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Abstract 

A goal of the Next Generation Science Standards (NGSS) is to 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 choose their 

strategies (Winne, 2018). The problem is that not all students learn to be metacognitive and 

practice self-regulation on their own. Middle school students find it very difficult to distinguish 

between what they know and what they do not know (Zepeda, Richey, Ronevich & Nokes-

Malach, 2015). By helping students in middle school, to practice the self-regulating strategies 

(SRS) of planning, monitoring and 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 

college-ready to practice metacognition (Lombardi, Conley, Seburn & Downs, 2013). 

The purpose of this study was to determine the effectiveness of using metacognitive and 

self-regulating strategies on improved strategy use and content mastery in middle school science.  

Science and special education teachers taught self-regulating 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, 1986) however, in an article designed for science and special education teachers, 

I 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. I designed a professional development plan for 

teams of teachers to explicitly teach SRS. By preparing the strategies instruction together they 

can consistently use the same metacognitive and self-regulating language across several core 
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content areas since self-regulation is context dependent (Bransford, Brown & Cocking, 

2000,Winne, 2010).  
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Problem of Practice 
 

 In todayôs world of readily available information one must be self-directed and, in fact, as 

a 21st century skill this quality is essential (Kereluik, Mishra, Fahnoe, and Terry, 2013). A self-

directed learner chooses what they will learn and how they will do it using metacognition and 

self-regulation strategies. Self-regulated students are problem solvers who reflect, evaluate, 

monitor, and discipline themselves in their studies. Self-regulating learners use metacognitive 

monitoring to help them choose their strategies (Winne, 2018). A student must know what they 

already know and what they 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 metacognitive and practice self-regulation 

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 and what they do not know (Zepeda et al, 2015). Although 

teachers know that self-regulating 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 go through to learn their material (Joseph, 2010). Teaching students to practice 

metacognition will enable them to more effectively use self-regulating skills 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 solving (Zepeda, 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 be self-directed (Lee, Miller, and Januszyk, 2014). One 

NGSS goal is to teach students to be self-regulated in planning, monitoring, and evaluating 

problems they will solve and questions they will answer (NGSS, 2013). By helping students in 

middle school to practice these self-regulating 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 are college-ready 

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 a letter to our townships, David Aderhold, the Superintendent of Schools, wrote that 

it is the mission of the school district to develop self-directed learners (2015).  Educators of sixth 

to eighth graders recognize this need for students to be self-regulated 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 use self-regulation strategies (SRS) 

of planning, monitoring, and evaluating 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). Therefore, teachers 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 embedded self-regulating prompts 

affect science learning over the short-term and long-term? How will using self-regulation and 

metacognitive prompts change students' use of self-regulation strategies and metacognition? 
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Outline of Alternative Format  

As a change agent, I have created three products to communicate the findings in my study 

ñEffect of Task Specific Self-Regulation Prompts on Science Content Knowledge and Transferò 

to reach the broadest audience I can. I hope to inspire a variety of content teachers to adopt these 

changes so this naturally leads me to several different products. I have written a scholarly journal 

article targeted to the self-regulating strategies research community specifically in middle school 

science, and a practitionerôs article targeted to middle school science teachers, both general and 

special education,, 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 broader skills students 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 I would need to present them to different teacher groups. The following 

describes each product in more detail. 

As part of my research analysis, I tested to see if teaching and then prompting self-regulating 

strategies (SRS) would improve the knowledge and use of these strategies and if that knowledge 

and use effects science learning. In addition to analyzing studentsô prompt responses as they 

develop over time, I used a Structural Equation Model (SEM) a type of path analysis that 

attempts to show a cause and effect. I used this quantitative approach since there is a good deal 

of qualitative analysis in research that shows the positive effects of self-regulating strategies on 

learning. And yet these skills elude so many despite our understanding that most can develop 

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 school K-12, college and beyond, a true 

lifelong learnersô skill. This research shows through a SEM the effect of four specific SRS on 

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 I will submit my 

article to the Research in Science Education or the Journal of Research in Science Teaching. 

The second part of my portfolio is an article written for NSTAôs Science Scope magazine 

which is directed to middle school science and special education teachers. A Next Generation 

Science Standard goal is to teach students to be self-directed 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 design instruction of SRS and 

embed these strategies into the science content and use prompts to support their use. I addressed 

some of the challenges teachers face due to an increasing need to teach many levels of students 

by describing the scaffolds used for special education students and others and sharing those 

studentsô successes in developing SRS. I hope to further encourage teachers that these strategies 

teach students to be reflective thinkers, which will help improve their mastery of content and 

save instructional 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 to include 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 it 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 they can consistently use the same 

metacognitive and self-regulating language across several core content areas. Since self-

regulation is context dependent (Winne, 2010), as students are taught strategies in Science, they 

may not use these in Social Studies. Therefore, 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 need to re-teach those 

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 create their strategiesô lessons with each other without 

all of the other things that pull teachers in so many directions. And 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 artifacts 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 science for self-regulating 

strategies for middle school students to help them become lifelong learners. The practitioner 

article for Science Scope will bring my research in a very practical way directly to middle school 

science and special education teachers by demonstrating how the 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 Windsor-Plainsboro Regional School District. 

 

 

 

https://doi.org/10.1207/s15430421tip4102_10
https://doi.org/10.1207/s15430421tip4102_10
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Introduction  

Schools are increasingly seeking to teach students 21st Century Skills such as self-

directed learning. Self-directed students are problem solvers who reflect, evaluate, monitor, and 

discipline themselves in their studies. To be self-directed one must self-regulate your learning 

which is important in today's world of readily available information (Fahnoe & Mishra, 2013) 

where students often must manage their own work (Darling-Hammond, 2008). Educators of sixth 

to eighth graders recognize this need for students to be self-regulated and teach students at a 

point in their growth where we can bring about significant advances in these skills. 

Self-regulating 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, 2000). Winne (2018) describes the 

relationship between metacognition and self-regulation 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 your metacognition 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 process. If we teach 

middle school students to become more metacognitive and to use the self-regulation strategies of 

planning, monitoring and evaluating their progress (Zimmerman, 2002; Schunk, 2005), then their 

ability to self-direct their actions should improve.  

The Next Generation Science Standards, (NGSS) expects students to be self-directed 

(Lee, Miller, and Januszyk, 2014) and, in fact, as a 21st century skill, this quality is essential 

(Kereluik, Mishra, Fahnoe, & Terry, 2013). One NGSS goal is to teach students to be self-

regulated in planning, 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 self-regulating skills (SRS) of planning, monitoring and 

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 college-ready to practice 

metacognition (Lombardi, Conley, Seburn & Downs, 2013). The question then is how do we best 

support students in developing self-regulating skills in science. 

Perry (1998) found that successful development of self-regulated learning requires a 

specific environment. She observed elementary reading classrooms however not as much work 

has been done in the middle school science classroom so we can learn from this. An environment 

where students can make appropriate choices and expand their developing abilities by attempting 

challenging tasks that are complex and open ended gives them opportunities to evaluate their 

own and othersô work. Effective teachers of self-regulated learning (SRL) also provide just 

enough support including providing content knowledge and teaching self-regulating strategies to 

ensure student independence for academically effective forms of learning (Perry, 1998).  

 The problem is that not all students learn to be metacognitive and practice self-regulation 

on their own (Bolhuis, 2003). Although teachers know that these self-regulating 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 are going through to learn their material 

(Joseph, 2010). Teaching students to practice metacognition will enable them to more 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 solving (Zepeda, 

Richey, Ronevich & Nokes-Malach, 2015). Teaching 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 has two interrelated research questions.  How will using embedded self-regulating 

prompts affect science learning over the short-term and long-term? How will developing self-

regulation and metacognitive prompts affect studentsô science learning in middle school 

classrooms? 

 
  

Literature Review 
 

The literature review focuses on empirical studies of self-regulation strategies taught 

primarily in science education to middle school students. I searched for peer reviewed articles 

published since 2000 about self-regulation and metacognition in middle school science for both 

general education and special education. I included studies that showed the use of prompts to 

encourage student use of self-regulation. However some studies outside of middle school or in 

non-science content areas were reviewed to include guidance where there was none in middle 

school science. I begin with briefly discussing research on self-directed learning, what it is, and 

why it is important. Following that, I examine research to show the relationship between self-

direction, metacognition, and self-regulation. Finally, the review ends by reviewing research 

illustrating the techniques used to teach self-regulation and metacognitive strategies with a focus 

on those used in middle school science including special education students. 

Self-directed or self-regulated learning  

Self-directed learning is a skill necessary to be successful both in school and in the job 

environment (Zimmerman & Martinez-Pons, 1986). Though self-directed learning is identified 

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, the move to the NGSS has placed more 

importance in self-directed learning with respect to learning content. Three NGSS Science and 

Engineering Practices, developing and using models, planning and carrying out investigations, 

and designing solutions require students to be self-directed. 

Self-directed learning is more generally defined as self-regulated behavior. The concepts 

of self-directed and self-regulated learning are similar. Self-directed learners determine what 

they want to learn, what they need to know, what 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 when being self-directed (Merriam & Bierema, 2014). Whereas, a self-regulated 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 achieved the goal and 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 self-regulation for this research with middle school students. Self-regulation strategies can 

be divided into three phases: planning, action, and reflection (Schunk & Zimmerman, 1998). In 

the planning phase, goals are established. The action phase requires self-monitoring 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 self-regulation and metacognition is not entirely clear. Winne 

(2018) says self-regulating 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 metacognition.  In order for students to evaluate their 

understanding, they need to be metacognitive. Some, usually higher-level learners, can become 

self-regulated on their own, but many students need to be taught these skills metacognitively 

(Greene & Azevedo, 2007; Zepeda et al, 2015). We can teach self-regulation skills and then use 

prompts to remind students to be metacognitive and self-regulate their learning (Davis, 2003; 

Kitsantas & English, 2013). 

Metacognition in Self-Regulated and Self-Directed Learning 

Thinking about your thinking is being 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 there are gaps in his understanding, can study, and ultimately, learn more 

efficiently. Both self-direction and self-regulation are actions one takes as a result of being 

metacognitive.  

Evidence of self-regulation 

Metacognitive strategies taught at a young age are retained and can be subsequently 

developed. Metacognitive strategies refers to knowing what is needed and then using those 

strategies is self-regulating. In a survey of 486 3rd and 4th grade former Reading Recovery 

students and their non-Reading Recovery classmates, those students who had successfully 

completed Reading Recovery in the first grade were still using the metacognitive strategies, that 

is self-regulating, they had been taught two and three years later (Schmitt, 2003). When teachers 

make explicit choices for the learning environment and instruction, it positively affects the 

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

classrooms the authors found 3 classrooms that effectively supported and used self-regulated 

learning. They identified specific things the teachers in those classes did to encourage self-

regulation in students so young. They offered choices, gave them opportunities to control the 

challenges so they could independently complete tasks, gave opportunities to evaluate their own 

and otherôs work, and supported their students with just enough scaffolding to enable them to 

continue independently. These studies show that teaching metacognitive strategies to elementary 

students enables them to self-regulate their learning. This in turn improves performance and 

students retain these strategies later in their schooling.  

In middle school, students are expected to be more independent about their learning and 

there is an increased expectation that students exhibit self-regulation and take more personal 

responsibility (Zimmerman, 2002). Middle school students are at the perfect developmental level 

to be taught skills necessary for success in the 21st Century including teaching self-direction 

(Kay, 2009). Although some children make the transition from elementary school to middle 

school smoothly, helping children develop self-regulating strategies in sixth grade 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 self-regulation can be taught and learned in elementary school, some middle school 

students do not self-regulate. 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 remains the need to teach self-regulation to middle school students. 

Although middle school may be fertile ground for teaching self-regulation strategies, few 

studies have focused on middle school students. We can learn from high school studies such as 



EFFECT OF TASK SPECIFIC SELF-REGULATION PROMPTS ON SCIENCE CONTENT AND TRANSFER 14 
 

 
 

when Zimmerman and Martinez-Pons (1986) examined the correlation between higher achieving 

students and the use of self-regulation strategies. In a study of 40 male and female tenth graders 

from high achievement tracks and 40 male and female students from lower achievement tracks 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 & Martinez-Pons, 1986). The students were identified as higher or 

lower achievement tracks based on a statewide achievement test. The interviews included 13 

categories of questions on self-regulated learning including goal setting, environmental 

structuring, self-evaluating, strategies of organizing and transforming, seeking and selecting 

information, and seeking social assistance.  As expected, the high achieving students used the 

self-regulation strategies frequently (Zimmerman & Martinez-Pons, 1986).  However, what this 

study does not address is the extent to which, or how, lower achieving students can be taught the 

strategies that the high-achieving students have developed. 

Encouraging self-regulation strategy use 

Teachers can help students who are not high achievers to use self-regulating 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 self-regulation in middle school including: prompting self-

regulating behaviors, creating an encouraging environment for self-regulating strategy use, and 

explaining to students why self-regulating strategies are being taught (Hughes, 2011; Perry, 

Vandekamp, Mercer & Nordby, 2002. Other 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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strategies 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-

question, self-monitor and evaluate (Hughes, 2011).  

Davis (2003) used general prompts to encourage self-regulating 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 2012). Students reflected unproductively more often in response to directed 

prompts as compared to the generic prompts. Students with some autonomy who received 

generic prompts developed more coherent understandings than their similarly autonomous peers 

who receive directed prompts (Davis, 2003; Ifenthaler 2012). Given these findings, the present 

study used generic prompts to encourage self-regulating strategy use. 

Bulu and Pedersen (2010) found that encouraging self-direction 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 6th grade students, the authors 

investigated four situations, domain specific continuous and faded prompts and domain general 

continuous and faded prompts. Domain general prompts could be ñWhat information do you 

need to find in order to solve this problem?ò whereas a domain specific prompt would identify a 

problem and ask ñWhat information do you need to helpé.survive, think about habitat, food, 

etc. They found that for science content, the domain specific continuous prompt led to more 

student success. However, they found that the domain general prompts when faded helped 

students ñtransfer problem solving skillsò. There is some evidence that continuous teacher 

support for using self-regulation strategies is necessary (Zepeda et al, 2015). This may be 
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specific to the individual learners, which will require ongoing evaluation by the teacher of the 

studentôs developing self-regulation skills (Bulu & Pedersen, 2010). However, some researchers 

found that when supports are gradually faded away, those students perform better when 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 they transfer the use of these skills even when the 

prompts have been faded, it used both domain specific and general prompts. After the initial unit, 

the prompts were partially faded during the subsequent science unit and students again were 

assessed on their use of metacognition and self-regulated strategy use.  

In addition to training and prompts to plan, monitor, and evaluate, researchers found that 

a learning environment that encouraged self-efficacy, student autonomy, and control over how 

students would learn, improved science inquiry skills (Yoon, 2009).  As the students became 

more self-efficacious and goal oriented, they used more self-regulating strategies to control their 

learning. However, although autonomy was encouraged, the researchers found that a fully non-

scaffolded approach was not as effective as when the inquiry was scaffolded to focus these 8th 

grade students to prepare for self-directed investigations (Yoon, 2009). All teachers in this study 

provided a more autonomous environment as students designed their 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 for the student designed investigations along with training and prompts for self-

regulation. 
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Measuring the use of self-regulation strategies 

There are several tools that measure self-regulation and metacognition skills, however, 

only a few have been developed for 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 differece between teacher evaluation of a studentôs metacognitive 

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 two self-report instruments that have 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 middle school students based on Schraw and Dennisonôs (1994) Metacognitive Awareness 

Inventory for older learners. Using exploratory factor analysis,  the authors found that 15 items 

loaded on one factor, with only 2 items loading on a second factor, and one item loading nearly 

equally on both, so they subsequently recommended that the all items be used as one.. The two 

constructs were highly correlated despite a careful delineation between regulation of cognition 

and knowledge of cognition so the researchers postulated that for 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 Strategy Scale (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 

schoolerôs use of self-regulated learning strategies.  The MSLS scale is structured into three 
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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 self-regulation strategies.  Using both instruments allowed 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. Therefore, the study blends the strengths of previous research by drawing on 

domain specific and general prompts to understand how this influences studentsô learning 

strategies and their learning of science content. 

  
Methods 

Study Design 

This is a mixed methods study of the effectiveness of using self-regulating strategies on 

science content mastery. The teachers taught self-regulating and metacognitive strategies, using 

prompts embedded within the Human Body System (HBS) unit. All students took the HBS pre 

and post-assessments, the Junior Metacognitive Awareness Inventory (JrMAI), and the Middle 

School Learning Strategies Questionnaire (MSLS). My hypothesis was that metacognition and 

self-regulating strategy instruction would improve the studentsô use of those skills and improve 

content mastery. I 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 prompts similarly, I 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 teachers at the school were very willing to participate in this 

research. There 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 

intervention. 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 moved out of the district. 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 for comparison only. Two of the classes contain in-

class resource students with Individual Education Plans (IEP). The only students in 7th grade 

who were excluded from the study were special education students in self-contained classes, 

which were not taught by the three general education science teachers.  

Within this middle school the 7th grade 2016-2017 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 school population of Community Middle School. 

Intervention Description 

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

approximately 2½ months long and was begun in January 2018. This unit addresses two 

Performance Expectations of the Next Generation Science Standards, MS-LS1-3, the body is a 
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system of interacting subsystems, and MS-LS1-7, food is rearranged through chemical reactions 

forming new molecules that release energy as this matter moves through an organism. 

The 7th grade science teachers taught specific self-regulation skills to 7th grade science 

students during the HBS Unit. The population of students within each science teachersô room 

were composed of 25% from each of the other teachersô students. The teachers would therefore 

be sharing the responsibilities of developing the self-regulating strategies, prompting the 

students, and creating a partially autonomous environment for the students. Usually those 

students who needed the most help with self-regulating strategies remained 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 throughout the 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, in-classroom research day, a library research 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 their task, i.e.; 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 challenge allowed students some autonomy of action and decision 

making so we can see how they choose to use strategies, i.e.; how they self-regulate. 

Over the course of the unit all students were responsible for conducting a student-

designed investigation at least 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, dependent and control 

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 investigation, write questions 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 opportunities 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 instruction on the strategies. They called 

these slides the ñThings to Rememberò and it guided every dayôs instruction.  

To provide the proper environmental conditions for developing SRS (Perry et al, 2002), 

the unit included challenging tasks such as researching how a particular 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 databases. The 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 techniques and 

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, teachers provided support to students by carefully orchestrating instruction 

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

independently.  

 

Measures 

a. Pre and Post Assessments of HBS Unit:  The pretest was identical to the posttest with 

open-ended questions which addressed the NGSS Performance Expectations, MS-LS1-3 and 

MS-LS1-7 and corresponding Disciplinary Core Ideas, that is, evidence for the interactions 

between human body systems and how food is rearranged to provide energy for the body (NGSS, 

2013). The first 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 for this study. 

Assessment questions in Part Two required students to interpret three articles with data to help 

them answer the question ñGiven these pieces of evidence, can you determine whether eating 

right before swimming could be dangerous in terms of your ability to raise your heart rate and 

breathe in oxygen?ò. Part Three required students to describe their designed investigation to 

answer that same question.The questions on the assessment were reviewed for consistency with 

the Unitôs Enduring Understandings, the NGSS Performance Expectations 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 colleagues.  

b. Middle School Learning Strategies (MSLS) Survey  

This Survey includes 47 items for students to self-report their learning strategies, for 

example ñI relate new things to things I already knowò on a 4 point Likert Scale from 1 (Hardly 

ever), 2 (Sometimes), 3 (Often), and 4 (Almost Always) (Liu, 2009). The author administered 

the survey to 238 students in 6th, 7th, and 8th grade and Cronbachôs alpha for scores on the 

MSLS scale was .90. A factor analysis grouped the items into 3 scales: cognitive, behavioral, and 

metacognitive was found reliable. Cronbachôs alpha was .80 for scores on the cognitive 

strategies scale, .75 for scores on the behavioral strategies scale, and .70 for scores on the 

metacognitive strategies scale.  

c. Junior Metacognition Assessment Inventory (JrMAI)  This inventory includes 18 items 

for students to self-report their use of metacognitive skills. For example ñI know when I 

understand somethingò (Sperling, Howard, Miller, & Murphy, 2002). Students answer using a 5 

point Likert Scale 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 

survey.  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, Tittle & Alvarez, 1991). 

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

systems one, three, and five. Within each iteration of the system I looked for any development of 
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responses, especially indications that the students are developing their self-regulating skills such 

as improvement in planning, effectiveness of monitoring and evaluation of their goals. 

Specifically I reviewed whether they improved in planning by achieving their goals on time, I 

reviewed their monitoring to see if they 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 beginning of the school year, students completed two questionnaires, the Jr. MAI 

and the Middle School Learning Strategies adapted from Liu (2009). Aware that the 

metacognition and self-regulating questionnaires could motivate students to use self-regulating 

strategies, I 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 investigations. Teachers were 

interviewed following the first and last system regarding their use of the prompts. At the end of 

this first unit, students repeated the JrMAI, MSLS, and HBS assessment.  I collected and 

analyzed studentsô prompt responses, comparing the early to middle and then later responses 

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 MSLS 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 measure t test across all participating students. I also used a 
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paired t 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 

embedded self-

regulating prompts 

affect science 

learning for short-

term and long-term? 

HBS assessment 

 

 

Use a repeated measure T-Test to 

compare pre and post assessment. Use 

Structural Equation Modeling to look at 

impact of self-regulation on science 

learning. 

Teacher Interviews 

 

Qualitatively analyze for the consistency 

of delivery of prompts during focus unit 

and the fading of prompts in subsequent 

unit. 

Student prompt responses Quantitatively analyze for improvements 

in the use of self-regulating strategies 

How will using self-

regulation and 

metacognitive 

prompts change 

students' use of self-

regulation strategies 

and metacognition? 

Jr.MAI 

MSLS 

 

Compare pre-assessment responses to 

post assessment responses.  Using 

confirmatory factor analysis in 

Structural Equation Modeling 

Student prompt responses Quantitatively analyze for improvements 

in the use of self-regulating strategies in 

first, third and fifth prompt responses.  

Teacher Interviews Qualitatively analyze for the consistency 

of delivery of prompts during focus unit 

and the fading of prompts in subsequent 

units. 

 

 In Table 2 I describe those items included in each of the indicator variables. The variables 

with the prefix SCI refer to items on the science assessment, in particular, knowledge 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 and KNOWCOGPOST together represent the 18 items on the JrMAI 

and all loaded onto the ImprovedMetacognition latent variable. The items assigned to each of 

these variables were based on the original research (Sperling et al). The 47 items from the 

MSLS, were assigned 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 from the science 

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

Table 2 

Description of Latent and Indicator Variables 

Latent 

Variable 

Indicators Indicator description 

ScienceLea

rning 

SCIKNOWPOST First two questions in the science assessment how 

 one body system supports another 

SCICLAIMPOST 3 different articles from which to draw 3 claims 

SCIEVIPOST 3 different pieces of evidence supporting each of   

3 claims above 

SCIREASPOST 3 different reasonings explaining the claim and  

evidence provided 

SCIDESVARPOST Independent, Dependent and Controlled Variables 

identified for self-designed investigation 

SCIDESDATAPOST Techniques of data collection such as tools needed, 

 data recording table, necessary trials for 

investigation 

Metacognit

ion 

REGCOGPOST 9 items from the JrMAI identified as Regulation of 

Cognition (Sperling et al, 2002) 

KNOWCOGPOST 9 items from the JrMAI identified as Knowledge of 

Cognition (Sperling et al, 2002) 

SRS SCIREGPOST* 3 items from science assessment to show planning, 

monitoring and summarizing 

COGSTRATSPOST 23 items from the MSLS associated with cognition 

strategies of learning (Liu, 2008) 

BEHSTRATSPOST 13 items from the MSLS associated with behavior 

strategies of learning (Liu, 2008) 

METASTRATSPOST 11 items from the MSLS associated with  

metacognition strategies of learning (Liu, 2008) 

Note. *Excluded from final models 
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Prompt Responses 

 Across the analysis, independent variables were pre HBS, pre JrMAI, and pre MSLS 

scores. Dependent variables were 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 analysis 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 appropriate: 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 analysis the sample 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 analysis attempts 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 ImprovedMetacognition 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 error terms were covaried in the models. 

I used SEM to test the 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 equation model 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 

were continuous, the other two instruments used a four and five point Likert scale. The 

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 this study. 

 

Figure 1: Model of relationship of metacognitive and self-regulating prompts on improved 

content learning and use of metacognition and self-regulating strategies 

 

The model hypothesizes that effects of the pre-scores of science content, as well as the 

learner level (low, medium, high), will be moderated by metacognition and the self-regulating 

strategies of planning, monitoring, and evaluating. Pre scores on the science test are expected to 
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directly mediate post scores. Additionally, self-regulation strategies should directly mediate the 

effects of metacognition on post science scores. Across the model, I would expect that those with 

higher pre science scores would have higher post science scores, that higher level learners will 

have more metacognition and self-regulating 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 between self-regulated strategies, metacognition, and 

content learning. Therefore, the study is a test of the predictive validity of self-regulation and 

metacognition on science learning. Quantitatively, I tested the reliability of the various measures 

using Cronbachôs alpha. I conducted a frequency distribution on these three measures both for 

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 graded by the 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, I ran a confirmatory 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 to prior research 

and provided a test of construct validity for the study.  

Finally, SEM was a test for the predictive validity of self-regulating strategies and 

metacognition for content learning. Therefore, this served as a validity test for the proposed 

model.  
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Results  

 I begin by reporting the normality, linearity, skewness and kurtosis of the scales. I 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 the scales are also provided along with the results of the prompts 

analysis. Finally I 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 the 

same construct, I 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, Cogstrats to 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. Still all of 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 

studentsô identification of the independent, dependent and controlled variables in their design. 

Most students 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 Science Post Assessment Score of 

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

Correlation between the PARCC and the MSLS at .154 and a nonsignificant correlation between the 
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PARCC and the JrMAI Post scores. This seems to be inconsistent with prior research that has found a 

strong correlation between high level learners and their use of self-regulating strategies and metacognition 

(Zimmerman & Martinez Pons, 1986). 

Table 3 

Correlations between PARCC Scores and Measurement Instruments 

Scores                Compared Pearson 

Correlation 

P Value <= 

 

PARCC Science Post Assessment 

Score 

.623 0.01 

MSLS Post Score .154 0.05 

Science Post SRS Questions 

Combined Score 

.416 0.01 

JrMAI Post Score Not significant 

JrMAI Post MSLS Post Score .315 0.01 

Science Post 

Assessment 

Score  

MSLS Post Not Significant 

JrMAI Post Not Significant 

 

 

Comparing Pre to Post Data 

 

 The paired t-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 with t (180) = 34. 076, p = .001. Similarly significant paired t-tests 

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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For the JrMAI and MSLS the only significant difference was for KNOWCOG at t (180) 

= -2.981, p = .003. However for the JrMAI and the MSLS all t-test values were negative which 

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

Prompts 

The second of two research questions, ñHow will using self-regulation and metacognitive 

prompts change students' use of self-regulation strategies and metacognition?ò is considered here 

by reviewing the prompt data. Only those students who completed all of the pre and 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 completed the form for this prompt, there were 

students from each teacher and each period as there were for Systems 1 and 3. 

The studentsô first hurdle was the graphic organizer which most were unused to creating 

themselves. After their first efforts 57% of the students 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 graphic 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. 
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Figure 2. Evaluating Graphic Organizer System 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 but 97% (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. 

 

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

 

Overall students improved in completing work on time and 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 write Claim-Evidence-Reasoning 

(CER) statements for their designed investigation, 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 than in system 1, even with this new assignment.  

Table 4.  

Timely completion vs Rushed 

 

Question 

 System  

1 3 5 

 

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

No 16 (9%) 0 (0%) 8 (5%) 

Completed on Time but 

felt Rushed? 

Yes 80 (49%) 24(21%) 46 (27%) 

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

 

 A paired t-test 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 

differences, t (173) = 1.464, p = .07. However, when comparing the differences between students 

in Systems 1 and 5 who were on time, but felt rushed or not, the difference was significant, t 

(156) = 2.417, p = .009. So it is possible that the improved planning and monitoring techniques 

benefitted the students 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 

improve model fit. However, only one of the suggestion modifications was allowable, to covary 

two error terms, SCIREAS and SCIDESVAR, on 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 running that measurement model the model fit indices were good or 

permissible. 

On this measurement model I have already excluded SCIEVI and SCIREG indicators see 

Figure 6. The regression weights for these two dependent variables were quite low with a loading 

value less than 0.3; SCIEVIPOST is .233 and SCIREGPOST is .101 so the information from 

these two variables did not add to the model.  

Figure 6. Confirmatory Factor Analysis of the 3 Latent Variables 

 

 

Table 5 

Validity and Reliability of Measurement Model in Figure 6 the Confirmatory Factor Analysis 
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Latent Variables CR AVE MSV MaxR(H) 

ScienceLearning 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 CR for ScienceLearning, which is 0.572 and less than the 

threshold of 0.70 (Hair, Black, Babin & Anderson, 2010). Additionally, the convergent validity, 

or AVE, for ScienceLearning is 0.212 which is less than the threshold of 0.50 (Hair et al, 2010). 

Coupled with 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 content learned, as well as the 

NGSS practices, rather than a standardized measure. While it went through content validity 

reviews, it has not been tested prior to this study. 

 

Table 6 

Measurement model loadings, significance and indicator reliability 

Latent Variable Indicators  Load- 

ings 

CA MSV AVE CR Max 

R(H) 

ScienceLearning SCIKNOWPOST .480 .374 0.026 0.212 0.57

2 

0.574 

 
SCICLAIMPOST .469 .552 

SCIEVIPOST* .233 .516 

SCIREASPOST .444 .526 

SCIDESVARPOST .428 .527 

SCIDESDATAPOST .483 .305 

Metacognition REGCOGPOST .802 .812 0.158 0.601 0.75

0 

0.754 

 
KNOWCOGPOST .747 .703 

SRS SCIREGPOST* .101 .127 0.158 0.505 0.76

7 

0.863 

COGSTRATSPOST .775 .726 
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BEHSTRATSPOST .843 .764 

METASTRATSPOST .836 .625 

  Note. CR is Composite Reliability, CA is Cronbachôs alpha, *excluded from final model 

 

There was a negative score change from pre to post on the JrMAI and a non-significant 

correlation between the post scores of the JrMAI and the Science assessment. To try to 

understand why I did 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 students whose combined 

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 factor loadings 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 loadings resulted from an Exploratory Factor Analysis, EFA, 

performed to see which items correlated statistically. 

Assessing the structural model 

 

 

 

 

 

 

 

Figure 7. Conceptual framework model 
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Figure 8. Path design of substantive model 

 

The path diagram of Structural Equation Model showing direct and indirect effects to 

show the effect of self-regulation strategy use on improved metacognition and improved science 

learning as well as the indirect effect of self-regulation strategy use through improved 

metacognition on science learning.  

Structural Equation Model 

 I began with a 3 latent variable model, to test the hypothesis that self-regulating strategy 

instruction through metacognition would improve the studentsô use of those skills, as well as 

improve content mastery. I 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 models. There were no 

modifications performed on any of the models. 

For comparison, I used goodness of fit thresholds from Hu and Bentler (1999), as well as 

a summary of cutoff criteria from Schreiber, Nora, Stage, Barlow and King (2006). The choice to 

include the TLI, CFI, RMSEA, and Chi-squared/degrees of freedom is a best practice when 

examining goodness of fit for the models (Schreiber et al, 2006). The Akaike information 

Self Regulation 
Strategy Use 

Improved 
Metacognition 

Improved Science  
Learning 
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criterion (AIC) is a useful indicator when comparing models, the smaller the better (Schreiber et 

al, 2006). 

 

Table 7 

Models and Goodness of Fit 

 

Model 

 

# latent 

Variabl

es 

n Absolute/predicti

ve fit 

Comparative 

Fit to a 

baseline 

Other 

 

Para- 

meters 

Esti- 

mated  Chi-

square

/df 

<=2 or 

3 

AIC 

Smaller 

is better 

TLI 

>= 

.95 

CFI 

>= .95 

RMSEA 

<.06 to 

.08 with 

confidenc

e interval 

P 

close 

>.05 

Figure 9. SRS to 

Metacognition & 

Science 

Learning. 

Variables split  

3 181 1.076 80.448 .991 .994 .021 .866 23 

Figure 10. SRS 

to Metacognition 

& Science 

Learning. 

Variables comb. 

3 181 .969 54.468 1.002 1.000 .000 .851 19 

Figure 11. SRS 

to 

ScienceLearning 

No 

Metacognition. 

Variables split 

2 181 1.290 58.504 .974 .982 .040 .607 17 

Figure 12. SRS 

to 

ScienceLearning 

Variables 

combined 

2 181 1.210 35.684 .989 .994 .034 .584 13 
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Figure 9. SEM SRS, no SCIREGPOST, no SCIEVIPOST, to ScienceLearning, split variables, 

Mediated through Improved Metacognition. n=181, Chi-square/df = 1.076, TLI = .991, CFI = 

.994, GFI =.962, AGFI = .935, RMSEA = .021, PCLOSE = .866, AIC =80.448, Parameters 

estimated = 23 

 

This model, Figure 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 effect on ScienceLearning 

SRS has a direct effect on ImprovedMetacognition 

SRS has an indirect effect on ScienceLearning through ImprovedMetacognition  

 

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

improved Science Learning through 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 reasonably good 

model fit numbers the parameters estimated for this model were 23. Schreiber 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.  

 

Figure 10. SEM SRS, no SCIREGPOST, no SCIEVIPOST, to ScienceLearning, combined 

variables. Mediated through Improved Metacognition. n=181, Chi-square/df = .969, TLI = 

1.002, CFI = 1.000, GFI = .978, AGFI = 954, RMSEA = .000, PCLOSE = .851, AIC = 54.468, 

Parameters estimated = 19 

 

The SEM in Figure 10 shows the five dependent variables on ScienceLearning combined 

into three. Each dependent variable reflects the test responses associated with each part of the 

science assessment. However the SCICRPOST excludes the evidence 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 181. The SEM shows SRS relating to SciLearning directly and indirectly through 

Metacognition. The regression weight from ImprovedMetacognition to ScienceLearning is .11, 

the regression weight from SRS to ScienceLearning is .09 and the regression weight from SRS to 

ImprovedMetacogntion is a .40. The direct effect of SRS on ScienceLearning 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 ScienceLearning has a p of .209, and ImprovedMetacognition to 

ScienceLearned ha sa p of .450, neither is significant. 

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 use of self-regulating strategies would improve studentsô science learning, 

improve their knowledge of metacognition and their knowledge and use of those self-regulating 

strategies. However there was only one partial dayôs explanation of metacognition and so it was 

determined to remove metacognition from the SEM.  

An SEM was run excluding metacognition data and looking at the use of self-regulation 

strategies and the effect on improved ScienceLearning. This shown in Figure 11. The parameters 

dropped to 17 however the AIC climbed up to 58.504 and the regression weight from SRS to 

ScienceLearning icreased to .15 however it was nonsignificant at a p = .157.  
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Figure 11. SEM, SRS to Sciencelearning, no Metacognition, split variables.  Chi-square/df = 

1.290, TLI = .974, CFI = .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 combined as in 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 ScienceLearning is now .20 with a p value of .084. This p value 

is a two tailed test and when reviewing the effect of SRS on ScienceLearning I am looking for a 

one tailed effect which would drop the p value to .042 a significant number. 
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Figure 12. SEM, SRS to Sciencelearning, no Metacognition, combined variables. Chi-square/df 

= 1.210, TLI = .989, CFI = .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 number of 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 under-developed instrument that had poor internal reliability. 

The decision to show metacognition having a mediating effect from self-regulating 

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

interviews and the carefully followed Things to Remember slides showed that metacognition was 
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only mentioned one time throughout the intervention. In this 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 learn something new. This gave short 

shrift to teaching and encouraging studentsô metacognition. The thinking was that students would 

have a reciprocal relationship with self-regulating strategies, that is, as they practiced the 

strategies they would become more metacognitive 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 ScienceLearning. 

 Instruction on metacognition needed to be more 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 metacognition was that 

students would become more metacognitive with the use of self-regulating strategies not as an 

initial impetus for the strategies necessarily so some change was expected. 

 Despite this, self-regulating skills that were explicitly taught contributed to science 

learning. This is evident in the final SEM model showing the effect of SRS on Science Learning. 

Using Schunk (2005) formula for self-regulation of planning, action, and reflection, here referred 

to as planning, monitoring, and evaluating, we prompted students to plan how they would 

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 content learning. 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 self-regulating middle 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 continually prompt their students to remember to say 

things aloud. Winne (2010) states that students regulate as they go. Therefore, the above needs to 

be repeated perhaps several more times as self-regulation changes. Thus, the self-report 

instruments of the JrMAI and 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 studentsô performance decreased in the post survey. 

While I do not believe that this represents 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 expected possibly for 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 processes. In addition, there were few statistically significant 

differences in the responses when comparing pre to post. One of the challenges that presented 

itself for including metacognition as a latent variable was in using a two factor model for the 18 

items in 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 as one. This is in 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 research had used the two 
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constructs that were followed in this study as 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 

populations. Using 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, I used the combined PARCC scores and divided the population into low 

and mid/high achievers where the low group was <= one SD below the mean. Conducting an 

EFA on this group, I was able to nearly match the author's results just for this sample of the 

population. Therefore, future work may need to tease out analysis, based on 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. Additionally, the MSLS asks about 

many other SRS that were implicitly taught but expected such as I ñput things I read into my own 

wordsò. And others where the teachers provided the environment to ñask friends for help with 

schoolwork if I need itò. There was no significant change, so no improvement in these two 

behaviors according to this measurement. Winne and Perry (2005) reports that SR is context 

specific, therefore, we could trim the MSLS items to represent what we actually taught explicitly 

and implicitly as the 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 significant quantitative 

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, they remained 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 not explicitly taught in this intervention.  

The intervention was designed following the guidelines of Perry et al. (2002). Teachers 

gave them choices for their task product, opportunity to plan, monitor, and evaluate themselves, 

and others provided scaffolds to 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. I had surmised that their metacognitive skills would improve along with their 

developing self-regulating skills. Unfortunately the pre to post t-tests yielded no significant 

improvement in either metacognition or use of self-regulating strategies. The only evidence for 

this was the studentsô reflections on improving their use and design of graphic organizer and 

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 metacognition, self-regulation, and science 

learning. There was no significant 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 self-directing their learning of english that an increase in 

metacognition resulted in improved ability to self-regulate. There was some evidence in this 

study of increased metacognition resulting in improved ability to self-regulate since the 

correlation between the post JrMAI and the Post MSLS yielded a small coefficient of .315.  

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 prompts in our evaluating, such as ñHow did 
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you do?ò and ñDid you finish on time?ò Our prompts in each of the categories of planning, 

monitoring, and evaluating began with a general prompt such as ñHow are you doing?ò and was 

followed by directed prompts as Davis (2003) defined 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 modified subsequently. 

Conclusion 

  

         Much research has been done to show a need to teach self-regulating strategies to middle school 

students. Although teachers agree that their students need to know how to self-regulate, they donôt 

always teach these 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 (Zepeda et al, 2015). Teachersô responsibilities inside the classroom are 

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 develop new models, 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: Science Human Body Systems 

Grade Level: 6-8 

Big Idea/Unit: NGSS Practices 

Essential Pre-existing Knowledge: ? 

Time Required: 3-4 months 

Cost: None 

Introduction  

ñGive a man a fish - feed him for a day. Teach him how to fish - feed him for a lifetimeò 

Chinese Proverb 

 

Students today can access unlimited information with even less effort than the click of a 

mouse. Next Generation Science Standards, Google, and One-to-One districts are changing the 

science classroom.   As a result, teachers today are less challenged by the scope of textbooks or 

reference materials because instead of pre-fit labs students can design their own investigations to 

explore scientific principles.  Consequently, 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 time, and evaluate the 

efficacy of their efforts. Ultimately, they need to incorporate personal skills so they can self-

regulate and not just respond to a teacherôs instruction. In a study using metacognitive prompts 

embedded in a science inquiry unit, students ñshowed significant gains in content knowledgeò 

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 education includes 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 NGSS Appendix D (Lee, Miller, & Januszyk, 2014).  
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Given the need to support student self-regulation of their learning, teachers at XX middle 

school decided to support students in science 

by teaching students to become more 

metacognitive and use self-regulation 

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, 

2000).  Metacognition and effective self-

regulation strategies are useful for 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 how many had limited skills in self-regulating their own learning.  

In an effort to explore how effective modern learning tools could be taught, we embedded 

specific skills within a science unit.  Students, 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, and report their findings in a podcast 

created with their group members. They were given a ten-day period to complete the assignment 

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

 

Figure 1. Metacognition Journal Sample 






















































































































































