful portfolio use.

In analysis, the mentors defined portfolios in terms of their purposeful method to foster
reflection on students’ strengths and weaknesses. All mentors reported that compiling the
portfolios fostered critical thinking by the students on their own performance and development.

The critical nature of the self-assessments and reflections allowed mentors to identify students
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who lacked the ability to critically appraise their own performance which was viewed as a
critical component of a medical doctor. Four conditions for successful portfolio use emerged
through the interviews being (a) good coaching by an experienced mentor, (b) clear and
structured guidelines for portfolio production, (c) previous experience and practice by the
students in self-reflection and adequate amounts of worthy artifacts and experiences for the self-
assessments, and (d) summative assessments of reflective skills to ensure that the portfolio
process is taken seriously by the students. These results suggested that reflective portfolio
production was a potentially valuable instrument for the assessment of undergraduate medical
students. Reflective portfolios were shown to be a powerful tool for learning and assessment
within a favorable learning environment.

Summary of Chapter

Social cognitive theory views human functioning as a series of reciprocal interactions
between behavioral, environmental, and personal variables (Bandura, 1986). The four
components of social cognitive theory being intentionality, forethought, self-reactiveness, and
self-reflectiveness define the construct of self-regulation and its three processes of forethought,
performance control, and self-reflection.

Pintrich proposed a theoretical model based on social cognitive theory. The approach
used by Pintrich was to classify and analyze the different processes comprising self-regulated
learning as outlined by Bandura’s social cognitive theory (Montavo & Gonzalez Torres, 2004).
In Pintrich’s model, regulatory processes are organized according to four phases (a) planning, (b)
self-monitoring, (c) control, and (d) evaluation. Within each of the phases, self-regulation
activities are structured into four areas: cognitive, motivational/affective, behavioral, and

contextual.
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The use of a reflective portfolio addresses the theoretical framework laid out by Pintrich
in a practical manner within the confines of the classroom setting. The reflective portfolio
provides a supportive and structured process to reflect upon learning, performance, and
achievement (Kneale, 2002). The use of reflection helps students become more effective,
independent, and confident self-directed learners, understand how they are learning and relate
their learning to new contexts, and improve study skills. Moreover, reflection allows students to
articulate and investigate personal goals and evaluate their progress towards those goals as well
as encourages a positive attitude to learning throughout life.

Research has shown portfolio use promoted reflective practice and self-evaluation
(Baume, 2001), was an appropriate method for assessing students when used alongside more
traditional assessment (Ashcroft & Hall, 2006), and enhanced the development of strategies,

skills, and cognitive processes necessary for lifelong learning (Friedman et al., 2001)
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CHAPTER THREE: METHODOLOGY
Chapter Overview

The purpose of this study was to investigate if the use of reflective portfolios in science
would engage students in a cyclical self-regulation model involving forethought, performance
control, and self-reflection. This chapter describes the research methodology, methods, and
materials for this study. The chapter consists of the following sections: setting and sample,
research questions and hypotheses, type of data, instrumentation and testing, research design and
analysis, and data collection timeline.

Setting and Sample

A convenience sample of students from a public high school in a suburban community
(population of 24,000) in the Northeast participated in this study (ZIPskinny). The median
income in the community is $107,000 which is well above the county average of $84,000 and the
U.S. average of $54,000. The ethnicity of the community is homogeneous being 95% White, 2%
Asian, 2% Hispanic, and .2% Black. The educational background of the community reflects
66% of the total population of adults as having a Bachelor’s degree or higher. As of 2000, 72%
of the population was identified as married with 58% having been in their homes within the
community for at least five years. The community has six elementary schools, two middle
schools, and one high school servicing a total student population of 5,600. There are 360 full-
time teachers within the district with a student to teacher ratio of 18:1.

The high school houses 1,751 students in grades 9-12 (Connecticut State Department of
Education, 2008). Only 20 students (1.1%) at the high school are eligible for free or reduced
lunch (state average 23.8%). The staff consists of 126 certified teachers: 4 paraprofessionals; 5

library media specialists and assistants; 11 counselors, social workers, and school psychologists;
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2 school nurses; and 43 other non-instructional support staff such as custodians, administrative
assistants, and maintenance staff. The teachers have an average of 16 years of experience in
education and 81.5% of the teachers have a Master’s degree or higher. Average class sizes are
19 in mathematics, 21 in science, 21 in English, and 21 in social studies. Students are required to
receive 3 credits (1 credit is equal to 1 year) in science (100% receive 3 or more credits), 3
credits in mathematics (94.3% receive 4 or more credits), 4 credits in English (100% receive 4 or
more credits), 3.5 credits in social studies (73.8% receive 4 or more credits), 1 credit in world
language (73.3% receive 3 or more credits), 1.5 years of physical education (1 credit), ¥ credit
of health, and 1 credit in applied arts (business, technology education, and family and consumer
science). Students were tested in 22 different Advanced Placement (AP) courses while the state
average per school is 9. In the 22 different courses, 89.8% of students scored a 3 or better (state
average is 71.5%) on the AP exams given annually in May. The ethnicity of the students within
the high school is primarily White (1,632 students) with 60 Asian American students, 44
Hispanic students, 14 Black students, and 1 American Indian student comprising the remainder.
The school has 7 students who are not fluent in English (0.4%) while the state average is 3.5%.
The dropout rate is 0.1% with 98.8% of students graduating in 2007. Of the graduates in 2007,
97.8% enrolled in post-secondary higher education, joined the military, or were employed.
Standardized test scores are well above the state averages in reading, writing, mathematics, and

science. See Table 1 for percentages of sophomores who passed state mandated exams in 2007.
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Table 1

Percent of Sophomores Passing State Mandated Exams in 2007

Subject Area School State
Reading 84.1% 45.5%
Writing 92.8% 57.9%
Mathematics 88.2% 50.1%
Science 80.3% 46.3%

Likewise, students are above the state average in all categories on the SAT exam (see Table 2).
Table 2

Mean SAT Exam Scores 2007

SAT Reasoning Test School State
Mathematics 578 504
Critical Reading 566 502
Writing 568 503
Graduates Tested (%) 100% 77.6%

Note. The lowest possible score on a subtest is 200, the highest possible score is 800.
Participants in the study consisted of 158 students (n=158) divided into eight classrooms
(see Table 3). Students were grouped into the classrooms based on the science course in wich

they were currently enrolled. With exceptions (students retained or accelerated), freshmen

47



generally were enrolled in Earth Science, sophomores in Biology, and juniors in Chemistry.
Four teachers each with two classes similar in level participated in the study. For each teacher,
one class served as the experimental group while the other served as the control group. The
school offered two levels in science; College Prep and Honors. Students were placed by the
school into either Honors or College Prep courses based on their current math course, teacher
recommendations, guidance counselor recommendation, and parental input. Honors students
were considered by the school to be higher achieving. Any student not participating in an
Honors class automatically was placed in a College Prep class. All courses used in this study
were College Prep which was defined by the school as a heterogeneous mix of students. The
study consisted of two freshman College Prep Earth Science courses, two sophomore College
Prep Biology courses, and four junior College Prep Chemistry courses. The experimental group
consisted of one Earth Science class, one Biology class, and two Chemistry classes and had a
total sample size of 78 students (n=78). The control group also consisted of one Earth Science
class, one Biology class, and two Chemistry classes with a total sample population of 80 students
(n=80). In total the experimental group consisted of 22 freshman, 19 sophomores, and 37
juniors. The control group consisted of 20 freshman, 24 sophomores, and 36 juniors. It should
be noted that a minimum of three years of science is required for graduation. Therefore, seniors
generally took science courses as electives based on interest and did not participate in the study
because they may not have been representative of the total population, which was required to

take science courses.
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Table 3

Numbers of Participants in Study

Population Experimental Control Sample
Size Group Size Group Size Size
Freshman in Earth 193 22 20 42
Science
Sophomores in Biology 214 19 24 43
Juniors in Chemistry 191 37 36 73
Total 598 78 80 158

Research Questions and Hypotheses

Research question 1

Is there a significant difference in the self-regulatory skills (Effort Regulation and Time,
Study Environment, Rehearsal, Elaboration, Organization, and Metacognition Self-regulation) of
high school science students who produce reflective portfolios for their science assignments and
those who do not?

Hypothesis. There is a significant difference in the self-regulatory skills (Effort
Regulation and Time, Study Environment, Rehearsal, Elaboration, Organization, and
Metacognition Self-regulation) of high school science students who produce reflective portfolios

for their science assignments compared to those who do not.
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Research question 2
Is there change over time in the Portfolio Rubric scores within the group of students

who produce reflective portfolios?

Hypothesis. There will be a change over time in the Portfolio Rubric scores within the
group of students who produce reflective portfolios.

Type of Data

Data collected were interval-level quantitative in nature in the form of subscale group
means using the Motivated Strategies for Learning Questionnaire (MSLQ) (Pintrich, Smith,
Garcia, & McKeachie, 1991). Additionally, repeated measures group means were collected at 5-
week intervals using the Portfolio Rubric. Data were analyzed using SPSS statistical software
(2001).

Description of Instruments
Motivated Strategies for Learning Questionnaire
The instrument used to assess research question 1 was the Motivated Strategies for

Learning Questionnaire (MSLQ) (Pintrich, Smith, Garcia, & McKeachie, 1991). The MSLQ is
an 81-item, self-report instrument designed to measure students’ motivational orientations and
their use of various learning strategies MSLQ is divided into two broad categories being
motivation and learning strategies. Altogether, the MSLQ has 15 subscales: six within the
motivation section and nine within the learning strategies section. Students rate themselves on a
7-point Likert scale, from 1 (not at all true of me) to 7 (very true of me). Scores for each
subscale are averaged to provide a mean for each subject. Following confirmatory factor
analyses, the authors calculated internal consistency estimates of reliability (Cronbach’s alpha).

These indicated that the MSLQ had reasonable factor validity (Pintrich, Smith, Garcia, &

50



McKeachie, 1991) (see Table 4). The majority of the Cronbach’s alpha for the individual
subscales (9 of 15) fell between .70 and .93 making them fairly robust. The remainder of the
subscales ranged between .52 and .70. The authors calculated predictive validity of the MSLQ
by producing correlations of the subscales with students’ final course grades from a sample of
380 students. All correlations were in the expected direction showing the subscales to have
sound predictive validity. The MSLQ assesses 9 learning strategy scales being Rehearsal,
Elaboration, Organization, Critical Thinking, Metacognitive Self-Regulation, Time and Study
Environment, Peer Learning, Help Seeking, and Effort Regulation. Due to the sample size used
in this study, 6 scales perceived by the researcher to be most aligned with reflective portfolio use
in science were chosen. This decision was made by the researcher after reading the descriptions
of each scale provided in A Manual for the Use of the MSLQ (Pintrich, Smith, Garcia, &
McKeachie, 1991). Those scales chosen were Rehearsal, Elaboration, Organization,
Metacognitive Self-Regulation, Time and Study Environment, and Effort Regulation.

Table 4

Descriptive Statistics for MSLQ Learning Strategy Scales

Mean Standard Deviation Cronbach’s Alpha
Rehearsal 4.53 1.35 .69
Elaboration 491 1.08 .76
Organization 4.14 1.33 .64
Metacognitive Self- 4.54 .90 .79
Regulation
Time/Study Environment 4.87 1.05 .76
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Effort Regulation 5.25 1.10 .69

Portfolio Rubric. The instrument used to assess research question 2 was the Portfolio
Rubric (Appendix A). The rubric was used to assess the individual artifacts included in each
student’s portfolio. Content validity was provided by Stiggins (1997) and Arter and Spandel
(1992) who defined the aspects of a quality student reflection as coverage, accuracy, specificity,
integration, and revelation. Both Stiggins (1997) and Arter and Spandel (1992) provided clear
guidelines for how these criteria (coverage, accuracy, specificity, integration, and revelation)
were used to assess student work. The criteria of coverage, accuracy, specificity, integration,
and revelation were incorporated into the design of the Portfolio Rubric and used to assess
students’ self-reflections in relation to their included artifacts. Reliability for the Portfolio
Rubric was sought to assess the agreement among raters when using the rubric on student
portfolios. The Portfolio Rubric has an overall inter-rater reliability of .996 from a sample of four
portfolios scored by four separate raters. Additionally, inter-rater agreement was calculated
among the four scorers on each of the four portfolios and found to be 96.78, 86.60, 84.17, and
96.98, respectively (Appendix B). Both the inter-rater reliability and inter-rater agreement
provided evidence that scores were consistent among raters when using the Portfolio Rubric.

The Portfolio Rubric was used to assess the artifacts included by the students. Each
grading period had required artifacts to be included in the portfolio (see Appendix A). The
artifacts of Test, Lab, and Other each included three components. For example, when a student
submitted the artifact for Lab; it included the original graded lab, a revision of the lab correcting
or addressing any missed points from the original submission, and a written self-reflection in

relation to the student’s performance on the lab addressing the criteria of coverage, accuracy,
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specificity, integration, and revelation as outlined on the Portfolio Rubric. The teacher in turn
used the Portfolio Rubric to assign a numerical grade to this artifact. Again, consider the
submission of the artifact Lab. Using the Portfolio Rubric (Appendix A), the teacher would have
first scored the artifact as Excellent, Proficient, or Unsatisfactory based on the first row titled “1.
Artifact included with correction.” Determination of whether the artifact was Excellent,
Proficient, or Unsatisfactory was made by the teacher based on the explanations of each category
from the Portfolio Rubric. Once a determination of Excellent, Proficient, or Unsatisfactory was
made by the teacher a numerical value was assigned to the artifact for the first row titled “I.
Artifact is included with corrections” following Table 5 Artifact Scoring Guidelines. In the
example of a Lab, the artifact had a scoring range of 1- 15 as outlined in the Student Portfolio
Production Packet given to all participants prior to the study (Appendix A). A degree of
subjectivity would have been employed by the teacher at this point. In the example, assume the
student’s artifact submission most closely aligned with the category of Proficient. A Proficient
Lab artifact has a scoring range 6 -10. At this juncture, the teacher would have used his or her
judgment as to whether the submitted artifact was more closely aligned with the criteria towards
the high end of the range (10) or more closely aligned to the lower end of the range (6). Next,
the teacher would have followed the same scoring guidelines for row three titled “3. Quality
Reflection”. It should be noted that the second row titled “2. Goal Setting” was only used for
scoring mastery goals set by students therefore, in our example, the teacher moved directly to
row 3 “Quality Reflections.” The teacher would now have scored the Lab self-reflection
submitted by the student against the criteria of a quality reflection (a. —e.) on the Portfolio
Rubric. Again, numerical values were generated by the teacher in the scoring ranges outlined in

Table 5. In our example of a Lab, assume the student’s submitted Lab self-reflection revealed
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Excellent work for Coverage as determined by the teacher using the Portfolio Rubric. Again, the
teacher would have assigned a numerical value but this time based on the range of 11 — 15 for
Excellent work. Now the teacher moved on to Accuracy and again assigns a numerical value.
This process continued through Specificity, Integration, Revelation, and Format. To complete
this process, the teacher took an average of all 7 numerical values (Artifact included with
corrections, Coverage, Accuracy, Specificity, Integration, Revelation, and Format) to generate a
single numerical value for the student’s submission of the artifact Lab. Once the teacher had
determined which numerical value was most evidenced by the artifact using the Portfolio Rubric,
the numerical value was circled on the Portfolio Scoring Sheet (Appendix A). The Portfolio
Scoring Sheet was used for convenience purposes to ensure all data were organized for the
researcher. Assume in the example of the Lab, the student scored 10 for Artifact included with
corrections, 13 for Coverage, 14 for Accuracy, 13 for Specificity, 11 for Integration, 7 for
Revelation, and 12 for Format. The teacher would have circled 11 (10 + 13+ 14+ 13+ 11+ 7 +
12/7 = 11) on the Portfolio Scoring Sheet for Lab. This Lab artifact mean score was reported to
the researcher for repeated measures data analysis.

This process continued for each artifact required within the grading period. For example,
the first grading period was weeks 1 — 5. In weeks 1 — 5, students were required to submit the
artifacts of Goal, Test, Lab, and Other. Goal was scored using the Portfolio Rubric starting with
the second row titled “2. Goal Setting” instead of the first row titled “1. Artifact included with
corrections.” Next, the teacher scored the self-reflection accompanying the Goal with the
remainder of the Portfolio Rubric as outlined above. It should be noted that the artifact Goal was
scored using a range from 1 -5 (see Table 5). The teacher then scored the artifact Test using

Portfolio Rubric rows 1, 3 (a. —e.), and 4; the artifact Lab using rows 1, 3 (a. —e.) and 4; and the
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artifact Other using rows 1, 3 (a. —e.), and 4.

The artifact Other encompassed any classroom activity or homework assignment of
particular value to the teacher during the specified grading period. In grading period weeks 1 - 5
and weeks 11 - 15 the artifact Other was scored out of a range of 1 - 5 points while in weeks 6 -
10 and weeks 16 - 20 the Other artifact was scored out of a range of 1 — 10 points. Teachers
chose Other artifacts in each case representative of the points possible for the grading period.
For example, in grading period weeks 1 — 5 one teacher may have chosen an Other assignment
such as a homework assignment because it was worth a total of 5 possible points on the Portfolio
Rubric while in weeks 6 — 10 the teacher may have chosen an in-class activity which took 2 days
to complete because it was worth 10 possible points towards the Portfolio Rubric score. A
greater point value range would have been assigned to an Other artifact which the teacher
believed was originally more difficult or time consuming for students to complete. At the
completion of the study, the researcher divided all 10-point Other artifact scores by 2 to gain a
common scoring scale based on 5 possible points for each of the 5-week grading periods.

Once each artifact had been assigned a composite numerical value a Total numerical
value for the entire grading period was calculated. This was calculated by the teacher summing
artifact scores within the grading period. For example, if a student scored a 4 for Goal, 11 for
Test, 8 for Lab, and 5 for Other during weeks 1 — 5. The teacher would have written the number
31 (4 +11+11+5=231) beside Total on the Portfolio Scoring Sheet. This value of 31 was
reported to the researcher for repeated measures data analysis.

The teacher completed the grading process for the specified grading period by providing
specific feedback to the students regarding their self-regulatory skills in the section titled

“Comments” on the Portfolio Scoring Sheet. At this point, the teacher critically considered a
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student’s current performance evidenced by the collection of artifacts from the grading period.
Teachers used Table 2 “Self-Regulatory Feedback™ (Appendix E) to provide specific feedback
comments to students regarding areas for improvement. For example, if the student who scored
a Total of 31 for the grading period weeks 1 -5 revealed several times in self-reflections from the
Goal, Test, Lab, and Other artifacts that he or she studied in front of the television and often
rushed through assignments at home. The teacher would have used Table 2 “Self-Regulatory
Feedback” to diagnose the student’s self-regulatory issue as Time and Study Environment. The
teacher would have written comments back to the student on the Portfolio Scoring Sheet such as
“consider picking a new study environment” or “seems like you may have a time management
issue”. These comments would not have been appropriate for a student whose self-reflections
revealed issues with organization. The teacher feedback offered was specific to the self-
regulatory skills most in need of improvement as revealed by the artifacts submitted by the
student. The feedback offered to the students was not limited to the comments found in the
Self-Regulatory Skills Table 2 of Appendix E. Teachers were encouraged to offer any feedback
necessary to increase student achievement in their current science class.

Total grades for weeks 1 -5, 6 -10, and 11 -15 were calculated out of 40 possible points.
The Total grade for weeks 16 — 20 was out of 80 possible points due to the addition of 4 new
artifacts (see Appendix F for a description of artifacts). Therefore, to generate a composite Total
grade for weeks 16 — 20 teachers divided their Total score by 2 to generate a score similar to
those from the previous grading periods. An example of portfolio scoring can be found in
Appendix F.
Table 5

Artifact Scoring Guidelines
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Unsatisfactory Proficient Excellent

Scoring range of 1-5 1-2 3-4 5
Scoring range of 1-10 1-4 5-7 8-10
Scoring range of 1-15 1-5 6-10 11-15

Research Design and Analysis
This study used a quasi-experimental research design. A nonrandomized control-

group, pretest-posttest design was used to compare two different situations; (a) reflective
portfolio use and (b) no use of reflective portfolios. This design was selected to investigate the
impact reflective portfolios had on student self-regulatory learning skills within intact science
classrooms in a school setting where random assignment of students to a treatment group was not
feasible.
Research Question One

Research question 1 was assessed using six subscales from the MSLQ. The subscales of
Metacognition Self-Regulation, Effort Regulation, Time and Study Environment, Rehearsal,
Elaboration, and Organization were used to assess student self-regulatory skills. Each subscale
was composed of several items which participants ranked themselves from; 1 (not all true of me)
to 7 (very true of me). The position of the items within the MSLQ was variable. For instance,
the subscale of Organization was composed of item numbers 32, 42, 49, and 63. Descriptions of
the subscales can be found in A Manual for the Use of the MSLQ (Pintrich, Smith, Garcia, &
McKeachie, 1991). A multivariate analysis of variance (MANOVA) was applied where the six

subscale means served as the multiple dependant variables. The independent variable, program

57



type, had two levels being (a) reflective portfolio use and (b) no reflective portfolio use. The

following design was used to depict the study:

Figure 1. Control Group Pretest-Posttest Design
Research Question Two

Research question 2 was assessed using four one-way repeated measures analysis of
variance (ANOVA) procedures. The student generated reflective portfolios produced in the
treatment group were assessed using the Portfolio Rubric four times throughout the 20-week
study at 5-week intervals. The four sample means (Test, Lab, Other, and Total) served as the
within subjects variables in the ANOVA procedures. The one-way repeated measures ANOVA
was used to ascertain if the rubric scores varied depending on the time interval. The following
design was used to depict the study:

OX0O0O0
Figure 2. Repeated Measures Design
Data Collection and Timeline

In January of 2009 permission was granted to the researcher by both the district
(Appendix C) and the school (Appendix C) to conduct the study. At the end of January 2009,
four teachers who consented to participate in the study received professional development
administered by the researcher outlining how the student generated reflective portfolios were to
be constructed and graded. Three 2-hour sessions were held to review anchor portfolios and
written guidelines for the teachers and students. In February 2009, the treatment was explained

to students by the researcher. In February 2009 parents received consent forms to give
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permission for students to participate in the study (Appendix D). Students were informed that
their participation was voluntary and assured that all results would be confidential The MSLQ
pretest was then completed by consenting participants. The student generated reflective
portfolios were prepared from February 2009 through June 2009. In June of 2009, students
completed the MSLQ posttest. Between February 2009 and June 2009, at approximately 5-week
intervals (exact dates were agreed upon by the teachers and the researcher), teachers assessed
students’ progress with their portfolios using the Portfolio Rubric.
Description of Treatment

The treatment was the use of student generated reflective science portfolios. Professional
development in the use of reflective portfolios as a means of formative assessment in the
classroom was provided to teachers. Three two-hour sessions were held for participating
teachers. These sessions included reviewing anchor portfolios and templates of the ingredients
necessary for portfolio production. An implementation packet was provided to each
participating teacher (Appendix I). Additionally, an explanation of how to manage the
practicalities of using portfolios in the classroom was included with an emphasis on grading
guidelines, rubric use, and the use of specific self-monitoring strategies as feedback to students.
The professional development concluded with a set of guidelines for students (Appendix F) to
use in order to produce a reflective portfolio within the confines of the science course in which
they are currently enrolled.

The portfolios produced by students included individual goals, self-reflections, original
graded artifacts, and revisions of artifacts. Artifacts included in the portfolio fell under several
categories. These categories were the kinds of work the teacher wanted to see included within

the portfolio. Within the category, the specific product or artifact included was chosen by the
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student. There was no limit as to what could be included, but there was a minimum as to what
must be included. Required work samples included goals, summative assessments, and formal
lab reports. Mastery goals were set by each student at the beginning of weeks 1 and 11. These
goals needed to be specific and attainable within the 10-week grading cycle between weeks 1
and 11 and weeks 11 and 20. Goal attainment, or the lack there of, was evidenced within the
artifacts and reflections within the portfolio. Additionally, at least two formal summative
assessments and two formal lab reports were included with corrections and reflections. A final
reflection (course reflection at end of 20 weeks) and a keeper letter (from parent to student upon
completion of portfolio) were also required within the portfolio. Other categories of artifacts
were homework assignemts, journal articles or current events, projects, and a complete unit (all
notes, assessments, homework, and activities). An example of the portfolio system and Portfolio
Rubric which was given to students can be found in Appendix A.
Statement of Ethics and Confidentiality

A letter of permission from the building Principal (Appendix C) and the Assistant
Superintendent (Appendix C) outlining rationale, procedures and time line was secured. A
proposal was submitted and approved by the Western Connecticut State University IRB.

Parent permission and student consent were secured before the study. A professional not
participating in the study assigned numerical codes for each student.

Student confidentiality was maintained. Data were coded numerically and reported in
group format. All data was stored in a locked filing cabinet in the researcher’s office and will be
maintained there until the findings are published; these data will be accessible only to other

researchers for whom the data will prove useful in further comparative analyses and who are
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associated with Western Connecticut State University’s Doctor of Education in Instructional

Leadership Program.

CHAPTER FOUR: ANALYSIS OF THE DATA AND AN
EXPLANATION OF THE FINDINGS
Chapter Overview

The purpose of this study was to investigate if the use of reflective portfolios in science
would engage students in a cyclical self-regulation model involving forethought, performance
control, and self-reflection. Two major research questions were addressed. Research question 1
was: Is there a significant difference in the self-regulatory skills (Effort Regulation and Time,
Study Environment, Rehearsal, Elaboration, Organization, and Metacognition Self-regulation) of
high school science students who produce reflective portfolios for their science assignments and
those who do not? Research question 2 was: Is there change over time in the Portfolio Rubric
scores within the group of students who produce reflective portfolios? The results are presented
in five sections: (a) methodology summary, (b) population, sample, participants, (c) results, (d)
summary of results, and (e) unhypothesized results.

Methodology Summary

This study used a quasi-experimental research design. A nonrandomized control-group,

pretest-posttest design was used to compare two different situations; (a) reflective portfolio use

and (b) no use of reflective portfolios. This design was selected to investigate the impact
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reflective portfolios have on student self-regulatory learning skills within intact science
classrooms in a school setting where random assignment of students to a treatment group was not
feasible.
Research Question One

Research question 1 was assessed using six subscales from the MSLQ (Pintrich, Smith,
Garcia, & McKeachie, 1991). The subscales of Metacognition Self-Regulation, Effort
Regulation, Time and Study Environment, Rehearsal, Elaboration, and Organization were used
to assess student self-regulatory skills. A multivariate analysis of variance (MANOVA) was
applied where the six subscales served as the multiple dependant variables. The independent
variable, program type, had two levels being (a) reflective portfolio use and (b) no reflective
portfolio use.
Research Question Two

Research question 2 was assessed using four one-way repeated measures analysis of
variance (ANOVA) procudres. The student generated reflective portfolios produced in the
treatment group were assessed using the Portfolio Rubric four times throughout the 20-week
study at five-week intervals. The four sample means (Test, Lab, Other, and Total) served as the
independent variables in the ANOVA. The one-way repeated measures ANOVA was used to
ascertain if the rubric scores varied depending on the time interval.

Population, Sample, Participants

Participants in the study included 158 students who were originally assigned to eight
classrooms. Students were grouped into the classrooms based on their current science course.
With exceptions (retained students or accelerated students), freshmen generally were enrolled in

Earth Science, sophomores in Biology, and juniors in Chemistry. Four teachers, each with two
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classes similar in level, participated in the study. For each teacher, one class served as the
experimental group while the other served as the control group. The experimental group
consisted of one Earth Science course, one Biology course, and two Chemistry courses and had a
total sample size of 78 students. The control group also consisted of one Earth Science course,
one Biology course, and two Chemistry courses with a total sample population of 80 students. In
total the experimental group consisted of 22 freshman, 19 sophomores, and 37 juniors. The
control group consisted of 20 freshman, 24 sophomores, and 36 juniors. Refer to Table 3 in
Chapter 3 for a description of the population and sample.
Results

Code and Value Cleaning

Research question one. The initial data screening process involved code and value
cleaning. Once the data set had been collected, code-cleaning procedures determined whether
every value for each case in the study contained valid numerical codes. The goal was to
determine that each code was within the specific range specified for each case. This was initially
done through a visual inspection where the data were examined for missing values. Little
variation in the experimental group’s sample size was evident. The sample size included 78
participants on week 1 of the study and 76 participants on week 20. This variation can be
explained by the emigration of two participants out of the experimental group.

The variations in the control group’s sample size are a result of the loss of one entire
class data set as well as the emigration of two participants from the study. The sample size was
80 participants on week 1 of the study and 54 participants on week 20. A control class of 24
participants did not participate in the MSLQ post-test. This is a result of oversight by the

classroom teacher as all participants had agreed to participate in the study. Even with the loss of
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these data, a sample size large enough to apply all multivariate procedures needed to investigate
research question 1 remained. Due to the size of the data set, SPSS statistical software (2001)
was used for further data investigation.

Research question two. Continued visual data screening focused on the data set for
research question 2. A sample size of n = 63 was used for an investigation using a repeated
measures research design. Experimental group participants’ primary science teachers graded
their reflective portfolios using the Portfolio Rubric (Appendix A). Sixty-three experimental
group portfolios were produced and graded over the 20-week period at 5-week intervals. Visual
inspection revealed that some participants randomly choose not to complete the portfolio process
for all required artifacts during the 20-week period. These missing values were replaced with
zeros due to the fact that the course requirements for each participating teacher included a policy
stating class assignments not handed in would receive a score of zero. The zero scores were
included in the group means and therefore included in the statistical data analysis. Additionally,
a common scoring scale was generated for data comparison purposes. Artifacts labeled as
“Other” had point values of either 5 points or 10 points. In grading period weeks 1 - 5 and
weeks 11 - 15 the artifact Other was scored out of a range of 1 - 5 points while in weeks 6 -10
and weeks 16 - 20 the Other artifact was scored out of a range of 1 — 10 points. Teachers chose
Other artifacts in each case representative of the points possible for the grading period. All 10
point Other artifact scores were divided by 2 to gain a common scoring scale based on 5 possible
points. Likewise, Total scores for weeks 1 -5, 6 -10, and 11 -15 were calculated out of 40
possible points. The Total score for weeks 16 — 20 was out of 80 possible points due to the
addition of 4 new artifacts (see Appendix F for a description of artifacts). Therefore, to generate

a composite Total grade for weeks 16 — 20 teachers divided their Total score by 2 to generate a
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score similar to those from the previous grading periods. As with research question 1, SPSS
statistical software (2001) was used for further data investigation.

Results Summary
Research Question One

Two-group effects overview. Research question 1 was assessed using six subscales
from the MSLQ (Pintrich, Smith, Garcia, & McKeachie, 1991). The subscales of Metacognition
Self-Regulation, Effort Regulation, Time and Study Environment, Rehearsal, Elaboration, and
Organization were used to assess student self-regulatory skills. A multivariate analysis of
variance (MANOVA) was applied where the six subscales served as the multiple dependant
variables. The independent variable, program type, had two levels being (a) reflective portfolio
use and (b) no reflective portfolio use. This multivariate test revealed no statistical difference in
the participants’ self-regulatory skills on the subscales of Metacognition Self-Regulation, Effort
Regulation, Time and Study Environment, Rehearsal, Elaboration, and Organization after the
treatment.

Pretest descriptive statistics. Table 6 displays the pretest descriptive statistics for the
subscales of Metacognition Self-Regulation, Effort Regulation, Time and Study Environment,
Rehearsal, Elaboration, and Organization between the experimental and control groups. The
data were first scanned for missing values. Descriptive pretest statistics for the dependent
variables revealed that of the 158 participants in the study, no more than two participants’ data
were missing between the control and experimental groups for any one subscale. Data were then
scanned for outliers; unusual values for a single variable (Meyers, Gamst, & Guarine, 2006).
The MSLQ has a 1 — 7 Likert scoring range. The descriptive pretest statistics displayed no

scores lower than 1 or higher than 7. This is consistent with the instrument used. The subscales
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reflect standard deviations ranging from 0.83 — 1.30 with means ranging from 3.81 — 5.07 and
medians ranging from 3.83 — 5.25. The multivariate statistical assumption of normality was next
investigated. Normality refers to the shape of the continuous variables in the analysis that should
correspond to a normal distribution (Meyers, Gamst, & Guarine, 2006). Normally distributed
variables generate a skewness value (a measure of symmetry) and a kurtosis value (a measure of
peakedness) that hover around 0 but do not exceed the range of -1 to 1(Meyers, Gamst, &
Guarine, 2006). The skewness and kurtosis for each subscale fell within the acceptable range
-1.0 t01.0 displaying data which were neither too peaked, flat, or asymmetric (skewing towards

either the positive or negative in relation to the center point).
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Table 6

Pretest Descriptive Statistics

Rehearsal Rehearsal Elaboration Elaboration Organization Organization

Experimental Control Experimental Control Experimental Control

N Valid 78.00 80.00 77.00 79.00 76.00 80.00
Missing 2.00 0.00 3.00 1.00 4.00 0.00

Mean 4.30 453 3.89 3.80 3.94 4.16
Median 4.50 4.75 3.83 4.00 3.88 4.25
Standard Deviation 1.30 1.16 1.06 1.10 1.36 1.16
Skewness -.36 -.81 A7 -.38 34 -17
Kurtosis -21 .68 .05 -.08 -.56 -.643
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Table 6 (continued)

Pretest Descriptive Statistics

Rehearsal Rehearsal Elaboration Elaboration Organization Organization

Experimental Control Experimental Control Experimental Control

Range 5.75 5.50 5.33 5.17 6.00 5.00
Minimum 1.25 1.00 1.67 1.00 1.00 1.50
Maximum 7.00 6.50 7.00 6.17 7.00 6.50
Percentiles 25 3.50 3.81 3.17 3.17 3.00 3.25
50 4.50 4.75 3.83 4.00 3.88 4.25

75 5.25 5.25 4.67 4.50 4.75 5.00
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Table 6 (continued)

Pretest Descriptive Statistics

Time and Study Time and Study Effort Effort

Metacogntion Metacognition  Environment Environment Regulation Regulation
Experimental Control Experimental Control Experimental Control
N Valid 78.00 79.00 78.00 79.00 78.00 79.00
Missing 2.00 1.00 2.00 1.00 2.00 1.00
Mean 4.09 4.16 483 4.86 5.08 5.02
Median 3.96 4.00 4.75 4.88 5.00 5.25
Standard Deviation 91 .83 1.01 1.00 1.066 1.17
Skewness .05 10 -.15 -.67 -.59 -.58
Kurtosis -.13 -15 -12 44 .95 15
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Table 6 (continued)

Pretest Descriptive Statistics

Time and Study Time and Study Effort Effort

Metacogntion Metacognition  Environment Environment Regulation Regulation
Experimental Control Experimental Control Experimental Control
Range 4.58 3.83 5.12 4.62 5.00 5.75
Minimum 1.92 242 1.88 2.13 2.00 1.25
Maximum 6.50 6.25 7.00 6.75 7.00 7.00
Percentiles 25 3.50 3.58 4.22 4.38 4.50 4.25
50 3.96 4.00 4.75 4.88 5.00 5.25
75 4.75 4.75 5.63 5.50 5.75 6.00
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Pretest effects of two-groups on the dependant variables. In an attempt to assess the
effects of the independent variable, program type, with two levels being (a) reflective portfolio
use and (b) no reflective portfolio use on the six dependant variables (Metacognition Self-
Regulation, Effort Regulation, Time and Study Environment, Rehearsal, Elaboration, and
Organization) a MANOVA was applied.

The two-group MANOVA required the use of more than one quantitative dependant
variable necessitating an examination of Box’s Test of Equality of Covariance Matrices to test
homoscedasticity. The assumption of homoscedasticity suggests quantitative dependant
variables have equal levels of variability across a range of independent variables (Meyers,
Gamst, & Guarine, 2006). Table 7 displays Box’s Test of Equality of Covariance Matrices
which was used to test the null hypothesis that the observed covariance matrices of the
dependant variables are equal across the groups. A statistically significant (p < .05) Box’s Test
indicates a homoscedascity assumption violation. The significance value of p = .94 indicated
equal covariance between the dependant variables for the groups comprising the independent
variables and therefore no violation of homoscedascity is observed. This suggested that a
MANOVA of the pretest data was appropriate as the pretest experimental and control groups did

not differ statistically and could therefore be used for comparison purposes.
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Table 7

Box's Test of Equality of Covariance Matrices

Statistic Value
Box's M 12.47
F .57
dfl 21.00
df2 83831.33
p .94

To test for differences in the self-regulatory skills between the experimental and control
groups prior to the treatment a MANOVA of pretest data were calculated. The MANOVA is
used to test the effect of one independent variable on two or more quantitative dependant
variables (Meyers, Gamst, & Guarine, 2006). Wilks’s Lambda allowed for the evaluation of
differences on the independent variable; program type, with two levels being (a) reflective
portfolio use and (b) no reflective portfolio use on the six dependant variables; Metacognition
Self-Regulation, Effort Regulation, Time and Study Environment, Rehearsal, Elaboration, and
Organization. Wilks’s lambda varies from 0 — 1 and is used to test whether there are differences
between the means of identified groups on a combination of dependent variables; therefore a
lower values are desirable (Meyers, Gamst, & Guarine, 2006). This multivariate test revealed no
significance differences between the pretest means with F(6,146) = .44, p = .85 (see Table 8)
displaying no statistical difference in the participants self-regulatory skills on the subscales of
Metacognition Self-Regulation, Effort Regulation, Time and Study Environment, Rehearsal,

Elaboration, and Organization prior to the treatment. This suggests the two groups; (a) reflective
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portfolio use and (b) no use of reflective portfolio; had equal self-regulatory skills at the

beginning of the study.
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Table 8

Multivariate Tests Comparing Treatment and Control for Pretest Scores

Partial Eta
Effect Value F Hypothesis df Error df p Squared
Intercept Wilks' Lambda .03 753.43% 6.00 146.00 .00 97
Group Wilks' Lambda .98 442 6.00 146.00 .85 .02

8 Exact statistic
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Posttest descriptive statistics. Table 9 displays the posttest descriptive statistics for the
subscales of Metacognition Self-Regulation, Effort Regulation, Time and Study Environment,
Rehearsal, Elaboration, and Organization between the experimental and control groups. The
MSLQ posttest was administered upon the completion of the study, after 20-weeks of the
treatment (reflective portfolio production). The descriptive statistics were first scanned for
missing data. These data revealed of the 158 participants in the study, 132 participated in the
posttest. Two participants moved out of the study and 24 participants who had previously agreed
to participate in the study did not take the posttest. Next, the descriptive statistics were viewed
for outliers. The table displays a range of scores on the subscales from 1 — 7. This is consistent
with the MSLQ instrument used which had a Likert scale ranging from 1 — 7 and suggests no
outliers exist in the sample. The subscales reflected standard deviations ranging from 0.88 —
1.40 with means ranging from 3.84 — 4.91 and medians ranging from 3.83 — 4.75. The data
screening process concluded with an investigation of the multivariate assumption of normality.
All skewness and kurtosis values fell within the acceptable range of -1.0 to 1.0 displaying data
which were neither too peaked, flat, or asymmetric (skewing towards either the positive or
negative in relation to the center point) except for the posttest kurtosis value of 1.66 for the
experimental subscale of Metacogntion (Table 9). To further investigate the nature of this value,
the researcher proceeded with a Shapiro-Wilk’s analysis. The Shapiro-Wilk’s analysis uses the
mean of the skewness and kurtosis values to adjust for discrepancies in normality. Significant
values (p < .05) indicate a violation of the assumption of normality. The analysis revealed a p =
.104 for the experimental group Metacognition subscale indicating the assumption of normality
had not been violated. The researcher continued with an investigation of the assumption of

homoscedasticity.
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Table 9

Descriptive Statistics for Posttests

Rehearsal Rehearsal Elaboration Elaboration Organization Organization
Experimental Control Experimental Control Experimental Control
N Valid 75.00 54.00 74.00 52.00 75.00 54.00
Missing 5.00 26.00 6.00 28.00 5.00 26.00
Mean 4.30 4.35 4.30 4.08 3.85 4.14
Median 4.50 4.25 4.50 4.00 3.83 4.25
Standard Deviation 1.30 1.40 1.28 1.22 1.26 1.19
Skewness -.36 -.38 -31 -21 -.03 .04
Kurtosis -21 -.24 .01 -.13 -11 -.26
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Table 9 (continued)

Descriptive Statistics for Posttests

Rehearsal Rehearsal Elaboration Elaboration Organization Organization
Experimental Control Experimental Control Experimental Control

Range 5.75 6.00 6.00 5.50 6.00 5.25
Minimum 1.25 1.00 1.00 1.00 1.00 1.75
Maximum 7.00 7.00 7.00 6.50 7.00 7.00
Percentiles 25 3.50 3.44 3.17 2.87 3.25 3.25
50 4.25 4.50 4.00 3.83 4.25 4.00

75 5.00 5.25 5.04 4.83 5.00 4.81
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Table 9 (continued)

Descriptive Statistics for Posttests

Time and Study Time and Study Effort Effort

Metacogntion Metacognition  Environment Environment Regulation Regulation
Experimental Control Experimental Control Experimental Control
N Valid 75.00 53.00 74.00 54.00 75.00 53.00
Missing 5.00 27.00 6.00 26.00 5.00 27.00
Mean 4.09 4.26 4.24 4.65 4.66 491
Median 3.96 4.25 4.25 4.755 4.69 4.75
Standard Deviation 91 .88 90 1.04 1.02 1.14
Skewness .05 -43 -44 -.36 01 .03
Kurtosis -.13 -.22 1.66 92 -.33 -.66
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Table 9 (continued)

Descriptive Statistics for Posttests

Time and Study Time and Study Effort Effort

Metacogntion Metacognition  Environment Environment Regulation Regulation
Experimental Control Experimental Control Experimental Control
Range 4.58 3.66 4.83 5.75 4.38 5.00
Minimum 1.92 2.17 1.17 1.25 2.50 2.00
Maximum 6.50 5.83 6.00 7.00 6.88 7.00
Percentiles 25 3.67 3.63 4.00 4.00 4.00 4.00
50 4.25 4.25 4.75 4.69 4.75 4.75
75 4.92 4.67 5.28 5.44 5.75 5.75
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Posttest effects of two-groups on the dependant variable. The two-group MANOVA
required the use of more than one quantitative dependant variable necessitating an examination
of Box’s Test of Equality of Covariance Matrices to test the assumption of homoscedasticity.
Table 10 displays Box’s Test of Equality of Covariance Matrices used to test the null hypothesis
that the observed covariance matrices of the dependant variables are equal across the groups. A
statistically significant (p <.05) Box’s Test indicates a homoscedascity assumption violation.
The significance value of p = .38 indicated equal covariance between the dependant variables for
the groups comprising the independent variables and no violation of the assumption of
homoscedasticity. This suggested that a MANOVA of the posttest data was appropriate as the
posttest experimental and control groups did not differ statistically by violating homoscedasticity
and could therefore used for comparison purposes.

Table 10

Box's Test of Equality of Covariance Matrices

Statistic Value
Box's M 23.67
F 1.06
dfl 21.00
df2 40827.74
p .38

To test for differences in the self-regulatory skills between the experimental and control
groups after the treatment a MANOVA of posttest data was calculated. Wilks’ Lambda allowed

for the evaluation of differences on independent variables, (a) reflective portfolio use and (b) no
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reflective portfolio use, in the population on the dependant variables; Metacognition Self-
Regulation, Effort Regulation, Time and Study Environment, Rehearsal, Elaboration, and
Organization. This multivariate test revealed no significance since F(6,115) = .62, p = .71 (see
Table 11). This result suggests that here were no statistical differences between groups in the
participants’ self-regulatory skills on the subscales of Metacognition Self-Regulation, Effort
Regulation, Time and Study Environment, Rehearsal, Elaboration, and Organization after the

treatment.
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Table 11

Multivariate Tests Comparing Treatment and Control for Posttest Scores

Partial Eta
Effect Model Value F Hypothesis df Error df p Squared
Intercept Wilks' Lambda .03 509.28% 6.00 115.00 .00 .96
Group Wilks' Lambda 97 622 6.00 115.00 71 .03

8 Exact statistic
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Research question one findings summary. Research question 1: Is there a significant
difference in the self-regulatory skills (Effort Regulation and Time, Study Environment,
Rehearsal, Elaboration, Organization, and Metacognition Self-regulation) of high school science
students who produce reflective portfolios for their science assignments and those who do not?
The treatment group (reflective portfolio use) had a sample size of n = 78 on week 1 and n = 76
on week 20, the completion of the study. The sample size of the control group (no reflective
portfolio use) was n = 80 on week 1 and n = 54 on week 20. A multivariate analysis of variance
(MANOVA) was applied where the six subscales (Effort Regulation and Time, Study
Environment, Rehearsal, Elaboration, Organization, and Metacognition Self-regulation) served
as the multiple dependant variables. The independent variable, program type, had two levels
being (a) reflective portfolio use and (b) no reflective portfolio use. Wilks’s Lambda allowed for
the evaluation of differences on independent variables in the population on the dependant
variables. This multivariate test revealed no statistical significance (F(6,115) = .62, p =.71) in
the participants’ self-regulatory skills on the subscales of Metacognition Self-Regulation, Effort
Regulation, Time and Study Environment, Rehearsal, Elaboration, and Organization after the
treatment This suggests the two groups, (a) reflective portfolio use and (b) no reflective portfolio
use, displayed no differences in their self-regulatory skills after the 20-week administration of
the treatment (reflective portfolio use) when measured with the MSLQ as the pretest and
posttest.

Research Question Two

Repeated measures effects overview. Research question 2 was assessed using four one-

way repeated measures analysis of variance (ANOVA) procedures. The student generated

reflective portfolios produced in the treatment group were assessed using the Portfolio Rubric
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four times throughout the 20-week study at 5-week intervals. The within subjects variables were
the scores for Test, Lab, Other, Total at each of the four time periods throughout the 20-week
study. The four one-way repeated measure ANOVA procedures were used to ascertain if the
rubric scores varied depending on the time interval. Results indicated that the variables of Test,
Other, and Total were significant over time. The following sections will present findings and
address the assumptions relevant to a repeated-measures ANOVA.

Effect of within subjects variables on the dependant variable. The one-way within
group ANOVA procedures required the use of multiple within subjects variables necessitating
the need for Mauchly’s Test of Sphericity. Mauchly’s Test of Sphericity was used to test the null
hypothesis that the dependant variable variances are homogeneous (homogeneity of variance)
(Meyers, Gamst, & Guarine, 2006). It also tested the null hypothesis that the correlations
between the levels of the within subjects variable were equal. If Mauchly’s Test of Sphericity is
not significant (p > .05), then the sphericity assumption has been met and the researcher should
proceed. Conversely, should Mauchly’s Test of Sphericity be significant (p < .05), then
heterogeneity of covariance is indicated. Table 12 reveals Mauchly’s Test of Sphericity
provided values of p = .27 for the independent variable Test, p = .12 for the independent variable
Lab, p = .00 for the independent variable Other, and p = .31 for the independent variable Total.
This indicated a lack of homogeneity of variance for these four variables as the variable Other
was significant (p <. 05) with a significance value of p = .000 (see Table 13). Therefore, the
assumption of sphericity was violated and heterogeneity of covariance was indicated. A
correction for the violation of sphericity was calculated. To correct for sphericity, the
Greenhouse-Geisser estimate was used to alter the degrees of freedom, thereby altering the

significance value of the F-ratio. The Greenhouse-Geisser estimate adjusted the p value upwards

84



by adjusting the degrees of freedom downwards. Table 12 reveals the hypothesis degrees of
freedom were 12 prior to the Greenhouse-Geisser estimate which statistically adjusted the

degrees of freedom to 5 (Table 12). All p values have been increased due this adjustment, of
particular note is Other has been adjusted from .00 to .81, which displayed the assumption of

sphericity had been met.
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Table 12

Mauchly's Test of Sphericity

Epsilon:?
Approximate Greenhouse-
Within Subjects Effect Measure Mauchly's W Chi-Square df p Geisser
Time Test 90 6.36 5 27 94
Lab 87 8.71 5 12 91
Other .60 31.05 5 .00 81
Total 91 5.95 5 31 .93

& May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of

Within-Subjects Effects table.
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Univariate tests of independent variables. To identify which sample means from the
portfolio (Test, Lab, Other, and Total) generated statistically significant results over time, four
within group repeated measure ANOVA procedures were calculated. The Greenhouse-Geisser
estimate was used to report the significance level of each within subjects variable over time.
Results indicated that the variables (Test, Other, and Total) were significant (p < .01) over time.
Significance levels of p = .01 for Test, p = .01 for Other, and p = .01 for Total were calculated
suggesting statistical significance for each of the three variables over time (see (Tables 13, 15,
16). The variable Lab was insignificant at p < .01 revealing a significance value of p = .04 (see
Table 14).

It should be noted, the researcher applied the Bonferroni correction and assessed
significance at a value of p <.01. Due to the multiple comparisons made from the treatment
group within this study the Bonferroni correction suggests a more stringent p value than typically
considered acceptable in behavioral science studies (p <.05). The Bonferroni correction divides
the accepted significance value by the number of statistical analyses undertaken (Meyers, Gamst,
& Guarine, 2006). In this study, 1 MANOVA was performed for research question 1 and 4
ANOVA procedures were performed for research question 2 therefore, the resultant p value was
.01 (.05/5).

Significant gains on the Portfolio Rubric scores over time, as evidenced by statistical
significance for the variables Test, Other, and Total using four repeated measure ANOVA
procedures (see Tables 13, 15, 16), suggested the reflective portfolio treatment effected

participants’ Portfolio Rubric scores over time.

87



Table 13

Univariate Test of Test

Source Measure
Time Test
Error (time) Test

Type Il
Sum of Squares
181.41

2833.34

df

2.81

174.24

Mean Square
64.55

16.26

3.97

01

p

Partial Eta
Squared

.06
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Table 14

Univariate Test of Lab

Source Measure
Time Lab
Error (time) Lab

Type Il
Sum of Squares
103.03

2192.47

df

2.74

169.57

Mean Square
37.67

12.93

2.91

.04

Partial Eta
Squared

.05
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Table 15

Univariate Test of Other

Source Measure
Time Other
Error (time) Other

Type Il
Sum of Squares
18.54

275.59

df

2.42

149.86

Mean Square
7.67

1.84

4.17

01

p

Partial Eta
Squared

.06
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Table 16

Univariate Test of Total

Source Measure
Time Total
Error (time) Total

Type Il
Sum of Squares
832.13

11429.18

df

2.80

173.65

Mean Square
297.11

65.82

451

01

p

Partial Eta
Squared

.07
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Descriptive Statistics for within subjects variables. Mean Portfolio Rubric scores were
examined at each of the time intervals for the within subjects variables of Test, Lab,
Other, and Total. Table 17 through Table 20 displays the mean of each time interval of
weeks 1-5, weeks 6-10, weeks 11-15, and weeks 16-20. All four variables displayed a
dip in mean scores from weeks 1-5 through weeks 6-10. Subsequently, all four variables
displayed a gain in mean scores from weeks 6-10 through weeks 11-15. Additionally, all
four variables displayed an increase in mean scores from weeks 11-15 through weeks 16-
20. Also of note, all mean scores in weeks 16-20 are higher than mean scores in weeks 1-

5.
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Table 17

Descriptive Statistics for Test

Test weeks 1-5

Test weeks 6-10

Test weeks 11-15

Test weeks 16-20

Mean

11.83

10.09

11.38

12.56

Standard Deviation

4.49

5.73

4.86

3.79

66

66

66

66
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Table 18

Descriptive Statistics for Lab

Lab weeks 1-5

Lab weeks 6-10

Lab weeks 11-15

Lab weeks 16-20

Mean

11.71

10.88

11.06

12.49

Standard Deviation

4.33

4.99

5.11

3.73

66

66

66

66
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Table 19

Descriptive Statistics for Other

Mean
Other weeks 1-5 3.56
Other weeks 6-10 3.55
Other weeks 11-15 3.11
Other weeks 16-20 3.84

Standard Deviation

7.16

1.77

1.99

1.61

66

66

66

66

96



Table 20

Descriptive Statistics for Total

Total weeks 1-5

Total weeks 6-10

Total weeks 11-15

Total weeks 16-20

Mean

30.24

27.54

28.25

32.20

Standard Deviation

12.33

13.60

13.44

7.94

63

63

63

63
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Comparison of p-values by time interval. Continued data analysis involved the
determination of which time intervals produced significant gains for each of the variables
yielding statistically significant results using the repeated measures ANOVA procedures. Paired
samples T-tests were used to analyze the variables of Test, Other, and Total since the ANOVA
procedures revealed p <.01. The variable Lab was not compared by time internal because it did
not reveal statistically significant results using the ANOVA procedures (p =.04). The time
intervals of weeks 1-5, 6-10, 11-15, and 16-20 represented the 4 time intervals. Pair 1 was
weeks 1-5 compared to weeks 6-10, pair 2 was weeks 1-5 compared to weeks 11-15, pair 3 was
weeks 1-5 compared to weeks 16-20, pair 4 was weeks 6-10 compared to weeks 11-15, pair 5
was weeks 6-10 compared to weeks 16-20, and pair 6 was weeks 11-15 compared to weeks 16-
20. Table 21 through Table 23 depicts the results of the paired samples T-tests. Table 21
displays the paired samples T-test results for the variable Test. Statistically significant results
were obtained in pair 5, weeks 6-10 compared to weeks 16-20. Table 22 displays statistically
significant results for the variable Other at pair 6, weeks 11-15 compared to weeks 16-20.
Statistically significant results for Total were revealed in both pairs 5, weeks 10-16 compared to
weeks 16-20 and pair 6, weeks 11-15 compared to weeks 16-20. This data displayed no
statistically significant results prior to weeks 6-10 suggesting a minimum time requirement of 6-
10 weeks for statistically significant results to be observed when using Reflective Portfolios in

science.
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Table 21

Paired Samples Test for Test

Pair 1

Pair 2

Pair 3

Pair 4

Pair 5

Pair 6

Weeks 1-5 — weeks 6-10

Weeks 1-5 —weeks 11-15

Weeks 1-5 — weeks 16-20

Weeks 6-10 — weeks 11-15

Weeks 6-10 — weeks 16-20

Weeks 11-15 — weeks 16-20

df

65

65

65

65

65

65

Sig. (2-tailed)
011
542
292
.099
.001

.053
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Table 22

Paired Samples Test for Other

Pair 1

Pair 2

Pair 3

Pair 4

Pair 5

Pair 6

Weeks 1-5 — weeks 6-10

Weeks 1-5 — weeks 11-15

Weeks 1-5 — weeks 16-20

Weeks 6-10 — weeks 11-15

Weeks 6-10 — weeks 16-20

Weeks 11-15 — weeks 16-20

df

65

65

65

65

65

65

Sig. (2-tailed)
.952
.055
210
.050
182

.002
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Table 23

Paired Samples Test for Total

Pair 1

Pair 2

Pair 3

Pair 4

Pair 5

Pair 6

Weeks 1-5 — weeks 6-10

Weeks 1-5 — weeks 11-15

Weeks 1-5 — weeks 16-20

Weeks 6-10 — weeks 11-15

Weeks 6-10 — weeks 16-20

Weeks 11-15 — weeks 16-20

df

64

64

64

63

63

63

Sig. (2-tailed)
.034
210
163
.616
.001

.004
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Research question two findings summary. Research question 2 asked: Is there change
over time in the Portfolio Rubric scores within the group of students who produce reflective
portfolios? The four sample means (Exam, Lab, Other, and Total) from the student generated
reflective portfolios produced in the treatment group served as the within subjects variables in
the ANOVA procedures. The treatment group (reflective portfolio use) had a sample size of n =
78 on week 1 and n = 76 on week 20, the completion of the study. The four one-way repeated
measure ANOVA procedures were used to ascertain if the rubric scores varied depending on the
time interval. Results indicated that three of the variables (Test, Other, and Total) were
significant (p < .01) over time. Significance levels of p = .01 for Test, p = .01 for Other, and p =
.01 for Total were calculated suggesting statistical significance for each of these variables over
time. Moreover, an investigation through the use of paired samples T-tests revealed statistically
significant results were not observed until weeks 6-10 for the variables Test and Total and not
until weeks 11-15 for the variable Other. Significant gains on the Portfolio Rubric scores over
time, as evidenced by statistical significance for the variables; Test, Other, and Total, suggested
students engaged in self-regulation. The reflective portfolio process; designed to engage
participants in the cyclical self-regulatory processes of planning (goal setting), self-monitoring
(assignment revisions), control (behavioral changes), and evaluation (reflection); effected
participants’ Portfolio Rubric scores over time.

Unhypothesized Results

The researcher randomly selected four of the 78 portfolios produced by the treatment
group and transcribed a student reflection from each. This unhypothesized data is discussed in
the Implications of the Study section in Chapter 5 (see Appendix H for further examples of

student self-reflections):
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(this portfolio) helped me understand what | was doing wrong and doing right. One
thing I learned was to stay more organized. Pulling all my materials together to study for
tests and quizzes at the last minute was stressful. | think if | stay organized I will read
things over more often before a quiz and improve. (Student 6)

I don’t think this test gave a fair indication of what I learned. I knew the material well. 1
think it was my fault for not studying enough. In the future I will work on studying more
often which will help me achieve my goals. (Student 22)

The portfolio got me thinking about what | have to do to improve, but | did not make
those changes on future assignments. If I had done the changes I said | would, I think |
would have gotten better grades all year. (Student 37)

One thing | did well was identifying the components of the brain from the index in the
back of the book. I could improve by making flash cards of these words with definitions
from the back of the book. Overall, I don’t think I expressed my thoughts clearly when
answering the questions. This is because | was distracted. Perhaps this suggests | work

better when other things aren’t going on. (Student 48)
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CHAPTER FIVE: SUMMARY AND RECCOMENDATIONS
Chapter Overview

The need for this study was predicated on the findings of Zimmerman (2002) who stated
that although the benefits of students’ use of self-regulatory processes are well documented, few
teachers effectively prepared students to learn on their own. The aim of this study was to
measure the effect reflective portfolio construction had on the self-regulatory skills of high
school science students. This chapter will present a summary of the study, a comparison of
findings related to literature, limitations, implications, and suggestions for future research.

Summary of Study

According to research results reported by Zimmerman (2002), teachers rarely encouraged
students to establish specific goals, taught specific study strategies, or assessed students’ beliefs
about learning to identify difficulties before they become problematic (Zimmerman, 2002).
Moreover, students were rarely given the opportunity to self-evaluate their own work or critically
consider their competence on new tasks.

The aim of this study was to measure the effect reflective portfolio construction had on
the self-regulatory skills of high school science students. A study done by Driessen, van
Tartwijk, Overeem, Vermunt, and van der Vleuten (2005) showed the creation of a reflective
portfolio allowed students to understand how they learned best, in what ways they learned best,
and their limitations related to specific tasks. Therefore, this study was designed to engage high
school science students in the production of reflective portfolios which provided teachers a
medium to encourage goal setting, revision, and self-reflection; critical processes used in the
self-regulation of learning. Ultimately, the construction of the reflective portfolios gave students

the opportunity to engage in a cyclical process of self-regulation and facilitated an on-going
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assessment dialogue between themselves and their teacher.

A convenience sample of 158 (n=158) students from eight classrooms participated in the
study. Students were grouped into the classrooms based on the science course in which they
were currently enrolled. With exceptions (students retained or accelerated), freshmen generally
were enrolled in Earth Science, sophomores in Biology, and juniors in Chemistry. Four teachers,
each with two classes similar in level, participated in the study. For each teacher, one class
served as the experimental group producing the reflective portfolios while the other class served
as the control group and did not produce the reflective portfolios.

The portfolios produced by students over the 20-week period included individual goals,
self-reflections, original graded artifacts, and revisions of artifacts. These artifacts were
specifically chosen by the researcher to be components of the reflective portfolio because the
intended purpose was to provide teachers a medium to focus students on specific self-regulatory
processes. The cyclical process of self-regulation involves forethought, performance control,
and self-reflection. To address forethought, students developed mastery goals and reflected on
their progress towards their attainment of their stated goals. Performance control was addressed
as students revised artifacts included in their portfolios to clear up previous mistakes and
misconceptions. Written student self-reflections accompanied each artifact and revision included
in the portfolio which addressed self-reflection. Due to the formative nature of the reflective
portfolio, teachers had the ability to score and make comments to students regarding their current
performance based on the artifacts included within the reflective portfolio at 5-week intervals.
The comments made by the teachers to the students were guided by a list of specific self-
regulatory processes which they used to suggest strategies to improve students’ overall self-

regulatory skill development. Students, in turn, read the comments and continued the process of
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goal setting, revision, and reflection thereby completing the cyclical self-regulatory processes.

All artifacts included in the reflective portfolio generally included 3 components: the
original graded assignment, revisions to the assignment, and a written self-reflection. The kinds
of assignments included as artifacts fell under categories specific to high school science. These
categories were the kinds of work the science teacher wanted to see included within the portfolio.
The categories included lab reports, summative tests, short-term activities (such as homework
assignments or journal article reviews), mastery goals, and a final course-end reflection. Within
the category, the specific product which was included was chosen by the student. For instance,
the teacher required a test to be included, but the student chose which test from the 5-week
scoring period to include, revise, and reflect on. There was no limit as to what could be
included, but there was a minimum as to what must be included which was set by the researcher
and enforced by the classroom teacher through the scoring process using the Portfolio Rubric
(Appendix A). The process is also detailed in Chapter 3 in the section about instrumentation.

An example of the portfolio system and Portfolio Rubric which was given to students can be
found in Appendix A.

Research question one. This study sought to quantitatively measure the effect reflective
portfolio use had on high school science students using a nonrandomized control-group, pretest-
posttest design which compared two different situations; (a) reflective portfolio use and (b) no
use of reflective portfolios. The research question which guided this study was; Is there a
significant difference in the self-regulatory skills (Effort Regulation and Time, Study
Environment, Rehearsal, Elaboration, Organization, and Metacognition Self-regulation) of high
school science students who produce reflective portfolios for their science assignments and those

who do not?
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Data collected were interval-level quantitative values in the form of subscale group
means using the Motivated Strategies for Learning Questionnaire (MSLQ) (Pintrich, Smith,
Garcia, & McKeachie, 1991). The MSLQ is an 81-item, self-report instrument designed to
measure students’ motivational orientations and their use of various learning strategies. The
MSLQ assesses 9 learning strategy scales being Rehearsal, Elaboration, Organization, Critical
Thinking, Metacognitive Self-Regulation, Time and Study Environment, Peer Learning, Help
Seeking, and Effort Regulation. Due to the sample size used in this study, 6 scales perceived by
the researcher to be most aligned with reflective portfolio use in science were chosen. This
decision was made by the researcher after reading the descriptions of each scale provided in A
Manual for the Use of the MSLQ (Pintrich, Smith, Garcia, & McKeachie, 1991). Therefore, a
two-group MANOVA was performed on the six dependant variables chosen: Rehearsal,
Elaboration, Organization, Metacognitive Self-Regulation, Time and Study Environment, and
Effort Regulation.

Statistically significant group mean differences were not observed for the 6 dependant
variables when comparing the two different situations; (a) reflective portfolio use and (b) no use
of reflective portfolios. These findings will be discussed further in the implications section of
this chapter.

Research question two. This study sought to quantitatively measure the effect reflective
portfolio use had on high school science students using a nonrandomized repeated measures
design. The research question which guided this study was; Is there change over time in the
Portfolio Rubric scores within the group of students who produce reflective portfolios? The
student generated reflective portfolios produced in the treatment group were assessed using the

Portfolio Rubric four times throughout the 20-week study at 5-week intervals. The four sample
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means (Test, Lab, Other, and Total) served as the independent variables in four seperate
ANOVA procedures. The one-way repeated measures ANOVA was used to ascertain if the
rubric scores varied depending on the time interval for each variable.

Data collected were interval-level quantitative values in the form of portfolio artifact
scores as assessed by classroom science teachers using the Portfolio Rubric (Appendix A).
Artifacts included in students’ reflective portfolios were assessed by teachers using the Portfolio
Rubric at 5-week intervals for a total of 20-weeks. For instance, in weeks 1-5 a student would
submit a portfolio which included at least 4 artifacts being a Goal, Test, Lab, and Other
assignment chosen by the classroom teacher. Artifacts included the original graded assignment,
revisions to the assignment, and a written reflection. For instance, a student submitting the
artifact Test would submit the original graded test, revisions to the test, and a reflection of the
student’s performance on the test. All three components; the test, the revision, and the self-
reflection; composed the artifact simply titled Test. Each artifact; the Goal, Lab, Test, and Other
assignment; were graded using the Portfolio Rubric. The individual rubric scores for each
artifact (Test, Lab, and Other) as well as a Total score for the 5-week period were reported to the
researcher as quantitative data to be used for repeated-measures analysis. An example of rubric
grading can be found in Appendix F.

Results from the one-way repeated measures ANOVA indicated that three variables
(Test, Other, and Total) were significant over time. This suggests the Portfolio Rubric scores of
the students in the experimental group (reflective portfolio use) varied depending on the time

interval. These findings will be discussed in the implications section of this chapter.
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Comparison and Contrast of Findings Related to the Literature Review

The review of literature in Chapter Two suggested self-regulating students are
characterized by their active participation in learning from a metacognitive, motivational, and
behavioral point of view (Zimmerman, 2001, 2002). These processes can be viewed in the
cyclical phases of forethought, volitional (performance) control, and self-reflection (Schunk &
Zimmerman, 1998). Simply put, students (a) use metacognition to set goals for themselves
(forethought), (b) exhibit control over their behaviors used to attain their goals (performance
control), and (c) reflect on the strategies they employed to attain their goals (self-reflection).
Students conclude this cyclical process by setting new goals based on their assessment of the
strategies they employed to attain their previous goals once again employing forethought and
metacognition.

Despite the benefits of students’ use of self-regulatory processes, few teachers effectively
prepare students to learn on their own (Zimmerman, 2002). Students were rarely encouraged by
teachers Teachers rarely encouraged students to establish specific goals, taught specific study
strategies, or assessed students’ beliefs about learning to identify difficulties before they become
problematic (Zimmerman, 2002). Moreover, students were rarely given the opportunity to self-
evaluate their own work or critically consider their competence on new tasks (Zimmerman,
2002). This disconnect between theory and practice supported the need for this study on the
effect of reflective portfolio use on students’ self-regulatory skills.

Relation of research question one to literature review. The MSLQ was used in this
study to examine the effect reflective portfolio use had on high school science students’ self-
regulatory skills development. Six learning strategy subscales (Rehearsal, Elaboration,

Organization, Metacognitive Self-Regulation, Time and Study Environment, and Effort
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Regulation) from the MSLQ were used to compare students’ self-regulatory skills in two
different situations (a) reflective portfolio use and (b) no reflective portfolio use. The reflective
science portfolios produced by students were designed to engage students in Pintrich’s model
(2000) of planning (goal setting), self-monitoring, control (managing motivation), and reaction
and reflection. Using the MSLQ, this study sought to isolate which specific self-regulatory
learning strategies were effected by reflective portfolio use. However, statistically significant
results were not observed between the group which used reflective portfolios and group which
did not use reflective portfolios when measured with the MSLQ subscales of Effort Regulation,
Time and Study Environment, Rehearsal, Elaboration, Organization, and Metacognition Self-
regulation.

Relation of research question two to literature review. Significant gains on the
Portfolio Rubric scores of students using reflective portfolios over time suggests students
engaged in the cyclical self-regulatory processes of planning (goal setting), self-monitoring
(assignment revisions), control (behavioral changes), and evaluation (reflection). This study
adds to previous research by Baume (2001) which suggested that the use of portfolios promoted
reflective practice and self-evaluation, linked experience with personal interpretation, and
provided an on-going basis for planning and goal setting. Similarly, a study by Ashcroft and
Hall (2006) found portfolios to be an appropriate method to measure students’ continued growth.
The data from this study adds to the aforementioned studies by supporting that portfolio use over
time and on an on-going basis promotes continued growth and enhances reflection and self-
regulation in high school science students.

This study used a carefully designed rubric as a medium to assess the quality of a

student’s thinking. The aspects of a quality student reflection were assessed with the rubric
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based on the criteria of coverage, accuracy, specificity, integration, and revelation (adapted from
Arter & Spandel, 1992). The significance observed over time in this study as measured by the
Portfolio Rubric adds substantially to the work of Ash and Clayton (2004) and suggests that
rubrics can be used in high school science classes to assess students’ self-reflections. This also
supports the work of Stiggins (1997) who said portfolios help students learn to reflect.

The remainder of the section will provide literature connections between the statistically
significant results observed in this study over time and each of the self-regulatory processes in
Pintrich’s self-regulated learning model (2000).

Planning. This study yielded a tangible time-bound goal oriented assessment that can be
used by high school science students to direct their motivation over time towards the attainment
of their personal mastery goals. As stated by Montalvo & Gonzalez Torres (2004) and supported
by the results of this study, education must help students to be cognitive of their own thinking, to
be strategic, and to direct their motivation towards meaningful goals.

Self-monitoring. McMillian and Hearn (2008) stated students who set mastery goals
tend to immerse themselves in the task and continually check their progress. The goal setting
process involves the student setting goals which are attainable in a specified amount of time.
These goals need to be focused on specific self-monitoring strategies which will increase the
likelihood of the student attaining their specified goal. In this way, the portfolio becomes a
highly individualized and an intensely personal assessment tool to both the teacher and the
student (Sweet, 1993).

Additionally, Bandura (1986) stated that self-monitoring is assisted through self-
recording where behaviors are recorded over time through such activities as goal setting. Again,

this study provided a tangible format for students to record personal mastery goals over time and

111



therefore facilitated continued effort within the classroom towards goal attainment.

Control. Congruently, the control phase was addressed along with the self-monitoring
phase in several fashions within the portfolio process. First, students were asked to correct
mistakes previously made on class assignments and resubmit the original artifact along with the
corrected artifact. These new submissions represented a conscious awareness of errors
previously made and the ability to correct these mistakes required an adaptation of cognitive
strategies, a change in effort, and the ability to seek help and renegotiate the task. Studies of
high school students have provided support that revision improves the quality of written
composition (Ash, 1983). This construction of knowledge through the process of revision and
reprocessing of ideas and information promotes greater learning (Scardamalia & Bereiter, 1986).
Therefore, the use of revision in this study with high school science students is in accordance
with previous research.

Evaluation. The evaluation phase involved reaction and reflection, key components of
the reflective portfolio. Each artifact submitted within the portfolio was accompanied by a
reflection based on criteria outlined in the reflective Portfolio Rubric (Appendix A). The criteria
for quality student reflections were coverage, accuracy, specificity, integration, and revelation
(adapted from Arter & Spandel, 1992). These criteria focused the students’ written reflections
on cognitive judgment, affective reaction, choice behavior, and task and context evaluation.
Ultimately, the reflections yielded judgments, evaluations, and reactions which could be used by
the students for further planning, monitoring, and control thereby completing the self-regulatory
loop orientated toward goal attainment. Bandura (1986) stated that through reflection people
evaluate their motivation, values, and meaning behind their pursuits. Ultimately, self-reflection

becomes a vehicle for self-adjustment. These adjustments rooted in reflection operate as guides
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and motivators based on an individual’s belief that they can exert some measure of control over
their own functioning.
Limitations of the Study

Internal threats to validity. Several threats to internal validity impacted this study in
terms of research question 1. Namely; the internal threats of measuring instruments, history,
testing, subjects, and mortality will be explained in the following section. The use of a repeated
measures design to assess research question 2 generally permitted the control of the internal
threats of subjects and testing. However, the internal threat of history may have impacted results
and will be discussed in the following section.

Research question one. The most significant limitation to this study was the
commitment required by the teachers to score the portfolios and make narrative comments to
each student four times over the course of 20 weeks. Teachers used the reflective portfolio
scores in addition to the assessments they already had planned during the 20-week period when
this study took place. This means the regular classroom instruction and assessment practices did
not change but, the portfolios were added onto the students’ and teachers’ daily obligations.
Therefore, the time required to score each portfolio, if a teacher had a class load of 100-150
students, would represent a considerable limitation to the implementation of the reflective
portfolio system. This measuring instrument threat would affect the judgments made by the
scorers due to fatigue or carelessness (Isaac & Michael, 1997).

The threat of history suggests other events which occurred during the time the
experimental treatment (reflective portfolio production) was administered may have impacted the
results (Gall, Borg, & Gall, 2003). In regards to this study, the learning environment of the

school itself may have impacted the results. The MSLQ was administered before the treatment
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and after the treatment to both the experimental and control groups using a pretest-posttest
design. Descriptive statistics revealed that the control group pretest subscale mean was 4.40 and
the experimental group pretest subscale mean was 4.32 suggesting little difference between the
two groups prior to the administration of the treatment (Table 6). The control group posttest
subscale mean was 4.28 and the experimental group posttest subscale mean was 4.35 (Table 9).
Inspection of these results shows no difference between the control or experimental groups over
the 20-week period in regards to self-regulatory skills as measured by the MSLQ. However,
statistically significant results over time, using the Portfolio Rubric, points to measurable growth
in the students’ self-regulatory skills.

Furthermore, a testing threat exists when a pretest is administered, followed by an
experimental treatment, and then a posttest is administered (Gall, Borg, & Gall, 2003). The
pretest administration of the MSLQ may have influenced how students responded to the posttest
administration of the MSLQ since there was no alternative form of the MSLQ available.

A subject threat exists due to the fact that the groups are composed of nonrandomized
volunteers with different experiential backgrounds regarding self-regulatory skills. According to
Boud (1999) students possessing highly developed skills in these areas (self-regulatory) may not
be able to demonstrate significant improvement.

Experimental mortality is also a potential threat to this study. Twenty-five control group
research participants were lost during the experiment. Therefore, the control group sample size
decreased from 79 participants to 54 participants over the 20-week period. Two participants
were lost due to transitioning out of the study during the 20-week period after agreeing to
participate and taking the pretest. The remaining 23 participants represented an entire class of

students who did not take the MSLQ posttest. This was due to oversight by the teacher. Sadly,
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the posttest was given on the participants’ last day of attendance for the school year and therefore
there was no opportunity to find the participants and have them take the posttest. The question
remains whether the remaining 54 control group participants were representative of the entire
control group who agreed to participate in the study.

Research question two. Again, the internal threat of history could have impacted the
statistically significant results observed in relation to research question 2. There is no guarantee
that the reflective portfolio process influenced students’ self-regulatory skills as only the
experimental group, which produced the portfolios, could be analyzed. The school’s overall
learning environment may have produced the significant results observed.

Threats to External Validity. Threats to external validity impacting this study included
experimenter effects and the interaction between history and the treatment for research question
1. Research question 2 was threatened by the Hawthorne effect as well as the generalization of
findings to the larger population. Each threat will be explained in the sections that follow.

Research question one. Experimenter effects may have affected the overall impact the
treatment had on the participants. Intensive professional development was provided to all four
teachers who agreed to participate in the study but, their preconceived notions regarding the
impact self-regulatory skill development has on high school science students may have affected
the importance they placed on the portfolio process. For example, according to Wade &
Yarborough (1996) an important factor in an effective portfolio process is the careful balance
between structure and freedom. Reflective portfolio use is labor intensive for both the teacher
and the student. Students and teachers who take the process less seriously find it is not
worthwhile to invest the necessary time and energy.

Additionally, a significant investment of time was required by the researcher and the

115



teachers to ensure all necessary artifacts were included within the portfolios. This threat involves
the explicit description of the experimental treatment by the researcher to the participants (Gall,
Borg, & Gall, 2003). The initial input by the teachers of two sessions of staff development was
supplemented by on-going clarification by the researcher over the course of the 20-week period.
Narrative descriptions provided to the participants of the artifacts to be included within the
reflective portfolios were often confusing. Therefore, a significant limitation is imposed by the
need to have skilled trainers available to assist beginning teachers in the implementation of a
reflective portfolio system. Experienced staff developers would be required to ensure teachers
are implementing the reflective portfolio system properly. School districts will need to make a
long-term commitment to the process to provide teachers the time and training necessary to
develop portfolio systems specific to their classrooms.

The interaction between history and the effects of the treatment presented an external
threat to validity. The same experiment performed at a later time may yield different results
(Gall, Borg, & Gall, 2003). For example, during the 20-week experimental period state
mandated standardized exams were administered. This exam relegated both teachers and
students to half days for 10 consecutive school days. During this testing period instruction was
interrupted and time was at a premium. Eighty-one (36 of whom were in the experimental
group) of the 158 participants in the study were required to sit for these state mandated exams.
Student as well as teacher engagement in the reflective portfolio process comes into question
during this 2-week time period. Fatigue, engagement, and time restraints may all have impacted
the development of the reflective portfolios by the students and the assessment of the portfolios
by the teachers. The use of a comparison group design for research question 2 should have

controlled for this threat to external validity.
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Research question two. Research question 2 yielded statistically significant results over
time. The ability to generalize these results to the larger population poses an external threat to
validity because a sample of convenience comprised of students attending a wealthy, suburban,
and ethnically homogenous public school do not accurately reflect students as a whole
nationally. Additionally, only College Prep science classes comprised the sample population.
Even generalizing the findings to Honors science students within the same setting would be
presumptuous. Further research would be required to generalize these findings to other students
and settings.

The Hawthorne effect may affect external validity since students who receive special
attention may perform better (Gall, Borg, & Gall, 2003). As Zimmerman (2002) stated, teachers
rarely encourage students to establish specific goal or assess their students’ beliefs about
learning. Zimmerman continued, stating students were rarely given the opportunity to evaluate
their own work or critically consider their competence on new tasks (Zimmerman, 2002).
Therefore, when the teachers in this study began providing specific and written feedback to their
students, the special attention the teachers were providing each student was noticeable and novel
to the students. This attention given to the students by the teacher may have prompted the
statistically significant results and not the treatment itself.

Implications of the Study

This study failed to provide compelling evidence that reflective portfolio use by high
school science students impacts specific self-regulatory strategies when measured by the MSLQ.
However, statistically significant results over time using the Portfolio Rubric to assess
metacognitive skills suggest students do benefit from structured goal setting, revision, and

reflection. This section will discuss the implications of these findings.
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Research question one. The isolation of which specific self-regulatory learning
strategies were affected by reflective portfolio use in science proved inconclusive when
measured with the subscales of Effort Regulation and Time, Study Environment, Rehearsal,
Elaboration, Organization, and Metacognition Self-regulation (all self-regulatory strategies
hypothesized by the researcher to be impacted by reflective portfolio use) using the MSLQ. The
MSLQ is designed to be used at the course level and the same individual might report different
levels of motivation or strategy use depending on the course (Pintrich, Smith, Garcia, &
McKeachie, 1991). The data reported for the MSLQ is from a sample of 380 Midwestern
students. These students composed 37 classrooms and spanned 5 disciplines being; natural
science, humanities, social science, computer science, and foreign language (Pintrich, Smith,
Garcia, & McKeachie, 1991). Neither the biological sciences nor physical sciences were
included in this sample. In relation to this study on student self-regulation using reflective
portfolios, only 42 participants out of a total sample size of 158 were from the natural sciences
(Earth Science). The remaining 116 participants in this study were in biology or chemistry
(physical science). The use of the MSLQ as an instrument to isolate which specific self-
regulatory learning strategies were affected by reflective portfolio use in science may have been
inappropriate due to its limited prior use in science courses.

Additionally, the MSLQ has self-regulatory subscales in Critical Thinking, Peer
Learning, and Help Seeking which were not included in this study. The use of a larger sample
and increasing the number of subscales tested from six to nine may be necessary. Similarly, the
MSLQ also has subscales for motivation. As stated and supported by Bandura (2001),
Zimmerman (2000, 2001), and Pintrich (2000), self-regulation is a subset of the construct of

motivation. Significant results may have been realized if the MSLQ motivation subscales had
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been studied along with the compound effects of the motivation subscales and the self-regulatory
learning subscales.

Research question two. Statistically significant results over time suggest students did
benefit from structured goal setting, revision, and reflection. Reflective portfolios as used in this
study provided students the necessary mastery goal orientation to reflect upon their current
progress towards meeting their academic goals, allowed them to consider behavioral changes
necessary to meet their goals, and provided a framework for a dialogue about self-regulation and
performance between the teacher and the student.

This study provides evidence for a method which can be used by high school science
teachers as a means to foster self-regulatory learning strategies in their students over time.
Reflective science portfolio production fills a void established by Zimmerman (2002) who stated
that teachers rarely encourage students to establish specific goals, teach specific study strategies,
or assess students’ beliefs about learning to identify difficulties before they become problematic.
Zimmerman also stated that students were rarely given the opportunity to evaluate their own
work or critically consider their competence on new tasks (Zimmerman, 2002).

The aim of this study was to measure the effect reflective portfolio construction had on
the self-regulatory skills of high school science students. This was done by fostering self-
regulatory skill development in high school science students through the production of reflective
portfolios. A study done by Driessen, van Tartwijk, Overeem, Vermunt, and van der Vleuten
(2005) showed the creation of a reflective portfolio allowed students to understand how they
learned best, in what ways they learned best, and their limitations related to specific tasks.
Construction of the reflective portfolio in science gave students the opportunity to engage in a

cyclical process of self-regulation facilitating an on-going assessment dialogue between each
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student and his or her teacher. The dialogue gave teachers a medium to encourage goal setting,
revision, and self-reflection; critical processes used in the self-regulation of learning.

The specific format and time period students used to generate the reflective portfolios in
science was paramount to successful implementation focusing students on self-regulatory skill
development. The portfolios produced by students over the 20-week period included individual
goals, self-reflections, original graded artifacts, and revisions of artifacts. Significant gains were
not observed prior to the time interval of 6-10 weeks in comparison to the time interval of 11-15
weeks. Significant gains would not have been realized if the researcher had conducted this study
for less than 6-10 weeks. Therefore, in order for students to benefit from the reflective portfolio
process, the specific format suggested in this study for portfolio production must be followed for
a minimum of 6-15 weeks.

Suggestions for Future Research

Research question one. Using the MSLQ subscales of Effort Regulation and Time,
Study Environment, Rehearsal, Elaboration, Organization, and Metacognition Self-regulation (all
self-regulatory strategies hypothesized by the researcher to be impacted by reflective portfolio
use) was inconclusive in isolating which specific self-regulatory processes were effected by
reflective portfolio use. Increasing the sample size so the remaining self-regulation subscales
from the MSLQ (Critical Thinking, Peer Learning, and Help Seeking) can be studied may prove
beneficial.

Similarly, investigation of the MSLQ subscales of Effort Regulation and Time, Study
Environment, Rehearsal, Elaboration, Organization, and Metacognition Self-regulation using a
repeated measures MANOVA instead of with a pretest-posttest control group design may

support that time, in fact, is the key factor to realize significant gains with the MSLQ. The
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application of the reflective portfolios as the treatment took place over a total of 20-weeks. The
MSLQ was administered prior to the treatment as the pretest and after the treatment as the
posttest. However, scoring of the reflective portfolio took place at 5-week intervals during the
20-week period using the Portfolio Rubric which did provide statistically significant results over
time.

Additionally, the use of the motivation subscales from the MSLQ should be investigated.
Significant gains may have been realized if both subscale sets had been studied in their entirety.
The impact these subscales have on each other should also be studied. An in-depth multiple
regression should be undertaken to investigate the impact motivation and self-regulation, as well
as their individual subscales, has on students when used in conjunction with a reflective portfolio
system. This may add to previous studies by Schunk (1989) who concluded that when self-
monitoring results in goal progress the motivation to improve is fostered. Also, studies by
Montavo and Gonzalez Torres (2004) highlighted the importance of goal orientation on
motivation and the regulation of learning.

Research question two. Self-reflection, a key component of self-regulatory learning, is
addressed through the production of reflective portfolios as students submit written self-
reflections with each artifact and revision. This means that at the completion of the 20-week
interval, a wealth of written student self-reflections had been submitted. Students’ written
reflections addressed key self-regulatory processes and potentially evidence both behavioral and
motivational changes made by the students over the 20-week period. Further investigation
should include a qualitative study of the students’ self-reflections produced in accompaniment to
the artifacts included within their reflective portfolios. Components of self-regulation and

motivation are evident in each of the four samples included in the Chapter Three Unhypothesized
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Data section. Student 6 states he or she now knows what is being done right and wrong
demonstrating the self-regulatory skill of metacognition. Additionally, the student states that
staying more organized would help evidencing organization, another self-regulatory skill. To
continue, student 22 states that it is his or her fault for not studying enough, suggesting
engagement in the self-regulatory process of metacognition and the self-regulatory learning skill
of time and study environment. Student 37 states he or she could improve by making flash cards
to address the self-regulatory skill of rehearsal. This brief and random selection of student self-
reflections suggests a qualitative follow-up study is necessary.

Likewise, a possible impact to be studied further is the effect reflective portfolio
production has on literacy development in the content area of science. Brown (1994) cited that
written reflections can have significant effects on students’ skills in writing. Portfolio use
consisting of work samples and written reflections fostered an integration of writing in the
curriculum, provided a provision of a clear and complete writing profile recording growth over
time, and recognized the divergent learning styles of students. No study on the effect of
reflective portfolio production on high school science students with respect to their literacy
development has previously been undertaken. The format suggested in this study for the
production of reflective portfolios could be used as a medium for this future research.

Another potential study could include the investigation of whether or not the reflective
portfolio process can quantitatively be linked to mastery goal orientation. Mastery goal
orientation allows students to engage deeply and persevere in the face of challenges (Dweck &
Leggett, 1988). Studies by Ames and Archer (1988), Meece and Holt (1993), Patrick and Yoon
(2004), and Gelbach (2006) concluded that mastery goal orientation fosters higher effort,

increased grades and test scores, and deeper conceptual understanding.
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The use of the reflective portfolio as it impacts teaching also should be investigated. As
students revise work and write reflections, revelations about teaching as well as learning are
revealed. Richert (1987) concluded that teachers can use student reflections to gain insight into
their own practice and enhance student learning and the quality of instruction being delivered.
Hofstetter, Sticht, and Hofstetter (1999) added that teachers should use student reflections as an
opportunity for themselves by comparing their own teaching to the ends that were sought.
Students will generate written reflections for specific assignments and include them in their
portfolios. Teachers then can use the student reflections as a diagnostic tool to investigate if the
lesson objectives as measured by the assignment were successfully achieved. If numerous
students in the class report, through their written reflections, that a particular assignment was
unnecessarily confusing or difficult, the teacher can use this information to modify subsequent
instruction. Similarly, if numerous students report a particular assignment was enjoyable or
beneficial to their overall content attainment, the teacher could naturally use this information to
modify subsequent instruction as well. Also, using the student written reflections as a medium to
gain a better sense of individual student’s strengths and weaknesses could be used to design
highly specific differentiated instruction opportunities throughout the school year. To conclude,
the wealth of student reflections generated through the reflective portfolio process should be
investigated for their potential benefit in enhancing the quality of instruction offered in high
school science classes.

Chapter Summary

In conclusion, this study was designed to investigate if the use of reflective portfolios in

science would engage students in a cyclical self-regulation model involving forethought,

performance control, and self-reflection. There is a substantial body of evidence suggesting the
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benefits of students’ use of self-regulatory processes. However, there was no evidence of a
system which could be used by teachers to encourage self-regulatory skill development in
science. This study linked the theoretical construct of self-regulation with a practical process
which can be used by all high school science teachers. Although this study failed to provide
compelling evidence that reflective portfolio use by high school science students impacts specific
self-regulatory strategies, statistically significant results over time suggest students do benefit
from structured goal setting, revision, and reflection. Despite the need for further research,
reflective portfolios, as used in this study, can provide students with the necessary mastery goal
orientation to reflect upon their current progress towards meeting their academic goals, allow
them to consider behavioral changes necessary to meet their goals, and provide a framework for

a dialogue about self-regulation and performance between students and teachers.
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Appendix A: Student Reflective Portfolio Packet and Portfolio Rubric
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Objective: Students will build a history of their learning including personal goals, work samples,
and reflections in the form of a portfolio. The portfolio will be used as a medium for reflection.
Students know themselves as learners better than anyone else. They set goals for themselves and
judge how well they reach these goals. Routinely, students thoughtfully and honestly evaluate
their own learning with far more detail and introspect than the teacher ever could.

There is no standard approach to designing a portfolio. It should reflect your
individuality as a literate, thinking, reading, writing, and learning human being. Obviously, you
will be asked to include certain items into your portfolio, but how the artifacts are represented in
the portfolio is limited only to your imagination. My hope is that these portfolios will show the
depth, growth and diversity of each of you.

Content: Your portfolio must include (but is not limited to) the following items:

Goals Worksheets — individual goals and future focus statements (1/quarter, 2 total)

Unit Tests — corrected exam with written reflection (2/quarter, 2 total)

Lab Reports — corrected report with written reflection (2/quarter, 4 total)

Other 10 points— completed with written reflection (1/quarter, 2 total)

Other 5 points— completed with written reflection (1/quarter, 2 total)

Complete Unit — complete history of all notes, labs, worksheets, activities, homework

assignments, etc. for any one unit throughout quarters 3 or 4 with written reflection (1

total)

7. Final Reflection — written reflection of thoughts, reactions, and knowledge gained —
minimum of 1 page double spaced (1 total)

8. Keeper Letter — reflection by parent/guardian of the student’s portfolio upon
completion of the project (1 total)

9. Original Scoring Sheet — Grades and comments (1 total)

ocoarwhE

Grading: Your Science Portfolio will be graded twice per quarter as follows:

Quarter 3 (weeks 1-5) Quarter 3 (weeks 6-10)
Goals Worksheet #1: 5 points Unit Test: 15 points
Unit Test: 15 points Lab Report: 15 points
Lab Report: 15 points Other: 10 points

Other: 5 points Total = 40 points

Total = 40 points
Quarter 4 (weeks 16-20)

Quarter 4 (weeks 11-15) Unit Test: 15 points

Goals Worksheet#2: 5 points Lab Report: 15 points
Unit Test: 15 points Other: 10 points

Lab Report: 15 points Complete Unit: 10 points
Other: 5 points Final Reflection: 10 points
Total = 40 points Keeper Letter: 10

Complete Scoring Sheet and Rubric: 10
Total = 80 points
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What is a Keeper Letter?

As a final piece to your portfolio, you will ask a parent/guardian to review your completed
portfolio. After they have read and understand the contents of your work, ask them to write a
letter to you commenting on your work. This letter will be the first page of your completed
portfolio.

The letter should be a celebration of your work. This is an opportunity to share the learning
and growth you have experienced throughout the year with your parents/guardians. There are no
length or format requirements to this letter. Within the letter, the following questions may be
addressed:

e What kinds of learning activities best suit the learner? How is this displayed within the
portfolio?

¢ Did the student choose worthy and attainable quarter goals? Is attainment of these goals
displayed within the portfolio?

¢ How and where within the portfolio is growth of the student as an individual learner and
as a member of a learning community displayed?

¢ Does the portfolio display learning as a many-faceted experience through the use of
varied assessments?

e Do the artifacts included within the portfolio paint an accurate picture of student progress
and mastery of content throughout the year?

e What advice would you give to the learner to aid in future success in school based on the
excerpts viewed within the portfolio?

How do | write a quality reflection?

Quality reflections will address and be graded on:

e Coverage: Does the reflection address all relevant topics/content?
o What topics were covered and measured in the assignment?
e Accuracy: Does the reflection display an accurate sense of achievement and growth?
o Did the results of this assignment give a true indication of what I learned in this
unit? Why or why not?
e Specificity: Does the reflection include examples from the assignment to support points
made in the reflection?
e Integration: Does the reflection display insights into broader conclusions about
achievement?
o Why did I choose this assignment to be part of my portfolio?
o How could I have done better on this assignment?
o How did I do on this assignment in relation to others of similar scope and range?
e Revelation: Does the reflection bring about new insights about learning and
achievement?
o What is the importance of this assignment and/or the material covered in the unit
to my everyday life?
o What did I learn about achievement (good or bad) through this assignment that |
can apply to other courses and future schooling?
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Goals Worksheet

i\( Goals MUST be worthy and attainable during the quarter i\(
Quarter 3 Goal Statement #1 (date: ):
Reflection on meeting this goal (date: ):

(Attach another sheet if necessary)

Future focus on attaining this goal, if it has not been achieved:

Quarter 4 Goal Statement #2 (date: ):

Reflection on meeting this goal (date: ):
(Attach another sheet if necessary)

Future focus on attaining this goal, if it has not been achieved:
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Portiolio Rubric

Points Unsatisfactory Proficient Excellent
1. Artifact - Does not include | - Generally - Includes original graded
included with original graded Includes original artifact
corrections artifact graded artifact - Corrects errors in original
(when - Does not correct | - Generally artifact
applicable) errors in original corrects errors in
artifact original artifact
2. Goal Setting - Does not set - Generally sets - Sets worthy and attainable
worthy and worthy and goal
attainable goal attainable goal - Reflects on outcome of
- Does not reflect | - Generally reflects | goal (why or why not met)
on outcome of goal | on outcome of goal | - Describes future focus for
(why or why not (why or why not meeting goal if not
met) met) achieved
- Does not describe | - Generally
future focus for describes future
meeting goal if not | focus for meeting
achieved goal if not
achieved
3. Quality
Reflection:

a. Coverage - Does not address | - Generally - Addresses criteria the
criteria the artifact | addresses criteria | artifact was assessed with
was assessed with | the artifact was

assessed with

b. Accuracy - Does not depicts | - Generally depicts | - Depicts an accurate view
an accurate view an accurate view of | of achievement and growth
of achievement achievement and
and growth growth

c. Specificity - Does not include | - Generally - Includes examples to
examples to includes examples | support points made in self-
support points to support points reflection
made in self- made in self-
reflection reflection

d. Integration - Does not - Generally - Synthesizes important

synthesizes
important insights
into broader
conclusions about

synthesizes
important insights
into broader
conclusions about

insights into broader
conclusions about
achievement
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achievement

achievement

e. Revelation - Does not bring - Generally brings | - Brings new insights about
new insights about | new insights about | learning
learning learning
4. Format - Does not use - Generally uses - Uses excellent grammar,

excellent grammar,
spelling, and
sentence structure
- Is not organized,
logical, and
sequential

- Is not typed, neat,
and presentable

excellent grammar,
spelling, and
sentence structure
- Generally
organized, logical,
and sequential

- Generally typed,
neat, and
presentable

spelling, and sentence
structure

- Organized, logical, and
sequential

- Typed, neat, and
presentable

Scoring Sheet

Quarter 3 (weeks 1-5)

Goal Worksheet

12345

Unit Test

123456789101112131415

Lab Report

123456789101112131415

Comments

Quarter 3 (weeks 6-10)

Unit Test

123456789101112131415
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Lab Report
123456789101112131415

Other
12345678910

Quarter 4 (weeks 11-15)

Goal Worksheet
12345

Unit Test
123456789101112131415

Lab Report
123456789101112131415

Other
12345

Comments

Quarter 4 (weeks 16-20)
Unit Test
123456789101112131415

Lab Report
123456789101112131415

Other
12345678910
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Complete Unit
12345678910

Final Reflection
12345678910

Keeper Letter
12345678910

Complete Scoring Sheet 10

Appendix B: Inter-rater Reliability of Portfolio Rubric
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MSB—-MSW
MSB

1CC(2)=
ICC(2)=Intraclass Correlation Coefficient, reliability for mean ratings from k raters
MSB=mean square between

MSW=mean square within

Formula 1: Inter-rater reliability (Guilford, 1954, p. 395)
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Inter-Rater

Inter-Rater ~ Agreement/
Item Rubric Agreement/ Item for All
Number Number Rater1l Rater2 Rater3 Rater4 Item Raters
1 1 5 5 100.00 Table
1:
1 2 3 5 5 86.67 Inter-
Rater
1 3 5 5 5 100.00 Relia
bility
1 4 5 5 5 5 100.00
1 5 5 5 100.00
1 6 4 5 5 5 95.00
1 7 5 5 5 100.00
1 8 5 5 5 100.00
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1 9 5 5 5 5 100.00

1 11 3 . 5 . 80.00
1 12 5 5 . . 100.00
1 13 5 5 5 5 100.00
1 14 5 5 5 5 100.00
1 15 5 5 5 5 100.00
1 16 5 4 . . 90.00 96.78
2 1 10 12 . . 73.33
2 2 15 15 15 . 100.00

Inter-Rater

Inter-Rater  Agreement/

Item Rubric Agreement/ Item for All
Number Number Rater1l Rater2 Rater3 Rater4 Item Raters

2 5 15 15 . . 100.00

2 6 10 10 10 10 66.67

2 7 15 15 12 . 93.33

2 8 15 15 15 . 100.00

2 9 15 15 15 15 100.00

2 10 11 12 11 . 75.56

2 11 15 . 15 . 100.00

2 12 11 15 . . 86.67

2 13 15 15 15 15 100.00
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2 14 15 15 15 15 100.00

2 15 15 15 15 15 100.00
2 16 7 6 . . 43.33 86.60
3 1 12 15 . . 90.00
3 2 10 15 13 . 84.44
3 3 15 15 15 . 100.00
3 4 10 6 6 6 46.67
3 5 15 15 . . 100.00

Inter-Rater

Inter-Rater  Agreement/

Item Rubric Agreement/ Item for All
Number Number Rater1 Rater2 Rater3 Rater4 Item Raters

3 6 10 10 10 10 66.67

3 8 15 15 15 . 100.00

3 9 15 15 15 15 100.00

3 10 8 15 10 . 73.33

3 11 8 . 7 . 50.00

3 12 15 15 . . 100.00

3 13 15 15 15 15 100.00

3 14 15 15 15 15 100.00
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3 15 15 15 15 11 93.33

3 16 10 10 . . 66.67 84.17
4 1 5 4 . : 90.00
4 2 3 5 5 . 86.67
4 3 5 5 5 . 100.00
4 4 5 5 5 5 100.00
4 5 5 5 . . 100.00
4 6 ) ) ) ) 100.00
4 7 5 5 4 . 100.00
Inter-Rater

Inter-Rater  Agreement/

Item Rubric Agreement/ Item for All
Number Number Rater1 Rater2 Rater3 Rater4 Item Raters

4 8 5 5 5 . 100.00

4 9 5 5 5 5 100.00

4 11 S5 . S5 . 100.00

4 12 5 5 . : 100.00

4 13 5 5 5 5 100.00

4 14 5 5 5 5 100.00

4 15 5 4 5 5 95.00

4 16 3 5 . : 80.00 96.98
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RIDGEFIELD PUBLIC SCHOOLS

70 Prospect Street » Ridgefield, Connecticut 06877
#(203) 431-2800 o Fax (203) 431-2810

SRS s
Ms. DEBORAH Low KAREN M. DEWING PAuL B. HENDRICKSON
Superintendent of Schools Director of Personnel Business Manager
PATRICIA A. MICHAEL ) KAREN M. BERASI JosHuA D. SMITH
Assistant Superintendent Director of Special Education District Technology Manager

April 2, 2009

To Whom It May Concern:

This letter is written to inform you that the Ridgefield Public School system is aware of and
supports Jacob Greenwood’s study of student self-regulatory skills as part of his coursework at WCSU.
I am aware that Mr. Greenwood is working with science teachers and students and students at

Ridgefield High School.

Sincerely,

e & Mecka L

Patricia A. Michael
Assistant Superintendent

www.ridgefield.org
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Ridgefield High School
700 North Salem Rd.
Ridgefield, CT 06877

(203) 438-3785 Fax (203) 431-2891

Jeffrey Jaslow, Principal

Diane de Cristo, Assistant Principal Kevin Callahan, Dean
Sarah Isaac, Assistant Principal Jacob Greenwood, Dean
Stephanie Parker, Assistant Principal Marc Katz, Dean
Robert Slavinsky, Ph.D., Assistant Principal Andrew Maccabe, Dean

February 12, 2009

Dear Parent/Guardian:

This is to confirm that the Ridgefield High School administration is aware of and supports Jacob
Greenwood’s study of student self-regulatory skills as part of his course work in Instructional
Leadership at WCSU.

I understand that Mr. Greenwood will work with a number of science teachers who will be
making use of student reflective portfolios in the context of the research project. We are happy
to participate in such a project.

Sincerely,

o

Jeffiey Jaslow
Principal

JJ/al
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Appendix D: Consent/Assent Form
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February X, 2009
Dear Parent(s)/Guardian(s),

My name is Jacob Greenwood and | am a doctoral candidate from the Department of Educational
Psychology at the University of Western Connecticut. Additionally, | have worked at Ridgefield
High School as a science teacher and the Dean of Students for the past ten years. | would like to
include your child, along with his or her classmates, in my research project on student self-
regulatory skills. If your child takes part in the study, he or she will participate in one of two
groups. One group will produce a portfolio of work completed in their science class, reflect on
that work, and be given specific feedback on their performance in relation to their self-regulatory
skills. These portfolios will be graded by his or her classroom teacher. A self-regulatory skills
survey will be administered to both groups within his or her class. Both the survey data and
portfolio scores will be used to measure the effect of portfolio production in the science
classroom. | do not anticipate any risk to your child and your child may benefit from the
research by learning more about his or her self-regulatory skills.

Both, the Ridgefield Board of Education and the building Principal have given permission for
this study to be completed. The use of portfolios in the classroom is highly aligned with
Ridgefield High School’s mission statement to enable students to become self-directed and self-
reflective learners. Additionally, your child’s teacher has volunteered to participate in this study
and has received professional development in the production and scoring of portfolios.

Your child's participation in this study is completely voluntary. In addition to your permission,
your child will also be asked if he or she would like to take part in this study. Only those children
who want to participate will do so, and any child may stop taking part at any time. The choice to
participate or not will not impact your child’s grades or status at school. To ensure
confidentiality, your child’s name will not be used and all information gathered will be reported
as group results, not individual student results. Please be assured, all information gathered will
be held will be held in strict confidence.

On the attached page, please indicate whether you do or do not want your child to participate in
this study. Please ask your child to return this form to his or her classroom teacher by February
X, 2009. The second attached copy is for your records. Please feel free to contact me directly
with any questions. Thank you in advance for your support.

Sincerely,

Jacob Greenwood

Biology Teacher/Dean of Students
Ridgefield High School

(203) 438-3785 x1311
jagreenwood@ridgefield.org
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The Effect of Reflective Portfolios on Student Self-Regulatory Skills in Science

Parent/Guardian Section:

If you agree to have your child participate, please complete the following information. Your
signature indicates that you agree to have your child participate in the study.

PRINT YOUR CHILD’S NAME PRINT YOUR CHILD’S TEACHERS NAME

PRINT YOUR NAME SIGNATURE -
DATE

Student Section: - -

Student’s Name PRINTED Student’s SIGNATURE DATE

I, the signer of this form, have been informed of and understand the nature of this study and
freely consent to participate.

Please have your child return this formto: YOUR CHILD’S CLASSROOM TEACHER
AT HIS OR HER SCHOOL

This research project has been reviewed and approved by the WCSU Institutional Review Board.
If you have questions concerning the rights of the subjects involved in research studies please
call the WCSU Assurances Administrator, at (203) 837-8281.
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Appendix E: Teacher Reflective Portfolio in Science Implementation Packet

Building Reflective Science Portfolios

1) Why portfolios?

a. Science teachers lack quality formative assessments.
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b. Students do not know what it means to “be a good student”

C. Students do not know what to do to become a “good student”

d. Students have few, if any, coping skills once they realize that they just might not
be as “good a student” as they thought they were

e. Students routinely have one study technique that they use no matter the course or
the content

f. Students lack opportunities to have meaningful dialogues about performance with
their teachers

2) What does all this suggest?
Students need to be taught self-regulatory skills.

3) Self-regulated learners are actively engaged in forethought, performance control, and
self-reflection.
e Forethought — students set goal for improvement and achievement
e Performance control — students monitor their performance during activities
o Self-reflection — students are metacognitive of their strengths and
weaknesses related to specific outcomes on activities and use this
information to set new goals

4) Correctly implemented, reflective portfolios can foster self-regulated learning and
promote intrinsic motivation, internally controlled effort, mastery goal orientation, and
meaningful learning.

5) Let’s look at the student packet.
6) Anybody got a calendar?

7) You can switch “other” to be specific for your class. The 5-point “other” will be a
smaller assignment such as a homework assignment, article review, or in-class activity
within the five week period. The 10-point “other” will be a larger assignment such as a
project or term paper within the 10 week time frame (or the entire quarter). After this, |
can make copies of the student packet for you.

8) Grading with the rubric and scoring sheet. The rubric is the guideline you must use to
assign a point value to each artifact included in the portfolio. You will convert your
qualitative values of excellent, proficient, or unsatisfactory to quantitative numbers using
Table 1 below. A Total is calculated by adding up the individual values from each
included artifact for the selected grading period.

Table 1

Artifact Scoring Guidelines

Unsatisfactory Proficient Excellent
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Scoring range of 1-5 1-2 3-4 5
Scoring range of 1-10 1-4 5-7 8-10

Scoring range of 1-15 1-5 6-10 11-15

9) Comments on the scoring sheet. You must provide specific and deliberate feedback
addressing students self-regulatory skills based on their included artifacts, their
reflections, and your knowledge of them as learners. A list of self-regulatory suggestions
is included in Table 2.

10) Grading needs to be timely. Students should be working on their portfolios even when
you physically possess them because you are still grading. | urge you to make this
grading a priority.

11) Goal setting. Mastery goals need to be set by the students. These goals need to be
specific, attainable, and focused on their self-regulatory skills. For example “I want to
get an A this quarter” is NOT an attainable goal for many students. Furthermore, what
student doesn’t want to get an A? How, specifically, does the student intend to achieve
an A? “I will make note cards of all the terms in the chapter” or “I will study 10 minutes
every other night two weeks prior to the exam” or “I will go see my teacher after every
lab activity for clarification of my results and conclusions” or “I will form a study group
with my three friends in this class and meet in the library every Thursday 7" period to
review course material”. Now, at the end of the quarter we can say, was this goal
beneficial, why or why not?

12) How much class time is this going to take? That ranges based on much you buy into this
junk. Minimally, 1 will need to explain the research to the students, students will need to
take a 30 minute MSLQ pre and posttest, and you will explain the portfolio, due dates,
and goal setting procedures. If you want to take time for goal setting, exam corrections,
and/or general portfolio work during your classes, so be it. Honestly though, students
will probably need clarification on the directions and expectations over and over and over
and over...

13) Consent forms. No student may participate (control or experimental) without having a
signed consent form. | will hand the consent forms out when | explain the research to the
students. Can you make it a grade? ldeally, but I just need them.

14) What if a student or his or her parents opts out? What if you just can not get a student to
bring in the consent form signed? What if a kid bails in the middle of the portfolio and
refuses to finish? First, direct all concerns and complaints to me. Next, in all cases
students can be made to do the portfolio if it is a class grade, I just can’t use their data.
Rememober, this is just another formative assessment you use and Ridgefield High School
believes that teaching students to become self-regulated learners is important (see our
mission statement in the front of your room). You can offer an alternative assignment
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during any in class work time and excuse them from the portfolio in the grade book.
Lastly, this is going to happen, so prepare for it.

15) Format. The Portfolio Rubric states that students are required to
a) use excellent grammar, spelling, and sentence structure
b) present material organized, logical, and sequential
¢) hand in the portfolio typed, neat, and presentable
...and, it is not a requirement, but tell them to keep it in a binder.

16) 1 own these. At the end of the quarter 4 grading cycle do NOT give the portfolios back
to the students. | will painstakingly hunt the students down at the beginning of next year
and return their portfolios. You can give them their grades any way you see fit, but
please do not let them have the portfolios back.

17) Please, please, please let me know any concerns you have throughout the process or any
way | can help.

18) Let’s look at some exemplars.

Table 2 Self-Requlatory Feedback
Self-Regulatory Skill Suggested Feedback
Metacognition Analyze task before completing or handing in

Access prior knowledge

Track attention when reading
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Self-test when reading/studying

Self-question when reading/studying

Adjust cognitive activity to suit assignment/task at hand

Check and correct behaviors during assignment completion/studying

Rehearsal Recite and name items from a list (make note cards)

Focus on encoding vocabulary with content

Make connections between information

Integrate new information with prior knowledge

Organization Construct connections among information to be learned

Select appropriate information to be learned

Cluster related content

Outline content/chapters

Select/Identify main ideas while studying

Help Seeking Seek support of peers (peer tutoring, study group)

Seek support of teacher (come for extra help)

Seek support of parents

Time & Study Manage available time
Environment

Regulate time use

Pick new/better study environment

Set schedule to study/complete assignments

Effectively use study time
Set realistic study goals

Organize study environment

Choose a quiet study environment

Effort Regulation Commit to completing goals

Commit to new learning strategies

Control attention even if content is uninteresting/not challenging

Control attention even if content is too challenging

Control attention in the face of distractions at school/home

Elaboration Build internal connections between items to be learned

Paraphrase

Summarize

Create analogies

Generate notes from reading

Integrate new material with prior knowledge

Critical Thinking Apply previous knowledge to new situations to solve problems

Make informed decisions

Evaluate based on standards/criteria

Appendix F: Example Portfolio Grading
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Portiolio Rubric

Goal Total: 4 (5+4+5+5+4+4 +5/7=4)
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Points | Unsatisfactory (1- Proficient (3-4) Excellent (5)
2)
1. Artifact - Does not include | - Generally - Includes original graded
included with original graded Includes original artifact
corrections artifact graded artifact - Corrects errors in original
(when - Does not correct | - Generally artifact
applicable) errors in original corrects errors in
artifact original artifact
2. Goal Setting 5/5 - Does not set - Generally sets - Sets worthy and attainable
worthy and worthy and goal
attainable goal attainable goal - Reflects on outcome of
- Does not reflect | - Generally reflects | goal (why or why not met)
on outcome of goal | on outcome of goal | - Describes future focus for
(why or why not (why or why not meeting goal if not
met) met) achieved
- Does not describe | - Generally
future focus for describes future
meeting goal if not | focus for meeting
achieved goal if not
achieved
3. Quality
Reflection:

a. Coverage 4/5 - Does not address | - Generally - Addresses criteria the
criteria the artifact | addresses criteria artifact was assessed with
was assessed with | the artifact was

assessed with

b. Accuracy 5/5 - Does not depicts | - Generally depicts | - Depicts an accurate view
an accurate view an accurate view of | of achievement and growth
of achievement achievement and
and growth growth

c. Specificity | 5/5 - Does not include | - Generally - Includes examples to
examples to includes examples | support points made in self-
support points to support points reflection
made in self- made in self-
reflection reflection

d. Integration |4/5 - Does not - Generally - Synthesizes important
synthesizes synthesizes insights into broader
important insights | important insights | conclusions about
into broader into broader achievement
conclusions about | conclusions about
achievement achievement

e. Revelation |4/5 - Does not bring - Generally brings | - Brings new insights about
new insights about | new insights about | learning
learning learning

4. Format 5/5 - Does not use - Generally uses - Uses excellent grammar,

excellent grammar,

excellent grammar,

spelling, and sentence
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spelling, and
sentence structure
- Is not organized,
logical, and
sequential

- Is not typed, neat,
and presentable

spelling, and
sentence structure
- Generally
organized, logical,
and sequential

- Generally typed,
neat, and
presentable

structure

- Organized, logical, and
sequential

- Typed, neat, and
presentable

Portiolio Rubric

Test Total: 11(10 + 13 + 14 + 13 + 11 + 7 + 12/7 = 11)

Points | Unsatisfactory (1- | Proficient (6-10) Excellent (11-15)
5)
1. Artifact 10/15 | - Does not include | - Generally - Includes original graded
included with original graded Includes original artifact
corrections artifact graded artifact - Corrects errors in original
(when - Does not correct | - Generally artifact
applicable) errors in original corrects errors in
artifact original artifact
2. Goal Setting - Does not set - Generally sets - Sets worthy and attainable
worthy and worthy and goal
attainable goal attainable goal - Reflects on outcome of
- Does not reflect | - Generally reflects | goal (why or why not met)
on outcome of goal | on outcome of goal | - Describes future focus for
(why or why not (why or why not meeting goal if not
met) met) achieved
- Does not describe | - Generally
future focus for describes future
meeting goal if not | focus for meeting
achieved goal if not
achieved
3. Quality
Reflection:

a. Coverage 13/15 | - Does not address | - Generally - Addresses criteria the
criteria the artifact | addresses criteria artifact was assessed with
was assessed with | the artifact was

assessed with

b. Accuracy 14/15 | - Does not depicts | - Generally depicts | - Depicts an accurate view
an accurate view an accurate view of | of achievement and growth
of achievement achievement and
and growth growth

c. Specificity | 13/15 | - Does not include | - Generally - Includes examples to
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examples to includes examples | support points made in self-
support points to support points reflection
made in self- made in self-
reflection reflection

d. Integration |11/15 | - Does not - Generally - Synthesizes important
synthesizes synthesizes insights into broader
important insights | important insights | conclusions about
into broader into broader achievement
conclusions about | conclusions about
achievement achievement

e. Revelation | 7/15 |- Does not bring - Generally brings | - Brings new insights about
new insights about | new insights about | learning
learning learning

4. Format 12/15 | - Does not use - Generally uses - Uses excellent grammar,

excellent grammar,
spelling, and
sentence structure
- Is not organized,
logical, and
sequential

- Is not typed, neat,
and presentable

excellent grammar,
spelling, and
sentence structure
- Generally
organized, logical,
and sequential

- Generally typed,
neat, and
presentable

spelling, and sentence
structure

- Organized, logical, and
sequential

- Typed, neat, and
presentable

Portiolio Rubric

Lab Total: 11(10 + 13+ 14 + 13 + 11 + 7 + 12/7 = 11)

Points | Unsatisfactory (1- | Proficient (6-10) Excellent (11-15)
5)
1. Artifact 10/15 | - Does not include | - Generally - Includes original graded
included with original graded Includes original artifact
corrections artifact graded artifact - Corrects errors in original
(when - Does not correct | - Generally artifact
applicable) errors in original corrects errors in
artifact original artifact
2. Goal Setting - Does not set - Generally sets - Sets worthy and attainable

worthy and
attainable goal

- Does not reflect
on outcome of goal
(why or why not
met)

- Does not describe

worthy and
attainable goal

- Generally reflects
on outcome of goal
(why or why not
met)

- Generally

goal

- Reflects on outcome of
goal (why or why not met)
- Describes future focus for
meeting goal if not
achieved
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future focus for
meeting goal if not

describes future
focus for meeting

achieved goal if not
achieved
3. Quality
Reflection:

a. Coverage 13/15 | - Does not address | - Generally - Addresses criteria the
criteria the artifact | addresses criteria artifact was assessed with
was assessed with | the artifact was

assessed with

b. Accuracy 14/15 | - Does not depicts | - Generally depicts | - Depicts an accurate view
an accurate view an accurate view of | of achievement and growth
of achievement achievement and
and growth growth

c. Specificity 13/15 | - Does not include | - Generally - Includes examples to
examples to includes examples | support points made in self-
support points to support points reflection
made in self- made in self-
reflection reflection

d. Integration |11/15 | - Does not - Generally - Synthesizes important
synthesizes synthesizes insights into broader
important insights | important insights | conclusions about
into broader into broader achievement
conclusions about | conclusions about
achievement achievement

e. Revelation | 7/15 |- Does not bring - Generally brings | - Brings new insights about
new insights about | new insights about | learning
learning learning

4. Format 12/15 | - Does not use - Generally uses - Uses excellent grammar,

excellent grammar,
spelling, and
sentence structure
- Is not organized,
logical, and
sequential

- Is not typed, neat,
and presentable

excellent grammar,
spelling, and
sentence structure
- Generally
organized, logical,
and sequential

- Generally typed,
neat, and
presentable

spelling, and sentence
structure

- Organized, logical, and
sequential

- Typed, neat, and
presentable

Other Total: 5(56+5+5+5+5+ 5+ 5/7 =5)

Portiolio Rubric
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Points | Unsatisfactory (1- Proficient (3-4) Excellent (5)
2)
1. Artifact 5/5 - Does not include | - Generally - Includes original graded
included with original graded Includes original artifact
corrections artifact graded artifact - Corrects errors in original
(when - Does not correct | - Generally artifact
applicable) errors in original corrects errors in
artifact original artifact
2. Goal Setting - Does not set - Generally sets - Sets worthy and attainable
worthy and worthy and goal
attainable goal attainable goal - Reflects on outcome of
- Does not reflect | - Generally reflects | goal (why or why not met)
on outcome of goal | on outcome of goal | - Describes future focus for
(why or why not (why or why not meeting goal if not
met) met) achieved
- Does not describe | - Generally
future focus for describes future
meeting goal if not | focus for meeting
achieved goal if not
achieved
3. Quality
Reflection:

a. Coverage 5/5 - Does not address | - Generally - Addresses criteria the
criteria the artifact | addresses criteria artifact was assessed with
was assessed with | the artifact was

assessed with

b. Accuracy 5/5 - Does not depicts | - Generally depicts | - Depicts an accurate view
an accurate view an accurate view of | of achievement and growth
of achievement achievement and
and growth growth

c. Specificity | 5/5 - Does not include | - Generally - Includes examples to
examples to includes examples | support points made in self-
support points to support points reflection
made in self- made in self-
reflection reflection

d. Integration |5/5 - Does not - Generally - Synthesizes important
synthesizes synthesizes insights into broader
important insights | important insights | conclusions about
into broader into broader achievement
conclusions about | conclusions about
achievement achievement

e. Revelation |5/5 - Does not bring - Generally brings | - Brings new insights about
new insights about | new insights about | learning
learning learning

4. Format 5/5 - Does not use - Generally uses - Uses excellent grammar,

excellent grammar,

excellent grammar,

spelling, and sentence
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spelling, and

logical, and
sequential

spelling, and

sentence structure | sentence structure
- Is not organized, | - Generally

organized, logical,
and sequential

- Is not typed, neat, | - Generally typed,
and presentable neat, and

presentable

structure

- Organized, logical, and
sequential

- Typed, neat, and
presentable

Scoring Sheet

Quarter 3 (weeks 1-5)

Goal Worksheet

123@)5

Unit Test
123456789104212131415

Lab Report
123456789100012131415

Other
12349
Total = 31/40

John,

Comments

Your goal to make note cards for each chapter was both
worthy and attainable. | have noticed you raising your
hand more in class recently. Good job. You write in
your reflections that you study in front of the TV and
often procrastinate. Try finding a quite place in your
house to study. Maybe your Mom can help you find a
place. Also, do you keep an assignment pad? That
would really help you manage your time better.

Quarter 3 (weeks 6-10)

Unit Test
123456789101112131415

Lab Report
123456789101112131415
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Other
12345678910

Appendix G: Teacher Scoring Sheets
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Scoring Sheet

Quarter 3 (weeks 1-4)

Goal Worksheet

123@

Unit Test

12345678910111213 1415 )

Lab Report
1234567891011 12@1415

Other
123

Total= 37

Comments
,L/,,o_,Zﬁf xff_‘&«.
M'Ah—- Anen L Seomiimes
i v raetion oL o
e ek,

N ol
o Ay Bk ot
rtne . T cnk g f
LAsr~al .

{xw@&.ﬂl’ ornvv-h-t o~ o 124'74‘"—'
‘3 .,.)r\'LC-A Mmozof/www

Quarter 3 (weeks 4-9)

Unit Test

1234567891011 121YT4)s

Lab Report
1234567891011 121314@

Other

123456789@)
Total=3ﬂ

Comments

Mm‘v /?.::4(*4' uho‘MS"l—J (—L‘,—. L—.
#‘ﬂ~ f,\o+ "A‘W\ GWMGU(— pnf{"lv}
3 ,um.b( - L Can ac ponte Him
/1//.(4— M‘SLA - Mywvv&'nj u.u,L
O e e i
weile wl.)"‘r-swmlo‘%‘- Ad«ﬂﬂ‘
shedon®s o o inbvdachins b Ha (b,

Tf‘7 rachicing 1n St fM",T
y C..,u—i +A.-»P.'{Z'::,. " ¥
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/
7 Dom—

YW M A IP\M (’L LWJ../f—

L)r‘l’l\ )(ru/\ o—s/( N |\+ P(,.W_ &JJ + Z

LJ iv rr\?— Al(o

Quarter 3 (weeks 1-5)

Goal Worksheet
123 é

Unit Test
123456789101@31415

Lab Report Uy dvele Lb
123456789101112(13)4 1

Other
12346)

Total= 3 S

ORNTR e
Scoring Sheet s A ST . m e B
Comments J

shit v | Kz.v)a . : M

& ‘/‘E<_ lh.x‘/\«.c“‘m :
i (i ] e -
Ao /e K prolloe - nuncacd -

5 ‘Lﬂo«-“lmw D D i, Ti‘—‘

O\(Wx- MJPIH 7. g——(x—.‘a /lhk l'\; l/ﬁa.
Ry /’ruy,o" .

Quarter 3 (weeks 6-10)

Unit Test
1234567891(@1213 1415

Lab Report
1234567891 2131415

Other
123456078910

Total = = 7

Comments

50 Mnhulk r\.o* L‘. Ml.vl_'}'bm.
)ovr.“ Ma-tL”:Z.-u. +:\-~ NM 74-\--
Thmk o spocts achine b hhe b

I rova abs. Maghy mitinm hafnns

Cnteiin J.#',,.‘m,u,(, ’
gy Ik st sk SVRAET
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Quarter 4 (weeks 10-14)

Goal Worksheet
12345

Unit Test
P9 35516 18 9 10T 11213 14715

Lab Report
12345678910111213 1415

Other
1'2:3.4'5

Total =

Comments

Quarter 4 (weeks 15-19)
Unit Test )
1234567891011 1213 14(15

Lab Report
1234567891011 1213)4 15

Other

1234567@9@

Complete Unit

12345678@ o

Final Reflection
12345678

Keeper Letter
12345678

Complete Scoring Sheet@

Total = Lw

Comments

® Tﬂasc Comunpf + voceh louk Ao
bot amant. o

Revitms proscdas + A dunitlo
alo Jbl—\:uv-c. ?M‘M— Aa(-—) w o

M;j}l- Aveetrin

Can S.L '. wf\ Dov[“r"
:7(. + St ﬁ will 2, br\JuycL{A-
* o ‘aac'u_ r-« v ¢ k.
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uarter 4 (weeks 10-14

@rksheet
Unit Test
123456789101112 1@5

Lab Report
123456789101112131

Othe
180 3@

Goal
123

©

Comments

Mo MWIZ?W

mdL‘iv S@‘: \{m,«ua Mt)\\')

A cwc;nw *
fou perses P exflsy

1\9(’“*(

w\w(l‘fnw
(e vk ety ey

Carmaofic- /wssom/ﬁn

4 oW 7
e / 4D N« o leaed;
{ “Zen QAR st
uarter 4 (weeks 15-19 X Comments

Unit Test
1234567891011 12

910 124 15 (\ﬁ{\e/gg

Rk cb - qu
Lab Report

[E23:45516 7189 10:1112°13"1

Other

1234567 9 0
Complete Unijt
123456 7
Final Reflectiop
1234567 8
Keeper Letter
12345678

Complete Scoring Sheet 10

Total = (] /ﬁ

10 MGS (>

e

o

3?’\&

G/U\WT "\ Mow

clacs g f”«”‘ ¢
G‘NMB Q‘\\Zm Com M/M

o (5
vmﬂ/

G %l

i o

i
@
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Scoring Sheet

Quarter 3 (weeks 1-4)
Goal sheet
112314 5

Unit Test

Lab Report

12345678‘5@1 12131415 |

12345678@112131415’7 oo
fm{k,

Ao,

Comments

l‘v\awx,fb\;\s\xm Lﬁiﬁk«' fo sud (095

-~ <bodlsl Gameuas™
Q'}ld‘vﬁj {\W\l(/ﬁ?u T s
(6 1 \{wﬂwg,/\?’l

Total s % @de\mm Mcpbﬂg
%/46@34“ o (\/[m Q%‘GJ YN 4 o

1) R fo o

= \\&‘4/ %b'b \/ MA((”}/
Quarter 3 (weeks 4-9) Comments & o (754
Unit Te
1334?6789101@31415 A‘WM\ \/J;i,, = \L exced 4

Lab Report
123456789101@3 14 15

Other

Total = gq//éko

ot 3 Sed‘m \L«r\m Aol

Qu« ALy
\Xug\ A/;?wﬂl% UQQ—Q'“L(DW\\)’ ’

T/ \:\M \taut T(f‘ﬂuﬁ% }

(um(w
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Quarter 4 (weeks 10-14)

Goal Worksheet
12349

Unit Test
1234567891011 1213 1415

Comments
é- X W L f‘j‘: + "‘—Z\.‘h—ﬂﬂ-
;«1-4( B W PP

do ppr S Ha nent I-M-;; 9 ?'
%Z%ngosrtmmon 1213 14@3) P Heo (b, T e / '+
Other Tt
1234 LSTRREE . T P
Total =
Quarter 4 (weeks 15-19) Comments
?rzugfte;tmsmon 12131415) a ’]‘W ";:a;( _"’"“7’ "‘,"“,"‘( wr
- orme dofrrmare |
123456789 10111213 1) tz:é‘ !)‘L" g 2"‘"( b st
Other ewp e in midl ot v Plysicns

12345678@

Complete Unit
12345678910

Final Reflection
12345678900

Keeper Letter
12345678¢10)
Complete Scoring Shee

Total = 8’0

I R VL
J—f’m
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GrraH Q
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W
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Appendix F: Student Reflections
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) N o - 7 " aC tice SE 1 /‘J‘, I ’ o]
dest Moake noecaide anc review /&8 Plactice g Mda M pProbleims

i

Goals Worksheet
ﬁ Goals MUST be worthy and attainable during the quarter * gtlees
e NON

Quarter 3 Goal Statement #1 (date: 2 /5 /29 ): M\ U “:l"’””‘fq‘l‘ B O SHdyA T ‘

»

N preafafion,

Reflection on meeting this goal (date:@m )2

(Attach another sheet if necessary) \‘ ~
‘ rJ
Q?
e

wt\fl
U)“P'. J y';f\
M'

by

Future focus on attaining this goal, if it has not been achieved:

Quarter 4 Goal Statement #2 (date:5 / oHof ):
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)
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Acid Rain Paper Reflection

I think I did really well on my acid rain paper. I got a 24 out of 25. I took a lot of
time writing it and it paid off. It took me about three hours to write it and find articles. I
lost point because I had a few punctuation and spelling errors. To prevent that I could
have reread the paper a few more times. However, I’m not too good at catching grammar
mistakes.

I was happy with the way I approached the paper. I first answered all of the
questions given on the assignment sheet using information from my notes and the
Internet. From there I figured out how I would group and organize my three paragraphs.
I then just pieced the paper together and added a few sentences. I think this helped me
make sure I include all of the information and have a well-organized paper.

From this assignment, [ learned that my class notes I took from a PowerPoint,
plus Internet sources helped me a lot with finding good information. In addition, the way

I approached the paper worked really well for me.
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Empirical Formula Lab

In this lab, we measured the change in mass of Cobalt (II) Sulfate after heating it
in a crucible. I got a 23 out of a possible 25 points. I cannot complain, I am happy.
Performing this lab was simple and there was not a lot of error. However, the calculations
were a different story.

I really struggled with calculating the moles of water and Anhydrous. I also had
trouble initially figuring out how to calculate the mass of the sample and the change in
the sample.

I learned that although I may understand how to do the empirical formula in an
isolated problem I tend to have trouble applying it to labs. I also learned that one small
calculation could throw off every single other calculation. For example, when I calculated
the mass of the sample that led to incorrect data about the percent water and anhydrous

sulfate.
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=

This test was on unit 8 calculations. It covered molar mass, percent composition,

Test Reflection

conversions, the empirical formula and the molecular formula. I did well on this test. My
grade was an A. At the beginning of this unit I struggled at first with some of the
homework worksheets, however, I eventually figured out how to be successful at them. I
practiced the steps for each type of problem, thusly making me more secure and
comfortable with handing the wide range of problems. I studied for this test by reviewing
my notes and homework worksheets; I also worked through more complex problems that
had to do with molecular formula.

Most of the mistakes I made on this test were simple. One mistake was just
forgetting to put parentheses on number 3 around the hydroxide ion. That led to mistakes
when calculating the molar mass. The next mistake I made was on problem number 6. I
just had a simple calculation error, meaning I must have plugged it into the calculator
incorrectly. My final mistake was on problem 8. I did not read the question carefully so I
didn’t fully complete the problem. Next time I will make sure, I slow down when reading
word problems before jumping right in.

I learned that I prepare well for tests and it usually pays off. I do struggle very
much with learning chemistry. It takes me a while to catch on sometimes. However, I’'m
thankful that once I understand it, I get it. I also learned that I need to read test questions
more carefully instead of quickly starting calculations. Overall, I feel like this test was a
success and that I truly understood the material and didn’t just memorize it for the test

sort-a-thing.
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Chapter 13: Gas Laws Test

This was my poorest test grade all year. I received a 66%. The content covered
was information on the gas laws and calculations. On the multiple-choice section in a few
cases, I narrowed it down to two possible answers and then picked the incorrect one. I
didn’t study the vocabulary on this section because I was so occupied with the calculation
portion. Next, were the calculations where I struggled the most. I was tricked by question
#8 that included extra, unnecessary information. When taking tests I always assume that
all the information is important and therefore attempted to use it all giving me an
incorrect answer. I also made a bunch of small errors on the calculation portion such as:
using the wrong labels, misplacing the decimal point and forgetting to balance the
equation. The final part of the test was the short answer portion I got points off for not
answering the question fully. While taking the test I thought explaining how gases exert
pressure and how increasing the temperature would affect the gas particles and the
pressure would infer what happens when the temperature is decreased. I should have
explained clearly, what happened when it was decreased since that is what the question
asked.

From this test, I learned that the vocabulary is equally important as the
calculations. I also learned that some questions can be tricky so reading them over
carefully and not rushing is key. Finally, I learned when answering essays I should ensure
I am responding the exact question appropriately.

I studied very hard for this test. [ really had trouble with this chapter. I did my
best, but next time I will definitely be careful and make sure I am answering the
questions appropriately and not making any simple errors. If I didn’t make those errors

my grade probably could have been a C+ instead of a D+.
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