
 

 

The Report committee for Frank Warner Roberts 

Certifies that this is the approved version of the following report: 

 

 

 

Effects of Metacognition Instruction on 

Postsecondary Student Self-Efficacy 

 

 

 

 

  APPROVED BY 

              SUPERVISING COMMITTEE: 

 

Supervisor: ________________________________________ 

      Marilla D. Svinicki 

 

________________________________________ 

Daniel H. Robinson 

  



 

 

Effects of Metacognition Instruction on 

Postsecondary Student Self-Efficacy 

 

by 

Frank Warner Roberts, B.S.; M.S. 

 

Report 

 

Presented to the Faculty of the Graduate School 

of the University of Texas at Austin 

in Partial Fulfillment  

of the Requirements 

for the Degree of 

 

Master of Arts 

 

The University of Texas at Austin 

May 2011 

  



iii 

 

Effects of Metacognition Instruction on 

Postsecondary Student Self-Efficacy 

 

By 

 

Frank Warner Roberts, M.A. 

The University of Texas at Austin, 2011 

SUPERVISOR:  Marilla D. Svinicki 

 

The current study proposes an examination of the effects of metacognitive 

prompting on participants’ self-efficacy when completing a computer-based algebra 

lesson.  Participants will be randomly assigned from the Educational Psychology subject 

pool.  The experimental design contains 4 conditions: before prompts, during prompts, 

after prompts, or none (control).  The data will be analyzed using a one-way ANCOVA 

with the metacognitive prompt condition as the between subjects factor, the post-test self-

efficacy scores serving as the dependent variable, and pre-test self-efficacy scores acting 

as the covariate.   
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Effects of Metacognition Instruction on  

Postsecondary Student Self Efficacy 

 

Introduction 

Very often, the challenge for classroom educators is in finding ways to motivate 

students.  Or rather, an objective for an instructor may be to encourage students to be 

motivated for a specific purpose and to maintain it.  Students have different abilities and 

put forth effort often based on how they interpret their capability to accomplish a task.  

Motivation is a goal directed process that is initiated, and such goals can provide an 

imperative for vigilance and sustained actions (Schunk, Pintrich, & Meece, 2008).     

Motivational beliefs and achievement orientations can be adaptive or maladaptive 

to students’ learning experiences.  Booth (1988) stated regarding the teacher/tutor 

challenge with students: 

Breaking and entering—that’s my business, always on the assumption that some 

sort of treasure is inside if one can only get by the burglar alarms…But if you 

can’t break in, you can never hope to help them break out.  So I keep slugging 

away at it, trying first this move, then that. (p. 222)   

 

Getting at the hidden treasure can mean a ―break-in‖ because students have to trust and 

become vulnerable to teachers and instructional systems, allowing their defenses to be 

lowered.  There are students who have developed different strengths and weaknesses in 

academic performance.   

Individuals who have the ability to assess their own knowledge have been shown 

to develop more advanced conceptual knowledge than those who do not (Carr, 2010; 
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Kuhn, 2002).  A great deal of conceptual change theory reflects an importance of 

metacognition (Carr, 2010; Dole & Sinatra, 1998; Piaget, 1976).  This in turn may facilitate self-

efficacy in learning a task.    

This paper is concerned with implementing an intervention that may affect student 

classroom learning experiences.  A key element is that education leads to self-awareness and is 

available to all, regardless of past educational experiences (Wright, 2001).  There are many 

possibilities for students to engage in an enhanced approach to academics.  Students would 

benefit from training in metacognition because it impacts motivation (e.g., Mayer, 2001; 

Pintrich, 2000; Zimmerman, 2008).  The particular emphasis in this intervention is in introducing 

metacognitive prompts in a specific domain (mathematics).  Metacognitive prompts are 

suggested as an instructional technique for enhancing students learning of mathematics (Carr, 

2010).  This may also affect self-efficacy.  Specifically, a cognitive tutor (algebra) computer-

based learning environment (CBLE) instruction will be used in which participants are prompted 

in metacognitive activities while they are engaged in mathematics learning sessions.  This is part 

of a specialized Intelligent Tutoring System (ITS) that is designed for particular needs.  And, it 

has been produced especially for mathematics tutoring based on specified criteria.   Specific 

procedures for this intervention are provided in the method section that follows an integrative 

analysis of the literature.  The following integrative analysis considers applicable theoretical and 

empirical studies pertaining to relevant findings in metacognition instruction and self-efficacy.  
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Integrative Analysis 

Metacognition 

Initially, an adequate definition of metacognition is required.  Metacognition is basically 

thinking about your own thinking (cognition).  It also includes reasoning, memory, decision-

making, etc. about your own cognitive processes (Brown, 1987).  Metacognitive knowledge 

includes knowledge of knowledge (―What is my knowledge gap?‖) and regulation of knowledge 

(―What should I do to overcome it?‖) (Brown, 1987; Flavell, 1976, 1979, 1987).  Individuals 

differ in metacognitive knowledge and skills, which impacts how well and efficiently they learn 

(Brown, Bransford, Ferrara, & Campion, 1983; Morris, 1990).  One of the first theoretical 

conceptions of metacognition accounted for individual awareness, consideration, and control of 

metacognitive processes and strategies (Flavell, 1976).   

Metacognition has received a great deal of attention in the education literature since the 

late seventies (e.g., Brown, 1987; Carr, 2010; Flavell, 1976; Kramarski, 2004).  It is apparent 

that there are many direct and indirect references to this term in research with regard to 

applications for instruction and motivational variables.  These have been rephrased in the 

literature sometimes as planning and activation (awareness), evaluation and regulation 

(consideration), monitoring, and control (control).  A current delineation of metacognition 

(Pintrich, 1999) prescribes a planning component and a control component when individuals 

exercise awareness and control over cognitions. 
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Metacognition differs from Cognition 

 However, it is important to clarify the distinction between cognitive strategies and 

metacognitive strategies. Cognitive strategies typically have been studied as pertaining to general 

strategies for learning that include active cognitive engagement in particular tasks utilizing 

rehearsal, elaboration, and organizational strategies (e.g., Pintrich, 2000; Pintrich & De Groot, 

1990).  Conversely, metacognitive strategies have most recently been studied as effectively 

representing planning, monitoring, and regulating cognition (Pintrich, 2000; Pintrich & De 

Groot, 1990; Wilson & Clarke, 2004).  Whereas cognitive strategy use has been studied for some 

time in basic cognitive psychology experiments and in self report measures in educational 

settings, metacognitive strategy use has more recently become amenable to measurement, albeit 

with self report questionnaires, video recordings, talk aloud routines, and automated 

environments (e.g., Roll, Aleven, McLaren, & Koedinger, 2007; Moos & Azevedo, 2008a; Moos 

& Azevedo, 2008b; Greene & Azevedo, 2009; Wilson & Clarke, 2004).          

Research for an extended period of time has emphasized how students might acquire a 

more complete and adaptive metacognitive skill set that enables better learning across domains.  

The How People Learn (Bransford, Brown, & Cocking, 2000) framework incorporates, among 

other aspects, a focus on improving student metacognitive skills as part of a learner-centered 

piece.  This metacognitive portion is based on the assertions that students bring preconceptions 

into the learning environment, that they need to develop competence, and that metacognitive 

skills accelerate how a student may define learning goals and monitor progress toward those 

goals.   

Helpful in this discussion is the use of work from Schoenfeld (1987) who has employed 

―metacognitive learning strategies‖ as specific types of metacognition that assist learning.  These 
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include planning, checking, monitoring, selecting, revising, and evaluating. These strategies are 

essential components of models of self-regulated learning (e.g., Pintrich, 2004).   

Self-Regulated Learning differs from Metacognition 

However, self regulated learning is a much broader issue than that of metacognition.  It is 

essential to clarify that difference.  Self-regulated learning is a broad super-ordinate construct 

that in some models includes metacognitive components.  For a brief example of this construct, 

one widely supported model of self-regulated learning incorporates cognitive, affective, 

behavioral, and contextual areas (Pintrich, 2004).  The construct simply goes beyond the 

properties of metacognition.  These additional areas do suggest similar mechanisms involved in 

learning outcomes while involving multiple scales of measurement and assessment.  It is 

important to note that metacognition and some self-regulated learning variables have statistically 

related patterns of occurrence in some cases (Pintrich & de Groot, 1990).   
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Self-Efficacy 

The emphasis in this paper is on how metacognitive prompting in turn impacts 

motivation.  Therefore, motivational beliefs of self-efficacy will be described.  The belief in 

future success in the classroom is vitally important.  This is especially true when an individual is 

confronted with a setback.  Often, students must necessarily resolve to ―bounce back‖ from a 

shortfall so that they can perform well on subsequent occasions.  It seems that what may account 

for some individuals being resistant to giving up when their efforts are unsuccessful is their 

ability to utilize positive self-conceptions for subsequent attempts (Dodgson & Wood, 1998).  

According to Bandura (1997), self control is a central human theme.  One’s motivation level, 

affective state, and actions are based more on what one believes than on what is objectively true.  

Therefore, a large focus of inquiry is individual belief in causative capabilities.  Bandura states, 

―People make causal contributions to their own psychosocial functioning through mechanisms of 

personal agency.  Among the mechanisms of agency, none is more central or pervasive than 

beliefs of personal efficacy.  Unless people believe they can produce desired effects by their 

actions, they have little incentive to act‖ (p. 2-3).  Bandura defines self-efficacy as ―beliefs in 

one’s capabilities to organize and execute the courses of action required to produce given 

attainments‖ (p. 3).  Self-efficacy has also been described as a belief in the capability of meeting 

situational demands based on present motivation, required actions to be taken, and available 

cognitive resources (Moos & Marroquin, in press; Wood & Bandura, 1989).  

Mayer (2001) reviewed self efficacy and problem solving.  He mentions how students put 

forth more effort when learning a task that they are confident in their ability to capably learn.  He 

refers to a study that showed participants’ self ratings of verbal skills were highly correlated with 

their active learning strategies employed during a verbal task (Zimmerman & Martinez-Pons, 
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1990).  Research has shown a correlation between arithmetic problem solving persistence and 

self efficacy (Schunk, 1991). 

Furthermore, student understanding of material is enhanced when students have high self 

efficacy (Schunk & Hanson, 1985).  In this study, students who received self efficacy instruction 

learned better in solving mathematics problems than those without self efficacy instruction.  The 

instruction consisted of viewing video of successful students completing math problems and 

intermittent positive teacher feedback.  Results showed that how students rated problem 

difficulty before a learning task affected how they tested after having learned to solve 

mathematics problems.  Those who expected to learn how to solve the problems learned more 

than those who had lower self efficacy for the task.  Additionally, improving self efficacy leads 

to increased learning.  Therefore, self efficacy can be improved and is beneficial to continued 

academic success.     
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Metacognition and Self-Efficacy 

Metacognition is closely tied to self efficacy.  Research has been conducted that 

examined aspects of metacognition as a scale on a measure of self regulation (Pintrich & 

DeGroot, 1990).  The measure was constructed from an adaptation of Metacognitive strategies 

(planning, skimming) and comprehension monitoring questions (e.g., ―I ask myself questions to 

make sure I know the material I have been studying‖) and from effort management strategies.  

Seventh grade students’ grades from 2 semesters of science and English classes were collected.  

Students were asked to self report motivation levels at the end of the first semester.  The self 

efficacy scale contained 9 items (e.g., ―I expect to do very well in this class‖, ―I am sure that I 

can do an excellent job on the problems and tasks assigned for this class‖).  These responses 

were analyzed with 5 academic performance scores.  Higher levels of self efficacy were 

correlated with higher levels of self regulation.  However, this study was a collection and 

analysis and not an instructional intervention.  Measurements to measure changes in motivation 

were not requested. 

Moos and Azevedo (2008a) examined how hypermedia learning environments using a 

circulatory system database in Microsoft Encarta Reference Suite (2003) affected students who 

learned via conceptual scaffolding or no scaffolding.  Conceptual scaffolding is used in this 

research such that it supports or assists the learner with aspects of a task that are initially beyond 

their capabilities to accomplish alone.  Within this structured range of competence, scaffolds 

presumably develop the learners understanding of interrelationships amongst concepts.  These 

properties have been described as conceptual scaffolds (e.g., Graesser, McNamara, & VanLehn, 

2005).  Hypermedia as used here refers to a student-centered, nonlinear Computer Based 

Learning Environment (CBLE) that integrates audio, video, animation, graphics, and/or text.  
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There is the provision in this case for multiple representations due to the learners’ ability to 

access information via non-sequential formats of their choosing.   

Moos and Azevedo (2008a) found that 3 measurements of fluctuating self efficacy taken 

prior to learning task, 10 minutes into learning task, and 20 minutes into the learning task 

revealed students reported significantly more self efficacy prior to the learning task for both 

conditions.  They suggest that students reported levels of self efficacy decreased during the 

learning as a function of the learning environment (hypermedia) and the domain (circulatory 

system) during the time of the session.  Essentially, the implication is that the complexity 

involved with learning the material interfered with the ability to engage in metacognitive 

activities.  Therefore, self efficacy was diminished.  Although it is an interesting explanation, it 

needs further investigation.  

Jenny and Fai (2000) also found mixed results regarding self efficacy and hypermedia 

research.  In the study, adult learners either interacted with conventional tutors or computer 

based hypermedia instruction in learning patient education for cardiac rehabilitation.  Whereas 

both groups significantly increased in levels on knowledge and self efficacy measures, there 

were no group differences.   

Moos and Azevedo (2008b) examined a comparable measure.  They again used a 

paradigm from their previous research that studied how hypermedia learning environments using 

a circulatory system database in Microsoft Encarta Reference Suite (2003) affected students who 

learned via conceptual scaffolding or no scaffolding.  This was set up in a procedure similar to 

research mentioned earlier in this paper.  Again, measures were collected during the learning 

episodes using conceptual scaffolding.  Four motivational measures considered in this case were 

perceived task difficulty, task usefulness, and interest, and effort.   
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Research has examined the effects of metacognition in classroom settings. Several studies 

have found relationships between metacognition and achievement outcomes. Not surprisingly, a 

study showed that explicit instruction on knowledge about cognition led to an improvement of 

participants' knowledge of their own cognition.  This was associated with individuals’ engaging 

in an improved strategy use (Meloth, (1990).   

Consequently, metacognition may interact with self efficacy in a cohesive manner.  

Pintrich (2000) studied the developmental effects over 3 data collection intervals of 

metacognition, personal goal orientations, self-efficacy, and task values, along with other 

variables for 8
th

 and 9
th

 graders.  The students participated in mathematics classrooms and 

reported on each occasion their levels of several motivational beliefs and other factors that are 

included on the Motivated Strategies for Learning Questionnaire (MSLQ), and specifically for 

Self-Efficacy and Perceived Task Value (Pintrich, Smith, Garcia, & McKeachie, 1991).  

Furthermore, Personal Goal Orientations were obtained via an adapted version of the Personal 

Achievement Goal Orientation from The Patterns of Adaptive Learning Scales (PALS) (Midgley 

et al 2000).  The study revealed a significant interaction of mastery vs. performance goal 

orientations over time on self-efficacy.  Individuals who adopted more mastery goal orientations 

and those who adopted lower levels of performance approach goal orientations also had higher 

levels of self efficacy.  There also were main effects of mastery and performance over time on 

task value.  Also there was a significant interaction between higher task values with more 

mastery goal orientations over time.  Furthermore, the use of metacognitive strategies over time 

was significantly related to mastery goal orientation.  Therefore, individuals who used more 

metacognitive strategies learned more effectively because they monitored their progress, they 
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determined any problems, and adjusted their strategies for learning accordingly.  This translates 

further to intentional interventions of metacognition instruction.   
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Metacognition Instruction that Focuses on Motivation 

 Several instructional programs with a focus on improving metacognition have been 

successful in classrooms.  For example, programs based on reciprocal teaching of reading skills 

(Palincsar & Brown, 1984; Rosenshine & Meister, 1994), on self-assessment in applying a 

scientific inquiry cycle (White & Frederiksen, 1998), and on self-regulation strategies with 

mathematical reasoning (Mevarech & Kramarski, 2003) have been shown to be successful.  

Classroom instruction utilizing metacognition has been successful in teams assigned by ability 

groups.   

Metacognitive instruction has successfully increased academic performance when 

included in team instruction (Kramarski, 2004; Mevarech & Kramarski, 1997).  Procedures used 

have included the introducing new concepts, metacognitive questioning, practicing, reviewing 

and reducing difficulties, obtaining mastery, verification, and enrichment (IMPROVE) 

multidimensional method conducted using teams of 4 students assessed at hi, middle, or low 

achievement in 7
th

 grade mathematics.  This procedure includes metacogntive questioning, 

cooperative learning, and systematic provision of feedback-corrective-enrichment.  The 

metacognitive questioning consisted of individual hand-held strategy cards for particular units 

that students used to prompt their discussion.  The individual prompts consisted of 1.) a 

comprehension question (what is the problem), 2.) a connection question (what are the 

differences between the current and previous problem), and 3.) a strategic question (what 

strategy is appropriate to solve the problem?).  When all team members agreed on an answer, 

another student would try to solve a problem in the same way.  Results indicated a significant 

advantage for hi and middle achievement students on mathematics achievement measures 

compared to traditionally taught control group participants (i.e., without ability grouping) 
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(Mevarech & Kramarski, 1997).  Subsequent research utilizing the IMPROVE method revealed 

that 8
th

 grade students in cooperative learning teams with metacognitive instruction significantly 

outperformed other cooperative learning teams without metacognitive instruction on a graph 

task.   

Other instructional designs with complex systems have also been successful.  Ford, 

Smith, Weissbein, Gully, and Salas (1998) conducted a study that considered how metacognitive 

strategies, goal orientations, and self-efficacy were related to transfer in a complex decision-

making task called TANDEM (Tactical Naval Decision Making System; Dwyer, Hall, Volpe, 

Cannon-Bowers, & Salas, 1992). TANDEM is a PC-based, dynamic decision-making program 

that simulates a naval radar tracking task.  Mastery orientation was positively related to self-

efficacy, whereas performance orientation was negatively related to self-efficacy.  Mastery and 

performance orientations were linked to self-efficacy, in opposite directions.  

A prominent self-regulation learning model presented in Figure 1 below that includes 

metacognitive components, describes planning, monitoring, control, and regulation of cognition, 

motivation, and behavior as internal aspects that are within individuals’ control. An external 

feature of this model is the context.  This is not controllable, per se, within the individual but is 

implemented via guidance and scaffolding.   
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Figure 1. 

 

Phases and Areas for Self-Regulated Learning 

 

  

     Areas for regulation 

  ____________________________________________________________ 
       

Phases  Cognition  Motivation/affect  Behavior   Context   

     

 

1. Forethought, Target goal setting Goal orientation adoption  [Time and effort planning] [Perceptions of task] 

     Planning, and 
      Activation 

  Prior content Efficacy judgments  [Planning for self-observations [Perceptions of  

  Knowledge     of behavior]  context]  
  Activation 

   

  Metacognitive  Ease of learning judgments; 
  Knowledge  perceptions of task difficulty 

  Activation    

    Task value activations 
 

    Interest activation 
 

 

2. Monitoring Metacognitive awareness and monitoring awareness and monitoring monitoring changing  
awareness and  of motivation and affect of effort, time use, need for   task and content  

monitoring of     help   conditions 

cognition  
    Self observation of behavior 

 

 
3. Control  Selection and  Selection and adaption increase/decrease effort change or renegotiate  

  Adaption of  of strategies for managing    task 

  Cognitive strategies for managing motivation        
  For learning,   and affect   persist, give up  change or leave  

  Thinking        context   

      
       Help-seeking behavior 

 

4. Reaction and Cognitive   Affective reactions  choice behavior  evaluation of task 
     Reflection judgments 

 

  Attributions Attributions     evaluation of context  
  

  

     

 

Reproduced from Boekaerts, Pintrich, Zeidner (1999) Handbook of Self-Regulation 
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Computer-Based Learning Environments and Motivation 

Conceptual scaffolds therefore facilitate the metacognitive and cognitive tools that are 

enabled in a computer-based learning environment (CBLE).  Possibly the most sophisticated 

technology rich environment (TRE) for instruction is the previously mentioned intelligent 

tutoring system (ITS) (Lajoie & Azevedo, 2006).  It has been argued that an ITS must possess 1.) 

an expert model (knowledge of a specific domain), 2.) a student model (knowledge of the 

learner), and 3.) a tutor (knowledge of strategies and training).  This has been described as 

largely successful due to the design that is supported by cognitive task analysis (CTA).  

Examples of this in ITS include a cognitive modeling architecture and theory called adaptive 

character of thought-rational (ACT-R) (Anderson, 1996) which has successfully been designed 

in the domains of geometry, algebra, and programming (Aleven & Koedinger, 2002; Anderson, 

Corbett, Koedinger, & Pelletier, 1995).  ACT-R is based on learning and cognition theory 

premised on the concept that basic elements can be decomposed and taught via computer tutors.      

The classic model of computers as cognitive tools in education suggested the ―tutor, tool, 

and the tutee‖ approach (e.g., Taylor, 1980).  This approach resulted in computer based learning 

environments designed to promote student knowledge acquisition in well-defined tasks and 

domains, such as geometry (e.g., Anderson et al, 1995).  It has been suggested that effective 

learning environments are learner centered, include provision of scaffolded instruction, and 

support learning and understanding (Lajoie & Azevedo, 2006).  ITS models can tailor curriculum 

(Corbett & Anderson, 1995), scaffold student needs (Razzaq et al, 2005), provide feedback 

(Corbett & Anderson, 2001) or combinations of these to the needs of students (Roll, Aleven, 

McLaren, & Koedinger, 2007).           
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There is a cognitive tutor ―family‖ of ITS (Anderson et al, 1995).  An example of one of 

these systems is the goals metacognitive model (Roll, Baker, Aleven, & Koedinger, 2004).  The 

model describes the following processes:  1) the student evaluates their ability to solve the 

question immediately, 2) does so if possible, 3) if the student needs to spend more time thinking, 

4) they choose a local goal, and 5) act upon it.  This is illustrative of a model template that uses 

working concepts of how Anderson and his team build routines into the program.  The Cognitive 

Tutor incorporates individualized instruction that assists learners to achieve mathematics 

proficiency.  There are two levels.  The first is a skill algorithm for learning mathematics 

incorporated into the software.  The algorithm identifies learner weaknesses and selects problems 

to help improve skills where identified.  Second, the Cognitive Tutor assesses and responds to 

users as they progress in the lesson.  There is a routine in the interface that is designed to react 

and trace attempts in solving steps within a problem.  Additionally, the Cognitive Tutor software 

is configured to dynamically interact with learners as needed during problem solving and 

delivers appropriate feedback and hints when needed.  A certain number of practice problems 

must be correctly addressed before mastery is indicated and the learner can move on to 

subsequent topics in the curricula.  Additional problems are provided for those who do not 

perform correctly.    

 The metacognitive instruction via a CBLE can be designed to facilitate engagement in 

the construct of metacognition.  Greene and Azevedo (2009) found empirical evidence for the 

macro-level process monitoring, which is part of their self regulation experimental protocol.  

Monitoring is a main aspect of metacognition.  They found that CBLE monitoring behaviors 

were related to students having more sophisticated mental models of complex systems.  This was 

not due to prior knowledge, developmental level, or other macro-level self regulation processes 
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used.  They suggest that future research should examine ―multiple grain sizes‖ of macro-level 

processes.  For example, their coding protocol scheme included 7 micro-level self regulation 

processes within monitoring.  These micro-level processes included 1) judgment of learning, 2) 

feeling of knowing, 3) self questioning, 4) context evaluation, 5) identifying adequacy of 

information, 6) monitoring progress toward goals, and 7) monitoring use of strategies.  They 

suggest that experimental interventions could train students to engage in monitoring processes 

that will further support the link between such behavior and classroom success.  Evidence that 

metacognition improves learning and enhances mental models is important.  Examining the 

motivational outcomes of metatcognitive instruction has the potential to reflect how it impacts 

future intentions to engage in learning activities.        

Roll et al (2007) propose instructional principles for design based on principles that 

include supporting metacognition before, during, & after problem-solving processes, wherein 

practicing metacognition is practiced within a learning context similar to the one of application.  

This is similar to the intervention piece in the present study that will be implemented via 

metacognitive prompt conditions.  The Carnegie Learning for algebra system (cognitive tutor) 

has affordances to be integrated with metacognitive prompts that can be prepared for 

accomplishing the goal of metacognitive tutoring mathematics for students training in an 

intelligent tutoring system.  The motivation measures are compatible with the software delivery.  

It is research that is viable and fulfills the requirement of an important rationale for running the 

proposed study.  On the following pages are some screen shots of this software. 
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(Screen Shots) 

 

The problems in the software cover the whole scope of an algebra 1 curriculum. See below a few 

examples.   

 

 

 

 

 
The student chooses which transformation or 

simplification to apply to the equation. The first step 
was to use distributive property, which is under 

"Simplification" menu.  
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The student first chooses which graphing method to 
use for the boundary lines of each inequality, and the 
grapher program allows him to graph the lines. That is 
already done here. Then, the student chooses how the 

shading is done.  

 
The student fills in the boxes to build the proportion 

from the word problem.  

 

http://www.homeschoolmath.net/reviews/carnegie/graphing-inequalities.gif
http://www.homeschoolmath.net/reviews/carnegie/proportion-problem.gif
http://www.homeschoolmath.net/reviews/carnegie/solve-linear-systems-example.gif
http://www.homeschoolmath.net/reviews/carnegie/graphing-inequalities.gif
http://www.homeschoolmath.net/reviews/carnegie/proportion-problem.gif
http://www.homeschoolmath.net/reviews/carnegie/solve-linear-systems-example.gif
http://www.homeschoolmath.net/reviews/carnegie/graphing-inequalities.gif
http://www.homeschoolmath.net/reviews/carnegie/proportion-problem.gif
http://www.homeschoolmath.net/reviews/carnegie/solve-linear-systems-example.gif
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The student chooses a graphing method and graphs 
the two lines, then the intersection is found.  

 
The student finds and models squares and square 

roots.  

 
This is a real-life situation about shooting a bottle 

rocket up, but it is a dud and falls back to the ground. 
The height versus time graph is a parabola.  

http://www.homeschoolmath.net/reviews/carnegie/square-squareroot.gif
http://www.homeschoolmath.net/reviews/carnegie/time-height-parabola.gif
http://www.homeschoolmath.net/reviews/carnegie/square-squareroot.gif
http://www.homeschoolmath.net/reviews/carnegie/time-height-parabola.gif
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The student carefully fills in the table the parts of the 

triangle to study Pythagorean theorem.  

 
A scenario of exponential growth - lilies in a pond that 

double in area very day.  

 

 

 

 

 

 

 

 

 

http://www.homeschoolmath.net/reviews/carnegie/pythagorean-fill-table.gif
http://www.homeschoolmath.net/reviews/carnegie/exponential-functions.gif
http://www.homeschoolmath.net/reviews/carnegie/pythagorean-fill-table.gif
http://www.homeschoolmath.net/reviews/carnegie/exponential-functions.gif
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Brunstein, Betts, & Anderson (2009) conducted research with college students who had 

previously taken algebra in high school.  The groups attended 3 sessions to learn 12 sections 

comprising 174 problems.  The first 2 problems served as practice.  The sections were comprised   

as follows:  

Section 1.1: Evaluating diagrams (14 problems). Teaches students 

how to evaluate the contents of boxes in the data-flow 

diagrams—for example, rewrite (9 _ 4) _ 2 as 5 _ 2, and rewrite 

this as 10. 

 

Section 1.2: Input boxes (nine problems). Teaches students to 

evaluate a diagram given a value for an input box—for example, 

rewrite (24/x) _ 1 and x _ 12 as 24/12 _ 1, and this as 2 _ 1, and 

this as 1. 

 

Section 1.7: Finding input values (25 problems). Teaches students 

to find the input values given single operations—for example, 

rewrite x _ 3 _ 8 as x _ 8 _ 3, and this as x _ 5. 

 

Section 2.6: Combining operations (20 problems). Teaches 

students how to combine constant terms—for example, rewrite 

(5 _ x) _ 3 as (5 _ 3) _ x, and this as 2 _ x. 

 

Section 2.7: More on finding input values (16 problems). 

Teaches students to find the input values given two operations— 

for example, 2x _ 3 _ 19—and to deal with asymmetric operators— 

for example, rewrite 10 _ x _ 2 as x _ 10 _ 2, and this as x _ 8. 

 

Section 3.1: Reordering operations (six problems). Teaches 

students the graph equivalent of distribution—for example, rewrite 

5 _ (x _ 2) _ 9 as [5x _ (5 _ 2)] _ 9, and this as (5x _ 10) _ 
9, and this as (10 _ 9) _ 5x, and finally as 19 _ 5x. 

 

Section 3.2: Reordering and subtraction (nine problems). 

Teaches students to use reordering with subtraction in problems 

such as 9 _ 2 _ (x _ 4). 

 

Section 3.4: Combining multiple input boxes (13 problems). 

Teaches students the equivalent of collecting variable terms—for 

example, rewrite 7x _ 5x as (7 _ 5) _ x, then as 12x, and rewrite 

5x _ (6 _ 2x) as 6 _ (5 _ 2) _ x, then as 6 _ 3x. 
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Section 3.5: More on combining input boxes (12 problems). 

Deals with special cases like 2x _ x (no coefficient before the 

variable) and (6x _ 3) _ (6 _ 2x) (combining both variables and 

constants). 

 

Section 4.1: Finding input values in more complex problems (11 

problems). Puts the operations together, building up to equations 

like [(3x _ 4) _ 5x] _ 6x _ 32. 

 

Section 4.2: Finding input values in harder problems (21 problems). 

Builds up to equations like 3 _ (2x _ 1) _ 2 _ (x _ 
5) _ 55. 

 

Section 4.3: Finding input values when two data-flow diagrams 

are equal (18 problems). Presents equations like 3x _ 55 _ 8x. 

 

 

Global instructions regarding the task were given to all participants.  This program 

provided an affordance of measuring how successful students are in solving problems, time to 

complete and move on to the next problem, and (depending on the 4 conditions in their study) 

how often feedback was offered or requested.   Their study included verbal feedback only, visual 

on screen hints, both verbal and visual, or no feedback whatsoever—an essentially minimally 

guided condition where they only got information of correct or incorrect when they solicited that.  

The study utilized an intelligent tutoring system that provided novel approaches to problem 

solving and novel material for those who had previously had algebra in high school.  

In a different study (Kapa, 2001), participants were randomly assigned to computerized 

learning environments that provided metacognitive support for 4 conditions, based on phases of a 

problem-solving process for a word-problem solving task.  The conditions were ―1) during the 

solution process and after the completion of the problem-solving process, 2) during the problem-

solving process, 3) at the end of the solution process and 4) no metacognitive support.‖ Those 

who were provided metacognitive support during the solution process achieved significantly 
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more effective learning outcomes than those who were provided metacognitive support at the 

end of the process. 

Kauffman (2004) conducted a study that included either metacognitive prompts or no 

prompts which participants were presented during a web-based learning activity that required 

note taking on a 3,500 word text.  The text was adapted from an educational measurement 

chapter.  Participants who received prompts during the task scored significantly higher on a 

declarative knowledge test of the information than those who did not receive prompts. 

Furthermore, research has investigated the effects of unilevel and multilevel 

metacognitive prompts (Kramarski, Maravech, & Lieberman, 2001).  This consisted of using the 

previously mentioned IMPROVE method during the tasks of both mathematics and instruction in 

English (as a foreign language for Israeli subjects), during mathematics only, or no 

metacognitive prompts during the tasks.  Subsequent analyses were conducted on mathematics 

achievement and mathematical explanations.  All groups were significantly different.  Those who 

learned the two levels while receiving metacognitive prompts performed the best on 

achievements tests, whereas those who received metacognitive prompts for mathematics only 

performed better than those who had no metacognitive prompting.  The multilevel and unilevel 

groups were not different for mathematical explanations, while conversely both groups 

outperformed the control group.  Additionally, subsequent analyses showed that a transfer task 

(the ―pizza task) yielded significant differences between all groups for referencing all data, 

organizing information, processing information, and drawing conclusions.  

Some studies have yielded results indicating better learning outcomes for instructional 

designs that incorporate metacognitive prompts during, compared to after, a learning task.  

Additionally, there is a consideration of implementing prompts before a task.  This may be 



25 

 

attributed to the timing of when a participant becomes aware of their problem-solving and 

reflects on the different parts of the problem.  Every problem is comprised of a givens, a goal, 

and obstacles (Anderson, 1985).  The givens are the elements of the initial problem.  The goal is 

the expected or wanted outcome.  The obstacles include both the problem and the student 

characteristics that present a challenge to changing the given state into the desired state.  

Metacognition allows an individual to identify and strategically work all three parts.  This is 

particularly the case in 1) encoding the nature of the problem and developing a mental 

representation of the pertinent features, 2) selection of effective strategies and planning, 3) and 

identifying and negotiating obstacles (Davidson & Sternberg, 1998).  Therefore, definitions of 

the metacognitive process seem to suggest that it can potentially be engaged at the beginning, 

during, and/or after a learning episode.  An individuals’ awareness at the onset may enhance the 

development of a mental model.  Or, it may necessarily be beneficial to be prompted during the 

task.  Apparently, this has not been specifically addressed with an experimental design discussed 

in the existing research literature.  Furthermore, motivational effects are not well understood 

with regard to such an experimental design.            

    The foregoing literature review covers connections of metacognitive instruction and 

motivation using different instructional designs.  It especially focused on computer based 

learning environments.  However, the research results are mixed and limited regarding self 

efficacy effects.  Zimmerman (2008) points out that an “emergent” issue needing further study is 

that of student motivations and beliefs, specifically with regard to how the phenomena of 

initiation and maintenance of dynamic learning processes occurs.  The study proposed in this 

paper is focused on the intervention of metacognitive prompts embedded in an intelligent 

tutoring system (ITS) that delivers algebra instruction and incorporates measures of self efficacy.  
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This intervention will address a perceived need of engaging students in more metacognitive 

skills before, during or after studying and facilitating expected consequent enhancements in 

academic motivational experiences.  Additionally, results will inform further research on the 

viability of improving student levels using ITS in the measured factor of self efficacy under 

different scenarios beyond the current study.  

 

 

 



27 

 

Proposed Research Study 

Statement of Purpose 

The purpose of this study is to examine the effects of metacognitive prompting intended 

to improve student motivation.  Specifically, this experiment is designed to assess the effects of 

metacognitive prompt questions on self efficacy during algebra learning delivered via a computer 

based learning environment.  This intervention is expected to enhance participants self efficacy 

towards algebra varying on the distribution of prompts through the use of an intelligent tutoring 

system. 

Two research questions influence this study: 

                      Pre-Test |----------------Intervention-------------------| Post-Test 

Condition 

Metacognitive 

prompts 

SE MCG 

Prompt 

before 

35 

problems 

CBLE 

MCG 

Prompt 

during 

35 

problems 

CBLE 

MCG 

Prompt 

after 

 SE 

 

Before 

 

 

* 

 

* 

 

* 

 

NA 

 

* 

 

NA 

 

* 

During 

  

 

* 

 

NA 

 

* 

 

* 

 

* 

 

NA 

 

* 

After 

  

 

* 

 

NA 

 

* 

 

NA 

 

* 

 

* 

 

* 

None 

 (control) 

 

* 

 

NA 

 

* 

 

NA 

 

* 

 

NA 

 

* 

   

Note:  Asterisks indicate participant presentations with instruments. 

 

Research Question 1 

Will students who receive metacognitive prompts indicate effects on self efficacy towards 

algebra?    

Hypothesis 1 

There will be statistically significant differences in the post test self efficacy scores.  Students 

who receive metacognitive prompts will indicate greater post-test self efficacy scores towards 

algebra than those in the control condition without metacognitive prompts.   
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Research Question 2 

If there are statistically significant effects on self efficacy, will post hoc comparisons reveal 

statistically significant differences between conditions on self efficacy?    

Hypothesis 2 

There will be statistically significant differences in mean comparisons in the post test self 

efficacy scores.  It is expected that those who receive before metacognitive prompts will score 

the highest, those in the during prompt condition will score lower, those in the after prompt 

condition will score even lower, and those in the control condition will score the lowest.  
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Participants  

Participants will be approximately 256 undergraduate students at a large southwestern 

university (The University of Texas at Austin) who are enrolled in the educational psychology 

subject pool, and volunteer to participate.  Students participating will be a minimum of 18 years 

of age.  Prior to the semester that the study will be conducted, departmental and Institutional 

Review Board authorization will be obtained.   

Initially, a power analysis using G*Power software for an a priori F test indicated that 

180 participants would be needed for 4 groups, using a setting of power = .80, alpha level = .05, 

and a medium effect size = .25 (Cohen, 1992; Faul, Erdfelder, Lange, & Buchner, 2007; 

Whittaker, 2010).  This would result in actual power of .80.  However, a subsequent post hoc 

comparison power analysis was conducted to determine the needed sample size for the post hoc 

tests to be powerful.  A test conducted using a sample size of 90 (2 groups) on the initial power 

analysis yielded inadequate power (.65).  Therefore, further simulation was conducted on 2 

group comparisons to obtain adequate power.  Consequently, a total of 256 participants (64 per 

cell * 4) will be needed for this study.  This will result in adequate power (.93) for any post hoc 

comparisons and a projected statistically significant difference, F(3, 252) = 2.64, p < .05 (please 

refer to figure 2 below).    
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    Figure 2.  
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Materials and Measures 

Metacognitive Training Intervention Materials   

Scaffolding Questions. Online Scaffolding Questions (metacognitive prompts) will be 

used by participants—respective to their assigned condition—to prompt metacognition either 

before, during, or after sessions.  These are adapted versions of metacognitive questions used in 

previous research (as cited in Holton & Clarke, 2006; Holton, Anderson, & Thomas, 1997).  

These consist of 15 questions separated into parts of before, during, or after the session.  These 

will be integrated with the interface menu, by respective conditions, and must be answered in 

order to continue through the training.  The answers will be stored in the systems files.   

Before metacognitive prompt condition example questions, with instructive statement, 

include the following: 

Before you begin, please think about what you will do in this Algebra training and answer the 

following questions in the spaces provided on your screen.  Your answers may be as brief as you 

like.  Thank you. 

 

What are some of the important ideas in Algebra? 

Can you rephrase a problem in your own words? 

Do you want to guess at some of the answers? 

Will you know if you have seen a similar problem presented before? 

What strategy could you use to get started on problems? 
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During metacognitive prompt condition example questions, with instructive statement, 

include the following: 

As you continue in this Algebra training, please think about how you are doing and answer the 

following questions in the spaces provided on your screen.  Your answers may be as brief as you 

like.  Thank you. 

 

Are other ideas better than what you are using to solve the problems? 

Do you really understand what the problems are about? 

Can you justify the steps you are using? 

Are you convinced your answers are correct? 

Can you think of other similar examples? 

 

After metacognitive prompt condition example questions, with instructive statement, 

includes the following: 

After you have now finished this Algebra training, please think about what you were doing and 

answer the following questions in the spaces provided on your screen.  Your answers may be as 

brief as you like.  Thank you. 

 

Have you answered each of the problems? 

Have you considered all the steps in the solutions? 

Do your steps seem reasonable? 

If necessary, could you explain your answers to another student or group? 

Is there another way to solve any of the problems? 
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Fidelity Measure 

 Metacognitive Awareness Inventory. 52 items (Kaufman, 2004—adapted from Schraw & 

Dennison, 1994).  This will measure metacognitive awareness levels from pre-test to post-test to 

establish that the participants in experimental conditions are responding to the manipulation.  

Participants will answer questions based on a scale from 0-100 on how true or false a statement 

applies to them. (e.g., I set specific goals before I begin a task).  The Chronbach’s alpha is .91. 

Dependent Measure 

 Self-Efficacy subscale MSLQ. 7 items (Pintrich et al 1991) This will measure the self-

efficacy levels of students.  All questions will be answered on a seven point Likert scale (1 = not 

at all true of me, 7 = very true of me). The scoring of these questions will follow the scoring 

procedure used for the complete MSLQ (see Pintrich et al 1991).  Higher scores equate to higher 

levels of self efficacy.  The MSLQ has previously demonstrated both reliability and validity.  

The Cronbach’s alpha is .93.  The typical mean averages = 5.47 with SD = 1.14.   
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Procedure 

Each participant will attend one session.  The session will be for approximately 2 hours.  

Participants will be randomly assigned to computer terminals in a laboratory.  All participants 

will be invited to participate in a study and asked if they volunteer to participate. After 

completing paper consent forms, consenting participants will be directed to log in to their 

designated terminals and to complete preliminary demographic information.  (This will include 

collection of MAI scores.)  All subsequent instruction and responding will be conducted via 

computer terminal.  Participants will follow the on-screen information presented on their unique 

terminal.  The experimenter will provide only administrative information.  All cognitive tutor 

packages will run the ―no feedback whatsoever‖ option utilized by Brunstein et al (2009).   

All participants will then take an algebra ability test for approximately 15 min.  Next, all 

participants will take the pre-test for the motivational measure—self efficacy—for approximately 

10 min.  This will serve as the potential covariate.   

Before metacognitive prompt (condition 1).  Next, participants who receive metacognitive 

training before prompts will respond to on screen prompts prior to engaging in algebra 

instruction.  Next, they will interact with the cognitive tutor and proceed through the 70 

problems.   

During metacognitive prompt (condition 2).  Those in this condition will begin the 

training and follow the on screen instructions.  After 35 problems, the during metacognitive 

prompts will be presented.  After completing the prompts, participants will continue with the 

next 35 problems.   
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After metacognitive prompt (condition 3).  Those in this condition will begin training and 

follow on screen instructions.  They will complete the 70 problems.  After completing the 

problems, the after metacognitive prompts will be presented.  

No metacognitive prompts—control (condition 4).  Those in the no metacognitive 

prompt—control condition will begin training and proceed through the 70 problems.  They will 

not be presented any prompts.   

All participants.  The computer based learning environment (CBLE) is enabled with data 

recording for all participants that will record an accuracy score for the 70 algebra problems 

within the instructional lesson.  Also, there will be a completion time average recorded for each 

problem.    

When the 70 algebra problems have been answered by participants in each group and all 

prompts have been answered, all participants will complete the post-test for self efficacy 

(approximately 10 min). Next, participants will be complete a post session feedback form.  Then, 

participants will be debriefed and excused from the experiment.   
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Results 

Statistical Analysis 

 Preliminary Analyses. 

 A preliminary step will be conducted by running an analysis of variance (ANOVA) on 

the algebra ability group scores to ascertain if there are any group differences.  Another 

preliminary step will be conducted by running an analysis of covariance (ANCOVA) on the pre 

and post metacognitive awareness inventory (MAI) scores to assess the fidelity of the 

metacognitive prompts.  

Primary Analysis.   

Then, the self-efficacy data will be analyzed using a one-way ANCOVA with the 

metacognitive prompt condition as the between subjects factor, the post-test self-efficacy scores 

serving as the dependent variable, and pre-test self-efficacy scores acting as the covariate.  

ANCOVA is only appropriate when the treatment and the covariate do not interact.  If there is an 

interaction, an alternative analysis must be used (ATI, median split, etc.).  Covariates should 

correlate with the dependent variable, but not interact.  ANCOVA allows for an increase in 

power by reducing bias when comparing intact or self-selecting groups.  This means a reduction 

of systematic bias.   Also, it allows for a reduction of within group (error) variance (Stevens, 

2007; Whittaker, 2010). 

The 3 main assumptions of ANOVA apply to ANCOVA.  These are the assumption of 

the normality of the distribution sample.  Inspection of the residuals for each group will indicate 

if any outliers are present, and if so a case analysis will be performed.  Descriptive statistics and 

plots will be examined, and if necessary a K-S test run to determine normal distribution. 

Homogeneity of variance will be assessed using the Levene’s test.  Independence of observations 
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should not be problem due to random assignment to the experiment and to conditions.  In 

addition, ANCOVA includes 3 more assumptions.  No measurement error in the covariate should 

be addressed by the reliability estimates, which is fine.  Assumption of linearity for the covariate 

and the outcome variable will be inspected for each group.  Scatterplots of the covariate will be 

examined to ensure there is a similar trend and direction.  Also, correlations will be examined to 

ensure the covariate and dependent variable have a strong relationship.    Finally, the equality of 

regression slopes assumption will be examined.  If there is an interaction of the covariate with 

the group on the dependent variable, then ANCOVA is not appropriate (Stevens, 2007; 

Whittaker, 2010).   If the assumptions have been met, then the ANCOVA will be performed.  If 

there is a statistically significant effect of condition on achievement, post hoc comparisons of 

means will be performed.  A table of means and standard deviations will be presented.      
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Discussion 

Summary 

 This study is intended to address the lack of research in the literature that specifically 

addresses self efficacy and metacognitive prompt intervention via an intelligent tutoring system 

delivery.  It seeks to illuminate some metacognitive effects on motivation that may be important 

within the context of a computer-based learning environment.  The current study proposed an 

examination of the effects of an instructional intervention consisting of metacognitive prompts 

when learning a computer-based algebra lesson on participants’ self efficacy levels.  The 

experimental design contains 4 conditions: before prompts, during prompts, after prompts, and 

none (control).  The data will be analyzed using a one-way ANCOVA with the metacognitive 

prompt condition as the between subjects factor, the post-test self efficacy scores serving as the 

dependent variable, and pre-test self efficacy scores acting as the covariate.  Algebra 

achievement was also to be assessed separately in ANCOVA. 

 If the research hypotheses of a significant effect are validated, this study will guide 

subsequent research on mechanisms of metacognitive prompting and motivations, as well as 

extend research on effects of metacognition and achievement.  More importantly, if there are 

mean differences among prompt conditions, it will potentially enable a line of research on timely 

metacognition and how it can affect self efficacy and perhaps other motivational factors.  

Furthermore, this study has the potential to elucidate the application of an intelligent tutoring 

system to motivations and various iterations of tasks.   
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Limitations and Implications for Future Research 

Long term motivational effects were not tested in this proposal. Therefore, results must 

be replicated to be generalized for long term phenomena.  The analysis considered achievement 

and self efficacy.  Although collected, qualitative data on group metacognitive activity is only 

informative by condition.  The metacognitive prompts as input by condition were the 

intervention.  While not an objective of this study, additional studies might consider focusing on 

levels of metacognitive activity.   

The design of the cognitive tutor is an application of an established system of designs in 

the Anderson et al (1996) laboratory that has produced several successful ITS using the ACT-R 

cognitive architecture.  There is no guarantee that it will be an effective product.  It is very likely 

to be effective based on the prior work.  However, the assumption is based on expected results in 

design that may prove limited in the current use of the software.  It is subject to scrutiny just as 

all theories, products, and research practices.  Empirically accumulating evidence is what is 

required to maintain this as a viable option for the future.  

It takes converging evidence to establish a solid base.  That is the hope in my proposal.  

A hope that replicable and controllable, and predictable, and changeable data will lead to a better 

understanding of what interventions may work best to improve adaptive and beneficial 

motivations.   

Other populations need to be researched.  The results from this study would need to be replicated 

to determine if they are generalizable.  It is a reasonable expectation.  However, that is 

something that should be tested.  Other environments where cognitive task analyses are 

employed may prove informative with the use of the intelligent tutoring systems, for example 
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military applications.  Training professions of future physicians, litigators, and engineers may 

benefit from research into the application of these measures.   

Longer timeframes for measuring the impact of such metacognitive or related 

interventions is necessary.  If there is a computer based learning environment that can achieve an 

intervention that favorably affects motivations consistently, then, that is something to embrace.  

For these motivations in turn may translate into long term success in cognitive, affective, and 

behavioral functioning in the classroom and in life-long learning for students who are positively 

and, possibly, permanently impacted.  
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