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Abstract

A goal of the Next Generation Science Standards (NGS &) teach students to be self
regulated in planning, monitoring, and evaluating problems they will solve and questions they
will answer.Self-regulating learners use metacognitive monitoring to help them choasse the
strategies (Winne, 2018). The problem is that not all students learn to be metacognitive and
practice seHregulation on their own. Middle school students find it very difficult to distinguish
between what they know and what they do not knoepéda, Rihey, Ronevich & Nokes
Malach, 201%. By helping students in middle school, to practice thersgjfilating strategies
(SRS) of planning, monitoring and evaluating, we can prepare our students for the rigors of high
school and future assessments from tbk#e@e Board, which expects science students who are
collegeready to practice metacognition (Lombardi, Conley, Seburn & Downs, 2013).

The purpose of this study was to determine the effectiveness of using metacognitive and
selfregulating strategies on imgved strategy use and content mastery in middle school science.
Science and special education teachers taughtesplfating and metacognitive strategies to 181
students and used prompts to encourage the use of SRS. The results of the study showed the
successful effect of prompts on development and use of SRS and illustrates through Structural
Equation Modeling (SEM) the effect of SRS on science learning.

Consistent use of SRS has been identified in high achieving learners (Zimmerman &
Martinez Pons, 198 however, in an article designed for science and special education teachers,
| described how the design of instruction and prompting of SRS in science content improved the
use of these skills for other level learners as well. | designed a professieelalpdeent plan for
teams of teachers to explicitly teach SRS. By preparing the strategies instruction together they

can consistently use the same metacognitive andegglifating language across several core
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content areas since se#fgulation is contexdependent (Bransford, Brown & Cocking,

2000,Winne, 2010).
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Problem of Practice

I n todaydos worl d of readi | ydirectedandlindabtlag 1 nf o
a 21st century skill this quality is essential (Kereluik, Mishra, Fahnoe, and Terry, 2033}~
directed learner chooses what they will learn and how they will do it using metacognition and
selfregulation strategies. Sekgulated studes are problem solvers who reflect, evaluate,
monitor, and discipline themselves in their studies.-f&gtilating learners use metacognitive
monitoring to help them choose their strategies (Winne, 2018). A student must know what they
already know and whaley need to know to plan how they will learn something new.
Understanding how you learn and knowing your learning strengths and weaknesses is
metacognition (Bransford, Brown & Cocking, 2000).

The problem is that not all students learn to be metacogamigdgractice selfegulation
on their own. Students may learn by watching and listening to adults around them model these
practices (Newman, 2002; Zimmerman (2002). Middle school students find it very difficult to
distinguish between what they know andawthey do not know (Zepeda et al, 2015). Although
teachers know that salégulating skills are important, those in the secondary grades argue that
they have little time to teach these skills and are sometimes unaware of the processes novice
learners gahrough to learn their material (Joseph, 2010). Teaching students to practice
metacognition will enable them to more effectively usesgtilating skills so they will spend
less time practicing a problem and focus on what is going well or not withahkepr, allowing
less practice and still yielding improved problem solvidgpeda, Richey, Ronevich & Nokes

Malach, 2015
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Specifically in science, the Next Generation Science Standards (NGSS), adopted by New
Jersey since 2016, expect students to bedgeltted (Lee, Miller, and Januszyk, 201@ne
NGSS goals to teach students to be sedfjulated in planning, monitoring, and evaluating
problems they will solve and questions they will answer (NGSS, 2013). By helping students in
middle school to practecthese selfegulating skills of planning, monitoring, and evaluating,
during which they use metacognition, we can prepare them for the rigors of high school and
future assessments from the College Board, which expect science students who areceallege
to practice metacognition (Lombardi, Conley, Seburn & Downs, 2013).

The motivation for this study is the mission of my school district, West Windsor
Plainsboro Regional School District, and the goals of The Next Generation Science Standards
(NGSS).In aletter to our townships, David Aderhold, the Superintendent of Schools, wrote that
it is the mission of the school district to develop-sitlécted learners (2015Educators of sixth
to eighth graders recognize this need for students to beegelaed and teach students at a
point in their growth where we can bring about significant advances in these skills. If we teach
middle school students to become more metacognitive and to usegéétion strategies (SRS)
of planning, monitoring, and evalirag their progress (Zimmerman, 2002), then their ability to
self-direct their actions will improve.

Teaching students to be reflective thinkers will help improve their mastery of content
and save instructional time in the long run (Joseph, 2010). Tiherétachers need to explicitly
teach SRS and encourage their use through instructional strategies such as prompts. My study
had two interrelated research questions. How will using embedde@gelating prompts
affect science learning over the shimm and longterm?How will using selfregulation and

metacognitive prompts change students' use ofsglflation strategies and metacognition?
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Outline of Alternative Format
As a change agent, | have created three products to communicate the findiggguadyn
fEffect of Task Specific SeRegul ati on Prompts on Science Coni
to reach the broadest audience | can. | hope to inspire a variety of content teachers to adopt these
changes so this naturally leads me to several diff@reaucts. | have written a scholarly journal
article targeted to the selkégulating strategies research community specifically in middle school
science, and a practitioneros article targete
special edoation,, and finally a professional development plan targeted to middle school
teachers of all content in my district.
As middle school teachers have enriched their curriculum with deeper content, some of

us may have strayed from teaching the broadeissitilidents need to learn. These-self
regulating skills and the accompanying metacognition that goes with them are content specific
(Winne, 2010). The skills need to be linked to the content so motivating teachers to include these
skills would mean that | auld need to present them to different teacher groups. The following
describes each product in more detail.

As part of my research analysis, | tested to see if teaching and then promptnegseliing
strategies (SRS) would improve the knowledge andiideese strategies and if that knowledge
and use effects science |l earning. In addition
develop over time, | used a Structural Equation Model (SEM) a type of path analysis that
attempts to show a cause affieet. | used this quantitative approach since there is a good deal
of qualitative analysis in research that shows the positive effects -wégalating strategies on
learning. And yet these skills elude so many despite our understanding that mostetem de

them. There is much to be learned about effectively teaching students to use these strategies and
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how they help them learn and be successful throughout schb?| &llege and beyond, a true

l'i felong | earner sd s ki |l Mthe éffdciotfourspesitc®RIoh s hows
science learning and the successful effect of prompts on development and use of SRS for middle
school students. Consequently, it is important for all findings to be shared so | will submit my

article to theResearch irscience Educatioar theJournal of Research in Science Teaching.

The second part of my portfolio is an artd.i
which is directed to middle school science and special education teacinast Generation
Science &andard goais to teach students to be sdifected in planning, monitoring, and
evaluating problems they will solve and questions they will answer. My objective for the article
was to motivate teachers to teach these skills by describing how to desrgition of SRS and
embed these strategies into the science content and use prompts to support their use. | addressed
some of the challenges teachers face due to an increasing need to teach many levels of students
by describing the scaffolds used for sjpéeducation students and others and sharing those
student s6 s ucces bhepe toifurtherccrcoueatedepadhaersghat3hRs® strategies
teach students to be reflective thinkers, which will help improve their mastery of content and
save instuctional time in the long run (Joseph, 2010).

This third part of the portfolio is a professional development plan (PD) to take teachers
through experiences to design and implement SRS in their practice in middle school. The PD
would inspire teachers tadlude these SRS in their content, help them create the educational
environment needed for students to develop these skills, and illustrate how they can be
embedded in curriculum. A universal reflection by the science teachers in my intervention was
that t would be best for all of the core content teachers to use these skills consistently. The plan

encourages teams of teachers to focus on some of the many skills by embedding them in their
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content. By preparing these strategies instruction together the&puoaistently use the same
metacognitive and setegulating language across several core content areas. Siace self
regulation is context dependent (Winne, 2010), as students are taught strategies in Science, they
may not use these in Social Studies. Ttoeee it is best to teach the strategies in all classes and

as some of the strategies would be used in all classes, this could reduce the nesatiothese

but rather to build upon them. The plan includes an intense summer session as well as a follow
up throughout the year with the different teams or PLCs teaching the skills. The summer session
would allow the teachers the freedom to creat
all of the other things that pull teachers in so many direstidnd the yearlong PLC meetings

will enable them to share experiences as they build on their initial lessons as building these skills
with middle school students is dynamic process as teachers respond to what the students are
learning.

These three artifés allow me to reach a broader audience of educators. Each product is
focused on three different groups and content, the scholarly journal article will allow me to
contribute to the stream of research on effective teaching methods in sciencerteggating
strategies for middle school students to help them become lifelong learners. The practitioner
article forScience Scopwill bring my research in a very practical way directly to middle school
science and special education teachers by demonstratinthk teachers differentiated for their
students. The professional development plan will allow me to reach potentially 100 middle

school teachers across core content areas in West WiRt#sonsboro Regional School District.
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Introduction

Schools are increasingly seeking to teach students 21st Century Skills such as self
directed learning. Sellirected studets are problem solvers who reflect, evaluate, monitor, and
discipline themselves in their studies. To be-defcted one must selégulate your learning
which is important in today's world of readily available information (Fahnoe & Mishra, 2013)
wherestudents often must manage their own work (Darktagnmond, 2008). Educators of sixth
to eighth graders recognize this need for students to beegelated and teach students at a
point in their growth where we can bring about significant advancessa #hdls.

Seltregulating learners use metacognitive monitoring to help them choose their strategies
(Winne, 2018). Understanding how you learn and knowing your learning strengths and
weaknesses is metacognition (Bransford, Brown & Cocking, 200@ne 2018) describes the
relationship between metacognition and-setjulation as an iterative process, that is, as you are
metacognitive you use better strategies which then improves your metacognition improving
future strategy choice. As you use SRS yourac@gnition improves which refines your choice
of SRS based on what you need to learn. Efklides (2008) recognized this iterative process and
describe additional layers noting that metacognition is a nonconscious ptbagsteach
middle school students become more metacognitive and to use thersglilation strategies of
planning, monitoring and evaluating their progress (Zimmerman, 2002; Schunk, 2005), then their
ability to seltdirect their actions should improve.

The Next Generation Science Startda (NGSS) expects students to be-dekcted
(Lee, Miller, and Januszyk, 2014) and, in fact, as a 21st century skill, this quality is essential
(Kereluik, Mishra, Fahnoe, & Terry, 2013)ne NGSS godsk to teach students to be self

regulated in planmig, monitoring, and evaluating problems they will solve and questions they
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will answer. NGSS standards have been adopted by New Jersey since 2016. By helping students
in middle school, to practice these sedfulating skills (SRS) of planning, monitoriagd
evaluating, we can prepare our students for the rigors of high school and future assessments from
the College Board, which expects science students who are emksgyeto practice
metacognition (Lombardi, Conley, Seburn & Downs, 20T8 questionten is low dowe best
support students in developing sedfyulating skills in science.

Perry (1998) found that successful development ofreglfilated learning requires a
specific environment. She observed elementary reading classrooms however ndt asoriuc
has been done in the middle school science classroom so we can learn from this. An environment
where students canake appropriate choices and expand their developing abilities by attempting
challenging tasks that are complex and open ended geesdpportunities to evaluate their
own and ot her sod wor kregulded fearong (SRLe alsb gravidehjustr s o f
enough support including providing content knowledge and teachingegelfting strategies to
ensure student independence foademically effective forms of learning (Perry, 1998).

The problem is that not all students learn to be metacognitive and practicegsédtion
on their own (Bolhuis, 2003). Although teachers know that theseegpifating skills are
important, thosén the secondary grades argue that they have little time to teach these skills and
are sometimes unaware of the processes novice learners are going through to learn their material
(Joseph, 2010). Teaching students to practice metacognition will enabl¢ctineore effectively
use SRS so they will spend less time practicing a problem and focus on what is going well or not
with the problem, allowing less practice and still yielding improved problem solZemue@a,
Richey, Ronevich & NokeMalach, 2015 Teahing students to be reflective thinkers will help

improve their mastery of content and save instructional time in the long run (Joseph, 2010).
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Therefore, teachers need to explicitly teach these skills and encourage their use through prompts.
This study ha two interrelated research questions. How will using embeddeckgalating

prompts affect science learning over the stemtn and longerm?How will developing sel

regul ation and metacognitive prompoos affect s

classrooms?

Literature Review

The literature review focuses on empirical studies ofregjiilation strategies taught
primarily in science education to middle school students. | searched for peer reviewed articles
published since 2000 about sedfulation and metacognition in middle school science for both
general education and special education. | included studies that showed the use of prompts to
encourage student use of sedfulation. However some studies outside of middle school or in
nonscience content areas were reviewed to include guidance where there was none in middle
school science. | begin with briefly discussing research ordselfted learning, what it is, and
why it is important. Following that, | examine research to show theaeship between self
direction, metacognition, and se#gulation. Finally, the review ends by reviewing research
illustrating the techniques used to teach-sedfulation and metacognitive strategies with a focus

on those used in middle school scienduding special education students.

Self-directed or seltregulated learning
Seltdirected learning is a skill necessary to be successful both in school and in the job
environment (Zimmerman & Marting2ons, 1986). Though salirected learning is ideriiied

as a 21st Century skill by the Partnership for 21st Century Skills in 2007, it may be that it is only
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a 21st Century skill because schools have traditionally failed to teach them (Kereluik, Mishra,
Fahnoe & Terry, 2013). Specifically in science, thevento the NGSS has placed more
importance in seltlirected learning with respect to learning content. TNNE&S Science and
Engineering Practices, developing and using models, planning and carrying out investigations,
and designing solutions require stats to be selflirected.

Seltdirected learning is more generally defined assgtilated behavioilhe concepts
of seltdirected and selfegulated learning are similar. Selifected learners determine what
they want to learn, what they need to knakat resources they will use (people and otherwise),
and then evaluate their learning (Knowles, 1975). The difference between the two concepts is the
choice of what to learn. The student determines what they will learn about and how they will go
about it vhen being seltlirected(Merriam & Bierema, 2014 \Whereas, a setegulated learner
is given the learning challenge and takes the responsibility to plan for the learning, monitor their
own understanding and behavior, evaluate whether they have achiegmhttand what they
did to achieve it or not, and make appropriate adjustments (Schunk & Zimmerman, 2007). In the
K-12 setting there is specific content students are asked to learn. As a result, this study uses the
term selfregulation for this researchith middle school studentSelfregulation strategies can
be divided into three phases: planning, action, and reflection (Schunk & Zimmerman, 1998). In
the planning phase, goals are established. The action qgiasess selimonitoring of cognitive
processes, knowledge acquisition, and controlling impulses. The reflection phase is self
evaluation of both what was learned and whether the goal was attained (Garner, 2009).

The relationship between sefgulation and metacognition is not entirely clearnkiéi
(2018) says selfegulating learners use metacognitive monitoring to help them choose their

strategies. Schraw and Dennison (1994) in their metacognition assessment included self
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regulation strategies as part of metacognitibmorder for students tevaluate their
understanding, they need to be metacogni®ame, usually highdevel learners, can become
selfregulated on their owinut many students need to be taught these skills metacognitively
(Greene & Azevedo, 2007; Zepeda et al, 2005 canteach selregulation skills and then use
prompts to remind students to be metacognitive andegifiate their learning (Davis, 2003;

Kitsantas & English, 2013).

Metacognition in SelfRegulated and SeHDirected Learning

Thinking about your thinking ibeing metacognitive. Flavell (1979) described
metacognition as the knowledge of what one knows and the actions taken in connection with that
knowledge. An individual who is aware of the areas where he has adequate knowledge as well as
those areas where tieeare gaps in his understanding, can study, and ultimately, learn more
efficiently. Both seHldirection and selfegulation are actions one takes as a result of being

metacognitive.

Evidence of selfregulation

Metacognitive strategies taught at a yougg are retained and can be subsequently
developed. Metacognitive strategies refers to knowing what is needed and then using those
strategies is selfegulating. In a survey of 486 3rd and 4th grade former Reading Recovery
students and their neReading Reavery classmates, those students who had successfully
completed Reading Recovery in the first grade were still using the metacognitive strategies, that
is selfregulating, they had been taught two and three years later (Schmitt, 2003). When teachers
make eplicit choices for the learning environment and instruction, it positively affects the

development of selfegulated learning in students from kindergarten to third grade (Perry,
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VandeKamp, Mercer & Nordby, 2002). In their study of five Kindergarten tirdhird grade

classrooms the authors found 3 classrooms that effectively supported and ussgltiéd

learning. They identified specific things the teachers in those classes did to encourage self
regulation in students so young. They offered choigage them opportunities to control the

challenges so they could independently complete tasks, gave opportunities to evaluate their own
and othero6s work, and supported their student
continue independentl{these studies show that teaching metacognitive strategies to elementary
students enables them to sedfulate their learning. This in turn improves performance and

students retain these strategies later in their schooling.

In middle school, students arepected to be more independent about their learning and
there is an increased expectation that students exhibreggifation and take more personal
responsibility (Zimmerman, 2002). Middle school students are at the perfect developmental level
to be taudt skills necessary for success in the 21st Century including teachiujreetion
(Kay, 2009). Although some children make the transition from elementary school to middle
school smoothly, helping children develop gelfulating strategies in sixth gi&is critical
because many children find the middle school transition difficult, resulting in risky behavior,
lower self worth, and feeling disengaged from school (Williford, Jacobson & Pianta, 2011).
Although selfregulation can be taught and learneélementary school, some middle school
students do not selegulate. Perhaps this is because the higher achievers have learned the self
regulating strategies they were taught and the other students have not learned to be self
regulating yet. There remaitise need to teach sekgulation to middle school students.

Although middle school may be fertile ground for teachingegjtilation strategies, few

studies have focused on middle school students. We can learn from high school studies such as
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when Zimmeman and MartinePons (1986) examined the correlation between higher achieving
students and the use of sedfyulation strategies. In a study of 40 male and female tenth graders
from high achievement tracks and 40 male and female students from loweeantmvracks in

a suburban high school, the authors developed and used a structured interview to measure self
regulating strategies and to determine if these strategies had any relationship to academic
achievement (Zimmerman & Martinézons, 1986). The slents were identified as higher or

lower achievement tracks based on a statewide achievement test. The interviews included 13
categories of questions on sedgulated learning including goal setting, environmental

structuring, selevaluating, strategiesf organizing and transforming, seeking and selecting
information, and seeking social assistance. As expected, the high achieving students used the
selftregulation strategies frequently (Zimmerman & Martiiems, 1986). However, what this
study does natddress is the extent to which, or how, lower achieving students can be taught the

strategies that the highchieving students have developed.

Encouraging selfregulation strategy use

Teachers can help students who are not high achievers to usegsélfing strategies by
teaching the strategies and explicitly encouraging students to use them (Ifenthaler, 2012;
Jimenez, Browder & Courtade, 2009). Several studies focus on specific techniques for
supporting students in developing sedfjulation in middleschool including: prompting self
regulating behaviors, creating an encouraging environment feregglfating strategy use, and
explaining to students why selgulating strategies are being taught (Hughes, 2011; Perry,
Vandekamp, Mercer & Nordby, 200Qther studies describe using prompts to encourage self
monitoring and reflection that are not content specific (Davis, 2003) or prompts that are content

specific (Peters & Kitsantas, 2010) and gradually fading prompts as students begin to initiate the
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straegies on their own (Kitsantas & English, 2013). Techniques can include prompts that are
further scaffolded to cue students to make a plan with subsequent prompts to set goals, self
guestion, selmonitor and evaluate (Hughes, 2011).

Davis (2003) used genal prompts to encourage sedgulating strategy use. She made a
distinction between generic prompts to "stop and think", and directed prompts, hints indicating
potentially productive directions for reflection. Students in the generic prompt condition
developed more coherent understandings as they worked on a complex science project (Davis,
2003; Ifenthaler 202). Students reflected unproductively more often in response to directed
prompts as compared to the generic prompts. Students with some autohomgceived
generic prompts developed more coherent understandings than their similarly autonomous peers
who receive directed prompts (Davis, 2003; Ifenthale2pQGiven these findings, the present
study used generic prompts to encouragersglfilatingstrategy use.

Bulu and Pedersen (2010) found that encouraginedg®i€tion in science through
continuous prompts resulted in significant change in content knowledge for middle school
students in science exploration classes. In their study of 332 6# gratents, the authors
investigated four situations, domain specific continuous and faded prompts and domain general
continuous and faded prompts. Domain gener al
need to find i n or derasddomanasdecifie pramptiwseuld pentifjbal e m? o
problem and ask fiWhat information do you need
etc. They found that for science content, the domain specific continuous prompt led to more
student success. Howevereytfound that the domain general prompts when faded helped
students Atransfer problem solving skillso. T

support for using selffegulation strategies is necessary (Zepeda et al, 2015). This may be



EFFECT OF TASK SPECIFIREBEUEATION PROMPTS ON SCIENCE CONTENT AND TRAN3BER

specific to tle individual learners, which will require ongoing evaluation by the teacher of the
student 6s degulatidn skpls (Bulp & Pexlerden, 2010). However, some researchers
found that when supports are gradually faded away, those students perfemwbett no
supports are provided compared to students who had continuous support and are now presented
with none (McNeill, Lizotte, Krajcik & Marx, 2006). Since the goal of this study was to teach
self-regulation strategies to students such that thegfeathe use of these skills even when the
prompts have been faded, it used both domain specific and general prsitgptde initial unit,
the prompts were partially faded during the subsequent science unit and students again were
assessed on their uskmetacognition and setegulated strategy use.

In addition to training and prompts to plan, monitor, and evaluate, researchers found that
a learning environment that encouraged-effitacy, student autonomy, and control over how
students would learimproved science inquiry skills (Yoon, 2009s the students became
more selefficacious and goal oriented, they used morersgjlilating strategies to control their
learning. However, although autonomy was encouraged, the researchers found khaba-ful
scaffolded approach was not as effective as when the inquiry was scaffolded to focus these 8th
grade students to prepare for sgitected investigations (Yoon, 2009l teachers in this study
provided a more autonomous environment as studernneesheir own investigation, but
teachers scaffolded the investigations by prompting for writing hypotheses, identifying variables,
and using their evidence in their reasoning for support, or not, of their claim. This study will use
similar scaffolds fothe student designed investigations along with training and prompts for self

regulation.
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Measuring the use of selfegulation strategies

There are several tools that measurerggtilation and metacognition skills, however,
only a few have been developied elementary and middle school students. Perry (1998) argued
that you need to observe elementary age students to determine their SRS, in fact, Schraw and
Dennison (1994) found a diffacee b et ween teacher evalwuation of
ability and how students reported themselves. Greene and Azevedo (2007) used audio recordings
of students by encouraging them to think aloud. All of these methods would be too time
consuming to conduct with 200 students. There are twaegadirt instruments th&iave been
adapted for middle school students though: the Junior Metacognitive Awareness Index (JrMAI)
and the Middle School Learning Strategy Scale (MSLS).

The Junior Metacognitive Awareness Inventory (JrMAI) was designed for elementary
and middleschodt udent s based on Schraw and Denni son¢
Inventory for older learners. Using exploratory factor analytis,authors found that 15 items
loaded on one factor, with only 2 items loading on a second factor, and one iteng loaality
equally on both, so they subsequently recommended that the all items be usedTdsedns
constructs were highly correlated despite a careful delineation between regulation of cognition
and knowledge of cognition so the researchers postulaedor other samples this could affect
the factor structure. Overall though this survey was found to correlate to several other measures
of metacognition for older learners, providing evidence of construct validity.

The Middle School Learning Strategyale (MSLS) was developed out of a need for a
middle school tool similar in use to the Motivated Strategies for Learning Questionnaire for
adults (Pintrich, Smith, Garcia & McKeachie, 1993). It was designed to measure a middle

school er 6regulats karmng strategiedhe MSLS scale is structured into three



EFFECT OF TASK SPECIFIREBEUEATION PROMPTS ON SCIENCE CONTENT AND TRAN3BER

categories: cognitive, metacognitive, and behavioral (Liu, 2009). The scale was tested on 238
middle school students from 3 schools near Princeton, NJ. A factor analysis grouped the items
into 3 scales, cognitive, behavioral, and metacognitive and also showed that the inventory was
reliable.

This study uses both the Jr.MAI, as a measure of metacognitive strategies, and the MSLS,
as a measure of sekgulation strategies. Using both instruntseallowed for the measurement
of the impact of the intervention on domain general and specific thinking. Additionally, as stated
earlier, the study examined the degree to which each of these strategies is linked to science
content learning. Therefordye study blends the strengths of previous research by drawing on
domain specific and gener al prompts to unders

strategies and their learning of science content.

Methods

Study Design

This is a mixed methods stydf the effectiveness of using setfgulating strategies on
science content mastery. The teachers taughtegiating and metacognitive strategies, using
prompts embedded within the Human Body System (HBS) unit. All students took the HBS pre
and posiassessments, the Junior Metacognitive Awareness Inventory (JrMAI), and the Middle
School Learning Strategies Questionnaire (MSLS). My hypothesis was that metacognition and
selffr egul ating strategy instructi on amdomptoe | mpr o\
content mastery. | conducted a quantitative analysis comparing the pre and post assessments and

survey results as well as a qualitative analysis of selected students prompt replies. To determine
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if the three teachers have used the promptdasimil interviewed them three times throughout

the unit to assess the fidelity of the intervention.

Sample size and missing data

The sample consisted of 7th grade general and special education students chosen as a
convenience since all three science eas at the school were very willing to participate in this
researchThere were 210 students, who had agreed to participate, in the 12 classes taught by the
three teachers. There were three measures administered immediately before and after the
interventbn. Students who did not complete all six of the pre and post assessment and surveys
were excluded as these each represented at least 10% of the data. Those students missed the
tests/surveys due to being absent on the day of administration or had mowgétheutistrict. It
was assumed that these cases were missing completely at random. These further reduced the
sample to 181 students. All but one analyses included here have no missing data. The one model
on a larger data set of 204 is included here dongarison onlyTwo of the classes contairtin
class resource students with Individual Education Plans (IEP). The only students in 7th grade
who were excluded from the study were special education studentsaosilined classes,
which were not taught e three general education science teachers.

Within this middle school the 7th grade 202®17 demographic was 21.2% White, 3.8%
Black, 4.3% Hispanic, 70.4% Asian and 0.3% Other. The participants in Free and Reduced
Lunch was 6.1% of entire middle schpopulation of Community Middle School.

Intervention Description

All 7th grade students participated in the Human Body Systems unit, which is

approximately 2%2 months long and was begun in January 2018. This unit addresses two

Performance Expectations it Next Generation Science Standards;I\MB3-3, the body is a
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system of interacting subsysteraad MSLS1-7, food is rearranged through chemical reactions
forming new molecules that release energy as this matter moves through an arganism

The 7th grade $ence teachers taught specific selfulation skills to 7th grade science
students during the HBS Unit. The popul ation
were composed of 25% from each of the other teagkerdents. The teachers would theref
be sharing the responsibilities of developing theiggtilating strategies, prompting the
students, and creating a partially autonomous environment for the students. Usually those
students who needed the most help with-sedilating strategies remad with their science
teachers but there was an evenly spread mix of high, mid, and low scoring students in each
classroom. The teachers taught planning, monitoring, evaluating, and designing a graphic
organizer. They prompted for these strategies throuigthe unit, see prompts in Appendix A.
The unit was designed to cycle through five human body systems so skills were practiced and
prompted for five times throughout.

The students had two opportunities each system to plan and execute their research and
their system task. All students were given research questions and were charged with creating a
graphic organizer for that research. They were given several days to answer the questions
including a system introduction day;@tassroom research day, a liraesearch day, and a
wrap-up day. They needed to plan how they would answer the research questions and cite their
sources within the time frame. The Planning prompt was issued the second day. Upon
completion of that research they were each given thekr i#.; podcast, screencast, written
section, and they had another three or four days to accomplish this. The monitoring prompt was

administered sometime during the second day or third day of their task time frame. These
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opportunities for choice and cleige allowed students some autonomy of action and decision
making so we can see how they choose to use strategies, i.e.; how tegdate.

Over the course of the unit all students were responsible for conducting a-student
designed investigation adst twice. The students received a scaffold in the form of a template
that lists the requirements they needed to include such as identifying the problem, creating a
hypothesis, identifying the materials needed, choosing the independent, dependentrahd cont
variables, and reporting the data using tables and/or graphs. Those students who designed the
investigation for a particular system were also required to conduct a podcast with their lab group.
The needed to take pictures during their investigatioite \guestions where some modeling was
provided, and then conduct interviews for the podcast, and finally the audio podcast and
captioned photos had to uploaded into the groups Wiki document for that system. Each of these
efforts required learning opportuigs such as how to podcast and to caption the photos, and
planning opportunities such as organize with their group members when they would conduct
their interview.

The teachers, including the researcher, met several times a week to plan together when
and how instruction was delivered and allowed for a regular check on fidelity of implementation.
The teachers remained in sync by using a shared google slides presentation that began each day,
which used the same language and delivered consistent instroctibe strategies. They called
these slides the AThings to Remember o and it

To provide the proper environmental conditions for developing SRS (Perry et al, 2002),
the unit included challenging tasks such as researchingpasticular HBS works in relation to
the other systems. The teachers challenged the students with guiding questions and followed that

with independently controlled time to research the answers in the classroom and library using
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texts and online databasd%e teachers supported the students by providing texts with a variety
of reading levels and online databases that allowed student control of the level of rigor and
reading level. The teachers also provided a variety of planning and organizing techndjues
prompted students to monitor and evaluate their work. Students could choose to work
independently or with others as there was flexible seating both in the classrooms and library.
Throughout the unit, teachgusovided support to students by carefuligltestrating instruction

to provide students with the science knowledge and strategy knowledge they needed to operate

independently.

Measures

a.Pre and Post Assessments of HBS :Umle pretest was identical to the posttest with
openended questions wdh addressed the NGSS Performance Expectationd, 343 and
MS-LS1-7 and correspnding Disciplinary Core Ideathat is, evidence for the interactions
between human body systems and how food is rearranged to provide energy for tié¢GB8y (
2013) Thefirst two questions of this assessment were based on previous assessments used in
this grade and have been repeatedly reviewed by the science teachers, speaking to the content
validity of the times. All remaining questions were designed specifically fosthdy.
Assessment questionsiart Two required students to interpret three articles with data to help
them answer the question AGiven these pieces
right before swimming could be dangerous in terms of wbility to raise your heart rate and
breathe in oxygen?o. Part Three required stud
answer that same questidhe questions on the assessment were reviewed for consistency with

the Unitds En dgs,the NGSS Barfaireance Exgeattdtions Assessment
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Boundaries by two faculty experts, and all science teachers. The assessments contained
subjective questions and were graded with a rubric by the author after establishing interrater
agreement with four colégues.

b. Middle School Learning Strategies (MSLS) Survey

This Survey includes 47 items for students to-sgiort their learning strategies, for
example Al relate new things to things | alre
ever), 2 (metimes), 3 (Often), and 4 (Almost Always) (Liu, 2009). The author administered
the survey to 238 students in 6th, 7th, and 8
MSLS scale was .90. A factor analysis grouped the items into 3 scales: codpaitigeioral, and
met acognitive was found reliable. Cronbachos
strategies scale, .75 for scores on the behavioral strategies scale, and .70 for scores on the
metacognitive strategies scale.

c. Junior Metacognition Asessment Inventory (JrMAT)his inventory includes 18 items
for studentstosef eport their use of metacognitive skil
understand somethingo (Sperling, Howard, Mil/
point LikertScale from Never, Seldom, Sometimes, Often, to Always. The authors based their
survey on the MAI (Schraw & Dennison, 1994). They changed items to have appropriate
language for younger students. Two hundred 6th through 9th grade students completed their
suvey. The internal consistency of this inventory for middle school students was .82. This
survey has been found to correlate with similar measures of metacognition for older learners,
suggesting it has strong construct validity (Fortunato, Hecht, Titdvé&rez, 1991).

d. Planning, monitoring and evaluating prompts: | examined prompt responses across

systems one, three, and five. Within each iteration of the system | looked for any development of
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responses, especially indications that the students aeéogeng their selregulating skills such

as improvement in planning, effectiveness of monitoring and evaluation of their goals.
Specifically | reviewed whether they improved in planning by achieving their goals on time, |
reviewed their monitoring to sdéfethey improved being on time without rushing, and I reviewed
their evaluating as they reflected on whether they would use the same graphic organizer or not

and whether to improve their plan or simply adhere better to it.

Data Collection

At the beginimg of the school yeastudents completed twgquestionnaires, the Jr. MAI
and the Middle School Learning Strategies adapted from Liu (2009). Aware that the
metacognition and setegulating questionnaires could motivate students to useeggifating
strategies, | separated these questionnaires from the intervention to come. There were five
iterations of cycles where students planned to research the questions on their graphic organizers
and planned tasks such as screencasts and student designed irorestib@achers were
interviewed following the first and last system regarding their use of the prompts. At the end of
this firstunit, students repeated théikl, MSLS, and HBS assessment. | collected and
anal yzed student so6 p receanlptomidde s thendatkesrespoosesmp ar i n
looking for potential changes in depth and elaboration. Throughout the subsequent unit, prompts
could be administered by partially fading them out. At the close of that unit, students again took

the Jr.MAI and MSIS surveys one last time to check for retention of the strategies.

Data Analysis
The quantitative analysis was conducted by comparing the pre and post assessments and

survey results using a repeated meastest across all participating students. | alsed a
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pairedt test for the Prompting data to test for significant change in being on time or less rushed
as the students developed from System 1 to System 5.
Table 1

Data and Analysis by Research Question

Research Question Data Sources Analysis

How will using HBS assessment Use a repeated measurd @st to
embedded self compare pre and post assessment. Us
regulating prompts Structural Equation Modeling to look a
affect science impact of selregulation on sciece
learning for short learning.

term and longerm? Teacher Interviews Qualitatively analyze for the consisten:

of delivery of prompts during focus uni
and the fading of prompts in subseque
unit.

Student prompt responses Quantitatively analyze for improvemen
in the use of selfeguhting strategies

How will using self  Jr.MAI Compare preassessment responses to
regulation and MSLS post assessment responses. Using
metacognitive confirmatory factor analysis
prompts change Structural Equation Modeling
students' use of self Student prompt responses Quantitatively analyze for improvemen
regulation strategies in the use of selfegulating strategies in
and metacognition? first, third and fifth prompt responses.
Teacher Interviews Qualitatively analyze for the consisten

of delivery of prompts during focus unit
and the fading of prompts in subseque
units.

In Table 2 | describe those items included in each of the indicator variables. The variables
with the prefix SCI refer to items on the science assessment, in particalateige of the
relationship between human body systems, interpretation of data to answer a question, and
finally effective design of an investigation to answer a question. These items were analyzed

using rubrics designed for each question.
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REGCOGPOST andNOWCOGPOST together represent the 18 items on the JrMAI
and all loaded onto the ImprovedMetacognition latent variable. The items assigned to each of
these variables wetssed on the original reseai@perling et al). The 47 items from the
MSLS, were asgned to variables based on the classification of those items from Liu (2009).

There was one additional indicator, SCIREGPOST, included on the same latent variable. This

indicator represents the three planning, monitoring, and evaluating questions fametioe

assessment. These four indicator variables were loaded onto the SRS latent variable.

Table 2

Description of Latent and Indicator Variables

Latent Indicators Indicator description
Variable
ScienceLea SCIKNOWPOST First two questions in the srice assessment how
rning one body system supports another
SCICLAIMPOST 3 different articles from which to draw 3 claims
SCIEVIPOST 3 different pieces of evidence supporting each o
3 claims above
SCIREASPOST 3 different reasonings explaining the claamd
evidence provided
SCIDESVARPOST Independent, Dependent and Controlled Variabl
identified for selfdesigned investigation
SCIDESDATAPOST Techniques of data collection such as tools neec
datarecording tablenecessary trials for
investigation
Metacognit REGCOGPOST 9 items from the JrMAI identified as Regulation ¢
ion Cognition (Sperling et al, 2002)
KNOWCOGPOST 9 items from the JrMAI identified as Knowledge
Cognition (Sperling et al, 2002)
SRS SCIREGPOST* 3 items from science assessm@nshow planning,

monitoring and summarizing

COGSTRATSPOST 23 items from the MSLS associated with cognitic
strategies of learning (Liu, 2008)

BEHSTRATSPOST 13 items from the MSLS associated with behavic
strategies of learning (Liu, 2008)

METASTRATSPOST 11 items from the MSLS associated with

metacognition strategies of learning (Liu, 2008)

Note *Excluded from final models



EFFECT OF TASK SPECIFIREBEUEATION PROMPTS ON SCIENCE CONTENT AND TRAN3FER

Prompt Responses

Across the analysis, independent variables were pre HBS, pre JrMAI, and pre MSLS
scores. Dependent variablevere the post scores for each of the assessments across the
intervention. This analysis provided a test for the main effects of the intervention as well as
modeling the relationship between metacognition, SRS, and science learning.

All quantitative analgis was conducted using IBM SPSS and AMOS 25. When using
AMOS to conduct a Structure Equation Model (SEM), there can be no missing data if the
analysis includes modification indices. There was one modification index recommended that was
theoretically apprpriate: to covary the error terms on the Metacognition variable. This
suggestion was rejected because it rendered the model unidentified. In addition, all analysis used
the Maximum Likelihood Estimate.

Even when conducting confirmatory factor analysissiu@ple needed to be free of any
missing data as this program does not calculate Modification Indices on estimated data.
Modification Indices on the measurement model were needed to determine if all variables should
be included or a path added. In most gsialattempts the modification indices called for
covariances that were not supported theoretically such as covarying errors from one latent
variable to another, or covarying an error with a latent variable. The Confirmatory Factor
Analysis, CFA, of ImproedMetacognition did call for covarying the error terms of the factors
REGCOGPOST and KNOWCOGPOST since these factor indicators were all items from the
same survey it is theorized to be appropriate to covary their error terms (Byrne, 2010).
Ultimately no eror terms were covaried in the models.

| used SEM to teghe validity of the various measures in predicting content learning,

which would be considered predictive validity. The model to be tested is below (see Figure 1).
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Building the structure equationodel includes assignment of survey and assessment items as
indicators for the latent variables. In AMOS, one requirement is that the variables need to be a
scale category. Scale represents continuous variables and while the Science Assessment scores
werecontinuous, the other two instruments used a four and five point Likert Sbale.

categorical variables of COGSTRATS, METASTRATS, and BEHSTRATS, REGCOG and
KNOWCOG have been analyzed as if they are continuous variables as has been the norm in
SEM (Byrne,2010). Within the literature, the consensus on this issue supports this decision as
long as the number of categories within the scale is large, at least five items, and the data is

normally distributed (Byrne, 2010), which were both satisfied for thisystud

Metacognition ]

Seli-Regulating Strategies

Planning Monitoring Evaluating

Improved Knowledge of and
Improved Science Learming Improved Metacognition Use of Self-Regulating
Strategies

Figure 1: Model of relationship of metacognitive and-setfulating prompts on improved
content learning and use of metacognition andrsgjfilating strategies

The model hypothesizes that effects of thequares of science content, as well as the
learner level (low, medium, high), will be moderated by metacognition and thegelting

strategies of planning, monitoring, and evaluating. Pre scores on the science test are expected to
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directly mediate post scores. Additionally, sed§ulation stategies should directly mediate the

effects of metacognition on post science scores. Across the model, | would expect that those with
higher pre science scores would have higher post science scores, that higher level learners will
have more metacognitiaand seHregulating strategies, but that learning these strategies will

moderate the effect of learning level and pre scores to predict post science scores.

Validity and Reliability

The study examines relationships betweenregtilated strategies, metaeation, and
content learning. Therefore, the study is a test of the predictive validity etgelftion and
metacognition on science learnir@uantitatively, | tested the reliability of the various measures
using Cronbach©&s alnqgydisributidn orctleesedhtee measiliresabotli fore q u e
the pre and the post assessments as well as on the overall sample of students by their combined
PARCC score to ensure normality and a lack of skewness or kurtosis.

The HBS pre and post assessments was diagléhe researcher using several rubrics
designed and reviewed by content experts in the field. Finally, using those rubrics, colleagues
reviewed and scored a sample from each section of the HBS assessment to establish reliability.
In addition, | ran a@nfirmatory factor analysis on the measurement model including the three
latent variables, SRS, Metacognition, and Science Learning and all of the dependent variables.
This allowed me to test whether or not these measures are functioning similarly tege&ch
and provided a test of construct validity for the study.

Finally, SEM was a test for the predictive validity of selfjulating strategies and
metacognition for content learning. Therefore, this served as a validity test for the proposed

model.
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Results

| begin by reporting the normality, linearity, skewness and kurtosis of the scales. | provide the
correlations of all of the measurement instruments to each other and to the standardized achievement
test, the PARCC. The paired t tests on théescare also provided along with the results of the prompts

analysis. Finally | assess the measurement and structural equation models.

Normality, outliers, and linearity

To ensure that the variables were not so correlated as to be essentially measuring th
same construct, | conducted correlation measures of each dependent variable to the other. The
correlation between all of the dependent variables are all below .8. The only values that were
close were the correlation of Cogstrats to Behstrats = .651{r@sg® Metastrats = .656,

Behstrats correlated to Metastrats = .702. All three of these variables came from the same
instrument, the MSLS. Additionally, Knowcog correlated with Regcog = .599 and these were
both from the same instrument, the JrMAI. Silllof these are below the .8 threshold of
concern. When comparing the total score on the science test, that is SCILEARNSCORE, the
Variance Inflation Factor (VIF), coefficients of collinearity were all below 3.0 showing no
collinearity (Gaskin, 2011).

There are two variables with minor issues for skewness, KNOWCOGPOST and
SCIDESVARPOST and a kurtosis of 1.163 for SCIDESVARPOST. This variable reflects
studentsé6é identification of the independent,
Most studets could identify the first two variables which would contribute to a flattened curve.

Table 3 shows correlations between PARCC scores and the measurement instruments in the
study. Of particular interest is the correlation between PARCC and the ScasticgegsBessment Score of

.623, giving some support for the validity of this assessment. There was however a very low Pearson

Correlation between the PARGd the MSLS at .154 and a saynificant correlation between the
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PARCC and the JrMAI Post scores. §8eems to be inconsistent with prior research that has found a
strong correlation between high level learners and their use otgelfating strategies and metacognition
(Zimmerman & Martinez Pons, 1986).

Table 3

Correlations between PARCC Scores anebBUrement Instruments

Scores Compared Pearson P Value <=
Correlation
PARCC Science Post Assessment .623 0.01
Score
MSLS Post Score 154 0.05
Science Post SRS Questior .416 0.01
Combined Score
JrMAI Post Score Not significant
JrMAI Post MSLS Post Score 315 0.01
Science Post MSLS Post Not Significant
Assessment —
Score JrMAI Post Not Significant

Comparing Pre to Post Data

The paired-tests showed significant differences for different scales in each measure (see
Appendix D). Comparing the pre to post data for the Science Assessment all showed a
significant increase at the p<=0.05. The SCIKNOW evaluated science content knowledge and
the results were significant witi{180) = 34. 076, p = .001. Similarly significantnea ttests
resulted for the SCICER on Part Two was t (180) = 9.958, p = .001, that is reading the articles
and writing a claim, supporting with evidence and reasoning and SCIDESIGN in Part Three

(180) =11.748, p = .001, designing an investigation.
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Forthe JrMAI and MSLS the only significant difference was for KNOWCOG at t (180)
=-2.981, p = .003. However for the JrMAI and the MSLS-#&dist values were negative which

indicates that the means went down from the pre to the post survey.

Prompts

Theseond of t wo r edsvevdllrusing setfregelaioniamal mstacoghitive
prompts change students'useof-seé gul at i on strategies and met ac
by reviewing the prompt dat@nly those students who completed all of theegnd post
assessments and surveys are included in this analysis. In System 1, 180 students responded to the
Evaluation prompt, In System 3 only 113 students responded, and in System 5 178 students
responded. Although fewer students in System 3 comptleéettbrm for this prompt, there were
students from each teacher and each period as there were for Systems 1 and 3.

The studentsod first hurdle was the graphic
themselves. After their first efforts 57% of the sots wanted to change it, see Figure 2.
However, by the completion of the third cycle (see Figure 3), only 18% were planning a change.
Consequently we did not prompt with this question for System 5. Therefore, the percentage of
students who felt their gra organizer worked increased from 41% to 82%. Given this
increase, in System 4 we asked the students if they found the graphic organizers helpful, with

over 90% of students who responded agreeing it was helpful.



EFFECT OF TASK SPECIHREHEHUEATION PROMPTS ON SCIENCE CONTENT AND TRANSBER

It worked okay but I'm...

Ugh - it was not good... 51%
9.6 It was okay because |...
3.4%

) U'gh - it was not good e...
It worked okay but I'm... 5%

It was okay because |..

It worked really well a... It worked really welelzg.(.(.

Figure 2. Evaluating Graphic OrganiZgystem 1 Figure 3. Evaluating Graphic Organizers System 3
Similarly, as students were supported and became accustomed to the prompts they were

able to manage their time better as 91% (see Figure 4) completed work on time during the first

system buB7% (see Figure 5) completed work on time for the 3rd system with 96% completing

work on time for the 5th system. See figures 4 and 5.

No

Yes
97.2%

Figure 4. Finish on Time System Figure 5. Finish on Time System 3

Overall students improved in completing work andiand not feeling rushed where the
requirements were identical from Systems 1 through System 3. However, for System 5 the
students had a new requirement they had not done before, to writeE3@ienceReasoning

(CER) statements for their designed inigation, so although 96% finished on time 26% of
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them felt rushed. It seems they were not able to predict how long it would take to complete this
new requirement and so needed to rush (see Table 4). Still, the students were better with
completing work thaim system 1, even with this new assignment.

Table 4.

Timely completion vs Rushed

System

Question

1 3 5
Completed on Time?  Yes 164 (91%) 114 (100%) 170 (96%)

No 16 (9%) 0 (0%) 8 (5%)
Completed on Time but Yes 80 (49%) 24(21%) 46 (27%)
?

felt Rushea No 84 (51%) 90 (79%) 124 (73%)

A paired ttest was used to compare On Time Completion and On Time Completion
Rushed or Not Rushed for systems 1 and 5. Comparing System 1 and 5 there were no significant
differencest (173) = 1.464, p = .07. Howenevhen comparing the differences between students
in Systems 1 and 5 who were on time, but felt rushed or not, the difference was significant,

(156) = 2.417, p = .009. So it is possible that the improved planning and monitoring techniques
benefitted thestudents who managed to complete on time but with less pressure as they did not

feel rushed.

Assessing the measurement model

The confirmatory factor analysis (CFA) yielded suggested modification indices to
improvemodel fit However, only one of the sugstion modifications was allowable, to covary
two errorterms, SCIREAS and SCIDESVARD the Science Learning indicators. However

there is little theoretical basis for this and this would increase the parameters being estimated
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from 23 to 24. Upon runnintpat measurement model the model fitioes were good or
permissibé.

On this measurement model | have already excluded SCIEVB@HREG indicators see
Figure 6 The regression weights for these two dependent variables were quihoavioading
value less than 0.3; SCIEVIPOST is .233 and SCIREGPOST issd @ie information from

these two variables did not add to the model.

COGSTRATSPPOST

BEHSTRATSPOST

il

METASTRATSPOST

REGCOGPOST
KNOWCOGPOST

SCIKNOWPOST |[w—— &)
SCICLAIMPOST |e—— 0 €2

Metacognition

15

SCIREASPOST |[w—0 @
SCIDESVARPOST | €9

SCIDESDATAPOST |g— €0

Sciencelearning

Figure 6. Confirmatory Factor Analysis of the 3 Latent Variables

Table 5

Validity and Reliability of Measurement Model iigure 6 the Confirmatory Factor Analysis
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Latent Variables CR AVE MSV MaxR(H)
SciencelLearning 0.572* 0.212* 0.026 0.574
Metacognition  0.750 0.600 0.158 0.753
SRS 0.859 0.671 0.158 0.863

Note *indicates low values

The reliability concerns are the G& SciencelLearning, which is 0.572 and less than the
threshold of 0.70 (Hair, Black, Babin & Anderson, 2010). Additionally, the convergent validity,
or AVE, for SciencelLearning is 0.212 which is less than the threshold of 0.50 (Hair et al, 2010).
Coupledwith the Cronbach alphas for this instrument (see Table 6), which are between .324 and
.579, this indicates there are reliability concerns for this measures. As a reminder, this was a
locally designed assessment focused on measuring the specific ceateatl| as well as the
NGSS practices, rather than a standardized measure. While it went through content validity

reviews, it has notden tested prior to this study.

Table 6

Measurement model loadings, significance and indicator reliability

Latent Variale Indicators Load CA MSVY AVE CR Max
ings R(H)
SciencelLearning SCIKNOWPOST .480 .374 0.026 0.212 0.57 0.574
SCICLAIMPOST 469 552 2
SCIEVIPOST* .233 516
SCIREASPOST 444 .526

SCIDESVARPOST 428 527
SCIDESDATAPOST  .483 .305

Metacognition REGCOGPOST .802 .812 0.158 0.601 0.75 0.754
KNOWCOGPOST 147 .703 0

SRS SCIREGPOST* 101 127 0.158 0.505 0.76 0.863
7

COGSTRATSPOST .775 .726
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BEHSTRATSPOST  .843 .764
METASTRATSPOST .836 .625

Note CRisComposie Rel i ability, CA is Cronbachoés alpha, *excl

There was a negative score change frontgpost on the JrMAI and a nesignificant
correlation between the post scores of the JrMAI and the Science assessment. To try to
understand whydid a detailed analysis of the JrMAI data. This showed that this sample data
had items which did not load similar to the factor loadings of Sperling et al. (2002). The sample
was divided into 2 groups; the low group was determined by selecting studhersts gombined
Math and Language PARCC scores were 1 Standard Deviation (SD) from the Mean and the
medium/high group was everyone else. The low group yielded similar factor loadings to Sperling
et al (2002). These were slightly different than the factatifags of the other group which
included everyone else. Note that the factor loadings are not the same items as those in theorized
Knowledge and Regulation of Cognition groups. These items in this study were grouped based
on theory whereas the factor loagihresulted from an Exploratory Factor Analysis, EFA,

performed to see which items correlated statistically.

Assessing the structural model

F’Ianning Monitoring Evaluating

Use of Self-Regulating

( Improved Knowledge of and
Strategies

‘ Improved Science Learning J( Improved Metacognition

Figure 7. Conceptual framework model
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Self Regulation
Strategy Use

Improved
Metacoanition

» Improved Science
Learning

Figure 8. Path design of substantive model

The path diagram of Strtural Equation Model showing direct and indirect effects to
show the effect of selfegulation strategy use on improved metacognition and improved science
learning as well as the indirect effect of s@fulation strategy use through improved

metacognitbn on science learning.

Structural Equation Model

| began with a 3 latent variable model, to test the hypothesis thaegalating strategy
instruction through metacognition would i mpro
improve content m@stery. | will discuss the refining of the models using four specific models to
illustrate the process to arrive at a model that reflects theory and best fits the data. All of the
Goodness of Fit indices are in Table 7 for comparison across the four midusks were no
modifications performed on any of the models.

For comparison, | used goodness of fit thresholds from Hu and Bentler (2399ell as
a summary otutoff criteria from Schreiber, Nora, Stage, Barlow and KR@D6). The choice to
include he TLI, CFIl, RMSEA, and Chsquared/degrees of freedom is a best practice when

examining goodness of fit for the models (Schreiber et al, 2006). The Akaike information
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criterion (AIC) is a useful indicator when comparing models, the smaller the betteziffectet

al, 2006).

Table 7

Models and Goodness of Fit

n Absolute/predicti Comparative  Other
Model # latent ve fit Fitto a
Variabl baseline
es Chi- AlC TLI CFlI RMSEA P
square Smaller >= >= .95 <.06to close
/df is better .95 .08 with  >.05
<=2 or confidenc
3 e interval
Figure 9. SRS to 3 181 1.076 80.448 .991 994 .021 .866
Metacognition &
Science
Learning.
Variables split
Figure 10. SRS 3 181 .969 54468 1.002 1.000 .000 .851
to Metacognition
& Science
Learning.
Variables comb.
Figure 11. SRS 2 181 1.290 58.504 .974 .982 .040 .607
to
Sciencelearning
No
Metacognition.
Variables split
Figure 12. SRS 2 181 1.210 35.684 .989 994 .034 .584
to
Sciencelearning
Variables

combined

Para
meters
Estr
mated

23

19

17

13
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METASTRATSPOST
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Sciencelearning
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Figure 9. SEM SRS, no SCIREGPQSIbSCIEVIPOST, to ScienceLearning, split variables,
Mediated through Improved Metacognition. n=181,-&dniare/df = 1.076, TLI = .991, CFI =
994, GFI =.962, AGFI = .935, RMSEA = .021, PCLOSE = .866, AIC =80.448, Parameters
estimated = 23

This model, Fgure 9, had no modification indices (MI) recommended that are
theoretically appropriate. For example, the MI recommends covarying SCICLAIMPOST with

COGSTRATSPOST and covarying across latent variables is not appropriate (Byrne, 2010).

SRS has a direct effeon SciencelLearning
SRS has a direct effect on ImprovedMetacognition
SRS has an indirect effect on SciencelLearning through ImprovedMetacognition

The Structural Equation Model (SEM) in Figure 9 shows SRS as an indirect effect on

improved Science Learrgrthrough metacognition as well as a direct effect from SRS to Science
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Learning. This model showed only the AIC model fit that is of concern at 80.448, since the when
comparing across models it is the largest AIC, see Table 7. However aside from reagoocbly
model fit numbers the parameters estimated for this model weBcB&iber et al (2006)

recommend a rule of thumb that there be 10 participants for each parameter estimated that would

require a 230 participant sample and the sample is just 181

60
COGSTRATSPPOST
4
BEHSTRATSPOST
.70
METASTRATSPOST

L

32

SCIKNOWPOST
19

SCICRPOST

.05

ImprovedMetacognition

79 75
63

REGCOGPOST | KNOWCOGPOST]

Figure 10. SEM SRS, no SCIREGPOST SOIEVIPOST, to SciencelLearningpmbined
variablesMediated through Improved Metacognition. n=181,-Stuiare/df = .969, TLI =
1.002, CFl =1.000, GFI =.978, AGFI =954, RMSEA =.000, PCLOSE =851, AIC =54.468,
Palameters estimated = 19

32
SCIDESIGNPOST

The SEM in Figure 10 shows the five dependent variables on SciencelLearning combined
into three. Each dependent variable reflects the test responses associated with each part of the

science assessment. However the SCICRPOST exdhelesidence scores as previously
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mentioned, a result of the CFA. However for this model the TLI at 1.002 is high and the AIC
though smaller is still high at 54.468. The parameters estimated were 19 which is much better for
our sample of 181IThe SEM show$SRS relating to SciLearning directly and indirectly through
Metacogniton. The regression weight frolmprovedMetacognition to ScienceLearning is .11,
the regression weight from SRS to SciencelLearning is .09 and the regression weight from SRS to
ImprovedMetacogntion is a .40. The direct effect of SRS on SciencelLearning is .09 but the
indirect effect of SRS through ImprovedMetacognition is the product of .40 and .11 or .04. But
regression weights for SRS to SciencelLearning has a p of .209, and Improvedjvigi@c to
SciencelLearned ha sa p of .450, neitBesignificant

Each of the models in Table 7 were constructed based on the original hypothesis and
what was actually taught during the intervention. The hypothesis was that teaching and
prompting the usefselfr egul ati ng strategies would i mprove
improve their knowledge of metacognition and their knowledge and use of thesegskditing
strategi es. However there was only onwasparti a
determined to remove metacognition from the SEM.

An SEM was run excluding metacognition data and looking at the use-oégelation
strategies and the effect on improved SciencelLearning. This shown in Figure 11. The parameters
dropped to 17 hower the AIC climbed up to 58.504 and the regression weight from SRS to

SciencelLearning icreased to .15 however it was nonsignificant at a p = .157.
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Figure 11. SEM, SRS to Sciencelearning, no Metacognition, split variablesquare/df =
1.290, LI =.974, CFl = .982, GFI = .966, AGFI = .935, RMSEA = .040, PCLOSE = .607, AIC
=58.504, Parameters = 17.

In order to improve the p significance of SRS on ScienceLearning one more model was
test, Figure 12. In this model the variables were again comhbimé the model in Figure 10.
The results were quite good as the AIC dropped to 35.684 and all other model fit indices were
good. The regression of SRS on SciencelLearning is now .20 with a p value of .084. This p value
is a two tailed test and when rewiag the effect of SRS on SciencelLearning | am looking for a

one tailed effect which would drop the p value to .042 a significant number.
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COGSTRATSPPOST

BEHSTRATSPOST

I

METASTRATSPOST

SCIKNOWPOST

SCICRPOST

[{ 4

Sciencelearning

SCIDESIGNPOST |=a— L)

Figure 12. SEM, SRS to Sciencelearning, no Metacognitiembined variable€hi-square/df
=1.210, TLI =.989, CF= .994, GFI = .983, AGFI = .955, RMSEA = .034, PCLOSE = .584,
AIC = 35.684 Parameters estimated = 13.

Discussion and implications
It is possible to quantitatively support the claim that teaching SRS will improve Science

learning, but there remain a nuentof challenges, specifically the science assessment and

assessing SRS skills of middle school students. In this research, the assessment of science

learning was a locally designed and undeveloped instrument that had poor internal reliability.
The decsion to show metacognition hang a mediating effect from saiégulating

strategy to science learning resulted from three considerations. Initial review of teacher

interviews and the carefully followed Things to Remember slides showed that metacogagion
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only mentioned one time throughout the interventlorthis assignment students self recorded
their choice of effective workplace, a strategy based on metacognition, and to record the
intrusions and how they dealt with those while they tried to Isammething new. This gave short
shrift to teaching and encouraging studentso
have a reciprocal relationship with sedfgulating strategies, that is, as they practiced the
strategies they would become manetacognitive which would encourage better choices of the
strategies. Consequently metacognition was not explicitly taught which may account for the
small regression effect from Metacognition to SciencelLearning.

Instruction on metacognition needed tonbere explicit, middle school students need to
be taught to recognize metacognitive thinking and to apply it in order to understand the language
of the questions regarding metacognition. The understanding about nmétiacogas that
students wouldhecome rore meacognitive with the use of salégulating strategies not as an
initial impetus for the strategies necessarily so some change was expected.

Despite thisselfregulating sKis that were explicitly taught contributed to science
learning. This is e@dent in the final SEM model showing the effect of SRS on Science Learning.
Using Schunk (2005) formula for sefgulation of planning, action, and reflection, here referred
to as planning, monitoring, and evaluating, we prompted students to plan howotkey
accomplish their assignment, monitor how they were doing on their plan, and reflect on how well
their plan worked. Students were not prompted to plan for their content learning explicitly nor
were they prompted to monitor or reflect on their conliesnining. The focus was on the skills
needed. The hypothesis was that their content learning would grow as they honed their self

regulating skills and we have evidence of that happening.
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Additionally, it is difficult to determine how sefegulating midte school students are.

You can interview them, however, this would be difficult and time consuming for 200 students.
You can record them as they think aloud, however, again this would be very time consuming
since Greene and Azevedo (2007) had to contypabmpt their students to remembersay

things aloud. Winne (20)Gtates that students regulate as they go. Therefore, the above needs to
be repeated perhaps several more times asegplfation changes. Thus, the s&lport

instruments of the JrMAdnd the MSLS were used for this study.

The idea of using a self report measure on an electronic form seemed practical, but in
nearly 80% of the items for both surveys, the studg@igormance decreased in the post survey.
While | do not believe that thirepresents unlearning of SRS, it does raise the difficulty in
measuring SRS with this student population. Students tended to have an inflated view of what
their skills were and their use of SRS.

The student responses to the JrMAI were not as expecssibpofor two reasons, the
vocabulary of metacognition was not explicitly practiced and the two constructs of the survey
itself. Unfamiliar with the vocabulary students may have had difficulty accurately assessing their
own behaviors and thought procesdesaddition, there were few statistically significant
differences in the responses when comparing pre to@uostof the challenges that presented
itself for including metacognition as a latent variable was in using a two factor model for the 18
items n the JrMAI. Since the authors of the survey found in their EFA that 15 items loaded on
one factor, with only 2 items loading on a second factor, and one item loading nearly equally on
both, they subsequently recommended that the all items be used @kisngin contrast to
their grouping of the 18 items into two groups of 9 representing two constructs in their research

(i.e., knowledge of cognition and regulation of cognition). Given their relsded used the two
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constructghat werefollowed in thisstudyas two indicator variables loading onto the latent
variable of ImprovedMetacognition. Ning (2016) encountered similar problems with using the
items as two constructs and hypothesized that the factor structure might be for very specific
populationsUsing an additional instrument he divided his population into levels of
metacognition and found different factor loadings for different student samples. Not having this
additional information, | used the combined PARCC scores and divided the populatitowint

and mid/high achievers where the low group was <= one SD below the mean. Conducting an
EFA on this group, | was able to nearly match the author's results just for this sample of the
population. Therefore, future work may need to tease out analgiseq lon prior achievement,

to develop a deeper understanding of the impact of metacognition on learning.

Regarding the MSLS, we deliberately taught the three overarching skills of planning,
monitoring, and evaluating along with graphic organizing. Additilgnthe MSLS asks about
many ot her SRS that were implicitly taught bu
wordso. And others where the teachers provide
school wor k i f | grfieat change, so nd imgrovement ia thesetewo s
behaviors according to this measurement. Wamme Perry(2005) reports that SR is context
specific, therefore, we could trim the MSLS items to represent what we actually taught explicitly
and implicitly asthe MSLS is measuring many that the intervention did not deliberately teach
nor are the questions directed specifically to science. With these changes, a more reliable science
assessment and students more familiar with metacognitive terms, a signifiaatitadive
connection could be drawn.

This study used the same three scales as Liu (2009) found from a factor analysis of the

MSLS: cognitive, behavioral and metacognitive. Although there was some indication of
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correlation across the three scales, theyaiaed distinct constructs for our population and all
three were loaded as indicators factoring onto one latent variable, SRS. Most of the items as
written were clear to our 7th grade students, however, there were 47 items including some SRS
that were noexplicitly taught in this intervention.

The intervention was designed following the guidelines of Perry @2 Teachers
gave them choices for their task product, opportunity to plan, monitor, and evaluate themselves,
and others provided scaffoltts individuals as needed and found that they improved in the skills.
Although teachers prompted the use of these skills throughout, they did not consistently prompt
for metacognition. | had surmised that their metacognitive skills would improve alontheiith
developing selfegulating skills. Unfortunately the pre to posests yielded no significant
improvement in either metacognition or use of-setfulating strategies. The only evidence for
this was the student s 6 ancdedigeaf grapbimosganzerand mpr o v i
their improved ability to complete their tasks on time and with less of a rushed feeling. It remains
unclear how strong the relationship is between metacognitiorreggifation, and science
learning. There was no sidigiant correlation between the Science Post Assessment and either
the MSLS total score nor the JrMAI total score. Cotterall and Murray (2008) found in Japanese
college students who were sdlifecting their learning of english that an increase in
metacogrion resulted in improved ability to sakégulate. There was some evidence in this
study of increased metacognition resgtin improved ability to selfegulate since the
correlation between the post JrMAI and the Post MSLS yielded a small coeffiti8abo

This study used domain specific prompts for planning and monitoring in that the written
prompts were specific to the amount of questions they needed to research and not the content of

the questions. The teachers used domain specific promptseénvoar | uat i ng, such as
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you do?0 and ADid you finish on time?060 Our pr
moni toring, and evalwuating began with a gener
followed by directed prompts as Davis (2008fined them, that is the prompts were potentially
productive directions for reflection. Prompts changed in response to students needs as over

several cycles the students expressed frustration when being asked the same directed prompts

and so they were adified subsequently.

Conclusion

Much research has been done to show a need to teacag@Hting strategies to middle school
students. Although teachers agree that their students need to know howtesgli | at e, t hey
always teach #se strategies and may need to be shown explicit ways to do so (Perry, Hutchinson,
Thauberger, 2007; Spruce & Bol, 2015). In addition, many students need instruction of
metacognitive skills{epeda etal,20)5. Teacher sdé6 respooomardi | i ti es
increasing as special education and honors level students are included in the general education
classroom (Valli & Buese, 2007). New models of understanding the relationships of SRS,
metacognition, and science learning are needed, but as we degelapodels, we need to think
about the ways in which teachers can blend these skills to support the broadest range of learners as

well.
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Content Area: Sciendduman Body Systems
Grade Level: 8

Big Idea/Unit: NGSS Practices

Essential Prexisting Knowledge: ?

Time Required: 3t months

Cost: None

Introduction

A Gi v e #&sh-fewdhimefor a day. Teach himhowtofsheed him for a |
Chinese Proverb

Students today can access unlimited information with even less effort than the click of a
mouse. Next Generation Science Standards, Google, antb@me districs are changing the
science classroom. As a result, teachers today are less challenged by the scope of textbooks or
reference materials because instead offiptabs students can design their own investigations to
explore scientific principles. Consesqly, students need to learn skills and develop strategies
to process information. Students have access to all the fish they want but they need to know how
to catch those fish. They need tools to manage information, budget timeyadndte the
efficacyof their efforts.Ultimately, they need to incorporate personal skills so they can self
regul ate and not just respond to a teacherds
embedded in a science inquiryinundant entudkemavsl e
when comparing the experimental group to the control group (Peters & Kitsantas, 2010). Of
course, we must still teach the principles of science, but with the vast opportunities provided by
the information age, effective educationludes helping students learn how to learn. This facet
of teaching is particularly challenging because each student learns in different ways. As our
classrooms continue to become more diverse, teachers need strategies for all learners as

recognized in NGS Appendix D ee, Miller, & Januszyk, 2014).
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Given the need to support student-setjulation of their learning, teachers at XX middle
school decided to support students in science
by teaching students become more
metacognitive and use se#gulation
strategies like planning, monitoring and
evaluating their progress (Zimmerman, 2002),
their ability to learn will improve.

Metacognition is understanding how you learn
and knowing your learning strengths and
weaknesses (Bransford, Brown and Cocking,

Figure 1. Metacognition Journal Sample
2000. Metacognition and effective self
regulation strategies are usefoit all learners, including high achievers and Special Education
students.

Do you think your students have these skills already? We assessed our 7th graders and
were surprised about nomany had limited skills in selegulating their own learning.

In an effort to explore how effective modern learning tools could be taught, we embedded
specific skills within a science uniStudents, working in groups, were assigned to research the
human body system, find instructive videos, write about their findings, and create a screencast
describing the system. They were also required to come up with a question they had about an
aspect of the system, design and execute an investigation, andhmepdihdings in a podcast
created with their group members. They were given-@agrperiod to complete the assignment

and were told they had to plan and monitor themselves to reach their goal on time.

































































































































































































































