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Abstract

Enhancing Self-monitoring and Self-reflection thgbwa Self-regulatory Skills Intervention
Embedded in a Middle School Mathematics Curriculum.

By

Gregory DiGiacomo

Advisor: Peggy P. Chen, Ph.D.

The purpose of this study was to investigate theces of a self-regulatory strategy
intervention designed to improve participants’ lsadtion accuracy, self-regulatory skills, and
math achievement. Monitoring and self-reflectisagesses were the main focus of this
intervention as they are key processes in manywveadillated models of self-regulated learning
and have been found to impact academic achieveamenbverall self-regulatory skill (Bol et al.,
2010; Dunlosky & Rawson, 2011; Hacker et al., 200tfeld et al., 2005). The participants
were 30 sixth and seventh grade students who wareihg about probability as part of their
normal math curriculum during the study. They wemredomly assigned to a treatment group or
a control group. The treatment group receivechéarvention that was built upon previously
successful monitoring and self-regulation interiamg.

Results show that participants who received therveintion had higher predictive and
postdictive calibration accuracy and higher mattiggenance as compared to the control group,
but did not report using more self-regulatory aretanognitive strategy use. Qualitative data
suggest that participants use different sourcethfr calibration judgments depending on how
accurate their calibration judgments were anddegiely in line with previous theoretical
understandings. The educational implications offitndings for school psychologists and

educators were considered.
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CHAPTER |

Introduction

Students who skillfully regulate their own learnipigpcesses are more likely to succeed
academically and to develop a deeper understamdiogntent and how it relates to the real
world. Models of self-regulated learning (SRL) Exp how learners activate and sustain
cognition, behavior, and affect that are systeralijioriented toward attaining their goals
(Schunk, Pintrich, & Meece, 2008). Monitoring asedf-reflection are integral SRL processes
theorized to underlie academic success and amaairefocus of this dissertation (Bol, Riggs,
Hacker, Dickerson, & Nunnery, 2010; Chen, 2003; kéacBol, Horgan, & Rakow, 2000).
Monitoring allows individuals to assess changirgktdemands, focus awareness on their
mistakes, and generate internal feedback, whiferstééction helps individuals interpret
feedback, learn from their mistakes and make dmtssihat enhance subsequent learning and
performance (Zimmerman, 2000). However, reseaastshown that many students who do not
have adequate monitoring and reflection skills bmttieir ability to regulate themselves and
make adaptive decisions during academic pursuitsl@3ky & Rawson, 2011; Hacker, Bol, &
Keener, 2008). This problem is likely compoundedbgrent school contexts that provide little
support for the development of these skills, ad@wed by low-achieving students’ lack of
improvement of monitoring accuracy in naturalistiadies (Bol et al., 2010; Dunlosky & Lipko,
2007; Nietfeld, Cao, & Osborne, 2005). Recent nowirig and self-reflection research focuses
on moving beyond building theoretical understandibyg designing and implementing
interventions that develop these vital skills ind&nts’ learning settings such as classrooms (Bol

et al., 2010; Hacker, Dunlosky, & Graesser, 199@tfld et al., 2005). Building on this



literature, this current study investigated theet$ of an intervention to improve middle-school
students self-monitoring and reflection skills vehslolving mathematical problems.

Two theoretical frameworks guide this proposal:9daland Narens’ (1990) model of
metacognition and Zimmerman’s (2000) model of anadeself-regulation.Metacognitionhas
been defined as the monitoring and control of aelolevel of thought by a higher level of
thought (Hacker, Bol, & Keener, 2008). Nelson &ladtens’ (1990) model of metacognition
provides a basic theoretical framework to undedstasw monitoring, reflection, and regulation
are related. The model is divided into two levéigobject-levelis conceptualized as cognition
about a given object or event (e.g., thoughtsjrige) procedural knowledge) whereas Itieta-
levelis conceptualized as more reflective, higher-otdgrking about the object. The two levels
reciprocally influence one another through the psses of monitoring and control. Monitoring
consists of metacognitively interpreting the staitfiknowledge or strategies at the cognitive or
object-level. Control, or regulation, refers to using one’s metacogaikimowledge to reflect on
and regulate thought and action at the cognitivell@Hacker, Bol, & Keener, 2008). For
students to self-regulate their learning effectyéheir monitoring processes must be well-
calibrated i.e., students’ judgments of their current knadgie and skill levels on a particular
task and must closely match the actual performandée task. Accurate calibration underlies
effective self-regulation because monitoring getesréhe internal feedback that students use to
adjust and control their learning and performargtlér & Winne, 1995; Nietfeld et al., 2005).
If this internal feedback is inaccurate, attempteegulate behavior will likely be unsuccessful
because students may withdraw their effort, ingffidy allocate their intentional resources, or

use inappropriate strategies (Dunlosky & Rawsod,128Vinne, 2004).



Although the construct of metacognition initialljnerged from laboratory-based
cognitive psychology research, social-cognitive gisdf SRL have applied this construct in
educational contexts. Zimmerman (2000) put forttedl researched model of SRL that
incorporates the processes of monitoring and sdéléation into a three-phase dynamic feedback
loop. This model is divided into three sequentlages: (a) forethought, when learners analyze a
task and prepare themselves for action; (b) pedoae, when learners engage with the task; and
(c) self-reflection, when learners judge their parfance and react to these judgments. The
feedback loop of this model indicates that learigaia and use information from one phase to
adjust their plans and behavior during the nexsphan the learning sequence. Monitoring is a
key element in the performance phase that alloarmés to judge and assess their
understanding of ongoing cognitive activity (Zimmman, 2000). Strong metacognitive
monitoring skills produce more accurate calibratol facilitate the effective regulation of
learning by enabling students to gauge progresartbpre-specified goals through internal
feedback (Dunlosky & Rawson, 2011; Stahl, PieskiBromme, 2006; Thiede, Anderson, &
Therriault, 2003). If accurate, this feedback ioy@s self-reflection because learners use the
internal feedback generated during monitoring todkif their current approach was effective
or needs to be modified. Since monitoring, catibrg and self-reflection skills greatly facilitate
the learning process they make excellent targetsfervention, especially considering that
research shows that most students need explititict®n in these skills before they can
effectively use them to regulate their own learnighunk & Hanson, 1985; Schunk &
Zimmerman, 2007).

Although SRL research has generated many succeshiohtional interventions that

target regulation of behavior, research on clagsrbased calibration interventions has produced



mixed results (Cleary & Zimmerman, 2004; Harrisntaagelo, & Graham, 2008; Schunk &
Zimmerman, 1998). A number of interventions shbat students explicitly trained to monitor
their progress metacognitively and reflect on tk&iategy use showed more accurate calibration
as compared to their non-trained peers (Dimmitt &3drmick, 2012; Graham & Harris, 2003;
Zimmerman, Moylan, Hudesman, White & Flugman, 201dpwever, interventions that only
provide practice and feedback have had little ss&@ecreating changes in students’ calibration
accuracy (Bo& Hacker, 2001; Bott al., 2005; Nietfeld et al., 2005). Therefor@renresearch

is needed to evaluate new and existing monitormycalibration interventions, and to
understand the mechanisms underlying their effeStgecessful interventions that target these
skills and consume little instructional time arsaahecessary so that they place minimal
demands on today’s heavily-burdened students awthées (Huff & Nietfeld, 2009; Nietfeld,
Cao, & Osborne, 2006).

This study tested an intervention designed to ptemeetacognition and self-regulatory
strategy use in middle school students. To streamgétological validity, this intervention was
designed to improve students’ calibration by incogbng SRL into their daily learning of math
over time. The main goal of the study is to explibre effects of the intervention, which focused
on developing these students’ monitoring, reflectend self-regulation skills during
mathematical problem-solving. The study built ugocessful monitoring and self-regulation
interventions by incorporating their effective eksms into one curriculum. A key component of
the study was adapted from the structured mongaaimd reflection exercises that Nietfeld et al.
(2006) and Zimmerman et al. (2011) successfullglusemprove calibration accuracy and
achievement. Nietfeld et al. (2006) distributedbtief weekly monitoring worksheets over the

course of a college semester which prompted stademhake calibration judgments



(administration took approximately 5-10 minutesheaeek). These worksheets were then
reviewed with the class and students were encodragesflect on their calibration accuracy.
Zimmerman et al. (2011) took a similar approach pravided students with optional monitoring
and reflection opportunities for each quiz questlmat they answered incorrectly in a college-
level remedial math class. The current study athfite monitoring and reflection exercises
used in these two studies to a middle school mathiescurriculum in the hopes of improving
students’ abilities to use monitoring to informithaeta-level understandings of the situation,
and ultimately fostering more adaptive academicabidn. Participating students made
calibration jJudgments on a number of math revieesfjons during the course of five training
sessions. Graphs of their calibration accuracy thecourse of the intervention were provided
to give visual feedback about the discrepancy betvtkeir judgments and their actual
performance (Kitsantas & Zimmerman, 2006; Labuhal.e2010). In addition, students
learned regulatory strategies from all three phas@smmerman’s self-regulated learning model
(Cleary, Platten, & Nelson, 2008; Perels, Digné&tlschmitz, 2009; Zimmerman, Bonner, &
Kovach, 1996). The end of each session was deditatcompleting worksheets intended to
foster reflection about their approach to thesdiers as well as what strategies they can use to
enhance their understanding of the content in thath classes (Zimmerman et al., 2011).
These methods were hypothesized to facilitate radegtive monitoring and reflective processes
and enable students to take appropriate regulatdign to correct any inaccuracies in their
calibration judgments (Bangert-Drowns et al., 199aff & Nietfeld, 2009; Perels et al., 2009).
The intervention was implemented within the conteixh naturally occurring unit of
mathematics instruction. Because training occuoraat multiple sessions, students had ample

opportunities to engage in many cycles of self-tatipn and improve their monitoring skills and



calibration while using internal and external feaclbto fine-tune these processes. Specifically,
during the intervention students estimated themfidence about solving math problems
correctly both before and after attempting to seheeproblems. To the author’s knowledge,
most calibration interventions have not promptedishts to make both pre- and postdictive
calibration judgments. It was hypothesized thatrgsstudents to estimate their confidence at
both times may stimulate superior metacognitive ibooing during the performance phase,
leading to more productive reflection processelsis &pproach may also increase understanding
of metacognitive and self-regulatory processesaaltlitess the limitations of many interventions
that occur during one session or in lab settingsdio not provide externally valid contexts for
calibration (e.g. Dunlosky and Rawson, 2011; Limdve & Zamrucky, 2001; Lundeberg, &
Fox 1991; Hacker, Bol & Keener, 2008; Ramdass &@enman, 2008). In addition, the
intervention can be readily adapted to other ctamsas and content areas. Although this
intervention was implemented during one math uhé,procedures could be extended to other
units or integrated into a whole curriculum. Itherefore important to explore ways to help all
students improve these skills, which are so ctitizcdearning and academic success.

Finally, the study also addressed the mechanismsriying calibration processes.
Further research on how students monitor and eteatbeir work will help psychologists better
understand why calibration interventions can impretudents’ performance (Dimmitt &
McCormick, 2012; Mevarech & Fridkin, 2006). Thel#l lacks a substantial theoretical
understanding of what types of information studessts to form calibration judgments and
interpret feedback. Preliminary research sugghatspeople form judgments based on
preconceived beliefs about their skills or irreleveatures of the task rather than on pertinent

memory traces, which may explain why these judgmersist change (Bol et al., 2005; Hacker,



Bol, & Bahabahani, 2008; Hacker et al., 2000). eAthe three-week intervention, the PI
interviewed each participant individually to gaietter insight into the sources of information
they use to monitor their performance.

To summarize, this study attempted to addressallmning research questions:

1. Can a self-regulatory strategy intervention embddd a middle school
mathematics unit improve students’ calibration aacy, self-regulatory skills, and
math achievement?

2. Will students in the sixth and seventh grade redmbfierently to the intervention
and will they display variations in self-regulatiand metacognition?

3. How do students formulate their metacognitive calibn judgments?



CHAPTER Il

Literature Review

“True wisdom is knowing what you don't know”

(Confucius, around 400 B.C./1955)

This chapter is divided into three sections. Tirs Section will discuss self-regulated
learning (SRL) models and flesh out Zimmerman'sé¢hphase model of SRL. The second
section will focus on how calibration relates tonfnerman’s model, concentrating on the
subprocesses of monitoring and reflection. Theltbéction will review studies with
interventions targeting monitoring and reflectiorhe fourth section will provide a rationale for
the current intervention study and conclude wiesech hypotheses.

Self-Regulated Learning (SRL)

Multiple models of how students self-regulate thearning have been published, and
although they propose different mechanisms for ttogvoccurs, they commonly present
learning as a cyclic process geared toward gaahatent (Pintrich, 2000a; Winne, 2001;
Zimmerman, 2000). Self-regulated learners arectlfyi seen as those who actively control their
thoughts, feelings, actions and environment tdraitiese pursuitsSelf-regulated learning
(SRL) has been defined as the process wherebyelesaaistivate and sustain cognitions,
behaviors, and affects that are systematicallynteck toward attainment of their goals (Schunk
et al., 2008).

Zimmerman (2000) has put forth a prominent, wedtdéd model of self-regulated

learning rooted in social cognitive theory that pasduced many successful educational



interventions (Cleary et al., 2008; Harris, San&#dog& Graham, 2008; Schunk & Zimmerman,
1998). The personal feedback loop is an impofeature of this model. Learners constantly
receive both internal and external feedback alwit performance during learning, which can
be used to adjust their plans and strategldsge model is divided into three sequential phases
that act upon one another in a cyclical mannerptiases are forethought, performance and self-
reflection, and will be discussed in order nextg(&eure 1).

Figure 1.Cyclical phases and subprocesses of self-regulation

Performance Phase
Self-control
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From “Phases and subprocesses of self-regulatiotiving self-regulated problem
solvers”, by B. J. Zimmerman and M. Campillo, 20p3239. In J. E. Davidson & R. J.
Sternberg (Eds.) 'he nature of problem solvinijew York: Cambridge University Press.

Copyright by Cambridge University Press.
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Forethought phase. The learning cycle begins with the forethought ghaken learners
analyze a task and prepare themselves for aclismm main components of task-analysis are
strategic planning and goal-settinGoalscan be defined as objects or aims of an actioock&o
& Latham, 2002). Setting goals can facilitate parfance because they serve to focus a
learner’s attention, increase effort and persigeand can lead to adaptive affective reactions
(Zimmerman, 2008). Goals are most beneficial wihery are specific, proximal, and
challenging because they facilitate strategizingualbhe best way to accomplish these goals
(Locke & Latham, 2002). Organizing goals hieraceliy by breaking down long term goals
into more readily accomplished short term goalser@mance self-regulation of learning because
these short term goals then serve as indicatqusogfress toward long term goals (Bandura &
Schunk, 1981; Cleary & Zimmerman, 2004). For ins& a student who wants to earn high
marks on his high school transcript may set slemtgoals of reviewing his notes nightly,
setting aside three nights to study for each &st,calculating his grade on a regular basis to
ensure that he is on track to achieve his goattorgo college.

Strategic planningefers tochoosing or constructing advantageous learning methods
that are appropriate for the task and environmental setting (Zimmerman & Moylan, 2009).
This may involve breaking down a learning task into its componentspaeveloping a plan to
complete the task, and selecting a strategy atesgfies to enact this plan. By breaking down a
task, students can gain a better understandindhaf is required to accomplish it successfully,
which helps them set more specific, proximal godlkis also allows students to determine the
specific steps they need to take and the stratdgggsneed to use to complete the task.
Effective strategies can increase achievementlowialg students to accomplish tasks more

efficiently and improve their performance. Forexde, students who want to improve their
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comprehension of their assigned reading can useepbimaps to help them understand how the
main ideas in the reading are related (Redfordeddni Wiley & Griffin, 2012). With practice,
students often internalize strategies and canhesa awutomatically. As this occurs, they may
plan to redirect their efforts by using a new giggtthat can help them further their mastery of a
task. To continue with the reading comprehensianm®le, with repeated practice using
concept maps, students may begin to identify tmmections between main ideas naturally and
instead focus their energies on summarizing thewexe they read to deepen their
understanding (King, Biggs, & Lipsky, 1984).

The motivational beliefs that individuals hold shdhe goals and plans they develop
during this phase (Zimmerman, 2000). The four kelbitlined in Zimmerman’s model are self-
efficacy, outcome expectations, task interest/vaw@and goal orientations, which will be
discussed sequentially. The most powerful of tiestivational beliefs iself-efficacy which
refers to an individual’s perceived capability terform actions at designated levels. This belief
strongly predicts the quality of a learner’s selfjulation (Schunk & Swartz, 1993) and governs
learner effort, persistence, achievement, motivatstrategy use, and adaptive functioning
(Linnenbrink & Pintrich, 2002; Pintrich & de Grod001).

Outcome expectationsefer to beliefs about the ultimate ends of penfance, which also
have a powerful influence on one’s motivation ta@ra given task (Bandura, 1997). Examples
include expectations of receiving monetary compgmsdor opening up a business or getting
into a good school after studying hard for the $astac Aptitude Test (SAT). An individual’s
level of self-efficacy about accomplishing a spiedifisk also determines how motivating the
corresponding outcome expectations will be. Fangxe, although students generally

acknowledge that getting high SAT scores will imgraheir chances of getting into colleges,
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students who believe that they can improve tharesby studying are far more likely to expend
effort studying than students who believe thatrteeore will not increase regardless of how
much they study.

Task interest or valuingan be defined as how much one likes or dislikissla because
of its inherent qualities rather than for its instrental qualities (Zimmerman & Moylan, 2009).
Interest has been found to promote effort and giensce (Prenzel, 1992), achievement (Naceur
& Schiefele, 2005) and can influence students @ofdearning strategies and achievement
goals, making it an important motivational beliafr{ley, Corrigan, & Richardson, 2005).

Finally goal orientationrefers to the general pattern of beliefs thataividual holds
regarding the purposes for engaging in a given taskvell as the general standards for self-
evaluating learning or performance (Pintrich, 2Q@%00b). The two main recognized goal
orientations are learning and performanceeakning orientationis defined by goals aimed at
improving mastery for the sake of improving onesitsds whereas performance orientatiors
defined by goals aimed at enhancing or protectmgjstanding in the eyes of others. Although
originally conceptualized as a dichotomy, it is newlely recognized that students can hold both
or neither orientation, as well as be predomindesdyning or performance focused
(Harackiewicz, & Linnenbrink, 2005). Current resghaprovides a further distinction among
performance goals, distinguishing between appréaiched at improving one’s status), and
avoidance (aimed at protecting one’s status frormhaAlthough the goal orientation literature
is complex and difficult to summarize succinctgatning orientations generally produce
adaptive academic behaviors, including seeking rabadlenging tasks, increased persistence in
the face of failure, and increased strategy usea¢kséewicz, Barron, & Elliot, 1998;

Linnenbrink & Pintrich, 2000). Furthermore, perfance goals can lead to positive outcomes in
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the face of success, but can negatively impactvatdin and performance when students
experience failure (Grant & Dweck, 2003).

Performance phase.During a learning cycle, the performance phasertsaghen an
individual initiates a task. The two self-regulat@rocesses that occur during this phasesalfe
observationor attending to one’s behaviors, aelf-contro] which includes a wide variety of
behaviors and cognition that help students focutheriask and optimize their effort. Self-
control processes can be task-specific or gen@iagk-specific strategiese systematic
processes for addressing specific componentsasdia(Zimmerman & Moylan, 2009).
Examples of task-specific strategies within theteghof mathematics include reading the
problem, paraphrasing, visualizing, hypothesizegjimating, computing, and checking a
problem (Montague & Bos, 1990). General strategasinclude but are not limited to self-
instruction, imagery and attention focusi&glf-instructiorrefers to overt or covert descriptions
of how to proceed as one executes a task and kadduend to improve students’ learning if
used properly (Schunk, 1982nageryrefers to forming mental representations of infation
to improve understanding and memory (Pressley, 1RiE&ssley & Levin, 1977)Attention
focusingrefers to methods used to improve one’s conceaitréty screening out other covert
processes or external events (Zimmerman, 2000).

Self-observation, which consists of monitoring aet-recording, is a lynch-pin of the
feedback loop because students’ regulatory behavist be informed by current outcomes in
order to be effective Monitoringis defined as informal mental tracking of one’sfpenance
processes and outcomes (Zimmerman & Moylan, 2088)t-recordingoccurs when students
explicitly track their learning processes and oates with formal records (Schunk & Ertmer,

2000). Monitoring and self-recording are metactigaiprocesses because learners attend to
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processing a task at the object level as well as about their comprehension and learning
processes at the meta-level (Thiede et al., 200B& self-generated feedback derived from these
processes can be used, along with learners’ pregacognitive knowledgehich is their

abstract knowledge about cognitive and regulattateggies, to control or regulate behavior
(Schraw, 2001).

During the forethought phase, learners use thenwkedge and beliefs to construct an
interpretation of a task’s demands. While engagete performance phase, learners generate
mental (e.g., realization of progress or predigiohperformance) and behavioral feedback (e.g.,
fatigue). Monitoring and control allow learnersuse this feedback to update and possibly
revise their initial interpretation of the task ohgr self-reflection.

Self-reflection phase.After the task is completed, a student engagesfieation, during
which he judges his performance and reacts to fluegments and outcomes. These judgments
and reactions complete a learning cycle and inftadature forethought processes (Zimmerman,
2008). In a process callsélf-evaluatiorthe student compares her goals set during the
forethought phase to the actual outcome. Wheméegsrare able to observe their gradual
progress, they are likely to feel a greater sefsemtrol and self-efficacy during their next
forethought phase when approaching a similar t8shink, 1983). Learners who feel they are
meeting their goals are expected to experiencesaéiffaction and pleasant cognitive and
emotional reactions, whereas those seeing thenssililimg short are likely to develop
unpleasant reactions (Zimmerman, 2000).

Accompanying these reactions are attributions aagtive/defensive decisions
Attributionsare defined as the personally constructed caupédmations about why a certain

outcome or consequence occurred, and they areoceted by their locus (internal or external to
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the person), controllability (controllable or untatable) and stability (stable or unstable over
time) (Weiner, 1986). Common attributions incladglity, effort/use of strategies, task
difficulty and luck (Schunk & Zimmerman, 2006).ténnal, controllable or unstable attributions
(e.q., effort or use of strategies) typically l¢achdaptive decisions such as continuing to engage
in a task, even in the face of failure, and contiguo use a strategy or attempting to modify
one’s approach. On the other hand, external, unatable or stable attributions (e.g., ability or
bad luck) typically lead to defensive decisionshsas withdrawing effort or lowering one’s
goals to prevent further unpleasant reactions (8cl8uErtmer, 2000). Self-regulated students
who are guided by self-chosen goals and stratefgiesg the forethought phase are more likely
to attribute failure to these strategies or to ffisient effort. Since ineffective strategies are
typically interpreted as controllable, these stusl@me likely to have adaptive self-reactions,
including using a different strategy or applyingmneffort. On the other hand, students who do
not spend time planning their approach during tnethought phase lack goals to which they
can compare their performance. As a result, theyreore likely to use the performance of their
peers as a standard for evaluation, resultingtiibation of failure to uncontrollable causes such
as lack of ability, which then produces withdrawatl can damage self-efficacy. Through these
mechanisms, reflective processes feed forwardfuitoe forethought phases and the learning
cycle begins again (Zimmerman & Labuhn, 2012).
Calibration and SRL

Monitoring is of particular interest in the currexstidy because effective monitoring
processes are implicated in enhanced self-regylatolts and performance (Kitsantas, 2002).
In particular, calibration, which is one type of mitoring judgment, is a critical component of

the current intervention because the link betwegib@tion and self-regulated learning has been
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well establishedCalibration is defined as the degree to which a person's peoceof
performance (confidence judgments) corresponds igtlor her actual performance (Hacker,
Bol & Keener, 2008) and has a well-documented,tpesielationship with academic
performance (Bol et al., 2010; Chen, 2003; Pajé&d&Sraham, 1999; Pajares and Miller, 1997,
Ramdass, 2008; Thiede, Anderson & Therriault, 2003)ese judgments, along with other
feedback generated by monitoring, provide a “bridggtween past performance and the next
learning cycle (Butler & Winne, 1995). Calibratiptays a critical role in self-regulation
because accurate perceptions of performance cayetrappropriate control strategies, whether
this involves continuing to use an effective stggtgoutting forth more effort, or retooling an
approach that didn’'t work (Winne, 2004). On thieesthand, inaccurate calibration can prevent
students from effectively reevaluating their apptoan a task, even if they perform poorly.
Confidence judgments can occur before a task er aftask is attempted and can influence the
entire learning cycle. If a learner makes a catibn judgment before a task, it is called a
predictivejudgment (akin to self-efficacy) and is likelyitdluence the forethought phase (but
can also influence self-reflection). Confidenceggments made after a task are called a
postdictiveudgment or self-evaluative judgments and ardyike influence the reflection
phase.

Dunlosky and Rawson (2011) designed two experimentslate the effects that
calibration accuracy has on regulatory strategy dsedo this they made sure that each
participant used the same regulatory strategyeasdred that its use was dependent upon
participants’ naturally occurring monitoring acceya During the experiments, participants
studied key-term definitions and rated their untderding of each definition. After participants

judged their response as correct for any giverviddal definition three times, the item was
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removed from the study pool, thereby ensuring #ifigiarticipants used the same regulatory
strategy. The experiments revealed a strong pegiilationship between calibration, or
judgment accuracy, and long-term retention. Funtioee, students who were overconfident in
their monitoring, meaning they often believed they accurately retrieved the correct definition
of the key terms when they were actually incorrpegmaturely terminated their studying of
these terms. Although the students subjectiveligwed these definitions were well learned,
they had poorer learning during practice and loeeels of retention on a post-test.

Overconfidence is likely to lead to under preparatyy preventing learners from making
appropriate reflections and adaptive regulatorysiees (Lin, & Zabrucky, 1998). Inaccurate
calibration and monitoring may also provide a leannith a false sense of strategy
effectiveness, which would produce similar malad@peffects (Hacker, Bol & Keener, 2008).
Poor calibration can also produce underconfidewbere learners judge their ability level as
lower than they can actually perform. Underconiidearners can misallocate study time on
material they have already mastered, while notdipgrenough time on other academic content
or other important functions like sleep. This teve negative impacts on performance, as can
problems related to anxiety or motivation that raaige as a learner spends too much time
preparing for something they will not feel ready felacker, Bol & Keener, 2008). Thomas and
McDaniel (2007) call this phenomenon “negative ed&t because inaccurate monitoring not
only prevents ideal performance on a current tasktd poor understanding about one’s current
knowledge and skill level, it also impairs futu@nérol processes (e.g., study time allocation)
later in the learning cycle.

Similarly, Thiede, Anderson and Therriault (2008hducted an experiment examining

calibration accuracy’s impact on the effectivenagfssegulation and overall reading



18

comprehension. Building upon their previous sttitht showed that summarizing texts after a
delay, as compared to immediately or not at alprmmed monitoring accuracy of these texts,
undergraduate students were given six passagegegitied a similar manipulation to create
variations in calibration (Thiede & Anderson, 2003hey were able to create these variations
by assigning the participants to three groups,dltbat generated keywords after reading each
text, those that generated keywords after readlrigxs (delayed-keyword group) and those
who did not generate keywords. These variatiorealibration accuracy were then used to
investigate how monitoring accuracy impacts reguoitafi.e., selecting texts for re-study).
Results showed that participants in the delayedvkeg group selected texts for restudy that
they found difficult. Participants in the othepgps did not meaningfully differentiate between
the texts they understood well and the texts théydt, and did not appropriately allocate
additional study time to the poorly understood sexturthermore, on a comprehension posttest,
participants in the delayed-keyword group had hidéneels of text comprehension than the other
two groups, showing that calibration affected ratppdy control decisions, which then
subsequently impacted performance.

What defines self-regulated learners is that tlayreflect on their initial mistakes
through a process of self-evaluation and determwimere the problem in their approach lies
while taking appropriate steps to correct the ig&murgey, 2001). Strategic reflection is just as
important to facilitate effective regulation as a@te monitoring and calibration, but none are
sufficient by themselves (Davis, 2003). As disagsabove, inaccurate calibration judgments
can negatively impact strategy use and performaBgethe same token, reflection is an integral
component of SRL, as accurate calibration judgmeéatsot guarantee appropriate control or

regulatory strategies (Chi, Bassok, Lewis, & Reimak®89). For instance, Chi et al. (1989)
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found that when students identified comprehensadares, appropriate reflective processes
geared toward finding out why these comprehensaduares occurred differentiated between
high and low performers.

Schoenfeld (1985) outlines the complex interplayveen monitoring and reflection. He
found that students who had mastery of the couegenml still had poor performance when they
hastily selected an inappropriate strategy befefmithg the task and planning out the best
approach. When these students encountered difisuthey had great difficulty generating
alternative approaches or weighing which other apgn might be best. Students were found to
continue to try to solve the problem with an inagprate strategy or abandon their plan, and
they did not reflect on why their initial approasias not working. Meanwhile, higher
performing students monitor their understanding progress toward goals to evaluate whether
to continue with their current approach or devedomlternative solution (Schoenfeld, 1985;
Whimbey & Lochhead, 1986).

Davis’s (2003) experiment sheds light onto howetfbn impacts SRL and provides an
excellent example of how monitoring and reflectioteract. He examined the way different
prompts facilitated reflective processes in midstieool science students. Davis found that
reflection was linked to success on a complex seigmoject. He also found that students who
received generic “stop and think” prompts (e.g.iglR now, we’re thinking ...”) had more
adaptive reflections, developed more coherent wtaedings of the content and had more
accurate monitoring (were better able to identrfpes) than those who received directed
prompts, which provided students with hints abobatito think about; (e.g., “To do a good job
on this project, we need to...”) an effect that cadicted his initial prediction. The author

hypothesized that the generic prompts allowed krarto take control of their own reflections
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whereas the reflections triggered by the directednpts were likely to creafeelings of
familiarity with the material, making students feel like tkepw the material even though they
do not. This feeling of familiarity can then leadoverconfident calibration judgments, making
students less likely to critically analyze infornoat

Ramdass (2008) conducted two studies and foundrehiaing students to reflect on their
work can improve their academic performance anitbredion accuracy. He investigated how
reflection training would impact the effectiveneds 1-hour strategy training session focused
on solving fractions. Further, he found that seffection training, which consisted of informing
students where their errors were after they soa/ptbblem and asking them what they could do
to correct them, produced weak, but consistenteffieading to better math performance as well
as more accurate calibration judgments. Ramdagsn®@nerman (2008) also found that
reflection training, consisting of learning howdleeck one’s answers after solving division
problems, enhanced general strategy training. Tideests who received both trainings showed
significantly higher math performance as well ageraxcurate and less biased calibration
judgments as compared to the group that only redestrategy training.

Encouraging students to reflect has also been feumdprove other areas of academic
achievement. For instance, Duijnhouwer, Prins, $tadkking (2012) combined a self-reflection
treatment with a feedback treatment to explore tlesipective impacts on writing quality in a
graduate-level education course. The course redjtite completion of a final paper that
comprised 60% of the course grade. All studergsived structured feedback after turning in a
first draft of the paper. The experimental feedbeandition received improvement strategies
along with overall feedback about their paper, whsrthe control just received the overall

feedback. The self-reflection treatment consistiestudents answering questions focused on
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how they intended to use the feedback to improee traper. Those in the control reflection
condition also made a reflection on the feedbauakjtiwas focused on their perceptions of the
feedback, not how they intended to use it. Stuglemiting performance significantly improved
when students were exposed to either the selfetedle treatment or the feedback treatment, but
the combination of both produced no improvemertie &uthors hypothesize that the interaction
of both treatments failed to produce effects beedlug provision of improvement strategies in
the feedback treatment unexpectedly had a negeaftieet on self-efficacy. The number of
strategies provided by the teacher was negativa@hel@ted with self-efficacy of the students.
The authors propose that this decrease in setfaefji may have counteracted the beneficial
effects of the improvement strategies as feedbaithk,the counteraction being worsened by
having to reflect on these strategies. Duringrinésvs, participants reported that they already
knew the strategies provided in the feedback camditvhich they interpreted as their teachers
underestimating their abilities conveying low calefince about their writing skills. The self-
reflection treatment did not impact student selicaty, effort, or help seeking. Although the
results indicate that only improvement strategylbeek or reflection in isolation were
beneficial, the authors recommend teachers tagdheir strategic feedback to each student’s
capabilities. This type of modification may creatpositive interaction between strategic
feedback and reflection that aligns with theorétixaceptions of these constructs.

The research reviewed above shows that monitocaidyration, and reflection are just as
important to completing a task successfully as ergsif the related content, making them ideal
targets for intervention. However, this reseairsb &rings up as many questions as it answers
and suggests that more research is needed to tamtbtoow these key self-regulatory processes

interact with one another and the complexitiesa o improve them.
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Formation of metacognitive monitoring judgments. Poor calibration may be the result
of students making monitoring judgments using ¢hasare not valid indicators of performance,
such as ease of recall (instead of quality of feoalfeelings of familiarity with the material
(Lin, Moore, & Zabrucky, 2001; van Loon, de Bruuan Gog, & van Merriénboer, 2012). Cue-
utilization theory hypothesizes that monitoringgatents may be based on a wide variety of
cues such as how easily the task was completedshogessfully information was retrieved,
how much learning has occurred, how much learniigo& forgotten before the next
assessment event, how well one will perform givendharacteristics of the assessment (e.qg.,
types of items, difficulty), and familiarity withotirse content (Koriat, 1997). These cues vary in
their usefulness as predictors of accuracy, arebarel shows that feelings of knowing (FOK)
and can lead to high confidence levels, even ifeéleéngs of knowing are unsubstantiated
(Glenberg, Wilkinson, & Epstein, 1982; Rawson & Dasgky, 2007).

Redford, Thiede, Wiley and Griffin (2012) used tue-utilization framework to test
whether training seventh grade students to useepdmeaps would improve their calibration
accuracy. They hypothesized that concept mapsdamelp students focus on cues that relate to
item difficulty, not cues associated with unwareghteelings of knowing. Students who used
concept maps had significantly more accurate ctidam than the control groups, providing
support for this theory. Further support comesfiaseries of experiments conducted by Maki
and Serra (1992) where students read passagesaatedammprehension judgments about how
well they understood them. They found that stuslesed their familiarity with the domain
covered in passages to make these comprehensigmguds. However, data show that student
domain familiarity better accounted for their pilie comprehension judgments as compared

to their postdictive comprehension judgments, difig that is consistent with the calibration
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literature. Postdictive judgments are typicallyrmaccurate than predictive judgments,
providing additional support for the cue-utilizatitheory (Glenberg & Epstein, 1985; Hacker et
al. 2000; Maki, 1998). Completing a task is thaugtfocus learners on the internal feedback
they generate while completing the task. Thiskisly a valid cue of performance (at least more
valid than domain familiarity) and is thought tdgetudents revise their postdictive judgments
to coincide better with their performance (Maki &r&, 1992). In sum, without training or
guidance, students often use ineffective methodsdwitor their learning, resulting in
overconfidence and underachievement (Dunlosky & $eny2011).

Research showing that confidence judgments are oéstant to change and are
remarkably consistent may explain why practice mgkionfidence judgments without any
direct instruction about how to improve these skilbes not help improve accuracy (Bol
Hacker, 2001; Boét al., 2005; Nietfeld et al., 2005). Confidengdgments among different
tests have been found to be correlated, regardfgssrformance on these tests, suggesting that
at least some of the factors underlying calibratraay be unresponsive to context (Schraw,
1997). Furthermore, reliability of confidence jumdgnts has been found to be higher than the
reliabilities of actual performance scores themselSchraw, Potenze & Nebelsick-Gullet,
1993). Exploration into this phenomenon reveads shudents do not use objective performance
feedback to revise their confidence judgments tartulearning cycles, suggesting students do
not retrieve memories of their knowledge directlystead, it appears that students continue to
base their current judgments off of prior confidenodgments (Hacker et al., 2000). Some data
even shows that students who try to maintain aalels self-image rate themselves as competent
calibrators and often overestimate their compreberisvel (Kroll & Ford, 1992; Lin et al.,

2001). This body of research has led Hacker, &ud, their colleagues to hypothesize that



24

learners base their judgments on subjective bediedgit their personal attributes. These authors
believe learners may be using attributions to fystny contradictions between their
performance and confidence judgments, possiblydtept their self-worth. To begin exploring
this hypothesis, Bol et al. (2005) tested whetherd was a relationship between calibration and
attributional style (primarily making internal wexternal attributions). Their results showed that
attributional style was linked to calibration acacy as well as performance, and suggest that
people do not simply make objective rational calilam judgments. More specifically, they
found that overconfident predictions were relatedxternal attributions and that underconfident
predictions were related to internal attributioil et al. (2005) conclude that global self-
concept may shape confidence judgments, which refydxplain why it is difficult to improve
calibration accuracy. Hacker, Bol, and Bahbab2008) found that attributional style did not
predict calibration accuracy for high-achievingogtats beyond their performance on a test, but
did predict calibration accuracy for low-achievistgdents beyond test scores. Specifically,
lower-performing students’ attributions of inadetgustudying behavior, such as how well they
studied and how well they felt they knew the maileand external social influences, such as
how their teachers talked about their test or timd@ractions with their peers, strongly
contributed to their predictive and postdictive fid@nce judgments.

Better insight into how confidence judgments ameiied will help psychologists design
better educational interventions. Dinsmore andiRson (2012) conducted an exploratory study
on what cues students consider when they makedsmde judgments about their reading
comprehension. They used qualitative methods tapeme the cues that poorly calibrated
learners’ and highly calibrated learners’ use tonfetheir judgments. Students reported that they

base their confidence judgments on some combinafipnior knowledge, characteristics of the
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text they read, characteristics of the item thesnared, and guessing. Interestingly, poorly
calibrated learners reported using a larger nurabeues to form their judgments than did
highly calibrated learners. Clearly more reseasaliarranted to determine how different
sources of judgments are formed between bettepaarckr calibrated students. In addition to
providing students with training about how to aetely calibrate and monitor their
performance, the current study further exploredsth#ces behind students’ confidence
judgments and calibration. Students of all age® Ipgoblems monitoring information

effectively in naturalistic settings (Bulter & Wian1995; Pressley, Ghatala, Woloshyn & Pirie,
1990). Likewise, students are generally overcamficand inaccurately calibrated on complex
tasks found in classrooms (Bol et al., 2010; darB&uvan Gog, 2012; Dunlosky & Lipko,

2007; Nietfeld et a., 2005), a pattern that hotde tn math (Ewers and Woods, 1993; Pajares &
Graham, 1999; Pajares & Kranzler, 1995; Pajared\ilier, 1997; Vermeer, Boekaerts &
Seegers, 2000). De Bruin and Van Gog (2012) sugdigatsthe key to improving monitoring
accuracy lays in teaching students appropriate thatthey can use to evaluate and predict their
performance. Therefore, the current interventaarght monitoring skills to allow students to
better identify meaningful cues (previous perforoceaus. general self-concept or previous
calibration judgments) and provide guided practefeecting on what these cues mean in an
attempt to facilitate regulation and achievement.

The role of feedback in fostering self-regulatorylsll. Feedback, both internal and
external, plays an integral role in Zimmerman’s SRadel. Feedbaclkcan be defined as
information provided by an agent regarding aspettsie’s performance or understanding
(Hattie & Timperley, 2007). It is inseparable frdhe learning process, is a key catalyst of the

regulatory process and is the medium through wlagamers and their environments
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communicate (Bangert-Drowns et al., 1991). Leamnee internal feedback produced by
monitoring to regulate their learning and enadcitsgic behavior. Social feedback, such as
guidance from a teacher or peer, and environmédback, such as from the task itself, can
also be used to facilitate self-regulation. Bu#lad Winne (1995) conceptualize internal
feedback as a bridge between past performancehantekt learning cycle and posit that
external feedback should be most useful at thadgdpoints. Effective external feedback can
help learners understand, use, or develop effedtiweain specific and self-regulatory strategies.
Meta-analyses show that feedback has the gredtest when it informs the learner
about how to complete a task effectively or achi@gmal (Bangert-Drowns et al., 1991, Hattie
& Timperley, 2007). Praise, rewards, and punishmeften lack this type of information and
have been shown to produce small effect sizes. didtection between process and outcome
feedback is useful to make sense of these findiRgecess feedback focuseshmwthe learner
is attempting to complete the task, or in otherdgpthe methods and strategies employed during
task completion. This type of feedback should hedpners focus on their strategies and can
prompt self-regulation by cueing learners to martib@ir own processes and help them develop
a better plan in future learning cycles. Processliback makes connections between a learner’s
current attempt and the meta-level, allowing hins¢e the larger picture. This is contrasted to
outcome feedback that focuses learners on thefionpesince and the task itself. While providing
information about how well a learner is performingtcome feedback provides little guidance
about how to regulate one’s behavior (Labuhn, Zimmas, & Hasselhorn, 2010; Stone, 2000).
Process feedback that provides learners with aerstahding of what they did well and builds
upon changes they made from previous learningstsaibuld be most useful in improving

monitoring, calibration, and reflection skills itudents (Hattie & Timperley, 2007). The
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intervention incorporated process feedback by tegcstudents how regulatory strategies impact
the learning cycle and having students graph auk ithanges of their math scores and
confidence judgments over the course of five sessio

Metacognition and Self-regulated Strategy Use — letventions That Work

Prior studies show that metacognitive skills, idohg monitoring, calibration, and
reflection can be taught with proper instructio@la, Levin, Pressley & Goodwin, 1986;
Nietfeld et al., 2006; Ramdass, 2008). The curr@etvention taught students how to monitor
and reflect on their learning and make appropgatdration judgments in the context of
mathematical problem-solving. It emphasized th&neations among these processes with the
intention of deepening the participating studentstacognitive understanding of these skills,
including how and when to use them and how thdsgerto the cognitive strategies being taught
in their classroom.

The current section will briefly build the caseuse metacognitive strategy training to
improve self-regulation. The next sections willieav interventions that have improved
students’ self-regulatory capacities by targetiranitoring, calibration, reflection, or some
combination of these components. Importantly, iearmetacognitive strategies has been
found to help all students, including those wittv lacademic ability or a lack of relevant prior
knowledge (Alexander, Carr, & Schwanenflugel, 199%anson, 1990). Furthermore,
metacognitive skills allow learners to better urstiand any domain specific cognitive skills they
learn, creating more flexible learners and enhanthe probability of generalization to new

domains and tasks (Schraw, 2001).

Hattie, Biggs, and Purdie (1996) conducted a me#dyais of skill training interventions

and found that strategy training was most effectiten it focused on higher level
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metacognitive processing. This is in line withdiimgs that metacognition plays a central role in
strategy selection and use (Carr, Alexander, & &&dnnett, 1994). Furthermore, Hattie et al.
(1996) found that skills training taught within ¢ent transfers better than skills taught in
isolation. This allows the student to better ustierd why a strategy works and when it should
be applied, all of which further the strategiesagafizability. Ghatala et al. (1986) compared the
effects of different strategy training componentsd¢e which ones were most effectively
generalized to a novel task. They found that dméystudents specifically trained to use
monitoring to select appropriate strategies wete &badapt the strategies they learned
effectively to complete the novel task successfuyntrich and de Groot (2001) even found that
strategy use without appropriate metacognitive effalt management skills was negatively
related to performance, suggesting regulatorysshile key for students to use strategies
effectively.
Review of Monitoring and Calibration Interventions

As research deepens our understanding of the teguleycle and how monitoring and
calibration interact with other regulatory procesgesychologists are using these theoretical
advancements to design and implement interventmoasltivate these processes (Hacker et al.,
1998). This section will show the general progi@s of monitoring and calibration
interventions that have gradually uncovered howeh@mocesses can be used to enhance
performance and complement other academic intdorenin various content areas. The next
section will outline how monitoring and calibratioan enhance the effectiveness of multi-
component SRL interventions.

Spates and Kanfer (1977) conducted an early sesting the differential effects of self-

monitoring, self-evaluation, and self-reinforcementfirst graders’ abilities to calculate addition
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problems. They compared five treatment conditiama @re and posttest: a) Control, b) Self-
monitoring, c) Criterion-setting, d) Self-monitogiplus criterion-setting, and e) Self-evaluation
plus self-monitoring plus criterion-setting. Farst study, the criterion setting component
consisted of encouraging students to verbalizgémeral steps used to solve addition problems
(e.g., “first I should add the two numbers on tight’). The self-monitoring training component
was defined as encouraging the subjects to vesbtii specific calculations they were
completing (e.g., “now | am adding these two nuraBerThe self-evaluation training
component was defined as encouraging studentsttk¢heir work (e.g., “when you are done
with each problem, look at your work and see if gadithe right thing”). The results showed
that across groups, the criterion-setting componastthe effective element that produced
significant improvements in the subjects’ additpgrformance. Encouraging self-monitoring
alone produced no effects and furthermore did moeiase the effectiveness of the criterion-
setting component (although this may be due talmgesffect), supporting the idea that
monitoring one’s performance in and of itself may be enough to improve achievement.
However, some knowledge, such as amount of prognessured by items solved or
words written, is more objective than whether atividual got an answer correct or is enacted a
strategy appropriately. Schunk (1983) showedniatitoring task progress, defined by
recording the number of pages of math problemsestisdcompleted each day, improves self-
perceptions and motivation. This study examinedinipact of progress self-monitoring on third
graders’ perceptions of self-efficacy for solvingpgaction problems during three, 30 minute
training sessions. A group of students who haticdify with subtraction were selected and
trained on specific subtraction skills. They wiren divided into three groups, those who

monitored their own progress, those who had theigress monitored for them by the
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researcher, and those who received no monitorigguvention. Results show that the act of
monitoring itself, not the monitoring agent, wagpwontant in sustaining student motivation and
performance. Both the self- and external monigpgroups had significantly higher levels of
efficacy, skill, and persistence as compared tothenonitoring condition but the two

monitoring conditions did not differ significantbn these measures. Schunk hypothesized that
the beneficial effects of self-monitoring were daghe student realizations that they were
getting better, thereby enhancing their motivatmontinue improving their skills. Schunk
concluded that if explicit performance standardstele.g., objective measures of progress like
answer keys), self-monitoring alone can be beraflcause it will cue learners into their
progress. Further support for this contention cofmam research showing that the simple act of
self-recording concrete behavior can change atyanfestudent behaviors like their time on task
and how often they talk out (Broden, Hall, & Miti971). However, Schunk argued that if
explicit performance standards do not exist, (&vhen a student is trying to decide whether she
got a problem correct with no objective answer kether regulatory processes like goal-setting
and self-evaluation may be required for monitotmé¢pave an impact.

Bol, Hacker, O’Shea, and Allen (2005) support Séfsimterpretation that merely being
prompted to monitor in the absence of explicit parfance standards does not improve
performance. They conducted a study with collégdents to determine the impact that making
pre and postdictive confidence judgments on a nummbguizzes throughout the semester would
have on their calibration accuracy and achievem&htee hundred and sixty-five
undergraduates, completing both online and in ¢marses, were randomly assigned to a self-
monitoring condition or to the control. Both graujpok six quizzes throughout the semester.

The only difference between the groups was thaeho the self-monitoring condition made pre
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and postdictive confidence judgments about thaiiop@ance on each quiz. The findings
revealed that making confidence judgments had mpaaton students’ calibration accuracy or
their final exam performance. Nietfeld et al. (8D@lso found that simply having undergraduate
educational psychology students make confidenognaahts alone did not improve achievement
or calibration accuracy across an entire semester.

However, Schunk’s (1996) later study contradicssihitial interpretation and found that
the simple act of monitoring one’s capabilities baost achievement. He studied the impact
that goal orientation and self-monitoring had ortiwation and achievement using a pre-posttest
design. In this experiment on fourth grade stusldm crossed a goal condition (learning v.
performance) with self-monitoring over a seven messitervention designed to improve
fraction completion skills. The self-monitoringrahition was defined similarly to the treatment
Bol et al. (2005) used, as having students maktlptise confidence judgments about their
ability to complete the fraction problems coveredinlg each of the first six sessions. At the end
of the intervention, those students who self-maaddheir progress had significantly higher
levels of self-efficacy, fraction completion skalhd persistence.

Overall these studies suggest that having studeake confidence judgments about or
monitor their performance is not sufficient asanstalone academic intervention. The studies
summarized next in this section show that guidamdeow to monitor and calibrate one’s
learning can enhance the effectiveness of acadeteiventions.

Delclos and Harrington (1991) were among the fosdesign an experiment to test
whether combining monitoring training with genesttategy skills training would have additive
effects. Using pre-post test design they comptreaffects of strategy skills training alone and

with the addition of a monitoring training compohen math achievement for fifth- and sixth-
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grade students. The training was conducted faut b day for 3 weeks. Strategy training
involved two 1-hour sessions of training in gengnalblem-solving strategies such as reading a
problem carefully, clarifying a problem, and thingiabout similar problems. The additional
monitoring training required students to answerstjoas before, during and after they
completed each problem, forcing them to monitoirtapproach. Examples of questions from
each of the three respective phases included “hawéooked at the problem carefully and
thought about how to solve it?”, “did you break gireblem into smaller parts?”, and “how many
points was your answer worth?”. The authors fotlwvad adding the monitoring training to the
strategy training significantly increased studentath achievement, with the greatest
differences seen with more complex problems.

Desoete, Roeyers, and De Clercq (2003) conducstadg comparing five hierarchical
treatment conditions administered over five 50-rteraessions in 2 weeks with small groups of
third grade students. Each of the five treatmentddions incorporated an additional element so
that the authors could compare the unique effdataich added component. In order from
simplest to most complex, the treatments were sgnailp instruction in unrelated content
(spelling and reading; this group served as thérabnpractice solving math problems, practice
solving motivating math problems, explicit mathasdgy instruction, and explicit math strategy
instruction with a metacognitive calibration compah The math strategies taught focused on
developing a better understanding of what numbegeesent and included basic number reading,
procedural calculation, differentiating differergykwords in word problems and developing
mental representations of numbers. The metacogratlibration component included explicit
practice with and instruction on predicting tasKidulty. Findings support calibration training

as an effective adjunct to math strategy instracteven though the training only consisted of
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five sessions. The combined metacognitive caiidnednd strategy treatment produced
significant results, with the highest post-testmathievement, more accurate posttest prediction
scores and better scores on the follow up measwex&s later as compared to the other
treatment groups. No effects generalized to naméd skills such as evaluation or number
sense, which indicates that explicit training aftter order skills like this may be necessary
before students can become proficient in them. eMesearch is warranted to explore how
monitoring and calibration training impact domagesific strategy interventions.

Synergy between monitoring, calibration, and refleton— comprehensive SRL
interventions. The literature summarized up to this point shoves thonitoring, calibration or
reflection training can be effective in improvinglfsregulation and performance. The research
in this section will review interventions that comé one or more of these three processes, which
should theoretically allow students to develop roegmitive awareness of the cyclical influence
each process has on the others. By capitalizintp@®synergistic relationship between these
three related SRL processes, researchers havestmonibi been able to produce positive effects
on self-regulatory skills and performance. Oncelehts understand what these processes are
and how they interact, they can better use theragolate themselves and make adaptive
academic decisions.

Metacognitive instruction consistent with SRLThis section will outline interventions
with a metacognitive focus, which include some coration of monitoring, calibration, or
reflection and are consistent with the SRL framdwdBrookhart, Andolina, Zuza, and Furman
(2004) worked with classroom teachers to develdp aeek calibration and reflection
intervention to boost third graders multiplicat@ccuracy. Their aim was to transform a rote

memory task into an exercise that helped studerderstand how they learn at a metacognitive
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level. The study centered on the 5 minute muttgilon fact tests that students had to complete
on a weekly basis. The intervention consisted fediction exercise and a reflection sheet
administered during the weekly test. When studezusived the weekly quiz, they predicted
how they would do on the test and graphed the gtiedi Then, after completing the test and
receiving a score, they graphed their actual sandethen predicted their next week’s score.
Finally, a reflection sheet prompted them to wifitdaey had met their goal from the previous
week, what study strategies they used and howthe)i worked, and what strategies they
planned to use for next week’s test. Althoughehgas no control group, students’ predictions
became significantly more accurate with time, whiels not been found to happen in the
absence of intervention (Hacker, Bol, & Keener,@00n addition, after the intervention,
students reported a lack of practice as the maisorethey did not meet expectations. This is an
adaptive reflection because it encourages selflaéign; students are able to control this
obstacle by planning more study time for the next.q

Mevarach and her colleagues conducted a serigadiés to build support for
IMPROVE, their metacognitive method of mathemaitnssruction (Mevarech & Kramarski,
1997; Mevarech & Kramarski, 2003; Mevarech & Fridk2006). IMPROVE is an acronym for
the major components of the intervention, whichlateoducing new conceptbjetacognitive
guestioningPracticing,Reviewing and reducing difficultie©btaining masteryyerification and
Enrichment. This sequence is similar to many typataticula, but it used cooperative learning
and encouraged metacognition by having studentseaarguestions focused on three areas: (a)
comprehension, or what is in the problem; (b) cating, or what are the differences between
the current problem and previous problem(s); apdt(ategy use, or what is the

strategy/tactic/principle appropriate for solvitg oroblem. Their first study examined the
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effectiveness of the curriculum with seventh gratielents over 1 year (Mevarech & Kramarski,
1997). This initial study found that classroomsigdMPROVE had significantly higher scores
on standardized tests than the traditional instvaatontrol classrooms. In addition, analysis of
students mathematical explanations shows that IWARS&Iudents had more complex, reasoned
understandings of the material.

Mevarech and Kramarski (2003) used this method aighth grade students during a 4
week math unit on time, distance, and speed. Theyared the IMPROVE curriculum to a
curriculum that provided students worked exampfggablems that modeled their solutions.
The IMPROVE curriculum was modified for this studyhile still providing prompts targeting
the same three metacognitive areas covered byl8if study, this study also included
reflection questions, specifically targeting th#idiulties students had while solving problems.
All students worked in cooperative groups, whichegally led students to reread problems and
encouraged mutual reasoning, reflective discussind,the resolution of cognitive conflicts.
However, IMPROVE students were significantly mokelly to use metacognition during
collective problem solving. In contrast, studentsowvere given worked examples often just
tried to apply the strategies modeled in these @kasrwithout reflecting on whether they were
appropriate for the current problems they wereisglv In addition, they were less likely to
change their initial approach when they encountdrédulties. Analysis of videotaped
problem solving revealed that IMPROVE students’anegnition was of a higher quality than
that of the worked examples group, as defined byptlesence of metacognitive statements
throughout the entire problem solving process.hduigh the intervention only lasted 4 weeks,
statistically significant performance differencesezged on the immediate post-test and were

still present one year later. Importantly, lowehiaving students benefited more from the
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metacognitive training than the worked examplestaed gains did not come at the expense of
higher achievers, who achieved similarly under mathditions. The authors conclude that
metacognitive processing during mathematical praldelving creates better comprehension of
the topic and that other methods of instructiochsas providing modeled solutions, place too
much emphasis on application of algorithms withmartsideration of when and why these
procedures are being used.

Mevarech and Fridkin (2006) conducted another sinaggstigating if the IMPROVE
method has similar effects on pre-college matharsatiudents who failed math in secondary
school and required remediation before enterinpgel The method was applied during a 1
month period, for about 12 hours per week and wasgpared to a traditional remedial
curriculum. Students participating in IMPROVE stealhsignificantly higher achievement and
reported more general and domain specific metatiogras well as regulation of cognition on
self-report questionnaires. The IMPROVE methodisss on monitoring of the problem type
and features of the problem that indicate whicletgpstrategy to use as well as reflecting on the
barriers to success as a way to determine a newoplaction and has beneficial effects on
students of all ages.

SRL interventions with a metacognitive emphasibhis section will outline interventions
that specifically target metacognitive self-regatgtskills and include some combination of
monitoring, calibration and reflection. Cleary afichmerman (2004) created a comprehensive
SRL intervention (the Self-Regulation EmpowermemgPam—SREP), based on by
Zimmerman'’s three-stage SRL model. The first stetis individualized program is to identify
weaknesses in students’ self-regulatory beliefsstndy strategies. Once these weaknesses are

identified, a learning coach helps train the stiudemnise strategies to overcome these
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weaknesses. Coaches develop students’ indepenbgmeaching them strategies using
modeling and gradually releasing responsibilitgtiadents through guided practice. The
program also emphasizes teaching students aboaytheal nature of self-regulation. Students
receive training in goal-setting, selecting and nwing strategy effectiveness, making strategic
attributions and adjusting one’s goals and strategased on self-evaluation and reflection. To
practice these skills, students work with the leayrcoach to set goals and develop plans to
achieve these goals. After enacting their planjestits self-record performance outcomes as
well as the process they used that produced theome. Students can then directly compare
their pre-specified goals to their current progrsd try to determine how to resolve any
discrepancies that exist. The focus here is orective action and ways to regulate students’
own strategy use to reach their goals next timeemMpower students to feel that learning is
under their control, the learning coach continuatiynects the strategies the student is using to
success or failure through self-recording and graphThis can help the student to see that
failure is often due to use of inappropriate styae and not fixed personality deficits. Cleatry e
al. (2008) found that this program significantlyolsted students’ science achievement, increased
use of self-regulatory strategies, and enhancefidemte for learning and regulating one’s
behavior.

The remainder of this section will review multi-cpanent SRL interventions that
successfully improved achievement and regulatorty/iskmathematical contexts. Fuchs, Fuchs,
Prentice, Burch, Hamlett, Owen and Schroeter (2868)pared how an SRL component
affected a curriculum designed to enhance tramsfédimprove mathematical achievement in
third grade classrooms. The curriculum was adn@resl over 32 sessions for 4 months. The

transfer curriculum consisted of explicitly teadapstudents about transfer, practice identifying
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the difference between a superficial-problem feaamnd a meaningful one, and reflection on
how students transferred what they were currertiyrling outside of their mathematics class
time. Students in the SRL training group were bdsglf-evaluation and goal-setting. Students
evaluated their progress by scoring their classvamk homework using an answer key and
charting their performance. Goal-setting consistiecbmparing students’ previous performance
with their current performance and setting new gjtlaht exceeded their highest score. Although
the transfer treatment improved performance onaa-transfer task, only the SRL plus transfer
treatment produced significant positive effectsaamovel task. This naturalistic study found that
adding SRL training to a mathematical curriculum gaprove the curriculum’s effectiveness.

Perels, Girtler, and Schmitz (2005) conducted damirstudy that combined SRL training
with mathematical problem solving training in a 2 xontrol group design and found the
combination of trainings worked best to improvd-setjulatory competences. The training was
conducted with eighth grade students over the ecnifrsix 90-minute sessions held after school.
The SRL component consisted of teaching the stgdddut a modified version of
Zimmerman’s three phase model of SRL, the impodarfgoal setting, and how to reflect upon
errors and strategy use. Students also receivedtdnstructions about handling various types
of volitional problems (e.g., distraction, procraation) and strategies to overcome these
problems (e.g., stopping and reformulating negétreeights). In addition, students constructed
their own volitional strategies to solve these jpeats in cooperative groups. The problem
solving component consisted of lessons about aactipe working forwards and backwards,
reading tables, figures and equations, and findorgmonalties among different problems. All
of the sessions used actual classroom contengwedi content from prior sessions, and

homework to reinforce the lessons. The resultsvghat it is more difficult to train students to
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use self-regulatory strategies than to use gepesblem solving strategies. Only the students
who underwent the combined trainings improved tkelf-regulatory skills; as compared to the
control group, these students significantly inceebself-reflection about errors,
motivation/volitional control, and self-efficacy@rding to self-report questionnaires. Although
these effects were significant, the effect sizesevgenall. All groups exposed to problem
solving training improved their performance. Ferthore, the SRL training had a significant
positive impact on problem solving, which suggéiséd these two components may work
synergistically with one another. These findinlgmdy indicate the need for further research
investigating the most effective ways to teach sisl self-regulatory skills.

Stoeger and Zielger (2008) targeted general SRIsskithe context of a math class.
They conducted a 5-week intervention targetingtfograde students’ time management and
self-reflection skills. The SRL intervention, whialas conducted in nine classrooms, consisted
of daily journal entries to record time managen@nhomework assignments, as well as self-
assessment of performance on daily homework an&lygaizzes. Students were explicitly
taught Zimmerman'’s three stage SRL model and weaiged through setting goals based on
their previous performance. Teachers helped #tedents think of and record strategic methods
they could use to attain these goals. Studentplated worksheets and held discussions to
reflect on whether the strategies they were usiagewelping them achieve their goals. Finally,
students compared predictions they made aboutpkeiormance on their homework to their
actual performance, which facilitated discussiooudlself-evaluation and monitoring accuracy.
The SRL training led to significant improvementsnath performance, daily homework

performance, as well as self-reported time managgreelf-reflection, self-efficacy, and
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motivation. The studies reviewed in this subsecindicate that structured reflection may be
an effective way to improve monitoring during SRiterventions.

Perels, Dignath, and Schmitz (2009) conducted &mJantion in sixth grade classrooms
that targeted students’ self-regulatory skills.eOthe course of nine lessons, students learned
SRL strategies embedded within one unit of theithncarrriculum. The strategies taught were
developing a positive attitude toward mathematias laarning, motivation, goal-setting,
planning, dealing with distractions, concentratiand handling mistakes. Direct instruction and
small group discussion were employed to teach theategies. Each small group designed a
poster for every strategy discussed, and the claltectively taught one another about the
strategies using these posters. Students pracpagling these strategies to their current math
content, learned where they fell in a three stagke @odel similar to Zimmerman'’s (the authors
renamed the three phases pre-action, action arteéhptogn), and completed worksheets that
helped them set goals and monitor their progresarithese goals. When compared to a
control group that only learned math problem-sajvstrategies without any SRL instruction,
students who participated in the SRL interventierfqrmed significantly better on a post-test,
which measured multiplication and division skilh addition, the SRL treatment produced
significantly higher levels of self-reported SRkategy use. More specifically, students in the
SRL treatment reported higher levels of monitorigggl-setting, self-efficacy, resource-oriented
and volitional strategy use, adaptive attributiand handling mistakes in an adaptive way.
There were no self-reported differences on motiwvatr problem solving strategies. Students in
the SRL treatment also showed gains in SRL knovdefgmeasured by a pre and post test
(however, the control group did not receive thisegsment so no comparison could be done).

Overall these findings add support to research sigpthat it is possible to improve students’
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self-regulatory skills and math achievement witBRL intervention embedded into math
curricula.

SRL interventions emphasizing self-monitoring andflection. The next and last set of
studies reviewed in this section consist of comensive SRL interventions emphasizing self-
monitoring training that significantly improved sent self-regulatory skill and achievement.
Schmitz and Perels (2011) conducted a study oivaék self-monitoring and self-regulated
learning intervention with eighth grade math studerStudents receiving the SRL intervention
were given an overview of the ways that self-mamigpenhances learning and taught how to
use a daily homework diary. Questions in the dmpmpted students to think about all three
phases of self-regulation (i.e., forethought, penfance, and reflection) and included measures
of planning, self-efficacy, motivation, concentaatj effort, dealing with distractions, handling
mistakes, self-reflection, and goal-setting/attanin Students were also required to explain
what kind of learning strategies they had used,iindne were used, they were required to
explain why they didn’t use any strategies. Iniadid, students in the SRL treatment group
were required to fill out a weekly worksheet whtrey outlined their long-term goals and their
weekly short-term goals. Pre and post tests réthaathe SRL treatment produced small but
significant effects on overall self-regulation,fsefficacy, and math performance as compared to
the control condition. Furthermore, time-seriealgses, shows that the SRL intervention
gradually improved SRL over time. Unfortunatelg, breakdown of what specific SRL skills
the intervention impacted was provided in the asedy

Huff and Nietfeld (2009) demonstrated that a brd€fday comprehension monitoring
training intervention could improve the calibratiaccuracy of fifth grade students during

reading comprehension activities. The authors @etptwo control classrooms to two process-
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oriented comprehension monitoring training growgre of whom also received response-
oriented monitoring accuracy training. The proeassnted comprehension monitoring training
consisted of 12 daily 30-40 minute lessons intertddelp students become more aware of how
well they comprehend what they read, develop gir@éeto determine how well they understood
what they read, as well as strategies to help thetter understand material they realize they do
not comprehend. The training consisted of exitéaching the students about comprehension
monitoring and modeling self-monitoring and the as#ix-up strategies” that could help
students make sense of what they read (e.g., diaggasummarizing, self-questioning, adjusting
reading speed, and making connections to the t&tt)dents were provided with prompts to
facilitate discussion about how to evaluate on&/a comprehension, and when fix-up strategies
can be used.

To encourage monitoring, two asterisks were inddrtt®® each independent reading
passage they completed, one in the middle andtaihe @and. When students encountered these
asterisks, they were instructed to answer threertgcales that measured their understanding of
the passage, their use of fix-up strategies, agid jidgment of confidence as to how well they
could explain the passage to someone else. Altlependent practice, each session ended with
a review of the correct answers to the compreheargi@stions that accompanied the passages,
as well as a review of the purpose of the intefeant The response-oriented monitoring
accuracy training for the combined treatment groopsisted of the addition of a think aloud and
end of session discussion that encouraged stuttetit;k about why it is important to consider
one’s level of confidence when answering comprelenguestions and how confidence

judgments can be used as tools to help them madhigarcomprehension. Students in this
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treatment group were instructed to reflect on affger@nces between their confidence judgments
and their actual performance and discussed thdicatons of being under or over confident.

Results show that both treatment groups signiflgamproved calibration accuracy and
had higher confidence on test performance thatvtbeomparison classes, who revealed no
change in confidence or judgment accuracy. Unerpég students who underwent the
monitoring accuracy training also showed a sigaificbias towards overconfidence, a finding
that the authors could not explain. There wasifferdnce among groups for reading
comprehension, which Huff and Nietfeld hypothesiaald be due to the use of a standardized
reading comprehension test, which may show a lageweralization of the training, the short
duration of the training, or the fact that thenmag didn’t include regulatory strategies that
would help students use their calibration judgmémisprove their reading comprehension.
These results indicate that even brief intervesticem impact monitoring accuracy and
performance and suggests that future researchgsbeuwtonducted exploring other brief
interventions.

Nietfeld, Cao, and Osborn (2006) conducted a studyndergraduate students
investigating the effects of a monitoring trainegministered over the course of one 16-week
semester during which the class met once a wehlk. mfonitoring training consisted of
completing a monitoring worksheet and receivingliseck on calibration and test performance.
Each time the class met for lecture, studentsartrbatment condition were given a monitoring
worksheet at the end of class. The worksheet astkelnts to rate their understanding of the
day’s content and to list any concepts they fouffitdlt to understand from the day’s lecture,
as well as any action they would take to improwartbnderstanding of these difficult concepts.

The worksheet also contained three multiple-choeegew questions about the content covered
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that day and prompted students to make predicomédence judgments about their ability to
solve each question. Once students completed dhieshweet, the entire class went over the
review questions and students were encouragedi¢atren any discrepancy between their
confidence judgments and their actual performaacéhe review questions.

All students in the study took four tests and waesked to make predictive confidence
judgments about their ability to answer each teshi Each time the students took a test, those
in the treatment condition received feedback oir theerall calibration and bias regarding their
confidence judgments for the test items. This lbee# was designed to provide an overall
estimate of monitoring accuracy for students tosgsthat they could appropriately regulate
future study time. The control group was only céfthe opportunity to self-generate feedback
about the discrepancies between their confidersigments and their actual performance for test
items, but received no formal feedback. As comgphéwehe control group, the monitoring
treatment produced significant improvements inbzation and performance on both multiple
choice tests and an integrative end-of-term projéd¢though this effect took 4 weeks to
establish, it was sustained throughout the remaiofiéne semester. These findings show that
monitoring exercises improved mastery of coursdargdnand importantly, did so while
consuming minimal instructional time. The authdid not investigate if the intervention
impacted any other SRL skills besides calibratwnich provides an area of extension.

Zimmerman, Moylan, Hudesman, White, and Flugma®l1{2 conducted a large scale
study comparing the effectiveness of a semester &RL intervention added to the pre-existing
curriculum used in remedial math classes at annudehnical college. Teachers in the SRL
intervention classrooms usedpingmodeling to teach math content, meaning they tideally

made mistakes to serve as a catalyst for discussiont error detection and shifting of
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strategies. The treatment classrooms receiveddragjuizzes every two to three class sessions
and students had to make predictive and postdistifeconfidence judgments about the quiz
items. Students in the SRL treatment group wks@ given the opportunity to earn back points
that they lost from incorrect answers on their gagzby correcting their mistakes on self-
reflection forms. For each item they wanted taect; the form required students to compare
their pre and postdictive judgments with their ome on the item, explain why the strategy they
used was ineffective, determine a new more effectvategy, and indicate their confidence for
solving another similar problem. Students were asjuired to solve a similar problem and
outline the strategies and procedures they usedite it. Findings show that students in the
SRL treatment classes had significant higher meliresement and more accurate calibration as
compared to students in the control classes. Eurtbre, completing the self-reflection forms
was associated with more accurate calibration aogases in math achievement. The SRL
treatment also improved students’ achievement lnglastakes exam, boosting the pass rate by
25% in comparison to the control students.

Synthesis.Research on SRL shows that monitoring, calibratowl, reflection training all
add value to interventions aimed at improving stisleregulatory capacities. Monitoring and
calibration training can foster an accurate undeding of one’s progress (Delclos &
Harrington, 1991; Desoete et al., 2003), whichlead to appropriate reflection and forethought
processes (Dunlosky & Rawson, 2011). Reflecticmweell-established component of SRL
interventions that has been shown to improve aeln@nt, as well as other self-regulatory skills
like calibration accuracy (Ramdass, 2008; Ramdagswdnerman, 2008). Interventions that
simultaneously target monitoring, calibration, aeflection have great potential to increase

student’s self-regulatory capabilities as improvataén each of these processes can



46

theoretically enhance the others. The currentysati@mpted to capitalize on the synergistic
relationships between these three processes by rediective instruction about calibration
monitoring that fosters deep metacognitive procggsiith the hopes of increasing students’
regulatory abilities and achievement (Koku & Quie2B04; Maki, Foley, Kajer, Thompson, &
Willert, 1990). This intervention extends previaaibration research by providing calibration
training that links all three phases of self-reteddearning and provides continuous process
feedback to learners as they refine their reguweatkills over the course of multiple learning
cycles.
Rationale for Study

More research is needed to evaluate classroom Ipageitoring and calibration
interventions that compliment preexisting curricatawell as to understand the mechanisms
underlying their effects, particularly at the K-lewel (Cleary & Zimmerman, 2004; Garavalia &
Gredler, 2002; Nietfeld et al., 2005). Significattention should be given to interventions that
can improve the accuracy of student monitoring thiedt adaptive use of self-reflection while
consuming little instructional time (Huff & Nietfé] 2009; Nietfeld et al., 2006). Although we
know that these comprehensive interventions imploead measures of SRL, more research is
needed on how these interventions impact spediic $kills. This is especially true in the face
of increasing use of microanalytic measures andrcattate based measurements that have
proven more valid and theoretically sound than plstatic, and trait-based measurements.
These measures can reliably capture moment to nmameacognitive processes, thereby
providing a better understanding of the dynamicreof regulation (Zimmerman, 2008). This
can help to rectify the criticism levied upon p&&L research that it focused on too large of a

grain size, preventing a view of actual regula@snt occurs (Butler & Winne, 1995). For
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instance, few studies have focused on calibratiearacy as an outcome measure as this study
intends to (Ramdass, 2008). Importantly, durirggdtirrent intervention, students estimated
their confidence about solving math problems cdlydmth before and after they attempted to
solve problems. Feedback was given to studentstdbeir calibration both before and after
performance in an attempt to encourage more aeuaratacognitive monitoring and to provide
useful information about students’ calibration @eses.

The current intervention combines a variety ofatéht evidence-based methods from the
literature above into one comprehensive programiradoing so, extends previous intervention
research. This study attempted to generalize #tbads used by Nietfeld et al. (2006) and
Zimmerman et al. (2011) to middle school studemsth studies used distributed monitoring
exercises, which are structured worksheets intetwlé&atilitate consistent practice with and
reflection on the participants’ calibration andukgory behavior, as their primary intervention
technique. These exercises were integrated ietprd-existing curriculum where the studies
were conducted and took up small amounts of instnual time. Both interventions produced
more accurate calibration and higher levels ofaatinent in college students. The current
study adapted the monitoring exercises used iretbeglies and integrated them into the middle
school mathematics curriculum at a small privaeppchool in an attempt to focus learners’
attention on metacognitive monitoring during thefpenance phase and facilitate more
productive reflection processes. This approach lise with recent meta-analytic research
showing that it is important to teach skills witlire context where they will be used to enhance
the probability of transfer (Hattie, Biggs, & PuediLl996). Over the course of five training
sessions, participating students answered reviestouns based on the material covered in their

math class and made confidence judgments aboutpbgormance. They received feedback
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about their calibration accuracy and engaged leectbn about their calibration and
performance on the review questions.

These exercises were complemented with componéotier interventions shown to
improve student regulatory capacity. Students wapmported in developing calibration skills
with feedback about their calibration accuracy dhercourse of the intervention (Desoete et al.,
2003). Students graphed their confidence judgmedntsy with their actual performance, which
provided visual feedback about any discrepanciesdsn the two factors and served as a
platform for discussion about calibration and reffilen. Graphing has been used previously in
SRL research and has been shown to enhance tlot\edffeess of feedback (Kitsantas &
Zimmerman, 2006; Labuhn et al., 2010). Studerss igarned regulatory strategies from all
three phases of Zimmerman’s self-regulated learmndel to help them use any improvements
in calibration accuracy they experience to make@mmate regulatory decisions (Cleary et al.,
2008; Perels et al., 2009; Zimmerman, Bonner, & &by 1996). Students were taught when
and where to apply the strategies they learn, wélduld enhance the generalizability of the
training (Hubner, Nuckles, & Renkl, 2010; Zohar &l&d, 2008). At the end of each session,
they were prompted to reflect on their knowledgéhefcurrent math curriculum and specific
strategies they could use to improve their undedstey of the concepts they were learning
(Zimmerman et al., 2011). The connection betweedent strategy use and academic outcomes
was emphasized, which should help students seakassts learning opportunities that are
within their control to fix (Cleary & Zimmerman, 28@). Combining these elements into one
package has strong theoretical justification araukhproduce valuable results.

After the training component ends, each studentimtasviewed one on one to gain a

better insight into the sources of information thi@tdents use to monitor their performance.
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Currently, calibration research has not adequadielytified the types of information students use
to form confidence judgments or how students calétheir understanding of academic content.
Past research suggests that people often formdsorndfe judgments based on preconceived
beliefs about their abilities (e.g., self conceptpn task characteristics that are poor predictors
of performance (e.qg., feelings of familiarity) (Betl al., 2005; Hacker, Bol, & Bahabahani, 2008;
Hacker et al., 2000). Meanwhile, data show thatiéing students’ performance on relevant task
features or monitoring processes can improve @lior accuracy (Brookhart et al., 2004;
Redford et al., 2012). Firmer understandings of kiee calibration process unfolds will allow
psychologists to design better interventions aritebeomprehend why people are typically
poorly calibrated (Dimmitt & McCormick, 2012; Mewarh & Fridkin, 2006). To the author’s
knowledge, Dinsmore and Parkinson (2012) wereiteeresearchers to ask students open-
ended questions about how they chose their cordaleatings. The current study expanded on
this approach by asking students open-ended questimout their monitoring processes in real
time as they solved two math problems, including tlmey made their confidence judgments.
Their responses were interpreted in the framewbBandura’s (1986) model of reciprocal
determinism that outlines how an individual’s regaty behavior is shaped by both personal
characteristics (e.g., metacognition or personéigys) and environmental sources (e.g., teacher
feedback or type of task).

Hypotheses. The current study tested the following hypotheses:

HO 1: Students receiving the intervention will shiomproved calibration as compared to
those on the control group who did not yet recéineintervention.
HO 2: Students receiving the intervention will shiomproved mathematics performance

as compared to those on the control group who diget receive the intervention.
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HO 3: Students receiving the intervention will shimereased self-regulatory strategy
use as compared to those on the control group whoal yet receive the intervention.
HO 4: Students receiving the intervention will shimereased metacognitive strategy use
as compared to those on the control group who dig/et receive the intervention.

HO 5: Students will make confidence judgments ugwfigrmation from both personal
and task related factors. The lack of researthigharea prevents any testable

hypotheses from being made.
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CHAPTER 1l
Method

This chapter presents the methodology that theentistudy used to determine if the
intervention improved middle school students’ aatlon, performance, and use of self-
regulatory strategies while solving math problerbe chapter begins with a description of how
participants were recruited and the experimentatguiures. Next, the measures used in this
study will be reviewed and a rationale for theie wgll be provided. Finally, the chapter will
conclude with an overview of the study’s design arethods of data analysis.

Design.This is a mixed methods study. An experimentalgiesias conducted by
randomly assigning participants to either a treatngeoup or a control group. All participants
were individually interviewed at the conclusiontié study to collect qualitative data on the
sources of information they used to form confidejucigments and their other monitoring
processes. The control group was used to see étperimental treatment was able to increase
achievement and self-regulatory skills above angbe another commonly used intervention.
Participants

The participants were sixth and seventh grade stadecruited from a secular private
school in a large Northeastern city where the gpaianvestigator (PI) served as a school
psychology intern during the 2012-2013 academic.y&ae school predominately enrolled
upper-middle to high socioeconomic status famiied provides small, resource intensive
classes. The Pl invited all sixth and seventh@saddents enrolled in the school who were
currently taking mainstream mathematics classgsiticipate in the study. A total of 51
students were invited, including 22 from two sigtiade math classes and 29 from two seventh

grade math classes. Out of these, 30 studenisipatéd in the study, all of whom were
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included in data analysis. The head of school leaha brief introduction, the PI's invitation and
a parental consent form to all of the parentsxdhsaind seventh grade students (see Appendix A,
B & C for copies of the introduction, invitationtier, and parental consent forms). The parents
were encouraged to read the documents and reteifiortms through email with an electronic
consent. They were also given the option of retigra hard copy of the form to the PI's

mailbox in the main office in a sealed envelope mfaximize participation, the Pl also went to
the four mainstream sixth and seventh grade masisek and gave a brief overview of the study
using a prewritten recruitment script (see Apperidlifor a copy of the recruitment script). The
Pl also handed out an invitation letter descridhmgnature of the study and a permission form to
the students to take home to their parents thdtddmireturned to the PI's mailbox in a sealed
envelope.

The PI visited the homerooms of each student whasent returned the permission form
to go through the assent form with them befordistathe first session of the study (see
Appendix E for the assent forms). This ensuredttiatudents agreed to participate and that
they understood the procedures of the study.

Measures for Quantitative Portion of the Study

Five types of outcomes were measured in this sindiyding (a) student math
performance, (b) calibration, (c) self-regulatedtgtgy use, (d) metacognition, and (e) prior math
achievement. These outcomes were measured viapra@ilems, single-item scales,
guestionnaires and interviewing techniques. Siitgi®-scales have been used in some SRL-
related studies (Cleary et. al, 2008, Zimmermaal.e2011). Classic psychometrics viewed
validity and reliability as properties of a testimstrument. These traditional conceptions have

been revised because psychologists now underdtahthese properties can only be interpreted
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contextually. Since self-regulatory processes tilanitoring or planning are constantly
changing in relation to environmental stimuli, tetsady used contextually-bound single-item
scales to measure confidence judgments. A sefrigantextually-bound questions was also
administered during mathematical problem solvingdibect information on the sources of
information that participants use to form thesegjudnts. This method is sensitive to small
changes in mental and behavioral processes thdiecarnssed by pre-post tests and other trait
based measures (Cleary & Zimmerman, 2004). Theskeads have been shown to be valid and
reliable (Zimmerman, 2008) and help answer thes¢all a better understanding of the dynamic
nature of regulatory behavior (Butler & Winne, 1995

Math performance. Students’ mathematics performance was assessedalyiilie math
review questions for each of five training sessjghyshared items on their classroom
probability unit tests (to gain a more ecologicalglid measure of math performance). The five
items for each session represented different comtigémin the unit of probability and have been
reviewed by a panel of experts to ensure the itgare similar in difficulty level. This involved
the PI1 compiling a set of 74 questions taken frosoi@plemental problems resource of the
curriculum that the teachers did not use. The rtgjof the topics covered in both units were
the same for the sixth and the seventh grade stsidarce the curriculum used an upward spiral
to deepen conceptual knowledge over the courdeeaino grades instead of teaching brand new
material. These items covered subunits of theghibby unit and were then given to four
middle school math teachers, who were asked tahmetedifficultly on a scale from 1 through
10 from the perspective of their average sixth/sdvgrade math students, with 1 being ‘not
confident’, 4 being ‘somewhat confident’, 7 beimgétty confident’ and 10 being ‘very

confident’. The mean of all four raters was cadtedl for each item. The items were then
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divided into five sessions, each containing fivesjions, and represented the progression of the
topics within the broader probability unit, whiatcluded calculating experimental and
theoretical probabilities, equally likely and nogually likely outcomes, expected values and
probability of two-stage outcomes. The Pl seletiedfive items for each session by including
two easy items (those with means below five), twemlam items (those with means between
five and seven) and one difficult item (those witkans above seven) as rated by the panel of
four teachers. In addition, each set of five qoesthad approximately the same level of mean
item difficulty as rated by the panel of teachergh the means of the five sessions ranging from
5.80 to 5.95.

For each math problem, students earned a scoi@ af an item if they solved the item
correctly, a score of 5.5 if they got partial ctddiwarded when only minor calculation errors led
to an incorrect answer), and a score of 1 if thidyexd it incorrectly. This scoring system was
used to align the performance scale to the pregiend postdictive confidence judgment scales
described below. Students mean math performansealaulated for each session and used in
the analysis of math performance.

All the teachers in the study agreed to use a dhtem bank on the final unit test. This
shared bank consisted of six questions that wersept on both the sixth and seventh grade
tests, as well as four items present only on tkih girade test and seven items present only on
the seventh grade test. These items were usegttthe effectiveness of the intervention on
math performance in a more natural context.

Calibration. Calibration represents the degree of difference/éen participants’
confidence judgments compared to their actual pexdoce. To measure calibration,

researchers typically ask participants how confidieay are that they can answer a question or
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that their answer is correct. These judgments ttherébe made at the local level, where
estimates are made after each item, or at the Igilea, where a single judgment captures the
expected performance on the entire task or tegt, @sking participants how many questions
they expect to get correct out of the total nunddetems) (Nietfeld et al., 2005). The current

study used local judgments to obtain a more firengid analysis of calibration accuracy.

Calculating calibration accuracy Calibration accuracy can be calculated in a vaéty
ways, but always involves finding the differencéviz®en individuals’ confidence judgments of
their performance and their actual performancee fiin distinction in the measurement
literature is between absolute and relative acgurddsolute accuracy assesses the precision of
a confidence judgment compared to performanceaitaaion task. Relative accuracy assesses
the relationship between correct and incorrectjuelgts, or a set of confidence judgments and
performance outcomes. Said another way, absoteteg@acy measures the precision of
confidence judgments, whereas relative accuracysunesa the consistency of these judgments
(Schraw, 2009). Use of absolute accuracy indisesdommended for treatment research as
these are typically more reliable and more likelydveal individual differences than measures
of relative accuracy (Hacker, Bol, & Keener, 2008).

Calibration accuracy for predictive (before perfame) and postdictive (post
performance) judgments was calculated by takingabsolute value of the difference between
each item’s predictive/postdictive calibration mgtiand its corresponding performance score. In
this study, students earned a score of 10 on aniftdhey solved the item correctly, a score of
5.5 if they got partial credit (awarded when onliyar calculation errors led to an incorrect
answer), and a score of O if they solved it incctitye Accuracy scores represent the magnitude

of calibration errors and ranged from 0 (perfedibecation) to 10 (complete lack of calibration)
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in this study. For example, if students report thay are totally confident (10) that they
answered a question correctly and received a sfdr@ on that item, the accuracy score for that
item would be 0 (absolute value of 10 minus 1Qjjdating perfect accuracy. However, if
students report that they pretty confident (7) sewkived a score of 10 on that item, the accuracy
score for that item would be 3 (absolute value ofiius 10). Finally, if students reported that
they were pretty confident (7) and received a sobzero on that item, the accuracy score for
that item would be 7 (absolute value of 7 minusE)r each session that students completed,
these item-specific difference scores were summediavided by the total number of items

being tested, providing an overall predictive andtdictive accuracy score for each session.

Confidence judgments (prediction].o measure students’ confidence judgments prior to
solving each math review question, a 10-point ltikeale was used asking, “How sure are you
that you will solve this problem correctly?” Theake ranges from Inpt surg to 10 {ery suré
(see Appendix F for a sample scale). Previousarebeusing single item scales to measure
middle school students’ math-specific self-efficgcgnfidence judgments prior to solving
problems) and self-evaluation judgments (confidgndgments after solving problems) shows
high levels of internal consistency of these measuwith alphas ranging from .89-.96 (Chen &
Zimmerman, 2007).

Confidence judgments (postdictionyhe measure of post-performance confidence
judgments read, “How sure are you that you solhexigroblem correctly?” The scale ranges
from 1 (hot surg to 10 {ery sur@ (see Appendix F for a sample scale).

Self-regulated strategy use.Students’ self-regulated strategy use while engaged
mathematics tasks was assessed using the 28-it&Reggilation Strategy Inventory-Self-

Report (SRSI-SR) (Cleary, 2006; Cleary & Chen, 23hree times throughout the
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intervention (see Appendix G for a copy of the SBR)). This survey was developed to assess
students’ context-specific use of self-regulatdrgtegies during studying and homework
completion. Although this inventory was initialtieveloped for use with high school science
students, a shortened version has been validateséowith middle school math students
(Cleary & Chen, 2009). Students rate how oftely theed specific strategies on a 5-point Likert
scale ranging from la{most neverto 5 @lmost alwaypswith specific anchors for each scale

unit.

Factor analytic evidence confirms the existenciéh@e primary factors on the inventory:
(a) environment and behavior management (12 iteres.88), (b) seeking/learning information
(8 items:a = .84), and (c) maladaptive regulatory behaviBregms:o = .72) (Cleary, 2006).
The environment and behavior management scale mesaihie frequency with which students
use regulatory strategies during studying and hoonlewompletion, such as comprehension
monitoring and time management. This scale indutens like “I tell myself exactly what |
want to accomplish before studying” and “I quiz ®if$o see how much | am learning during
studying”. The seeking/learning information saaleasures the frequency with which students
seek help or use specific study tactic during saglgnd include items like “I ask my math
teacher about the topics that will be on upcomesgst’ and “I look over my homework
assignments if | don’t understand something”. aadaptive regulatory behavior scale
measures the extent to which students engage edagative regulatory behavior, such as
forgetfulness and avoidance and includes items'‘likgoid asking questions in class about
things | don’t understand” and “I wait to the lasinute to start studying for upcoming tests”.

Cleary and Chen (2009) combined the environmeatemavior management and

seeking/learning information factors into a composieasuring adaptive regulatory strategy use
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and found that this inventory has adequate leviaisliability with middle school students. The
coefficient alpha values for the combined adapi@stor and the maladaptive regulatory scale
wereo = .89 andh = .67, respectively. These three factors hawe lzden aggregated into a
composite score representing overall self-regwattmategy use with a high level of reliability
(o =.92) (Cleary, 2006).

Metacognitive strategy use.Students’ metacognitive strategy use during madblpm
solving and studying was assessed using the 32liteemtory of Metacognitive Self-Regulation
(IMSR) at three times throughout the interventibloWard, McGee, Shia, & Hong, 2000) (see
Appendix H for a copy of the IMSR). The authorse&leped this self-report inventory to assess
metacognitive awareness and regulatory skills dbrisg math problems. Students rate how
certain sentences describe the way that they gobldems on a 5-point Likert scale ranging
from 1 to 5. The specific anchors for each scaiean the SRSI were used for this measure to
create consistency and reduce confusion acrossysirv

This measure was adapted from two existing puldioan inventories that measure
planning, monitoring, and evaluation, the Juniottédtegnitive Awareness Inventory (Dennison,
Murphy, Howard, & Hill, 1996) and the How | SolvedBlems Questionnaire (Fortunato, Hecht,
Tittle, & Alvarez, 1991). These two measures aghlly correlated (= .68) with one another
(Sperling, Howard, Miller, & Murphy, 2002). To @& this measure, Howard and colleagues
(2000) first conducted an exploratory factor anialgs all of the items of both instruments using
339 students aged 10-19. After eliminating foams that focused on particular learning
strategies (e.g., “l draw pictures or diagramseipme understand while learning”) the
combined inventory produced a five factor structamd accounted for 42.7% of the sample

variance. Second, Howard et al. tried to estalféisk validity of the items because they wanted
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the inventory to be accessible to classroom teachBo do this, they conducted a content
analysis of the remaining 32 items by writing défoms for each factor based upon the three or
four items that loaded most heavily on their reipedactors (.5 and above). They had a team
of five raters come to consensus about which itégrag thought best represented the five factors.
This resulted in the elimination of nine items. eTlemaining set of 23 items produced a five
factor structure accounting for 56.3% of the sanvaléance.

To complete this measure, Howard et al. revisa@wrote the remaining 23 items to
increase their reliability. In addition, they weatew items to clearly demonstrate the existence
of the five existing factors resulting from the pess described above. They administered the
revised 35-item inventory to a national sample28 8tudents from grades 6-12. An exploratory
factor analysis using a varimax rotation resulted five factor solution with eigenvalues over
1.12, which accounted for 51.6% of the variances iRlstrument was found to be highly reliable.
The overall alpha of the measure was .94 and thecsles ranged from .72-.87. Three items
were eliminated because they weighed heavily oxpaeted factors or weighed on multiple
factors. Bulu and Pederson (2012) confirmed éhalyility of this measure with middle school
students after finding an alpha of .89.

The IMSR has been validated on middle school stisdmmd has been found to predict
problem solving and content understanding (HowsitGee, Shia, & Hong, 2001a, 2001b).
Howard et al. (2001b) also reported that the meadgiscriminated between students with high
metacognitive skills and low ability and those witigh ability and low metacognitive skills and
found that metacognitive self-regulation was adrgitedictor of problem solving success than
standardized measures of ability. Bulu and Ped&$2012) results further support the validity

of the IMSR as an indicator of metacognitive skillhey found that students who scored highly
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on the IMSR did not benefit from scaffolding in ylermedia environment like the students who
had lower scores. Whereas students with lowercogtative skills benefitted more from
continuous scaffolding as opposed to faded scaffg)agstudents with higher metacognitive skill
displayed similar problem solving skills across toaditions.

The five factors measured on the inventory areki@wledge of cognition (6 items), (b)
problem representation (5 items), (c) subtask noonig (7 items), (d) evaluation (8 items), and
(e) objectivity (6 items). The knowledge of cogmit factor measures how much learners
understand about their cognitive abilities andwiags they learn best. This factor includes items
like “When it comes to learning, | know how I ledrast” and “I use learning strategies without
thinking.” The problem representation factor measuearners’ awareness of strategies they use
to understand problems before solving them. Tdusol includes items like “I think to myself,
do I understand what the problem is asking me?™anead the problem more than once.” The
subtask monitoring factor measures how learnemskippeoblems down into subtasks and
monitor the completion of each subtask. This factoludes items like “I use different learning
strategies depending on the problem”, “I identifytlze important parts of the problem”, and “I
pick out the steps | need to do this problem”. &haluation factor measures the degree to
which learners are aware of checking their worktighout the entire problem solving process to
evaluate if it is being done correctly. This faatecludes items like “I look back at the problem
to see if my answer makes sense” and “| stop atihiea step | have already done.” The
objectivity factor measures learners’ capacitiestémd outside of themselves and think about
their learning as it proceeds, which includes aarawess of one's learning goals and alternative

choices in accomplishing a learning goal. Thigdaocludes items like “I think of several ways
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to solve a problem and then choose the best orte"laask myself if there are certain goals |

want to accomplish.”

Prior math performance. The school also provided the Pl with a measusuafents’
previous math achievement, their standard scoréBeomath section of the lowa Test of Basic
Skills (ITBS) for the previous academic year. Timeasure was used as a covariate to control

for any differences in mathematical achievemerdrgo the treatment.

Measures of Qualitative Portion of the Study

Sources of confidence judgmentd hesources that students use to form calibration
judgments were measured using open-ended inteyi@stions. After the intervention ended,
the PI met with 29 participants individually to adiister two additional math problems and used
a set of six open-ended questions to gather infoomabout the sources the participants used to
make predictive and postdictive confidence judgmaiiout these two questions, as well as a
better understanding of their other monitoring psses. The Pl selected the one easy item and
one difficult item, as rated by the panel of foemdhers, for this component of the study as
problems of varying difficulty were likely to elicdifferent monitoring processes. Before
participants actually solved each problem, theyewgompted to make a predictive confidence
judgment about their expected performance on thpol Likert scale described above. After
the participants solved each problem, they weredsik make a postdictive confidence
judgment about their performance on another 10tdokert scale. These quantitative scales
were repeated in this part of the study to exphme students’ calibration accuracy impacted
their answers to the interview questions. In addithey were asked the following four open-

ended questions:
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1. How did you make this prediction of __ %?
2. Explain all of the steps you took to solve the peah Try to be as exact as possible
3. Did you use any strategies to solve the problem?

a. If so, which ones and why did you use these stie¢€g

4. How do you know whether you answered the questiorectly?

Participants were then told if they got the questight and asked the remaining two open-ended

guestions:

5. What do you think is the main reason why you g giioblem right/wrong?
6. Is there anything else you want to tell me abbatgroblems or how you solved

them?

These questions can also be found in Appendix |.

Procedure

This section begins with an overview of the procedwf the experiment and the
intervention components. Next, each specific ir@ation component will be discussed in more
detail. The PI began the intervention the week @ sixth and seventh grade mainstream math
classes’ began their units on probability. Thesiesuvere taught in their math class by their
math teacher for approximately three weeks. Té&tnnent group received the intervention
during five sessions, which the Pl administeredulghout these three weeks. The sessions were
held during students’ lunch periods, academic énmient periods, and other non academic
periods including, art, computer, and club time.

For each session they (a) completed five math munssteviewing recent material and

accompanying predictive and postdictive confidgndgments focused on how well they think
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they will be able to/were able to complete eaclstjae (these judgments were used to measure
calibration) as well as questions about specifiatsgies that they used to complete these
problems; (b) were taught about Zimmerman'’s thtagesself-regulated learning model and
specific forethought, performance, and reflectitvategies related to their math curriculum; (c)
received feedback about their performance on tleerfiath review questions; (d) received a
running graph of their calibration accuracy agdgresses across the unit (the original proposal
outlined that the students would self-construcirtben graphs, but due to time constraints the
PI constructed their calibration accuracy graphséssions two through five); and (e)
completed a worksheet with reflective questionsualioe math unit.

The control group did not receive any of the aceélements of the treatment during this
time, which are outlined by elements (b) throughrfighe paragraph above. However, to ensure
that they received equal amounts of additionatuasional time, they also participated in five
sessions during their probability unit. Duringgbesessions control participants completed
component (a) described in the paragraph abowvedfiar collection purposes. They then spent
the remaining time receiving individualized matbktimction using the computer program Math
Whizz, an online math teaching program already Wsetthe school. To ensure that all
participants receive the benefits of the interamtthe control group received the intervention
after the first five sessions were complete. Tieegived five additional sessions of the full
intervention incorporating elements (a) thoughdi@ng their next math unit. In addition, both
groups completed two surveys measuring self-regulatrategy use and metacognition during
math problem solving three times; before the farsd third sessions and after the fifth session
(see Appendix J for a visual overview of the ingertron components). Finally, after the five

sessions, the Pl met with each participant indiaiijuto administer the open-ended interview
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guestions to gather information about the sourcegparticipants use to make predictive and
postdictive confidence judgments and other momipprocesses.

Intervention components.

Math review questionsThe Pl gave students five math questions reviewiegnaterial
covered in class between sessions. While solVieget questions they were asked to make
predictive and postdictive confidence judgmentsigiag on how well they thought they would
be able to/were able to complete each questiomaddition, for each question they solve, they
were asked an open ended question about whatgéstbey used to complete this question
(see Appendix F for a sample of these review qoBs}i

Instruction on Zimmerman'’s self-regulated learningnodel. The Pl gave students an
overview of the self-regulated learning (SRL) moidehccessible language. Special emphasis
was placed on the fact that learners gain inforonaftiom each phase that they can use to adjust
their approach in the future. Students were tchinesarious SRL strategies (e.g., planning,
monitoring, reflection), and worked with these sgges throughout the sessions so that they
could feel comfortable using them. These SRL astjias were taught in the context of the
content and specific math strategies being tauygtitair math class to facilitate comprehension
and generalizability. See Appendix K for more dedbut the specific SRL training information
that was covered during each session.

Feedback on review question performancafter solving the math problems, the PI told
the students the correct answers to the questi@yscompleted and informed them of how
many items they got right or wrong.

Graph of calibration accuracy.The PI taught students a graphing procedure dtineg

first session during which they constructed th@&mnaraphs of their confidence judgments along
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with their performance on the math questions. Outire second, third, and fourth sessions, they
were provided a completed calibration accuracy lgraghis provided students with visual
feedback about their calibration accuracy by shgwire discrepancy between their
predictive/postdictive confidence judgments andrthetual performance with a concrete,
continuous visual representation that highlighesttiend in their calibration accuracy. After
examining calibration accuracy graphs, the Pl leisaussion about calibration, highlighting the
differences between participants’ confidence judgtm@nd their actual performance.

Reflective worksheetStudents completed reflective worksheets alignet thieir recent
math instruction during each of the five trainirgsions of the intervention (see Appendix L for
a copy of this worksheet). These worksheets gustiedients through rating their overall
understanding of the material in the unit coveretivieen sessions as well as identifying
concepts or procedures they found difficult and tthay could do to improve their
understanding of these areas of weakness. Eadtshe®rt asked the students (a) to consider the
guestions they just completed and explain whategjras or processes they did correctly; (b) to
explain what strategies or processes went wrortp@se questions; (c) to report how well they
think they understood the material covered in theath class during the target unit; (d) to
identify what concepts they found difficult to umgiand; and (e) to identify what they could do
to improve their understanding of the concepts ced/én this review.

Data Analysis: Quantitative

The major hypotheses of the study were tested uspeated measure analysis of
variance (RMANOVA). A 2 (treatment: yes/no) x 24de levels) multi-factorial repeated
measure analysis of variance (RMANOVA) was useid$d the effectiveness of the intervention

on predictive and postdictive calibration accuragy?2 (treatment: yes/no) x 2 (grade levels)
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multi-factorial repeated measure analysis of vagafRMANOVA) was used to test the
effectiveness of the intervention on math perforeeaturing the treatment sessions. A 2
(treatment: yes/no) x 2 (grade levels) multi-factbANOVA was used to test the effectiveness
of the intervention on math performance on the tast. A 2 (treatment: yes/no) x 2 (grade
levels) repeated measure analysis of variance (RM¥A) was used to test the effectiveness of
the intervention on self-reported self-regulated aretacognitive strategy use during problem
solving.

Power analysis.

The statistical software G-Power (version 3.1.5% wsed to estimate the sample size
needed to detect effects similar to previous sififated learning, calibration and math
interventions summarized below. Prior studies kfaate examined the impact of self-regulatory
skills training that incorporated calibration hgueduced significant improvements in students’
calibration accuracy (mostly medium to large eff@ees, ranging frord = .39-1.34)

(Brookhart, Andolina, Zuza, & Furman, 2004; Desp&eeyers, & De Clercq, 2003; Huff &
Nietfeld, 2009; Nietfeld, Cao, & Osborn, 2006; Zimaman et al., 2011). The current
intervention shares components with a number dfregllatory skills training programs that
have increased students’ mathematics achievemmat| (® large effect sizes, ranging frah¥
.31 -.75) (Desoete et al., 2003; Fuchs et al. 28(8jarech & Shimon, 2006; Mevarech &
Kramarski, 1997; Mevarech & Kramarski, 2003; PerBignath, & Schmitz, 2009; Zimmerman
et al., 2011). Dignath, Buettner, and LangfeRfiO8) recently conducted a meta-analysis on
SRL training programs with primary school studearid found that, on average, students who
participated in programs targeting mathematicsqoardnce improved achievement an entire

standard deviation (mean effect side; 1). Dignath, Buettner and Langfeldt (2008) meploat
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combining metacognitive self-regulatory skills araynitive problem solving training produces
a large increase in strategy use (mean effect@rze81). Comprehensive self-regulatory skills
training programs similar to the current interventhave produced increases in student’s use of
self-regulatory strategy use and metacognitionapious sizes, ranging from small to large
effects (Cleary et al., 2008; Mevarech & Fridki@0B; Perels et al., 2009; Stoeger & Zielger,
2008).

Calculations were run with 2 groups and 5 repeatedsurements under the assumption
of an alpha level of both .05 and .1, power of 8@&6relations among repeated measures = .45,
and a nonsphericity correction factor of .75 (ial@ata sets the correction factor is typically not
below .75, which represents a moderate violatiospbiericity assumption (Glass & Hopkins,
1996). The estimate of the correlation among riepkemeasures of calibration was derived from
calibration research showing that calibration judgts within a domain are similar across time,
with estimates ranging from .28-.55 within spa#iptitude (Jonsson & Allwood, 2003), .32- .65
within reading comprehension (Moore, Lin-Alger &#acky, 2005) and .23-.62 in an
educational psychology course (Hacker et al., 20@3Yimations of the correlations among
repeated measures of math achievement were hartiedt Only one study was identified that
reported the necessary correlational data. Ndn({#887) reported that the correlation between
two math calculation tests was .55. However, auith be noted that each math calculation tasks
only consisted of two moderately difficult itemsdatmat there was little academic intervention
between the tests.

Sample size estimates for between and within fa&lMDVA's as well as their
interactions were calculated using G-Power ancceffizes {-statistic) ranging from .25-.45

(medium to large effects) and are summarized irelab Considering the estimates used in the
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calculations and the fact that using students’ iptessmath achievement as a covariate would

likely help reduce the error variance when analyzire between-subject factors, the 51 students

invited to participate in the study and 30 parteifs were deemed sufficient to detect the

hypothesized effects of this intervention.

Table 1

Sample Size Estimates for Repeated Measures ANOVA'’s

Effect Size (f) Repeated measures

ANOVA, between

factors
25 74 (58)
3 52 (40)
35 38 (30)
4 30 (24)
45 24 (20)

Sample Size

Repeated measures
ANOVA, within

factors

28

20

16

12

10

Repeated measures
ANOVA, within-

between interactions

28

20

16

12

10

* Estimated samples outside of the parenthesefoaedpha = .05, inside the parentheses are for

alpha=.1

Data Analysis: Qualitative

Participants’ answers to the qualitative interviguestions were coded into categories

and analyzed using descriptive statistics and gbase analyses to determine whether those
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receiving the intervention or the control answetegse questions differently and whether well
and poorly calibrated participants answered thesstipns differently.

Participant’s responses to the confidence judgmemts (questions 1 and 4) were
analyzed with a coding scheme adapted from DinsmandeParkinson (2012) based on
Bandura’s (1986) model of reciprocal determinidéandura’s model proposes that an
individual’'s regulatory behavior (i.e., rating oa&€onfidence judgment) is shaped by both
personal characteristics (e.g., metacognition ss@elity traits) and environmental sources
(e.q., teacher feedback or type of task). As spahjcipants’ responses were coded into seven a
priori categories reflective of these personal andronmental influences. Categories of
personal characteristics included: (a) prior knalgkes (e.g., “I am doing well in class”; “I
remember covering something like this in class’kribw how to solve problems like this”), (b)
self-concept (e.g., “l am really good at math”)ddn) metacognition (e.g., “I checked my
answer and knew | was right”, “I thought back aedlized | knew how to solve problems like
these”). Categories of environmental sources dwetliu (a) characteristics of the item (e.g., “the
guestion was really difficult”) and (b) social reas (e.g., “my teacher says | am good at these
types of questions”). Two other additional categeiincluded: (a) guessing and (b) other

considerations.

Participants responses to question 5 were analytbda coding scheme adapted from
Weiner (1986) that consists of the following fiverori categories: (a) aptitude (fixed ability
representing an internal, stable attribution);gki)ls/knowledge/strategy use (these can be
learned over time representing an internal, unstatitibution); (c) effort (representing an
internal, unstable characteristic); (d) task diffig (representing an external, stable attribution)

and (e) chance (representing an external, unssdioileution).
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Participants’ responses to question 2 were analgyexbunting the number of steps
participants took to solve each problem. If theipgant got the question right, the steps were
checked for conceptual accuracy. If the particiggr the question wrong, the steps were
checked for patterns of errors and conceptual ndiskgtandings.

Participants’ responses to questions 3 and 6 weteccafter data were collected. Their
answers to question number 3 were then groupedhstllowing thematic categories: (a)
efficiency (e.g. the quickest or easiest way toageéinswer); (b) accuracy (e.g. a way to get the
correct answer); (c) prior knowledge (e.qg. indidaieat they have used the strategy for a similar
problem before); (d) social (e.g. because they warght to use the strategy); and (e) “l don’t
know” or no strategy.

Most students did not have any additional infororathat they wanted to report about the
problems or how they solved them for question @esponses to this question were not
analyzed.

These open-ended questions were analyzed by t#wedRdnother qualified rater. The
gualified rater was an educational psychology dattstudent who was trained on the coding
schemes and provided examples of each of the g&egd qualitative responses. The two
raters worked together to code all of the answeesraing to the coding schemes outlined
above. Any disagreements were discussed untilermus was reached. These data were used
to determine whether those receiving interventiothe control answered these questions
differently and whether well and poorly calibrajgtticipants answered these questions

differently.
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CHAPTER IV
Results

Preliminary Analyses

To ensure that random assignment was effectivgualeing the treatment and control
groups, students’ prior mathematical achievemardrés on the math portion of the lowa Test
of Basic Skills (ITBS)), was compared using a unat@ analysis of variance (ANOVA) for
both sixth and seventh grade students. The gradescompared separately because the test is
designed with different mean scores across graasle No significant differences on overall
math achievement were found between the treatmrenpgand the control group in either grade
(sixth, F(1,13) = .169p = .689,n° = .015; seventtF(1,16) = 1.176p = .681,n° = .012). As a
further check of the effectiveness of random assmmt, a 2 (condition: experimental vs.
control) x 2 (grade levels) multi-factorial ANOVAas conducted examining participants math
achievement on the first set of math problems dudyed before their treatment began, as well
as their first set of predictive and postdictivewmacy scores. These measures were taken before
the treatment group received any interventionheateasures should be similar across groups.
Regardless of treatment assignment or grade, e no significant differences among
participants on their performance on the firstadehath problems, their predictive accuracy, or
their postdictive accuracy (performance, treatmie¢it,29) = 1.808p = .190,n° = .065; grade,
F(1,29) = .486p = .492,n% = .018; predictive accuracy, treatmer],29) = .365p = .551,° =
.014; gradeF(1,29) = .389p = .538,n° = .015; postdictive accuracy, treatmé¥(t,29) = .573,
p = .4561° = .022; gradel(1,29) = .025p = .876,1° = .001. Because these tests found that
there were no initial differences in math achievetnparticipants ITBS scores were not used in

subsequent analyses. Descriptive statistics awsepted for the major dependent variables in
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Table 2. Participants were 14 sixth grade andeV@érsth grade students with approximately
equal numbers of boys and girls in each gradethBudemographic information can be found in
Table 3. Correlations between mathrformance and the self-regulated learning (SRSI<8id
metacognition (IMSR) questionnaires are presemtéichble 4. As expected, the correlations
between self-regulated learning strategy use artdaognitive strategy use were large and
positive. However, the medium size negative cati@h between self-regulated strategy use and
math performance found in the control group wasxpeeted and contrary to other research on
this instrument (Cleary, 2006; Cleary & Chen, 2008prrelations between the predictive and
postdictive accuracy and performance are presenf€dbles 5 and 6 respectively. The negative
correlations in Tables 5 and 6 were expected becealforation accuracy is on a reverse scale
where numbers closer to zero indicate higher levketecuracy. As expected, there were large
correlations between predictive and postdictivaieacy and performance. Overall, these
correlations were largest when comparing calibreiocuracy and performance within one
session. However, there are other large and medasralations among calibration accuracy

and performance across sessions as well.
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Table 2
Descriptive Statistics for the Major Dependent dates
Dependent Variables Control Treatment

N M SD N M SD
lowa Test of Basic Skills 15 243.36 23.12 14 242.825.30
Calibration Session 1 — Predictive 15 4.29 1.04 15 4.09 .93
Calibration Session 2 — Predictive 15 4.42 1.76 15 4.13 1.29
Calibration Session 3 — Predictive 15 4.19 1.35 15 3.03 1.16
Calibration Session 4 — Predictive 15 4.68 1.35 15 4.41 .67
Calibration Session 5 — Predictive 15 4.72 1.04 15 3.88 1.46
Calibration Session 1 — Postdicfive 15 4.08 1.27 15 3.87 .82
Calibration Session 2 — Postdicfive 15 3.53 1.80 15 3.48 1.61
Calibration Session 3 — Postdicfive 15 3.73 1.74 15 2.98 1.08
Calibration Session 4 — Postdicfive 15 3.72 1.74 15 2.97 .93
Calibration Session 5 — Postdicfive 15 4.48 1.97 15 2.76 1.50
Mean Math Performance Sessidh 1 15 3.52 1.53 15 4.36 1.91
Mean Math Performance Sessioh 2 15 2.62 1.37 15 3.16 2.06
Mean Math Performance Sessioh 3 15 4.54 2.16 15 5.50 1.56
Mean Math Performance Sessioh 4 15 2.92 2.2 15 4.00 1.26
Mean Math Performance Sessioh 5 15 2.80 1.44 15 4.60 1.99
Mean SRSI 1 Scofe 13 3.33 75 14 3.20 71
Mean SRSI 2 Scofe 13 3.32 53 13 3.53 .63
Mean SRSI 3 Scofe 15 3.30 61 15 3.45 .66
Mean IMSR 1 Scofe 15 3.38 .52 15 349 .48
Mean IMSR 1 Scofe 15 3.29 54 15 3.61 .64
Mean IMSR 1 Scofe 15 3.29 73 15 3.58 .66

®Predictive and postdictive accuracy scores ranged 0-10, with 0 being the most accurate
P Math performance scores ranged from 0-5

¢Self-Regulation Strategy Inventory-Self-Report (PRBores ranged from 1-5

dInventory of Metacognitive Self-Regulation (IMSR)ses ranged from 1-5
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Table 3
Participant Demographics
Grade Teacher Treatment N
Sixth A Experimental 4
Control 3
B Experimental 3
Control 4
Seventh A Experimental 4
Control 3
C Experimental 4
Control 5
Table 4

Correlations Among Math Performance and the SefftRged Learning and Metacognition
Questionnaires Collapsed Across the Five Sessions

Dependent Variables 1. 2. 3.
1. Total Math Performance — -.311 .086
2. SRSI Total 474 — 78
3. IMSR Total .164 .920** —

Correlations above the diagonal are from the treatrgroup; correlations below the diagonal
are from the control group

* Correlation is significant at the 0.05 level @ked)

** Correlation is significant at the 0.01 level {2ied)



Table 5

Correlations Among Predictive Accuracy and MathfBenance Across the Five Sessions

Dependent Variables 1 2 3
1. Math Performance — .670** .584*
Session 1

2. Math Performance . 453 — .612*
Session 2

3. Math Performance .294 .816**
Session 3

4. Math Performance .179 .046 -.023
Session 4

5. Math Performance .603* .234 .056
Session 5

6. Predictive Accuracy -.336 .058 -.060
Session 1

7. Predictive Accuracy -.087 -.204 -.270
Session 2

8. Predictive Accuracy -.016 -.666** -.691**
Session 3

9. Predictive Accuracy .007 476 597*
Session 4
10. Predictive -.385 -.038 137

Accuracy Session 5

-.098 —

S570* —

Correlations above the diagonal are from the treatrgroup; correlations below the diagonal are ftbencontrol group

* Correlation is significant at the 0.05 level @ked)
** Correlation is significant at the 0.01 level {@H{ed)

S.



Table 6
Correlations Among Postdictive Accuracy and Mathfétenance Across the Five Sessions

Dependent Variables 1 2 3 4 5 6 7 8 9 10
1. Math Performance — .670** .584* 563  .183 .011 107 -.096 -.098 .519*
Session 1

2. Math Performance . 453 — .612* 490 .198 -.318 -.118 -.436 .226 .209
Session 2

3. Math Performance .294 816** __ 413 .299 .080 .226 -.551* 132 496
Session 3

4. Math Performance .179 .046 -023 — 139 .166 433 -.142 -.310 .205
Session 4

5. Math Performance .603* .234 .056 474 -.118 194 -.150 .153 -.238
Session 5

6. Postdictive -.377 .098 -.022 -.022 -453 .361 .280 .021 .089
Accuracy Session 1

7. Postdictive .002 -.286 -412 767 372 -142 -.081 .088 .068
Accuracy Session 2

8. Postdictive -.066 -470 - 719** 281 .146 -.035 B573% 137 127
Accuracy Session 3

9. Postdictive -.354 =227 .070 -.090 -.505 -.179 -.050 -.056 — .158
Accuracy Session 4

10. Postdictive -.048 .029 .358 273 -.316 -.026 .180 -.223 611*

Accuracy Session 5

Correlations above the diagonal are from the treatrgroup; correlations below the diagonal are ftbencontrol group
* Correlation is significant at the 0.05 level @ked)
** Correlation is significant at the 0.01 level {@H{ed)

9L
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Primary Analyses

Predictive calibration accuracy. To test hypothesis one and to determine the effiect
the intervention on predictive calibration accuraey (condition: experimental vs. control) x 2
(grade levels) multi-factorial repeated measurdyaisof variance (RMANOVA) was
conducted on the measures of predictive accurdtgcted during each of the five sessions
throughout the study. Main effects of treatmentenfeund for predictive accuracy across the
five sessionsi(1,26) = 8.314p = .008. According to Cohen (1988), these resgtsbe
categorized as a large effect size (small effe€@l: moderate effect = .06; large effect = .14).

Postdictive calibration accuracy. To test hypothesis one and to determine the edfiect
the intervention on postdictive calibration accyrac?2 (condition: experimental vs. control) x 2
(grade levels) multi-factorial repeated measurdyaisof variance (RMANOVA) was
conducted on the measures of postdictive accuraltgcted during each of the five sessions
throughout the study. Main effects of treatmenterfeund for postdictive accuracy across the
five sessionsF(1,26) = 7.291p = .012,n? = .219. These results can be categorized age lar
effect size (Cohen, 1988).

There was a significant interaction between treatraad grade for postdictive accuracy,
F(1,26) = 5.361p = .029n? = .171. This finding shows that the differenceatibration
accuracy between sixth graders in the treatmentaitdist control groups was much larger
than the difference in calibration accuracy betws&renth graders in the treatment and wait list
control groups. Further analysis shows that tkih gjraders receiving treatment improved their
calibration accuracy after the first session anthtamed a similar degree of accuracy after that
while the seventh graders receiving treatment naetd to improve their calibration accuracy

across all five sessions (see Figure 2).
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Figure 2

Interaction Between Treatment and Grade for PosittBcAccuracy
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Simple contrasts, or univariate F-tests, were cotetlthat compared participants
calibration in the first session to their caliboatifor sessions two through five to gain more
information about trends across time. These cst#n@vealed that postdictive accuracy was
significantly higher during session three and ses8ur than during session one (session three
compared to session orfg1,26) = 4.69p = .04,n” = .153; session four compared to session
one,F(1,26) = 4.537p = .043W? = .149. In addition, contrasts also revealedyaiicant
interaction between session and treatment for patistel accuracy when comparing session five
with session one. The treatment group showedfgigntly better calibration accuracy between
the first and last session, whereas the contralgahd not (session five compared to session

one,F(1,26) = 4.244p = .05,1° = .140).
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Mathematics performance.To test hypothesis two and to determine the etiette
intervention on mathematics performance a 2 (cardiexperimental vs. control) x 2 (grade
levels) multi-factorial repeated measure analybisaoance (RMANOVA) was conducted on
the measures of math performance collected duach ef the five sessions throughout the
study. Main effects of treatment on math perforogawere found across the five sessions. This
test revealed that the treatment group had sigmfig higher math performance on these
problems as compared to the control grdt(,26) = 5.750p = .024n? = .181. These results
can be categorized as a large effect size (Colg&8)1 It must be noted that the fifth session in
this analysis violated Levene’s test of equalityobr variances, meaning that the variances of
the subjects in the different conditions (treatmegtade) were not equal for this session. This
suggests that the results of this analysis shoeliciterpreted with caution.

A significant within subject effect of time was fodiacross the five sessiofg4,104) =
8.472,p = .000,n% = .246. Simple contrasts were conducted that esetbparticipants math
performance in the first session to their mathgrenfince for sessions two through five to gain
more information about trends across time. As g to participants performance during
session one, these contrasts revealed that théorpance was significantly lower during
session two and significantly higher during sess$ioae (session two vs. session df@d,26) =
12.452 p = .002,1° = .324; session three vs. session 6if#,26) = 8.731p = .007,n° = .251).

To test the effectiveness of the intervention olnpeerformance during a naturally
occurring classroom assessment, a 2 (treatmeritigjes 2 (grade levels) multi-factorial
ANOVA was conducted on the shared sixth and sevgratie items on the probability unit
exam. This test revealed no significant effectsedtment or grade (treatmeR{1,26) = .011p

=.9181% = .000; gradef(1,26) = 2.516p = .1251* = .088). In addition, a univariate ANOVA
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was used to examine specific grade level effecte@intervention on math performance for
both sixth and seventh grade participants using pfegformance on grade specific items on the
probability unit exam. These tests revealed noiagnt effects of treatment for sixth grade,

F(1,12) = .255p = .623,n%> = .021 or seventh grade(1,14) = .164p = .691 1> = .012.

Self-regulated learning strategy useTo test hypothesis three and determine the
effectiveness of the intervention on self-reguldésdning strategy use during problem solving, a
2 (treatment: yes/no) x 2 (grade levels) multi-faicti repeated measures analysis of variance
(RMANOVA) was conducted on the survey measuremeuitected three times throughout the
study. This test was conducted on each of thethubscales on the SRSI-SR as well as the total
score of the SRSI-SR.

Participants in seventh grade reported higher $eok&nvironment and behavior
management strategid¥(1,22) = 6.024p = .022 n*=.215 and seeking/learning information
strategiesF(1,25) = 8.454p = .0081° = .253 than participants in the sixth grade. ddition, a
significant within subject interaction was found fome and treatment for the environment and
behavior management scalié2,44) = 4.210p = .021,4> = .161. Simple contrasts were
conducted that compared participants self-repaédfdregulatory strategy use before the first
session (measurement 1) to their strategy usedséssion three (measurement 2) and after
session five (measurement 3) to gain more infolwnabout trends across time. These contrasts
revealed that participants receiving treatment ntegplosignificantly higher levels of
environmental and behavior management strategiesdogession three (measurement 2) and
after session five (measurement 3) as compareeftoedsession one (measurement 1)
(measurement two vs. measurement &if&,22) = 5.565p = .0281n? = .202; measurement

three vs. measurement of€],22) = 5.582p = .027,1% = .202).
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Analysis of the overall scale produced similar lssuParticipants in seventh grade
reported higher levels of self-regulated strateggy compared to participants in the sixth grade
F(1,20) = 6.11p = .023,n% = .234. A significant within subject interactioras found across
session and treatment for the composite of the SB8éF(1.529,30.583) = 3.648 = .049,n°
=.154. The greenhouse-geisser correction wasfosehis test as it violated the assumption of
sphericity,y* (2) = 6.993p = .03. Contrasts revealed that participants tepasignificantly
higher levels of overall self-regulated strategg afier session five (measurement 3) than before
session one (measurementA(l,20) = 5.294p = .0321° = .209.

Metacognitive strategy useTo test hypothesis four and determine the effentigs of
the intervention on metacognitive strategy useradyuproblem solving, a 2 (treatment: yes/no) x
2 (grade levels) multi-factorial repeated measaredysis of variance (RMANOVA) was
conducted on the survey measurements collected times throughout the study. This test was
conducted on each of the five subscales on the IlsSRell as the total score of the IMSR.

This test revealed no significant effects of treatiror grade on the total scale (treatment,
F(1,26) = 1.656p = .210n? = .06; gradeF(1,26) = 3.859p = .06, = .129) or any of the five
subscales.

Summary of Findings Related to Study Hypotheses

Table 7 summarizes this study’s hypotheses andates which hypotheses were
supported by the research findings. The resutigiged support for the hypotheses one and two,

but not for hypotheses three and four.
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Table 7

Summary of Research Hypotheses and Results

Hypotheses Results

HO :
1

HO:

HO :
3

HO :

HO :
5

Students receiving the intervention will show noyed calibration as Supported
compared to those on the control group who didyrbteceive the
intervention

Students receiving the intervention will show noyed mathematics Supported
performance as compared to those on the contrapgndio did not
yet receive the intervention

Students receiving the intervention will showremsed self- Not supported
regulatory strategy use as compared to those ocotfteol group
who did not yet receive the intervention

Students receiving the intervention will showremsed Not supported
metacognitive strategy use as compared to thosleeocontrol group
who did not yet receive the intervention

Students will make confidence judgments usingrimation from No testable
both personal and task related factors. The lac&search in this  hypotheses were
area prevents any testable hypotheses from beidg.ma made

Qualitative Analysis

Interviews were used to collect information abaatigipants’ monitoring processes

during problem solving to explore (a) how they mé#usr specific predictions and postdictions,

(b) the steps they took to solve the problemsw@t strategies they used to solve the problems,

and (d) their perception of why they got the pratdeight/wrong. One participant did not

complete an interview, so qualitative data wereg/ @ollected for 29 participants. Their answers

to these questions were coded into categorieshamanalyzed to determine what types of

answers participants in the treatment and contalgs provided.

Descriptive analysisFor each question, the percentage of participhatsprovided

answers that fell into each category is tabulatddv and interesting findings are highlighted.
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The first question asked participants how they ntade predictive judgments.
Participants’ answers to this question for bothahasy and difficult problem in the interview are
presented in Table 8 below. On the easy probleencontrol group participants reported using
more guessing or “gut” feelings to make their pcade judgments then the treatment group. On
the difficult problem, the treatment group predoamtly reported using metacognition and self-
concept to form their predictive judgments, wherdascontrol group was more likely to report
using their prior knowledge, the characteristicghafitem, or guessing.

Table 8

Qualitative Responses of Participants in the Treatiand Control Groups — Question One —
Sources of Predictive Judgments

Codes for predictive Treatment Control Group Treatment Control Group
judgment Group — Easy - Easy Group — — Difficult
Problem Problem Difficult Problem
Problem
Prior knowledge 35.7% 33.3% 0% 13.3%
Self-concept 21.4% 13.3% 28.6% 0%
Metacognition 28.6% 26.7% 57.1% 33.3%
Item characteristics 7.1% 0% 14.3% 40%
Social 0% 0% 0% 0%
Guessing 0% 6.7% 0% 13.3%
Other — “gut” 7.1% 20% 0% 0%

The second question asked participants to explaof the steps they took to solve the
problems. The number of steps participants refdetking for both the easy and difficult
problem in the interview are presented in Table®Ww. Regardless of treatment group, all
participants used a similar number of steps toestite easy problem and the difficult problem
respectively. For the difficult problem the majgrof participants did not provide any work or

any answer. The majority of participants used $teps to solve the easy problem.
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Table 9
Qualitative Responses of Participants in the Treatiand Control Groups — Question Two —
Number of Steps Taken to Solve Each Problem

Number of Treatment Group Control Group —  Treatment Group Control Group —
steps — Easy Problem Easy Problem — Difficult Difficult Problem
Problem

0 0% 6.7% 50% 53.3%

1 21.4% 20% 21.4% 20.0%

2 64.3% 66.7% 14.3% 26.7%

3 14.3% 6.7% 7.1% 0%

4 0% 0% 7.1% 0%

* |f participants provided no work and no answes ttumber of steps participants took were
counted as zero

The third question asked participants about thetesires they used to solve the problems
and why they used them. Participants’ answerstalbby they used the strategies they did for
both the easy and difficult problem in the intewiare presented in Table 8 below. On the easy
problem, participants were mostly likely to repitvat they used strategies that helped them
accurately or efficiently answer the problem. @a difficult question, the vast majority of
participants did not use a strategy to solve tloblem or were unable to report why they used
the strategy they did.

Table 10

Qualitative Responses of Participants in the Treathand Control Groups — Question Three —
Why Participants Used the Strategies They Did teeSBach Problem

Codes for Treatment Group Control Group — Treatment Group Control Group —

strategies — Easy Problem Easy Problem — Difficult Difficult Problem
Problem

Efficiency 50% 53.3% 14.3% 6.7%

Accuracy 28.6% 20% 7.1% 6.7%

Prior knowledge 7.1% 6.7% 0% 0%

Social 0% 13.3% 0% 0%

| don’t know or 14.3% 6.7% 78.6% 86.7%

no strategy
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The fourth question asked participants how theyerthdir postdictive judgments.
Participants’ answers to this question for bothahasy and difficult problem in the interview are
presented in Table 11 below. On the easy prolleencontrol group participants reported using
more guessing or “gut” feelings to make their pasiee judgments, whereas the treatment
group reported using more self-concept. On thigcdif problem, the control group participants
reported using more “gut” feelings to make theistoactive judgments, whereas the treatment
group reported using more metacognition or priankiedge.

Table 11

Qualitative Responses of Participants in the Treathand Control Groups — Question Four —
Sources of Postdictive Judgments

Codes for predictive Treatment Control Group Treatment Control Group
judgment Group — Easy - Easy Group — — Difficult
Problem Problem Difficult Problem
Problem
Prior Knowledge 28.6% 26.7% 14.3% 0%
Self-concept 21.4% 0% 0% 6.7%
Metacognition 42.9% 53.3% 57.1% 33.3%
Item Characteristics 0% 0% 0% 0%
Social 0% 0% 0% 0%
Guessing 7.1% 13.3% 21.4% 20%
Other — “Gut” 0% 6.7% 7.1% 40%

After the participants were told whether they d& guestions right or wrong, they were
asked the fifth question about what they thouglg th@ main reason they got the problem right
or wrong. Participants’ answers to this questmmbioth the easy and difficult problem in the
interview are presented in Table 12 below. Fohlibe easy and difficult problems, the majority
of participants reported that their strategy usknmwledge was the main reason why they got

the problem right or wrong.
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Table 12
Qualitative Responses of Participants in the Treatiand Control Groups — Question Five —
Participants Perceptions of the Main Reason Theswaned the Questions Correctly/Incorrectly

Codes for predictive Treatment Control Group Treatment Control Group

judgment Group — Easy - Easy Group — — Difficult
Problem Problem Difficult Problem

Problem

Aptitude 7.1% 6.7% 0% 0%

Strategy use/knowledge  85.7% 73.3% 50% 73.3%

Effort 0% 6.7% 7.1% 0%

Task difficulty 7.1% 0% 7.1% 0%

Chance 0% 0% 21.4% 13.3%

| don’t know 0% 13.3% 14.3% 13.3%

Only three participants provided an answer to tkign gjuestion, which asked if there was
anything else they wanted to report about the prablor how they solved them. Because so
few students answered this question, the resuits n@& analyzed.

Treatment versus control group responsesChi-square analyses were used to
determine whether those in the intervention orcitarol groups answered the qualitative
guestions outlined above differently. Chi-squaralgsis comparing the treatment group to the
control group revealed significant differences leswthe sources participants in both groups
used to make their predictive judgments on the rdifieult interview problemy? (4, N = 29) =
10.671,p = .031. Specifically, participants in the treatrhgroup were more likely to use
metacognition and self-concept to make their ptasgigudgment whereas participants in the
control group were more likely to use item charasties, prior knowledge and guessing. See
Figure 3 below for a graphic representation oféhfesdings. Chi-square analyses comparing
treatment and control group participants reveatedther significant differences in the sources
participants used to form postdictive calibratiadgments, the number of steps they took to
solve the problems, what strategies they reporsatguand their perceptions of the main reasons

why they got the question right/wrong.
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Figure 3

Treatment Condition and Source of Predictive Caliton Judgments — Chi-Square Analysis
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More accurate versus less accurate calibrators regppsesParticipants’ predictive and
postdictive calibration judgments from the openezhohterview questions were used to
calculate calibration accuracy scores for bothether and more difficult math problem.

Median splits of these four scores were then useadtegorize the participants as either more
accurate or less accurate calibrators accordimghgther they fell in the top or bottom half of

the median for each score (because of the smaflisasize, equal group proportions were
approximated). These four median splits were thsad to perform chi-square analyses to
determine whether more accurate and less accuablbeators answered the qualitative questions
outlined above differently.

Chi-square analysis using the median split forglioste accuracy for the easier question

on the interview revealed significant differencedieen the more accurate and less accurate
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calibrators on the sources they used to make plosidictive judgments for that itenf, (4, N =

29) = 11.606p = .021. Specifically more accurate calibratorsenmore likely to use prior
knowledge to make their postdictive judgment wheleas accurate calibrators were more likely
to report that they guessed or used “gut” feeltogmake their postdictive judgment. See Figure
4 below for a graphic representation of these figdi Chi-square analyses comparing more
accurate and less accurate calibrators revealetheo significant differences in the sources
participants used to form predictive calibratiodgments, the number of steps they took to solve
the problems, what strategies they reported usind their perceptions of the main reasons why

they got the question right/wrong.

Figure 4

Calibration Accuracy and Source of Postdictive Gadtion Judgments — Chi-Square Analysis

Source of
87 Postdictive
Judgment

W Fricr Knowledge
M Self-Concept

O Metacognition
B Guessing

O cther - "Gut"

Number of Participants

T
1.00 200

Postdicitive Accuracy Mean Split



89

CHAPTER V

Discussion

The primary goal of this study was to test whetheelf-regulated learning intervention
effectively improved participants’ math achievemexst well as their abilities to monitor their
performance and reflect on their learning, as caetb#o a control group. Multi-factorial
repeated measures analyses of variances (RMANOW¥esg used to test the effects of the
intervention on the following dependent variabla®dictive and postdictive calibration
accuracy, math performance, and self-regulatoryra@thcognitive strategy use. These analyses
showed that participants who received the intereertiad higher predictive and postdictive
calibration accuracy and higher experimental mattigpmance as compared to the control
group, but did not report using more self-regula@md metacognitive strategy use.
Additionally, analysis of the qualitative data emlled after the intervention suggests that the
current treatment and calibration accuracy may shife sources of information that students
use to form calibration judgments. These findimgsbe discussed in more detail in the
sections below.

Calibration Accuracy and Math Performance

The results of the study show that the intervensioccessfully increased the calibration
accuracy of the participants and their math perésroe during the training sessions. These
findings provide further experimental support foe efficacy of multi-component SRL
interventions that explicitly train students to ntonand reflect on domain specific strategies
simultaneously being taught (Graham & Harris, 2083ff & Nietfeld, 2009; Schmitz & Perels,
2011). It also provides additional support forarporating distributed monitoring exercises like

those used by Nietfeld et al. (2006) and Zimmeretaed. (2011), into interventions for middle
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school students as well as for college studentsesd structured worksheets were a main
component of the current study and provided pawiais with opportunities to monitor and
reflect on their regulatory behavior.

The intervention positively impacted both caliboataccuracy and math performance,
which is consistent with previous research finditigat more accurate calibration leads to more
effective regulation of learning (Dunlosky & Raws@011; Stahl, Pieschl, & Bromme, 2006;
Thiede, Anderson, & Therriault, 2003). Howeveshbuld be noted that these results were
found with data collected during treatment sessansnot with natural classroom data.
Therefore, the results lack some degree of ecabgaldidity. This point is addressed further in
the limitations section below.

These findings are notable considering the brenfithe intervention. Many of the
effective multi-component SRL studies were verydiamd resource intensive, which makes
their adaptation to everyday classroom teachinficdit (Brookhart et al., 2004; Fuchs et
al.,2003; Schmitz & Perels, 2011). These findipgsside support for the growing literature
showing that brief and well-targeted instructioattprovides metacognitively-focused strategy
training within the context that these skills via# used can have large beneficial effects (Huff &
Nietfeld, 2009; Perels et al., 2005; Perels e28l09). The literature as a whole continues to
suggest that teaching students about the synergettitionship between SRL processes and how
these processes relate to information they arewtiyrlearning will likely be the most cost-
effective way of improving students’ self-regulat@apacities, and ultimately their achievement
(Graham & Harris, 2003; Huff and Nietfeld, 2009eMield et al., 2006). Based on the current
results, it will likely be beneficial if more resea incorporates multiple training sessions so that

participants can fine-tune their monitoring andlwalion skills over many self-regulatory
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learning cycles. This should allow for commenseifatprovements in metacognitive
monitoring to feed forward and inform more effeetreflection and ultimately, regulation of
learning (Schmitz & Perels, 2011; Zimmerman et2011).

Results from the repeated measure analysis ofn@ieonducted on postdictive
calibration accuracy show that participants intsptade responded to the treatment more
strongly than participants in seventh grade, aspawed to the control group. This difference
arose during the fourth and fifth sessions of tkigeeiment, suggesting that this difference was
due to the difficulty of the content. Although barades were learning about probability, the
curriculum used an upward spiral to deepen cone¢phowledge for the seventh grade
participants. This may have explained why thehsgrade participants to be less familiar with
the higher level concepts included in the studysttiecreasing the accuracy of their calibration
judgments. However, the treatment may have bbknta offset the detrimental effects of the
more difficult material.

Metacognitive and Self-regulated Learning Strategie

Hypotheses three and four outlined above wereuqated as the intervention did not
improve participants’ self-reported strategy ubwever, seventh grade participants reported
using more regulatory strategies during studying lsmmework, and seeking information or help
from others to improve their studying more oftercampared to the sixth grade participants in
the study. This finding contrasts with a recentigtby Cleary and Chen (2009) that found that
seventh grade students used less self-regulatatggtes than their sixth grade peers. This
discrepancy may be explained by that fact thap#récipants in their study attended a large
suburban public school, whereas the participantsignstudy attended a small, resource-

intensive private school that explicitly emphasizetependence. Furthermore, Cleary and Chen
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(2009) sampled 880 students, whereas the curremilsanly included 30 participants.
Participants in the current study have likely bhaeld to high academic standards during their
academic careers and received coaching aboutgtrase and owning their own learning.
Being educated in contexts similar to the curréundg setting may make participants more aware
of and skilled at regulating their own learning ametacognition.

It is unclear why the current intervention did natrease participants’ self-reported
strategy use. Cleary and Platten’s (2013) cashy stnalysis of their Self-Regulated
Empowerment Program intervention may help explaglack of intervention effects. In their
student, Cleary and Platten found that even th@agticipants did not report any increase in
their regulatory strategy use on the SRSI-SR, ahiglence collected throughout the
intervention showed that three out of the fouripgrants changed their regulatory behavior to
some degree. It may be that participants in tmeeatistudy needed more instruction and
practice using these strategies before they wdeestalzonsciously report using them. Another
potential explanation could be that the surveyruments were not theoretically or conceptually
well aligned with the interventions strategy instran and were not sensitive enough to pick up
changes that did occur. The Pl selected the sungtyguments because they were readily
available and had desirable psychometric propsetiéowever, even though the IMSR
measured some of the skills taught in the intereenthe items were derived from a different
theoretical perspective than the one used to deésgmtervention. Even though the SRSI-SR is
aligned with the major theoretical perspective ulyileg the study, it measures broad self-
regulatory strategy constructs, as compared téethespecific self-regulatory skills taught to
participants during the intervention. Use of diffiet instruments to measure changes in self-

regulatory and metacognitive strategy use that weree aligned with the dynamic nature of
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SRL may have produced different results (Butler &ké, 1995; Zimmerman, 2008). Finally,
both treatment and control group participants vpeoenpted to report their strategy use
continuously throughout the study. This may hdtered participants self-reports about strategy
use if they came to believe that this was an ingmnpiece of the learning processes or what the
Pl was attempting to investigate.
Sources of Confidence Judgments

The current study expanded on the methodology n§iore and Parkinson (2012) by
exploring the sources that students use to formidemce judgments, as well as their self-
reported strategy use and attributions during mathlem solving using open-ended questions.
Quantitative analysis revealed that participantsosed to the treatment had higher calibration
accuracy than the control group. Qualitative asialyevealed that participants in the treatment
group were more likely to use metacognition anfieahcept to make their predictive judgment
on the more difficult math problem in the interviemhereas participants in the control group
were more likely to use item characteristics, pkioowledge, and guessing. These results are
puzzling and cannot be easily explained by curtleedretical understandings. However,
participants who were more accurately calibratetevedso found to use different sources to
form calibration judgments than less accuratelibcaled participants. These differences are
largely consistent with current theoretical undamgings. Research suggests that poor
calibration accuracy may be the result of usingsaranformation to form calibration judgments
that do not predict achievement well, such as oselfsconcept or previous calibration
judgments (Bol et al., 2005; de Bruin & Van God)12; Hacker et al., 2000; Redford et al.,
2012). The current findings show that accuratédratiors were more likely to use their prior

knowledge to form postdictive calibration judgmeatsthe easier math problem in the
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interview, which is a source relevant to their iépitio solve the problem at hand. Meanwhile,
less accurate calibrators were more likely to wsgces that should not be as predictive of
success, including guessing and their “gut” feain@he fact that more participants with lower
calibration accuracy were unable to report how tleeymned their judgment further supports the
appropriate cue logic above. It may be that pigditts with higher calibration accuracy have a
larger knowledge base to draw from, which allonesiito make more accurate calibration
judgments.
Educational Implications

Calibrations well established link to regulatorynbeior and academic achievement
makes it a primary target for intervention andrmstion. This study contributes to the growing
self-regulated learning literature demonstratirgg ttalibration is a skill that can be taught and
suggests that students can become aware of andistppavement in their metacognitive
monitoring skills in a relatively short period aofne (Huff & Nietfeld, 2009; Nietfeld et al.,
2006; Schmitz & Perels, 2011). More broadly, #stigly intended to help fill the need for
educational interventions that improve studentd:regulatory and metacognitive skills, and
ultimately their performance. Importantly, thisanvention was designed to be flexible in order
to facilitate adaptation to other classrooms orteohareas. The procedures outlined above can
be incorporated into preexisting curriculum or banused as an adjunct to classroom instruction
to facilitate more reflective, strategic approactekearning. In addition, the study attempted to
shed light onto the sources of information studeststo form metacognitive monitoring
judgments and further understanding of the fadtwais contribute to accurate monitoring. This
will eventually help psychologists design more efifiee educational interventions targeting these

skills.
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Current findings and other successful calibratiod self-regulated learning interventions
can directly inform the practices of school psyclyidts, teachers and other educators looking to
enhance their students’ capacities to regulate aining. This intervention can be used by
educators, including school psychologists, to supieaching and learning in many diverse
settings and contexts. This study provides vakiatibrmation to school psychology
practitioners who can help teachers implement emedased practices in their classrooms
through consultation and professional developmérterventions like this can serve as another
tool for school psychologists to use to improvealstus’ learning and academic achievement and
fit well into the current legislative push fogsponse to interventiofiRTl), which is a data-based
educational method defined by a three-tiered systeacademic and behavioral support
provided to students according to their responsestouction (Sailor, 2009). Under this model,
all students receive Tier | instruction, which mbetevidence-based. Progress is continuously
monitored to determine if each student is respantbrthe instruction appropriately. Students
who are not making appropriate progress are ginereasing levels of support (Tiers Il and 111)
until there is evidence that they are respondinpeéccurrent interventions. This intervention can
be used to supplement a general Tier | curriculu@dapted to assist struggling learners who
need more individualized Tier Il or Il assistance.

Furthermore, school psychologists who familiarizenbselves with the self-regulated
learning intervention literature may improve theansultative skills. Understanding the
dynamics of self-regulated learning should allowdceater insight into student learning and
knowledge of effective interventions and may ultietyalead to more effective instructional
consultation and a more fruitful collaborative desh-solving process between school

psychologists and teachers.
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A unique feature of this study was that particigdotmed and recorded both pre- and
postdictive calibration judgments. This providettiéional opportunities for participants to
reflect on their accuracy and understand the dyosibetween monitoring and performance,
which was hypothesized to strengthen the effecteeintervention. Since the overall treatment
was successful, future interventions may benadinfincorporating this method.

The study also begins to shed light on the mechanimderlying the current treatments
effects, which was found to improve participani@liloration accuracy as compared to a control
group. Qualitative analysis suggests that thevetgion did not broadly impact the sources of
information participants use to form confidencegonnts, which indicates that other
mechanisms also contributed to the effects ofribervention. These findings can help inform
research aimed at discovering the mechanisms whareyventions improve calibration
accuracy. The current findings that explored tifferent sources of calibration judgments used
by more accurate and less accurate participardssaisngthens the contention that teaching
students to use appropriate cues to predict tieefopnance will improve monitoring accuracy
(de Bruin & Van Gog, 2012).

More research is also needed to determine whichezies of self-regulatory
interventions most effectively enhance monitoring eeflection processes. This study was not
able to investigate this because the treatmentpiocated features from many efficacious self-
regulatory interventions, preventing analysis @afic intervention components in isolation.
Limitations

There are several limitations of the current stuBliyst, the study was conducted on a
small and select population, which may limit théeemal validity of the results. The research

was conducted at a small, progressive, private Imisichool that enrolled students from a
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relatively high socio-economic status populatids such, the results may not generalize
beyond this sample to the majority of middle schsiatlents (Pelham & Blanton, 2013). This
sample was used because the Pl served as a sslyohbfogy intern at the school and the
administration encouraged research in their schbatther, the study was not powered to detect
small to medium effect sizes. The small sample heue prevented detection of smaller
intervention effects and may have prevented stngmgere meaningful results from surfacing
(Glass & Hopkins, 1996). The small sample may hase reduced the reliability of the
instruments used, leading to less psychometricgjrous measurement

Second, current data do not allow for a thorouwgimenation of the interventions effects
on naturalistic math performance and calibraticcugaacy. The only analyzable measurement of
natural math performance collected in this studg the shared item bank that all teachers
agreed to use on the final unit test. Analysethese few shared items on the final unit test did
not reveal any performance differences for eitheattnent or grade. Therefore, the results of
this study suffer from a lack of ecological valid{Kaufman & Kaufman, 2005). This suggests
that it may be more difficult to create changethim classroom than during experimental
sessions. Thus, more research is needed to exameitengitudinal effects of monitoring and
reflection interventions and how these intervergionpact student achievement in the
classroom.

Third, the PI1 had initially proposed to have pap@nts graph their own confidence
judgments and calibration accuracy after receitaging on this procedure during the first
session. However, the participants took much lotfggn initially projected to construct their
graphs during the first session, so the Pl contduthe calibration accuracy graphs for each

participant during the remaining sessions dueni@ ttonstrains. The graphs were still used to
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provide visual feedback and serve as a platforndizussion about calibration, but participants
were no longer graphing the feedback themselveghwhay have made the feedback less
salient.

Fourth, the PI should have applied more stringentgxiures when coding the qualitative
responses. All disagreements between the ratessdigcussed until consensus was reached.
This prevented any information from being collecbedthe inter-rater reliability between the Pl
and the other rater. A better approach would Heeen to record inter-rater reliability and have a
third rater solve any outstanding disagreements.

Conclusion

The purpose of this study was to investigate theces of a self-regulatory strategy
intervention designed to improve participants’ lsadtion accuracy, self-regulatory skills, and
math achievement. The study was designed to bomérito the growing literature base
evaluating monitoring and calibration interventi@sswell as to begin to explore the
mechanisms underlying their effects. The intenaenincorporated elements of many
efficacious monitoring and self-regulation intertiens into one curriculum.

As hypothesized, those who received the intervargimwed improvements in their
predictive and postdictive calibration accuracy armgher math performance as compared to
those in the control group. However, the interia@ndid not impact participants self-reported
self-regulatory or metacognitive strategy use,trefuhypotheses three and four. Qualitative
data suggest that participants use different ssuwteformation for their calibration judgments
depending on how accurate their calibration judgsherere.

Research on interventions that improve studenisitiab to monitor and regulate their

learning, like the one used in the current stuslgducationally valuable. The strong links
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between self-regulatory skills such as monitormefijection, and achievement and the fact that a
large portion of students are found to be deficierthese skills make this is an important area
for intervention (Bol et al., 2010; Dunlosky & Rawvs 2011; Hacker et al., 2008; Nietfeld et al.,
2005). This research can be used to enhance spbgdiologist and teacher effectiveness, and
can help fulfill the mandate to use “scientificaigsed” instruction in classrooms put forth by

recent federal educational legislation (U.S. Deaparit of Education, 2003).
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Appendix A
Introductory Email from théiead of School

Dear Parent:

| am writing to inform you about a research studyaloped by Gregory DiGiacomo, one of the
school psychology interns at Bay Ridge Prep, ferdigsertation. The study investigates the
effects of a brief five session program aimed #tihg students become more strategic
mathematical thinkers. This study will add an &ddal component to your child’s math
curriculum and allow us to look at its effectiveseg\ttached is Greg’s invitation, which
outlines the course in more detail, and a permis&om. If you would like to enroll your child
into the study, please download the attached psromigorm, sign it electronically, and email
the completed form tgdigiacomo@bayridgeprep.ordf you would prefer to submit a hard
copy of the form, please print and sign the fortace it in a sealed envelope and return it to
Greg’'s mailbox located in the main office.

Sincerely,

Charles Fasano
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Appendix B
Invitation Letter from the Pl

Dear Parent:

Hello, my name is Gregory DiGiacomo. | am a schasylchology intern at Bay Ridge
Prep. | have been working towards a doctoral aegrg@sychology with a focus on children and
education. This experience has been both enligigeand challenging. Working with your
children and the faculty at Bay Ridge Prep hasfoeted my belief that | have chosen the right
career path. After studying for six years, my fireguirement to earn my doctorate is to conduct
a research study. | would like to invite your dhib participate in the study which is outlined
below.

| have created a brief five session program to beldents become more strategic
mathematical thinkers. More specifically, yourldhwill be taught to:

Examine and discuss their current appréasolving math problems
Reflect on if and why their approach @king

Accurately judge their understanding aftimconcepts

Learn to incorporate and execute thesls sk

These sessions will be built around your child’shraurriculum and will reinforce the strategies
they are currently being taught.

Participation provides an opportunity to practicese skills in a no-pressure
environment. None of the work they complete duthmg training will impact their grades.
Every student, regardless of ability, can beneditf this program because it will deepen
conceptual understanding of mathematics, as wétisisr a more reflective and analytical
approach to problem solving.

If you have any questions, feel free to contactan@31-793-9156 or
gdigiacomo@gc.cuny.eduAttached is a permission form. If you woulddito enroll your child
into the study, please download the form, sigteitteonically, and email the completed form to
the above email address. If you would prefer tansitta hard copy of the form, please print and
sign the form, place it in a sealed envelope ahdmeat to my mailbox located in the main
office. Thank you for your consideration.

Sincerely,
Gregory DiGiacomo
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Appendix C
Permission Form for Sixth Grade Parents

CITY UNIVERSITY OF NEW YORK

The Graduate Center
Department of Educational Psychology

PARENTAL/LEGAL GUARDIAN PERMISSION FORM
AND AUTHORIZATION FOR
CHILD’S PARTICIPATION IN RESEARCH

Project Title: Enhancing self-monitoring and self-reflectionaigh a self-regulatory skills intervention
embedded in a middle school mathematics curriculum.

Principal Investigator (Pl): Gregory DiGiacomo, The Graduate Center of thg Gitiversity of New
York, 365 8" Avenue, 10016, 631-793-9156.

Faculty Advisor: Dr. Peggy Chen, Associate professor, Departmielatiocational Foundations &
Counseling Programs, Hunter College, West 1698, Park Avenue, NY, NY 1006812-772-4754

Your child is invited to participate in a reseasthdy. The study is conducted under the direation
Gregory DiGiacomo, a school psychology intern af Badge Preparatory and an Educational
Psychology Ph.D. student at The Graduate CentimedCity University of New York. The study will
investigate the effects of a brief training progréesigned to improvstudents’ abilities to monitor their
performance and reflect on their progress durinthemaatical problem-solving.

Procedures: All sixth and seventh grade students enrollech@instream math classes at Bay Ridge Prep
have been invited to participate. Approximately3Zbstudents are expected to participate in thidyst
(each grade will be seen separately). The traioomgponent of the study consists of five groupisess
focused on strategy instruction (approximately 46utes each). The training will be conducted dyrin
one unit in their math class, which will take appnaately three weeksAll sessions will take place at
Bay Ridge Prep Middle School, 8101 Ridge Blvd.,dkgn, NY 11209. Sessions will be held during
your child’s academic enrichment (two times) ordliperiods (three times) unless your child does not
have an academic enrichment period. In this dasesessions will be held afterschool (multipleegat
will be available in case of scheduling conflictg)ny time your child gives up their lunch periadwork
with Greg, they will be provided with two slicesmizza or a peanut butter and jelly sandwich ifythe
prefer.

If your child participates, they will be assignedoine of two groups, a treatment group and a delay-
treatment group. The delay-treatment group widkree the training once the treatment group has
completed the full five sessions. This is necgssarthat the group that initially receives thénirag can
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be compared to a group that did not, but also esdiat all participating students will receive the
benefits of the training. While the treatment grasipeceiving the training, the delay-treatmentugravill
participate in five short data collection sessishéch will occur during their homeroom periods
(approximately 12 minutes each).

In addition, your child will fill out a brief suryethree times over the course of the first fivesgmass
(approximately 8 minutes each time). This surveylésigned to measure their use of self-regulatory
strategies and their thinking during math probletviag. After the initial training component endetPlI

will meet individually with your child one time task them a few questions about the sources of
information that they use to monitor their perfonoa. This will occur during their homeroom period
(approximately 5 minutes). Finally, records of yahild’s previous math achievement (scores on the
lowa Test of Basic Skills and current grade poidrage) will be collected and analyzed to accoant f
their achievement levels prior to the study.

Benefits Your child is likely to benefit from this prograas they will be trained to approach math in a
more reflective, analytic way. In turn, this magegen their conceptual understanding and impraozie th
math achievement. Many similar programs have imgdostudent knowledge and use of strategies, as
well as their achievement.

Voluntary Participation : Your child’s participation in this study is volumya At anytime during the
study, you may withdraw your child from particigati without prejudice, penalty, or loss of benefids
which you are otherwise entitled. If you decidedmove your child from the study, please contaetRh
Gregory DiGiacomo, to inform him of your decision.

Possible Discomforts and RisksThere is ho more risk involved in participatingliis study than there is
in a regular school classroom. Some students exqparidiscomfort when they solve math problems. This
study could potentially create some distress byrayh the amount of time in the week students dpen
doing math. To ensure that students experiendélagdiscomfort as possible during the trainirgg t
principal investigator (P1) will emphasize thatdgnts are learning strategies that can help thesrcome
any difficulties they are having and that nonehait work during theses sessions will affect tigeades.

If your child experiences any discomfort as a restithis study and would like to seek professidmalp,

you should contact Dr. Jen Galbo, the school pdpgisi.

Confidentiality: During the study your child will fill out a numbesf surveys and worksheets. All
information gathered will be kept confidential amill only be accessible to the Pl and his faculty
adviser.All personal identifying information will be remogtefrom the data before data analysis. All
electronic files will be password protected andtkap the PI's home computer. All paper documents
collected during the study will be stored in a ledKiling cabinet. The data will be stored for animium

of three years, after which all data will be degtdy all worksheets will be shredded and all eteutr
files will be permanently deleted. As long as tla¢adexists, it will be kept secured. The informatiaill

be used to produce a paper for a graduate respagct. Only aggregate data will be reported ig an
reports or publications derived from this reseaitlyou would like a copy of the study, please pdav
me with your address and | will send you a copymthe study is completed.

Contact Questions/Personsif you or your child have any questions about tesearch, you should
contact the Principal Investigator, Gregory DiGimooat (631) 793-9156 g@digiacomo@gc.cuny.edif
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you or your child has any questions concerning yabuld's rights as a participant in this study, yoay
contact the Hunter College Human Research Prote®imgram (HRPP) Office at (212) 650-3053 or
hrpp@hunter.cuny.edu

Statement of Consent:“l have read the above description of this researth | understand it. | have
been informed of the risks and benefits involvedd all my questions have been answered to my
satisfaction. Furthermore, | have been assuredatma future questions that | may have will also be
answered by the principal investigator of the regeatudy. | voluntarily agree to allow my child t
participate in this study.

By signing this form | have not waived any of mydé rights to which my child would otherwise be
entitled.

I will be given a copy of this statement.”

] /|

Printed Name of Subject’s Electronic Signature of Date Signed

Subject’s Legal Guardian
Legal Guardian

Printed Name of Investigator Signature ofdstigator Date Signed
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Permission Form for Seventh Grade Parents

CITY UNIVERS1TY OF NEW YORK

The Graduate Center
Department of Educational Psychology

PARENTAL/LEGAL GUARDIAN PERMISSION FORM
AND AUTHORIZATION FOR
CHILD’S PARTICIPATION IN RESEARCH

Project Title: Enhancing self-monitoring and self-reflectionaigh a self-regulatory skills intervention
embedded in a middle school mathematics curriculum.

Principal Investigator (PI): Gregory DiGiacomo, The Graduate Center of thg Gitiversity of New
York, 365 ' Avenue, 10016, 631-793-9156.

Faculty Advisor: Dr. Peggy Chen, Associate professor, Departmeltiocational Foundations &
Counseling Programs, Hunter College, West 1695, Park Avenue, NY, NY 1006312-772-4754

Your child is invited to participate in a reseasthdy. The study is conducted under the direation
Gregory DiGiacomo, a school psychology intern af Badge Preparatory and an Educational
Psychology Ph.D. student at The Graduate CentiredCity University of New York. The study will
investigate the effects of a brief training progrd@signed to improvstudents’ abilities to monitor their
performance and reflect on their progress durintheraatical problem-solving.

Procedures: All sixth and seventh grade students enrollech@instream math classes at Bay Ridge Prep
have been invited to participate. Approximately32bstudents are expected to participate in thidyst
(each grade will be seen separately). The traioamgponent of the study consists of five groupisess
focused on strategy instruction (approximately 4butes each). The training will be conducted dyrin
one unit in their math class, which will take appnaately three weeksAll sessions will take place at

Bay Ridge Prep Middle School, 8101 Ridge Blvd.,dkign, NY 11209. Sessions will be held during
your child’s academic enrichment (three times) lamdh periods (two times). Each time your child

gives up their lunch period to work with Greg, tivéill be provided with two slices of pizza or a pe&
butter and jelly sandwich if they prefer.

If your child participates, they will be assignedoine of two groups, a treatment group and a delay-
treatment group. The delay-treatment group widkree the training once the treatment group has
completed the full five sessions. This is necgssarthat the group that initially receives thertirsg can
be compared to a group that did not, but also esdiat all participating students will receive the
benefits of the training. While the treatment grasipeceiving the training, the delay-treatmentugravill
participate in five short data collection sessimhéch will occur during their homeroom periods
(approximately 12 minutes each).
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In addition, your child will fill out a brief suryethree times over the course of the first fivesgmss
(approximately 8 minutes each time). This surveylesigned to measure their use of self-regulatory
strategies and their thinking during math probletviag. After the initial training component endetPlI

will meet individually with your child one time task them a few questions about the sources of
information that they use to monitor their performo@. This will occur during their homeroom period
(approximately 5 minutes). Finally, records of yahild’s previous math achievement (scores on the
lowa Test of Basic Skills and current grade poigrage) will be collected and analyzed to accoant f
their achievement levels prior to the study.

Benefits Your child is likely to benefit from this prograas they will be trained to approach math in a
more reflective, analytic way. In turn, this magegen their conceptual understanding and improsie th
math achievement. Many similar programs have impdostudent knowledge and use of strategies, as
well as their achievement.

Voluntary Patrticipation : Your child’s participation in this study is volumya At anytime during the
study, you may withdraw your child from particigati without prejudice, penalty, or loss of benefits
which you are otherwise entitled. If you decidedmove your child from the study, please contaetRh
Gregory DiGiacomo, to inform him of your decision.

Possible Discomforts and RisksThere is no more risk involved in participatinglns study than there is
in a regular school classroom. Some students equridiscomfort when they solve math problems. This
study could potentially create some distress byrapi the amount of time in the week students dpen
doing math. To ensure that students experienditlagdiscomfort as possible during the trainirg t
principal investigator (PI) will emphasize thatdgats are learning strategies that can help thesrcome
any difficulties they are having and that nonehafit work during theses sessions will affect tigeades.

If your child experiences any discomfort as a resiithis study and would like to seek professidmep,

you should contact Dr. Jen Galbo, the school pdggisi.

Confidentiality: During the study your child will fill out a numbesf surveys and worksheets. All
information gathered will be kept confidential andll only be accessible to the Pl and his faculty
adviser.All personal identifying information will be remogefrom the data before data analysis. All
electronic files will be password protected andtkap the PI's home computer. All paper documents
collected during the study will be stored in a ledKiling cabinet. The data will be stored for anmium

of three years, after which all data will be degtd; all worksheets will be shredded and all etattr
files will be permanently deleted. As long as tlagadexists, it will be kept secured. The informatvaill

be used to produce a paper for a graduate respastt. Only aggregate data will be reported ig an
reports or publications derived from this reseaittlyou would like a copy of the study, please pdev
me with your address and | will send you a copymtie study is completed.

Contact Questions/Personsif you or your child have any questions about tesearch, you should
contact the Principal Investigator, Gregory DiGiaooat (631) 793-9156 gdigiacomo@gc.cuny.edif
you or your child has any questions concerning ybuld's rights as a participant in this study, yoay
contact the Hunter College Human Research Prote®imgram (HRPP) Office at (212) 650-3053 or
hrpp@hunter.cuny.edu
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Statement of Consent:“l have read the above description of this reseamth | understand it. | have
been informed of the risks and benefits involvedd all my questions have been answered to my
satisfaction. Furthermore, | have been assuredatima future questions that | may have will also be
answered by the principal investigator of the redeatudy. | voluntarily agree to allow my child t
participate in this study.

By signing this form | have not waived any of myaé rights to which my child would otherwise be
entitled.

I will be given a copy of this statement.”

] /1

Printed Name of Subject’s Electronic Signature of Date Signed

Subject’s Legal Guardian
Legal Guardian

Printed Name of Investigator Signature ofdstigator Date Signed
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Appendix D
Recruitment Script

(The teacher will be asked to leave the room duigyannouncement to ensure that students
feel they can say they do not want to participateaut feeling pressured by their teachers.)

Hi, for those of you who do not know me | am Gragiacomo, one of the school
psychology interns here at Bay Ridge Prep. | haafly enjoyed working here this year so far
and am excited to tell you all about a study | amdticting designed to improve student’s
mathematical thinking. | would like to invite yoo participate in the study.

It involves five 45 minute lessons where we willieav strategies to break down math
problems and decide on the best approach to us@ue them. These lessons may enhance your
understanding of math concepts and teach you giesteo use in the future. The lessons will be
built around the next two units you will be coveyim this math class and will take place during
your academic enrichment periods, lunch periodsadted (if you are in 8 grade and do not
have an academic enrichment perioBach time you give up your lunch period, you wél b
provided with two slices of pizza or a peanut hugied jelly sandwich if you prefer.

Participating in this study will not hurt your gexth any way. Every one of you can
benefit from the course, no matter how good youaareath. The lessons are designed to help
you think about math in a more reflective way.

| am going to hand out some papers for you and gatents to look through that have
more information about the study. Please bringehmack to your house and give them to your
parents. | am also going to email them to youepts. If you are interested in participating,
your parents can electronically sign the permisgoom and send them back through email, or
they can sign this form and drop it off in my miadlx, which is located in the main office.

Does anyone have any questions?
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Appendix E

Assent Form for Sixth Grade Students

CITY UNIVERSITY OF NEW YORK

The Graduate Center
Department of Educational Psychology

ASSENT TO PARTICPATE IN A RESEARCH PROJECT

Child’'s Name:

You are invited to participate in Gregory DiGiacdmeesearch study. The study will test the
effects of a brief strategy training program. Thegpam will teach you how to use learning
strategies based on past successes and failuréggngou judge how well you learn. This study
may enhance your understanding of math conceptseacti you strategies to use in the future.

What will happen to me in this study?

You and 50 other students are being invited ta@péte in this program. Participants will take
part in five group training sessions (approximatdyminutes each). These training sessions will
be completed over the course of one three weekirugdur math classAll sessions will take
place at Bay Ridge Prep Middle School, 8101 Ridyel BBrooklyn, NY 11209.Sessions will

be held during your academic enrichment (two tinsesglinch periods (three times) unless you
do not have an academic enrichment period. Inctg, two sessions will be held afterschool
(multiple dates will be available in case of scHaduconflicts). Each time you give up your
lunch period, you will be provided with two slicebpizza or a peanut butter and jelly sandwich
if you prefer.

Participating students will beplitinto two groups, &reatment group and a delay-treatment
group. The delay-treatment group will receive tilagning once the treatment group has
completed the full five sessions. While the treatirgroup is receiving the training, the delay-
treatment group will participate in five short sess during their homeroom periods to collect
information for comparison (approximately 12 mirsigach).

In addition, all participants will fill out a briefurvey three times over the course of the firgt fi
sessions during their homeroom period (approxingeBeminutes each time). At the end of the
first five sessions, | will meet individually witbach participant to conduct a brief interview
during their homeroom period (approximately 5 mast
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Will | get hurt?

There is no more risk involved in participatingthis study than there is in a regular school

classroom. Some students experience discomfort \ithey solve math problems. This study

could potentially create some distress by addinthéoamount of time in the week you spend

doing math. To minimize these risks, | will teaabuystrategies that can help you overcome any
difficulties you are having. In addition, none ydur work during theses sessions will affect

your grades. If you experience any discomfort assalt of this study and would like to seek

help, you should tell me, your parent/guardiars@neone else you know right away.

Will anything good happen to me?

You are likely to benefit from this training. Margimilar programs have improved student
achievement as well as knowledge and use of stestefhe targeted skills may improve your
achievement in math and other subjects.

What if | do not want to do this?

You don’t have to be in this study. No one willinad at you if you don’t want to do this. If you
don’t want to be in this study, just tell us. Ifuyavant to be in this study, just tell us. Remember,
it is ok to say yes now and change your mind I&ething will happen to you if you decide to
stop.

Will anyone know | was involved?

Your name and the fact that you are in this studiybe kept confidential.

Who can I talk to about this study?

You can ask questions any time. You can ask now. ¢ém ask later. You can talk to me or
someone else, like Dr. Jen Galbo.

Do you want to participate in this study? | Yed | No

Additional Information:

Project Title: Enhancing self-monitoring and self-reflectionaingh a self-regulatory skills
intervention embedded in a middle school mathemmaticriculum.

Principal Investigator: Gregory DiGiacomo

Faculty Advisor: Dr. Peggy Chen
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PERSON CONDUCTING ASSENT

| have explained the study to rfame of chilglin language he/she
understands, and he/she has agreed to be in the stu

Name of Person Conducting Asseptiit) Signature of Person Conducting Assent Date Signe

Name of Investigatoipfint) Signature of Investigator Date Signed
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Assent Form for Seventh Grade Students

CITY UNIVERSITY OF NEW YORK

The Graduate Center
Department of Educational Psychology

ASSENT TO PARTICPATE IN A RESEARCH PROJECT

My name is Gregory DiGiacomo. | am a student m Baducational Psychology Ph.D. Program
at The Graduate Center of the City University ofM\¥ork. You are invited to participate in my
research study which will test the effects of abstrategy training program. The program will
teach you how to use learning strategies basedsinspiccesses and failures and help you judge
how well you learn. This study may enhance youreusidnding of math concepts and teach you
strategies to use in the future.

Procedures: You and 50 other students are being invited ttigipate in this program.
Participants will take part in five group trainiegssions (approximately 45 minutes each). These
training sessions will be completed over the coofsane three week unit in your math class.

All sessions will take place at Bay Ridge Prep Nidg8ichool, 8101 Ridge Blvd., Brooklyn, NY
11209 during your academic enrichment (three timasd)lunch periods (two times). Each time
you give up your lunch period, you will be provideth two slices of pizza or a peanut butter
and jelly sandwich if you prefer.

Participating students will beplitinto two groups, &reatment group and a delay-treatment
group. The delay-treatment group will receivettianing once the treatment group has
completed the full five sessions. While the treatirgroup is receiving the training, the delay-
treatment group will participate in five short sess during their homeroom periods to collect
information for comparison (approximately 12 mirsigach).

In addition, all participants will fill out a briefurvey three times over the course of the firgt fi
sessions during their homeroom period (approximaeminutes each time). At the end of the
first five sessions, | will meet individually witbach participant to conduct a brief interview
during their homeroom period (approximately 5 m@st

Benefits You are likely to benefit from this training. Marsymilar programs have improved
student achievement as well as knowledge and useatégies. The targeted skills may improve
your achievement in math and other subjects.

Possible Discomforts and RisksThere is no more risk involved in participatingtiis study
than there is in a regular school classroom. Sotmeests experience discomfort when they
solve math problems. This study could potentiatyate some distress by adding to the amount
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of time in the week you spend doing math. To migemihese risks, | will teach you strategies
that can help you overcome any difficulties you hexing. In addition, none of your work
during theses sessions will affect your gradegolf experience any discomfort as a result of this
study you should contact Dr. Jen Galbo, the schepthologist.

Voluntary Participation : Your participation in this study is voluntary, apou may decide not
to participate without penalty. If you decide &ave the study, please contact me to let me
know.

Confidentiality: During the study you will fill out a number of sietys and worksheets. Your
name and the fact that you are in this study vélkbpt confidential.

Contact Questions/Personslf you have any questions about the research now tire future,
you may ask the researcher now or contact the iPahtnvestigator, Gregory DiGiacomo, at
(631) 793-9156 ogdigiacomo@gc.cuny.edlf you have any questions concerning your rights
as a participant in this study, you may contact Kéays Decena at (212) 650-3053 or
wdecena@hunter.cuny.edu

Additional Information:

Project Title: Enhancing self-monitoring and self-reflectionaingh a self-regulatory skills
intervention embedded in a middle school mathemmaticriculum.

Principal Investigator: Gregory DiGiacomo

Faculty Advisor: Dr. Peggy Chen

Statement of Consent:

“I have read the above description of this researuth | understand it. All my questions have
been answered to my satisfaction. | voluntarilseago participate in this study.

| will be given a copy of this statement.”

Printed Name of Subject Signature of 8obj Date Signed

Printed Name of Person Signature of ReEs@laining Assent Form ®8&igned

Explaining Assent Form

Printed Name of Investigator Signature afsBe Explaining Assent Form at®Signed
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Appendix F
Sample Review Questions with Corresponding Confidere Judgments

Directions: You will now examine a number of math problems fribva Probability unit. Please
read each math problem WITHOUT solving it. Ther tadw confident you are that you can
solve the problem correctly. Please circle ONLY OMNEnber to represent your confidence
level.

1. A bag contains 3 red marbles, 4 white marbleand 8 blue marbles. You pick a marble
without looking. Find the probability of drawing a white marble.

1: How confident are you that you can solve the abquestion correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

1. What strategy would you use to solve this problem?

2. A standard number cube with the numbers 1 throuf 6 is rolled. Find the probability of
rolling a number greater than 2.

2: How confident are you that you can solve the &bmqyestion correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

2: What strategy would you use to solve this problem?

3. Juan tossed a coin 75 times. The coin landed lisaup 50 times and tails up 25 times.
Can you conclude that the coin is not a fair coinExplain.

3: How confident are you that you can solve the abquestion correctly?
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1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

3. What strategy would you use to solve this problem?

4. Betty empties her piggy bank, which contains 21€oins, out onto her desk. How many of
the coins would you expect to be heads up?

4: How confident are you that you can solve the &bmqyestion correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

4. What strategy would you use to solve this problem?

5. Bobby tosses an action figure ten times. It l&is on its base eighth times and on its side
twice. Phillip tosses the same piece 100 timesldnds on its base 23 times and on its side 77
times. Based on their data, if you toss the piec@® more time, is it more likely to land on

its base or its side? Why?

5: How confident are you that you can solve the abquestion correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

5. What strategy would you use to solve this problem?
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Directions: Now you will get to solve the same five math pesb that you just saw. Please
show your work.

1. A bag contains 3 red marbles, 4 white marbleand 8 blue marbles. You pick a marble
without looking. Find the probability of drawing a white marble.

2. A standard number cube with the numbers 1 throuf 6 is rolled. Find the probability of
rolling a number greater than 2.

3. Juan tossed a coin 75 times. The coin landed lisaup 50 times and tails up 25 times.
Can you conclude that the coin is not a fair coinExplain.
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4. Betty empties her piggy bank, which contains 21€oins, out onto her desk. How many of
the coins would you expect to be heads up?

5. Bobby tosses an action figure ten times. It l@is on its base eighth times and on its side
twice. Phillip tosses the same piece 100 timesldnds on its base 23 times and on its side 77
times. Based on their data, if you toss the piec&® more time, is it more likely to land on

its base or its side? Why?
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Directions: Now that you have solved these math problems @lesie how confident you are
that you solved each problem correctly. DO NOT sdhe problems again, just circle THE ONE
number that best represents your confidence leveddch problem.

1. A bag contains 3 red marbles, 4 white marbleand 8 blue marbles. You pick a marble
without looking. Find the probability of drawing a white marble.

1: How confident are you that you solved the aboatnproblem correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

2. A standard number cube with the numbers 1 throuf 6 is rolled. Find the probability of
rolling a number greater than 2.

2: How confident are you that you solved the aboaghnproblem correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

3. Juan tossed a coin 75 times. The coin landed lisaup 50 times and tails up 25 times.
Can you conclude that the coin is not a fair coinExplain.

3: How confident are you that you solved the aboagihnproblem correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident
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4. Betty empties her piggy bank, which contains 21€oins, out onto her desk. How many of
the coins would you expect to be heads up?

4. How confident are you that you solved the aboaghnproblem correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident

5. Bobby tosses an action figure ten times. It l&is on its base eighth times and on its side
twice. Phillip tosses the same piece 100 timesldnds on its base 23 times and on its side 77
times. Based on their data, if you toss the piec&® more time, is it more likely to land on

its base or its side?

5: How confident are you that you solved the aboagihnproblem correctly?

1 2 3 4 5 6 7 8 9 10

Not Confident Somewhat Confident Pretty Confident Very Confident
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Appendix G

Self-Regulation Strategy Inventory-Self-Report (SRESR) — (Cleary, 2006)

How Do You Study For Math Tests and Do Math Homewdk?

Directions: The purpose of this section is to see how yodystar yourMATH tests or doMATH
homework. There are a total of 28 sentences. Fdr gtatement, please fill BNE circle to indicate
HOW OFTEN you do each of these things when studyingM&TH tests or doingMATH homework
or

To answer these questions, use the following 5tzuale:

1 2 3 4 5
Almost Not very Somewhat Very Almost
never often often often always

©) ©) ©) ©) ©)

: ; 1 2 3 4 5
Things | do when doing MATH homework or | | \overy | somewhat | very | Amost
Studying for MATH teStS never often often often always
1. Itell myself to keep trying hard when | genfused O O (@] O O
2. |l give up or quit when | do not understand stiimg. O @) O O @)
3. Itryto studyin a quiet place. @) @) O @) @)
4. | ask my math teacher about the topics thiteion
upcoming tests. O O O O O
5. luse my class notes to study. O O @) O O
6. | study hard even when there are more fun thinglo at @) @) @) @) @)
home.
7. 1 quiz myself to see how much | am learningmyr O O O O O
studying.
8. I lose important dittos/worksheets that | needtudy. O O O O O
9. I make a schedule to help me organize my stinuy. O O O O (@)
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10. I use binders or folders to organize my stundyerials. O

11. | think about the types of questions that rnlghon a @)
test.

12. | try to see how my notes from math classtedia @)
things | already know.

13. I try to identify the format of upcoming tegésg., O
multiple-choice or short-answer questions).

14. 1try to study in a place that has no distoas (e.g., @)
noise, people talking).

15. | forget to ask my teacher questions abouagththat O
confuse me.

16. | wait to the last minute to start studying dpcoming O
tests.

17. Itry to forget about the topics that | hasauble learning. O

18. I ask my teacher questions when | do not stded O

something.

19. I make pictures or diagrams to help me leaathm O
concepts.

20. I make sure no one disturbs me when | study. O

21. | tell myself exactly what | want to accompligefore O
studying.

22. |let my friends interrupt me when | am stundyi O

23. llook over my homework assignments if | don’t O
understand something.

24. | carefully organize my study materials sohd lose O
them.

25. 1think about the best way to study for eaathest. O

26. | avoid asking questions in class about thirdn’t O

understand.

27. I finish all of my studying before | play vidgames or O
play with my friends.

28. |forget to bring home my study materials wheeed to O

study for math tests.
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Inventory of Metacognitive Self-Regulation (IMSR) -(Howard, McGee, Shia & Hong,

2000)

How Do You Solve Problems?

Directions: There are a total of 32 sentences. For eacin#ate please fill TONE circle to indicate
HOW OFTEN you do each of these things when you are tryirgptee aMATH problem.

- Think about when you have to solve a hard probl&imat do you do beforgou start?

- What do you do whilgou work the problem?
- What do you do after you finiskorking the problem?

There are no right answers--please describe yd@asegou are, not how you want to be or think you

ought to be.

To answer these questions, use the following 5tzuale:

1

2

3

Almost Not very Somewhat Very Almost
never often often often always
O O O O O
; ; 1 2 3 4 5
Things | do when solving MATH problems Amost | Notvery | Somewhat | Very | Amost
never often often often always
1. I try to understand what the problem is askirgg m '0) o) o) 0 0
2. I think of several ways to solve a problem amehtchoose the e} o) o) o) o)
best one.
3. I look back at the problem to see if my answeakes e) O O O O
sense.
4. | use different ways to memorize things.
O O O O O
5. I think to myself, do | understand what the peabis e} o) o) o o
asking me?
6. | read the problem more than once. '0) o) O O O
7. | think about what information | need to solhést '0) o) O o) 0
problem.
8. | use different learning strategies dependinghen '0) o) O 0 0
problem.
9. I look back to see if | did the correct procestur '0) O o) 0 0
10. I think about how well | am learning when | war '0) o) O O O
difficult problem.
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11.

I use different ways of learning dependinglom t e} o) o) o O
problem.

12. I go back and check my work. e} o) o) o o)

13. I read the problem over and over until | untierd it.. '0) 0 0 0 0

14. | stop and rethink a step | have already done. o) o) o) o o

15. I check to see if my calculations are correct. '0) O O o) 0

16. When it comes to learning, | can make myselfrie '0) O O O 0
when | need to.

17. I ask myself how well | am doing while | amreiag '0) O O O O
something new.

18. I check my work all the way through the problem '0) O O O O

19. I identify all the important parts of the prefyl. '0) O O 0 O

20. I try to understand the problem so | know wtbado. '0) 0 0 O O

21. I make sure | complete each step. '0) 0 0 0 O

22. | can make myself memorize something. '0) 0 0 0 O

23. When it comes to learning, | know my strengthd '0) O O O O
weaknesses.

24. | pick out the steps | need to do this problem. e} o) o) o) o)

25. When | am done with my schoolwork, | ask my#elf '0) 0 0 0 0
learned what | wanted to learn.

26. | double-check to make sure | did it right. o) o) o) o) o)

27. try to eliminate information in the problem thaon’t '0) 0 o) 0 0
need.

28. | try to break down the problem to just theessary e} o) o) o) o)
information.

29. | use learning strategies without thinking. e} o) o) o) o)

30. When it comes to learning, | know how | leaast '0) 0 0 O O

31. I ask myself if there are certain goals | want '0) 0 0 O O
accomplish.

32. | try more than one way to learn something. '0) 0 0 O O
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Appendix |

Formation of Judgments — Qualitative Questions

Each of these questions will be asked twice wiigegarticipant solves two probability math
problems.

After completing each problem, they will be asked:

e How did you make this prediction of __ %?

e Explain all of the steps you took to solve the peah Try to be as exact as possible.
e Did you use any strategies to solve the problens®,livhich ones?

- How/why did you use these?
e How do you know whether you answered the questorectly?

Then, participants will be told whether they ga tfuestion right or wrong and asked:

e What do you think is the main reason why you g finoblem right/wrong?

¢ [s there anything else you want to tell me aboetioblems or how you solved them?
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Visual Overview of Intervention Components and DataCollection

Visual Overview of Treatment Sessions

Session |

Session |l

Session Il

Session IV

Sesgion

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

judgments judgments judgments judgments judgments
(12 min) (12 min) (12 min) (12 min) (12 min)
Overview of threeq Training of Training of Training of Training of
stage SRL model | specific SRL specific SRL specific SRL specific SRL
and general strategies and strategies and strategies and strategies and
strategies domain-specific | domain-specific | domain-specific | domain-specific
- assigning strategies strategies strategies strategies
strategies to the | (18 min) (18 min) (18 min) (18 min)
different stages
(20 min) - Focus on -Focus on - Focus on

forethought performance reflection

Feedback on
guestions (5 min)

Feedback on
questions (5 min)

Feedback on
guestions (5 min)

Feedback on
questions (5 min)

Feedback on
guestions (5 min)

Overview of Graphing of Graphing of Graphing of Graphing of
graphing calibration calibration calibration calibration
procedure and accuracy accuracy accuracy accuracy
practice graphing | (3 min) (3 min) (3 min) (3 min)

of calibration

accuracy from

current review

guestions

(7 min)

Reflection Reflection Reflection Reflection Reflection

worksheet with
reflection of
strategy use

(7 min)

worksheet with
reflection of
strategy use (7
min)

worksheet with
reflection of
strategy use (7
min)

worksheet with
reflection of
strategy use (7
min)

worksheet with
reflection of
strategy

(7 min)

* Bold text indicates elements of intervention thaslso serve as data collection.
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Visual Overview of Control Group Sessions

Session |

Session |l

Session Il

Session IV

Sesgion

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

5 math questions
with predictive
and postdictive

judgments judgments judgments judgments judgments
(12 min) (12 min) (12 min) (12 min) (12 min)
Individualized Individualized Individualized Individualized Individualized

Math Instruction
using Math Whizz
(33 min)

Math Instruction
using Math Whizz
(33 min)

Math Instruction
using Math Whizz
(33 min)

Math Instruction
using Math Whizz
(33 min)

Math Instruction
using Math Whizz
(33 min)

* Bold text indicates elements of intervention thaslso serve as data collection.

Visual Overview of Data Collection

5 Math Review Questions all 5 sessions

- Given throughout the 3 week unit

- With local predictive and postdictive judgments

Classroom Assessment

- Given throughout the 3 week unit

- 2 Quizzes
- 1 Unit Test

- With global predictive and postdictive judgments

Metacognition Questionnaire &
SRL strategy survey

- Given before session 1

- Given before session 3

- Given after session 5

Interview Questions
- Given after session 5
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Appendix K
Details of Training Session
Session One

1. During session one, | will explain the three-stag8RL model to the students. We
will go through each stage and collectively assigrarious SRL strategies to the
different stages so that students become familiaritih the model.

Begin with an introduction of the course and explahat the purpose is. Next hold a brief
discussion of:

e \What would you like to change about yourself acadalty?

e What has worked?

e What has not worked?

Today we are going to discuss a powerful way td laoyour learning. Psychologists
have developed a system to help people better stather how they learn. It helps people
improve upon what they know. It consists of thpbeases.

a. Planning (Pre-action)

- Breaking a problem down into smaller parts
Developing a strategy or a plan to help you solpeodblem
a. Thinking about similar problems
Forming a goal
a. How well do you think you are going to completesthiath
problem?

Motivation
a. Do | have what it takes?

b. Action

Giving effort
Using a strategy to help you solve a problem
Monitoring your performance
a. Writing it down
- Maintaining focus/attention

c. Reflection
- Reflecting on your performance
- Thinking about ways to improve your performancetrigne
a. Would any patrticular strategies have helped?
- Causes of outcomes — Attributions

e For the remainder of the 20 min training time, llidcus on the concept of monitoring
and explain how important it is to the regulatorgqess.
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- Monitoring — tracking your performance
- Allows you to judge your understanding of math peofconcept
a. How much progress are you making?
I. Why is this important
b. You solved the problem correctly
i. Great, figuring out why will help you continue
succeeding
1. Gives you feedback that you can use to improve
your plan for the next math problem
c. You cannot solve the problem
I. Why not? What is preventing you from doing this?

- Gives you control of your learning process
- Examples:

1. Running a mile
a. Y of the way you are breathing really heavy/vergdi
I. What does this feedback mean?
2. Solving a math problem
a. You started trying to solve the problem and reajiae cannot
keep going
i. What does this tell you?
ii. What might you do next?

Session Two
2. During session two, we will explore the planning pdise and its implications.

a. Planning (Pre-action)

- Breaking a problem down into smaller parts
Developing a strategy or a plan to help you solpeodklem
a. Thinking about similar problems
Forming a goal
a. How well do you think you are going to completesthiath
problem?

Motivation
a. Self-efficacy — Do | have what it takes?

Once this model is introduced | will model how t@dék a problem down into smaller
parts and how to plan out what strategies will h&p solve a problem

For the remainder of the 18 min training time, sitd will practice dissecting problems
and developing an approach to solving them.
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Session Three

3. During session three, we will discuss the action pe. Specifically, we will discuss
monitoring in more depth and explore its link to séf-reflection. These strategies will
help students generate accurate internal feedbackat will eventually be linked to
adaptive regulatory actions.

a. Action

- Giving effort
- Using a strategy to help you solve a problem
Monitoring your performance

a. Writing it down — recording
Maintaining focus/attention

b. Monitoring — tracking your performance
- Allows you to judge your understanding of math peotyconcept
- Control over the learning process
- Building a bridge between last problem and the &t you solve
1. Help isolate errors

c. If you do not monitor and judge accurately, youl wdt know
- Why you were successful/unsuccessful at solvingphlpm
- How to change your strategy or plan to work better

d. Overconfidence
- Inaccurate monitoring of math knowledge
1. Creates a lack of motivation to study for the repxz
2. Even though a strategy isn’t working, you don’t ehe it

e. Under confidence
- Even though you know the material, you don’t thyaki do
1. Staying up all night studying
2. Anxiety can interfere with your thinking

f. Monitoring leads to reflection

- Thinking about ways to improve your performancetrigne
a. Would any patrticular strategies have helped?
- How do you feel about your performance?

For the remainder of the 18 min training time, FHevill work out examples and show how
encountering problems should lead to reflectiomow to change our approach using content-
specific strategies currently being taught in tlassroom,

g. Example(s) of using a strategy successfully withaah problem
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h. Example(s) of using a strategy unsuccessfully withath problem

Session Four

4. During session four, we will discuss the reflectiophase. Specifically, we will explore
how reflection can help students modify their currat approach or select more
appropriate content-specific strategies in the futte. Students will be encouraged to see
errors as a learning opportunity and not as an indiation of failure.

We will begin with an overview of monitoring andlextion and how they are related in the
three stage model.

a. Examine the idea of reflection in more depth
- Why is reflection important?
- Helps you think about ways to improve your perfongenext time
a. Focus on particular strategies, techniques, ndityabi
- What led to the outcome you experienced?
1. Focus on strategies as changeable — keys to success

b. Reflection
- Reflecting on your performance
- Thinking about ways to improve your performancetrigne
a. Would any patrticular strategies have helped?

c. Errors as learning opportunities
- Errors are inevitable, especially in math with penb-based learning
- Great learners are not the ones that never makekass but the ones that
can learn from them
- As long as you learn from these errors, they angadly a good thing

For the remainder of the 18 min training time, FHevill model math examples
a. You started trying to solve the problem and reajiae cannot
keep going
I. What does this tell you?
ii. What should you do next?
- Example(s) of using a strategy unsuccessfully withath problem
- Example(s) of using a strategy successfully withadh problem

Session Five

5. During session five, we will review what we have d&ned about monitoring and
reflection and practice these in the context of theurrent mathematical curriculum,
emphasizing any content-specific strategies beingught in the classroom.

a. Monitoring — tracking your performance
- Allows you to judge your understanding of math peot'concept
- Control over the learning process
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- Building a bring between last problem and the e you solve
1. Help build upon/reinforce successful strategy use
2. Help isolate errors
- If you do not monitor and judge accurately, youl wdt know
1. Why you were successful/unsuccessful at solvingphlpm
2. How to change your strategy or plan to work better

b. How monitoring leads to reflection in three phasmled

- Thinking about ways to improve your performancetrigne

a. Would any patrticular strategies have helped?
- How do you feel about your performance?

a. Why is this important?

c. For the remainder of the 18 min training time, wi# work out examples and
show how encountering problems should lead to redni of our solution
processes and reflection on how to change our approsing content-specific
strategies currently being taught in the classroom.

- Example(s) of using a strategy successfully withagh problem
- Example(s) of using a strategy unsuccessfully withath problem
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Appendix L
Reflection Worksheet

Think about the math questions you just completetexplain what strategies or processes you did
correctly on these questions?

Think about the math questions you just completetiexplain what strategies or processes went wrong
on these questions?

What caused you to do well or to do poorly on tregmproblems you just completed? In other words,
what is the main reason that you answered thed#gons correctly/incorrectly?

How well do you think you understand the mater@tared in the probability unit in your math class s
far?

What concept(s) from the unit are you finding difit to understand?

Specifically, what will you do to improve your urrdeanding of the concept(s) you listed above?
Describe an exact plan.

How satisfied are you with your performance onrtieh problems you completed during this session?

1 2 3 4 5 6 7 8 9 10

Not Satisfied Somewhat Satisfied Pretty Satisfied Very Satisfied
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