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Committee Chairperson: Susan K. Johnsen, Ph.D. 

 
 

The purpose of this qualitative cross-case study was to investigate the growth and 

transfer of metacognitive strategies in mathematical problem solving from a university 

course to the classroom.  In this study, six preservice teachers with different levels of 

mathematics achievement and experiences were selected purposively for in-depth 

analysis.  Data were gathered over one semester through videotaped course and 

classroom observations, interviews with preservice teachers and their instructors, 

electronic portfolios, and teachers’ reflections.  Data collected through electronic 

portfolios were used to triangulate these data sources.  Data drawn from these 

observations were analyzed by using the analytical tool, NVIVO7, which guided the 

factors identified from the literature and those that emerged.  The factors that affected 

how the preservice teachers solved problems within the context of the course and the 

classroom were examined through reflections and semi-structured interviews at the 

beginning and end of the study.  These data were analyzed to understand the preservice 

teachers’ behaviors in terms of task analysis; selecting, implementing, and evaluating 

problem-specific strategies; and monitoring and evaluating problem solutions. 



Analysis of classroom observations revealed that several aspects in the course and the 

middle school classroom potentially support teacher problem solving.  Preservice 

teachers were given opportunities to experience success and challenges and reflect by 

engaging with the tasks and activities through multiple strategies.  Findings from within 

and across case studies showed that each preservice teacher engaged with and interacted 

within the course and classroom differently.  Their classroom practices showed 

differences in terms of (a) metacognitive skills, (b) reasoning about problem solving 

failures and successes, (c) attitudes towards math and teaching, and (d) instructional 

processes within the course and classroom. These differences brought about diverse 

opportunities and challenges for each teacher, which may have affected his or her 

development and transfer of problem solving skills.  Furthermore, these analyses support 

the argument that students’ participation in classroom practices, in part, is the result of 

complex interactions including their self-efficacy beliefs and strategic knowledge.
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GLOSSARY 

1. Reasoning – the act of using knowledge base for the inference and/or conceptualize 
structured problems or questions of uncertain premises through the use of the 
processes of communication, heuristics, and the application and modeling.   

 
2. Attitude – a learner’s disposition or tendency to respond positively or negatively, 

observed in one’s beliefs, interest, confidence in ability, and perseverance through 
challenges to find an answer.  

 
3. Metacognition (self-reflection, self-regulation, and meaning making) - a term that 

subsumes reflective, constructive, and regulated learning at all levels of education and 
for students of differing intellects. 

 
4. Task variables- variables which address how difficult a problem is and how that 

affects the process the learner uses. (Instruction Process Component) 
 
5. Strategy variables – variables which involve knowing how to do a particular task and 

checking to see that the solution to the problem is correct and that the goal has been 
reached. (Metacognitive and Reasoning Components) 

 
6. Personal variables – goals within students such as acquiring skill and knowledge, 

finishing work, or obtaining good grades; being aware of the feedback loop between 
the learners’ behavior and desired strategy used consistently and persistently.  

 
7. Context – an atmosphere where students are allowed to voice their thinking through 

reflection, discussion, and sharing; a key element in developing students’ thinking 
abilities. 

 
8. Intelligence - very general mental capability that involves the ability to reason, plan, 

solve problems, think abstractly, comprehend complex ideas, learn quickly, and learn 
from experience. 

 
9. Instructional Process – the development of skill proficiencies, essential in the learning 

and application of mathematics.  Includes such variables as the task difficulty, teacher 
questioning, expertise, classroom time allowances, and group learning. 

 
10. Declarative knowledge – the knowledge about something.  Declarative knowledge 

enables a student to describe a theory of algebra and apply it. 
 
11. Strategic knowledge - the knowledge of how to do something.  Procedural knowledge 

enables a student to apply a theory of mathematics when problem solving. 
 
12. Conditional knowledge – the knowledge of when to use a strategy.  Conditional 

knowledge enables a student to know which strategy and at what time.  
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CHAPTER ONE 

Factors that Predict the Use of Metacognitive Strategies in the Middle School Classroom 
 
 

 There is currently a severe shortage of teachers graduating with expertise in 

middle school math training and that shortage is increasing at a rapid rate (NSF, 1996). 

Not only is there a shortage of math teachers but National and state educational reforms 

(NCTM, 1995, 2000; NSF, 1996) call for teaching that will motivate students to become 

reflective, constructive, and self-regulated learners.  The educational reforms require that 

students not only answer questions accurately, but be prepared to be reflective, 

constructive, and able to explain the process they used to derive their response; the 

process of metacognition.  By current definition, metacognition is a term that subsumes 

reflective, constructive, and regulated learning at all levels of education and for students 

of differing intellects. 

 During the last twenty years of cognitive research, the literature suggests that 

metacognition is a critical component of the intellect (Boekaerts, Pintrich, and Zeidner, 

2000; Jones et al., 2000; Mokros & Russell, 1995; Mooney, 2002; Watson & Moritz, 

1999) since implementing and integrating knowledge, self-monitoring, and inventiveness 

can all be thought of as hallmarks of intelligent behavior.  Similarly, Meichenbaum 

(1980) acknowledged the relationship between metacognition and intelligence by 

suggesting that metacognition is important for effective learning, for memorizing, and for 

both interpersonal and intrapersonal communications.  
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The Concept of Metacognition 

 Although the term metacognition has been part of the vocabulary of educational 

psychologists for the last couple of decades, its characteristics are debated.  One reason 

for this debate is the fact that several terms are used interchangeably to describe the same 

basic phenomenon (e.g., self-regulation, executive control), or an aspect of that 

phenomenon (e.g., meta-memory).  Metacognition itself is often simply defined as 

"thinking about thinking" (Flavell, 1979).  However, earlier Flavell (1976) described 

metacognition as “referring to one’s knowledge concerning one’s own cognitive 

processes and products or anything related to them” (p. 232).  Flavell also wrote that, 

“metacognition refers…to the active monitoring and consequent regulation and 

orchestration of these processes in relation to the cognitive objects or data on which they 

bear, usually in the service of some concrete goal or objective” (p.232).  This definition 

emphasizes the executive role of metacognition in the overseeing and regulation of 

cognitive processes.  Executive processes are those responsible for the goal-directed 

processing of information and selection of action, and for the implementation and 

monitoring of task-specific cognitive processes.  Following Flavell’s idea of 

metacognition as active monitoring and consequent regulation and orchestration of 

cognitive processes to achieve cognitive goals, research in the area has investigated 

different forms of monitoring, regulation, and orchestration, such as checking, planning, 

selecting, and inferring (Brown, 1978; Scardamalia and Bereiter, 1985); self-interrogation 

and introspection (Chi et al., 1989; Lieberman, 1979); interpretation of ongoing 

experience (Flavell and Wellman, 1977; Brown and Palinscar, 1982; Whimbey and 

Lochhead, 1999); or simply making judgments about what a person knows or does not 

know about how to accomplish a task (Metcalfe and Shimamura, 1994). 
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 In more recent years, Hacker (1998) mentions that Kluwe (1987) refined the 

concept of metacognition by noting two characteristics: the thinker knows something 

about his or her own and others’ thought processes, and the thinker can notice and change 

his or her thinking.  Kluwe called this second type of metacognition “executive 

processes.”  Pointing out the difference between cognitive tasks (remembering things 

learned earlier that might help with this task or problem) and metacognition (monitoring 

and regulating the process of problem solving).  In addition, Hacker stressed the 

importance of gaining more insight into how thinkers notice and change their thinking 

process while in the classroom.  While there are some distinctions between definitions, 

all of the research emphasized the role of executive processes in the overseeing and 

regulation of cognitive processes, or clearly said “metacognition involves knowing what 

to do, and how and when to do it” (p. 488; Marchant, 2001).  Thus, metacognition can be 

thought of consisting of three components; self-regulation (Hacker, 1998), making 

meaning (Booker, 1996), and self-reflection (Schunk & Zimmerman, 1998).  Students 

become successful learners when they reflect on what they have learned and how they 

learn in the classroom (Paris & Ayers, 1994, 1999).  The process of self-regulated 

learning guides students in the process of examining their work, assessing their strengths, 

and understanding which areas they need assistance.  With practice, students can begin to 

evaluate their strengths and attitudes, analyze their progress, and set new goals (Schunk 

& Zimmerman, 1998).  The students learn as they take in new information and apply that 

information.  When information becomes meaningful to a student, knowledge is acquired.  

In the awareness of knowing what the students do and do not know, they participate in 

their first step to constructing meaning.  Therefore, a student who constructs knowledge 

is aware of the gaps in understanding how knowledge is using both their cognitive and 
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their metacognitive strategies.  Lastly, personal reflection is embedded in the 

metacognitive processing as students look over their own progress.  Personal reflection 

would also include the students’ attitudes and beliefs which have been consistently seen 

as vital to the metacognitive process.   

 Similarly, Allen and Armour-Thomas (1991) included both knowledge about and 

control over thinking processes in defining metacognition, while Vadhan and Stander 

(1993) separated ordinary thinking from awareness and understanding of thinking.  An 

important additional characteristic was categorized by Cornoldi (1998), who emphasized 

the role of learners’ beliefs and attitudes about thinking.  The common thread throughout 

all the research on metacognition emphasizes the role of executive processes in the 

overseeing and regulation of cognitive processes. Metacognition as a component of 

problem solving involves students being consciously aware of their thoughts as they work 

through a problem. Students reflecting on their progress throughout problem solving and 

assessing the effectiveness of the strategies they are using.  One of the academic domains 

that have applied metacognition to problem solving has been mathematics in the 

classroom.  

Relationship Between Intelligence and Metacognition 

 Veenman (1993) discussed three possible models for the relationships between 

metacognition and intellectual ability, metacognitive skills, and novice learning 

(Veenman, 1993 and Veenman et al., 2004): the intelligence model, the independency 

model, and the mixed mode.  The first model, the intelligence model, regards 

metacognition as a manifestation of intellectual ability.  For instance, Sternberg (1994) 

conceived metacomponents as an essential part of human intelligence.  Metacomponents 

are used to decide what to do, to monitor ongoing activities, and to evaluate the outcome 
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of those activities after they have been completed and, thus, they are similar to 

metacognitive skills.  Sternberg described these relationships in his triarchic theory of 

intelligence as the executive processes of intellect or "metacomponents" (Sternberg, 

1986b). The executive processes (planning, evaluating and monitoring problem-solving 

activities) control other cognitive components and also receive or interact with feedback 

from these components and are responsible for "figuring out how to do a particular task 

or set of tasks, and then making sure that the task or set of tasks are done correctly" 

(Sternberg, 1986b, p. 24).  Sternberg maintained that the ability to appropriately allocate 

cognitive resources, such as deciding how and when a given task should be 

accomplished, is central to intelligence.  In the same vein, the Planning, Attention, 

Simultaneous, and Successive (PASS) theory of intelligence (Das, Naglieri, & Kirby, 

1994) conceives self-regulatory processes as an essential part of human intelligence.  

Fein and Day (2004) provided evidence for this model.  In their studies, they found that 

the intelligence of 92 young adult males’ cognitive and skill-based learning was 

correlated with achievement as well if not better than tests of general intelligence.  In 

addition, Kroesbergen, Van Luit, and Naglieri (2003) found a relationship between 

mathematical learning difficulties and the planning, attention, simultaneous, successive 

(PASS) theory of cognitive processing when the Cognitive Assessment System (CAS) 

was used.  The authors found that students who had specific difficulties with the 

acquisition of basic math facts, the automatization of such facts, or word-problem solving 

were found to have distinct PASS cognitive profiles.  The intelligence model predicts that 

metacognitive skills and intellectual ability are highly correlated and that metacognitive 

skills will not have a predictive value for learning independent of intellectual ability.  
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Empirical support for the intelligence model was partly found by Elshout and Veenman 

(1992).  

 The second model, referred to as the independency model, predicts the opposite. 

Metacognitive skills and intellectual ability are not substantially correlated and, thus, they 

are independent determinants of learning.  For instance, Allon et al. (1994), Maqsud 

(1997), Minnaert (1996), and Swanson (1990), provided evidence for this model.  In their 

studies, they found that metacognition and intellectual ability were unrelated predictors of 

learning.  Various instruments were used in these studies to measure metacognition 

including, Swanson’s Metacognitive Questionnaire (Maqsud, 1997; Swanson, 1990), 

customized protocol (Minnaert, 1996), LASSI (Kluwe, 1987), and three sets of problems 

to measure metacognition (Allon et al., 1994).   

 The last model, called the mixed model, predicts that metacognitive skills and 

intellectual ability share some variance but that metacognitive skills have a surplus value 

on top of intellectual ability for the prediction of learning.  Metacognitive skills may 

regulate the execution of operations from the cognitive toolbox to a certain extent, while 

having an additional virtue in guiding learning processes.  For instance, students, 

regardless of intelligence levels, appear to profit from moving around carefully, step-by-

step, as they encounter a new task (Veenman, Prins, & Elshout, 2002).  Several 

researchers (Cheng, 1993; Hannah & Shore, 1995; Shore & Dover, 1987; Span & 

Overtoom-Corsmit, 1986; Zimmerman & Martinez-Pons, 1990) have reported significant 

differences in metacognitive-strategy usage between intellectually gifted and average 

students.  Indeed, follow-up studies (Maqsud, 1997; Swanson et al., 1993) showed that 

metacognition was only partially independent of intelligence.  Support for the mixed 

model has been gathered in research on discovery learning, studying texts, or problem 
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solving in various domains (Veenman & Verheij, 2003; Veenman et al., 2004).  In these 

studies metacognitive skillfulness was assessed through the analysis of thinking-aloud 

protocols, systematical observations, or related on-line measures. The overall analyses 

included 439 students, ranging from 9 to 22 years of age.  It appeared that intellectual 

ability uniquely accounted for 10 percent of variance in learning performance, 

metacognitive skillfulness uniquely accounted for 17 percent of the variance in learning 

performance, while both predictors shared another 22 percent of the variance in learning.  

In conclusion, many of the afore-cited studies provide evidence in favor of the strong 

relationship between intelligence and metacognition.  This relationship creates the 

foundation for where the concepts of metacognition are today. 

Relationships Between Metacognition and Math Problem Solving 

 Researchers in math have acknowledged metacognition by incorporating it into a 

framework for math learning.  In this framework modified from Berinderjeet (2006), the 

development of metacognitive strategies for mathematical problem solving includes three 

interrelated components; reasoning, attitudes (Cornoldi, 1998), and metacognition which 

consists of four components self-reflection (Schunk & Zimmerman, 1998), self-

regulation (Hacker, 1998), making meaning (Booker, 1996), and instructional skills 

(Salmon & Roy, 2001; Sriraman, 2004) (see Figure 1).  The first component of the 

mathematical model is the component of metacognition.  As mentioned earlier, 

metacognition includes the monitoring of self-reflection (Schunk & Zimmerman, 1998), 

self-regulation (Hacker, 1998), and making meaning (Booker, 1996) (see Figure 1).  

Some researchers suggest the provision of metacognitive experience can help students 

develop their problem solving abilities such as thinking out loud, practicing problems 

which require planning and evaluation of the process, using motivation and control  
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Figure 1 Metacognitive framework for mathematical learning. (Kaur, 2006) 
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strategies to keep themselves on task in the face of task difficulty, and creating 

opportunities for students to discuss in groups how to solve a particular problem and then 

explaining the methods used for solving the problem.  In all of these activities, the 

student is given the opportunity to reflect on the knowledge gained and processes used in 

solving the problems.   

 The second component of the model refers to what the students and teachers 

individually bring to the classroom; their attitude about mathematics.  Cornoldi (1998) 

suggests these belief/attitude structures can be important not only for students, but for 

teachers as well.  The teacher's sense of mathematical activities determines the nature of 

the classroom environment that the teacher creates.  "There is research evidence that 

teachers' conceptions and practices, particularly those of beginning teachers, are largely 

influenced by their schooling experience prior to entering methods of teaching courses" 

(Thompson, 1985).  The environment, in turn, shapes students' attitudes about the nature 

of mathematics.  Depending on many factors, such as their family upbringing, students 

may or may not understand the usefulness of mathematics in the day to day life.  De 

Corte, Op ’t Eynde, and Verschaffel (2002) reported that these beliefs will in turn affect 

the students’ interest and enjoyment in learning mathematics within the classroom, as 

students who were brought up in homes where math was appreciated and described as a 

tool for success in life appreciate mathematical knowledge (Thompson, 1997).  Lastly, 

the students’ confidence in using mathematics and perseverance in solving a problem is 

effected by their attitude (Hofer & Pintrich, 1997).  

 The third component of the mathematical model is reasoning in relation to the 

students’ choice of “tools” and use when solving a problem.  The concept of reflection or 

the ability to critique one's own knowledge and capabilities is a critical component of 
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learning (Baldwin, 2000).  Reflection is both a concept and a process, and is a conscious 

act within the learning experience.  Similarly, Collins and Brown (1988) stated that a 

major value in solving problems occurs when students step back and reflect on how they 

actually solved the problem and whether the particular set of strategies they used was 

optimal and how it could be improved.  Silver (1998) reported that teachers can 

encourage reflection by teaching metacognitive skills in the classroom to help students 

incorporate active reflection in their learning.  This process can include skills such as 

reasoning, communication and connections, thinking skills and heuristics, and application 

and modeling.  One of the differences between an expert problem solver and a novice 

problem solver is that the expert realizes when a particular strategy is not working.  

Rather than give up on the problem, he or she tries another strategy to solve the problem 

(Schoenfeld, 1992, p. 356).  Through mathematical modeling, Reusser and Stebler (1997) 

and Verschaffel, Greer, and De Corte (2000) reported that students learn to use a variety 

of representations of data, and to select and apply appropriate mathematical methods and 

tools in solving real-world problems.  However, there is still not clear literature to 

describe how these strategies are developed and what predicts future use.   

 The final component of the mathematical model is instructional process which 

encompasses task difficulties (Garofalo & Lester, 1995), questioning (Berandi, 

Dominowski, Buyer, & Rellinger, 1995), expertise (Powell, 1992), and social interaction 

(Sriraman, 2004; Salmon & Roy, 2001).  The development of skill proficiencies in 

students is essential in the learning and application of mathematics.  In Berandi, 

Dominowski, Buyer, and Rellinger (1995), their results demonstrated how when teachers 

questioned the problem solving process, this forced learners to shift from focusing on the 

aspects of the problem to focusing on what they are doing well solving the problem.  
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Although students should become competent in the various mathematical skills, over-

emphasizing procedural skills without understanding the underlying mathematical 

principles should be avoided (Hmelo & Ferrari, 1997).  Skill proficiencies include the 

ability to use a variety of strategies confidently, where appropriate, for exploration and 

problem solving.  It is important also to incorporate the use of thinking skills and 

heuristics in the process of the development of skills proficiencies (Charles, Lester, & 

O’Daffer, 1987). 

External Factors that Influence Development of Metacognition 

 While metacognition is an important component of intelligence; researchers 

suggest that metacognitive skills can be developed (Gravemijer, 1997).  Developing the 

skills of metacognition are not only dependent on aptitude, but a combination of task, 

strategy, and personal variables. 

Task Variable 

 Task variables include how difficult a problem is and how that affects the process 

the learner uses.  The difficulty of the problem can be affected by the familiarity of the 

subject matter and the context by which the problem is introduced.  It should also be 

acknowledged that text difficulty has several dimensions: word difficulty may relate to 

encoding as well as vocabulary skills in word problems, reasoning difficulty, and 

difficulty choosing a strategy. Research by Weaver and Bryant (1995), as well as Lin, 

Zabrucky, and Moore (2002) revealed that metacognitive strategies were more helpful for 

math problems with an intermediate difficulty, relative to very easy problems.  Their 

explanation was that easy problems only draw on routine processes, whereas more 

difficult problems require students to invest more metacognitive skills.  Metamemory 
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accuracy, however, reduced whenever a problem was too difficult to grasp (Weaver & 

Bryant).  Apparently, metacognitive skills are effectively called upon whenever a task has 

a manageable degree of complexity.  Indeed, Veenman and Elshout (1999) and Veenman, 

Prins, and Elshout (2002) established that metacognitive skillfulness was a predominant 

predictor of learning an unfamiliar problem-solving task, rather than intellectual ability.  

The issue raised here is whether task difficulty affects the relation between intelligence, 

metacognition, and problem solving.  

 

Strategy Variables 

 Strategy variables are also important.  These may involve knowing how to do a 

particular task and checking to see that the solution to the problem is correct and that the 

goal has been reached.  Some researchers suggest that these strategies require executive 

decisions (Kluwe, 1987).  Executive decisions focus on how to solve a problem rather 

than just the actual solution (Meltzer, 1993; Gama, 2001), develop from the need to avoid 

failure (Wong, 1995), and may not be needed when completing some tasks (Torgesen, 

1994).  Through efforts of explicit instruction, with step-by-step thinking strategies, 

students can begin to assimilate procedures and processes that promote metacognitive 

behaviors.   

Personal Variables 

 Learners have metacognitive experiences often, especially in new situations, 

where correctness is important, and when difficulty develops.  Students must be able to 

adapt the strategies to their personal characteristics and to the context of their learning.  

The first stage in this process is probably that students, must be aware of their cognitive 
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strategies and should be able to describe and critically reflect on them (Veenman, Prins, 

and Elshout, 2002).   

 
 Context.  Providing a risk-free atmosphere where students are allowed to voice 

their thinking through reflection, discussion, and sharing, was a key element in 

developing students’ thinking abilities.  Students who spend large quantities of time 

thinking about things does not by itself improve thinking skills.  A journalist who types 

with two fingers will still be typing with two fingers at the age of sixty.  This is not for 

lack of typing practice.  Practice in two-finger typing will serve only to make that person 

a better two-finger typist.  Yet a short course in touch typing at a young age would have 

made that person a much better typist for all his or her life.  It is the same with thinking.  

Practice is not enough; it needs to be connected with clear instruction from the teacher 

who is providing solid problem solving strategies (Daley, 2002).  Given that 

metacognition may be developed and is linked to expert problem solving leads to the 

question: how might teachers be prepared to use metacognition in the classroom?  

Preparation of Preservice Teachers to Use Metacognition 

 Studies which examine the factors of self- reflection, reasoning, and attitude are 

needed for the growth of metacognitive strategies within the classrooms.  Lin and 

Lehman (1999) demonstrated that metacognitive instruction can be effective for 

preservice elementary teachers for the purpose of learning their own problem solving 

strategies and for self-reflection of their own thinking.  Collins et al. (1989/99) in 

numerous case studies of the classroom (Schoenfeld, 1992; Cawley, Parmar, Foley, 

Salmon, & Roy, 2001; Ellis, 1998; Miller & Mercer, 1997) found a common, broad 

conceptualization of domain knowledge that included not only the specifics of domain 
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knowledge, but also an understanding of strategies and aspects of metacognitive behavior 

within the classroom.  All three of the above studies included aspects of “the culture of 

expert practice” or meaning making (a component of the metacognition model) and 

described the environments as designed to take advantage of social interactions to have 

students experience the gestalt of the discipline in ways comparable to practitioners. 

 Studies which examine the effect of instructing teachers to teach strategic 

reasoning are critical to the process of developing students who use metacognitive 

strategies when problem solving in mathematics.  Herrmann and Sarracino (1992) 

analyzed a method for training or coaching preservice teachers to effectively teach 

strategic reasoning to students.  The researchers found that teachers learned how to 

strategically think about mathematical teaching from a variety of theoretical perspectives 

(i.e., skill-based learning, cognition, and metacognition).  In addition, Shamatha, J. H., 

Peressini, D., & Meymaris, K. (2004) found significant relationships between the use of 

technology in their preservice classes and the amount of personal reasoning reported by 

the preservice teachers and their students.  In addition, the authors concluded that good 

learners are able to articulate their own ideas, compare and contrast them with those of 

others, and provide reasons why they accept one point of view rather than another.  

 Only a few studies have looked specifically at the relation between preservice 

teachers’ attitudes about student metacognitive strategies and students’ actual problem-

solving behaviors and levels of performance (Carpenter, Fennema, Peterson, & Carey, 

1988; Peterson, Carpenter, & Fennema, 1989; Peterson, Fennema, Carpenter, & Loef, 

1989; Wigfield, Galper, Denton, & Seefeldt, 1999).  Carpenter, Fennema, Peterson, & 

Carey (1988) found that the teachers’ knowledge of their own students’ ability to use 

successful problem solving strategies was significantly correlated with student 
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achievement.  Therefore, the authors concluded that the teachers’ belief in specific 

students’ problem solving abilities directly affected the student’s ability to solve 

problems.  In a related study, Peterson, Carpenter, & Fennema’s (1989) found that 

teachers who were exposed to a month long training assisted their students in self-

reflection more than the control group and encouraged their students to use a wide variety 

of problem-solving strategies, instead of just one or two.  Peterson, Fennema, Carpenter, 

& Loef (1989) and Wigfield, Galper, Denton, & Seefeldt (1999) both found significant 

positive relationships among elementary teachers' beliefs, teachers' knowledge, and 

students' problem-solving achievement.  Teachers who had a cognitively based 

perspective made extensive use of word problems in introducing and teaching and 

observed their children in problem situations rather than relying on tests or formal 

assessments.  As a result, their students scored higher on word problem-solving 

achievement than did children with teachers who were not as cognitively based in their 

teaching.  

 Since researchers suggest that the beliefs that teachers hold are so instrumental in 

shaping mathematics teachers’ decisions and actions, it is important that these beliefs be a 

focus of educational research (Boaler, 1998; Masingila, 1993; Smith, 1999).  Because 

these decisions affect students’ learning experiences so directly, it is equally important to 

understand the accuracy of teachers’ beliefs.  Teachers’ beliefs tend to stay in successive 

generations of teachers, in what may for the most part be a vicious pedagogical/ 

epistemological circle (Ambrose, Clement, Philipp & Chauvot, 2004; Smith & Croom, 

2000; Thompson, 1992).   
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Relationship of Metacognition to Achievement  

 A few researchers have studied the connection between teacher development and 

use of metacognition and classroom achievement.  Jane Wilburne (2006) has examined 

the importance of preparing preservice elementary school teachers at Penn State to use 

metacognitive strategies within their own classrooms in the area of mathematics.  

Wilburne incorporated a method of assigning nonroutine problems, of varying 

mathematical topics, to the preservice teachers weekly throughout their course.  In the 

beginning of the course, preservice teachers were provided with a problem-solving guide 

sheet which was used for reflection of the problem solving methods individually and as a 

class.  These sheets provided an opportunity to demonstrate the use of multiple problem 

solving strategies, such as making diagrams, looking for patterns, working backward, 

guess and check, and so on.  Wilburne found that in the preservice teachers’ classrooms 

where metacognitive strategies were used, students had higher academic achievement and 

a greater understanding of the concepts behind the formulas being taught.  Students were 

found to be able to reflect on the lesson, recognize mistakes, and alter future methods of 

problem solving.  Burke, Luera, and Moyer’s research (2004) in the domain of science 

supports Wilburne’s.  Comparable results were found among the teachers and students 

who were taught metacognitive strategies in their study.  Preservice elementary teachers 

who were taught the value of metacognitive strategies and believed that these strategies 

were needed for problem solving, changed their teaching methods.  These preservice 

teachers taught their students to monitor their progress during problem solving, which 

resulted in students successfully learning mathematical concepts.   
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Statement of the Problem 

 Teacher education programs are being challenged as they have never been 

challenged before to prepare prospective mathematics teachers in ways that will enhance 

the teaching and learning of mathematics for the 21st Century (Steen, 1990).  There is 

currently a severe shortage of teachers graduating with expertise in middle school math 

training and that shortage is increasing at a rapid rate (NSF, 1996).  It is widely accepted 

that what a teacher knows and believes influences what is taught and ultimately what 

students learn (Ball & McDiarmid, 1990; Fennama & Franke, 1992; Grossman, Wilson, 

& Shulman, 1989), however, there needs to be more research on the development of 

metacognitive strategies. 

 Research has shown that the interplay in the classroom of metacognition and 

intellect is important for effective learning within the classroom.  The executive 

processes of metacognition, “thinking about thinking”, is composed of three important 

components: self-regulation, meaning making, and self-reflection.  These components fit 

perfectly in a framework of mathematical learning which encompasses metacognition, 

attitudes, and reasoning; all which interplay when learning is occurring.  The 

development of metacognitive skills of are not only dependent on internal variables (such 

as intellect), but a combination of task, strategy, and personal variables.  However, 

practicing applying strategies to tasks is not enough; these need to be connected with 

clear instruction from a teacher who is providing solid problem solving strategies.   

 Metacognitive instruction has been found to be effective for preservice 

elementary teachers for the purpose of learning their own problem solving strategies and 

for self-reflection of their own thinking (Wilburne, 2006) and for helping students learn 

new math concepts (Bruke, Leura, & Moyer, 2004).  Much of this research has focused 
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on the development of metacognitive strategies for elementary-level mathematics.  

Middle school mathematics teachers may actually have more opportunities to observe 

how students make the transition from arithmetic to algebraic reasoning and how 

metacognition is developed.  In contrast, as higher levels of algebra are typically taught in 

high school, the focus is often on using formal methods to the exclusion of other 

methods, invented or otherwise.  Therefore, middle school teachers may simply see their 

students use metacognitive strategies to solve early algebra concepts relatively more 

often than high school teachers (Koedinger & Nathan, 1999).  This has been studied with 

preservice teachers in the elementary classroom, but not with middle school preservice 

teachers.  This study will therefore examine the development and continued use of 

metacognition with middle school mathematical teachers; those who are teaching grades 

4-8, and address the following questions. 

Research Questions 

1.  What factors influence the development of metacognitive strategies in middle 
school preservice teachers within a college math pedagogy course? 
 
2. What factors encourage the transfer of metacognitive strategies from the 
preservice teacher to the student in the middle school math classroom?
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CHAPTER TWO 

Literature Review 

This chapter will give an overview of relevant literature pertinent to the study of 

the factors which influence the development and use of metacognitive strategies among 

pre-service middle school math teachers.  The relationship between intelligence and 

metacognition and an overview of the overall concept of metacognition will begin the 

chapter.  An outline of the importance of metacognition use with math problem solving 

will follow, along with a brief review of possible other factors which influence 

metacognition.  The following two sections of the chapter define and explain the need for 

preparation for pre-service teachers to develop and use metacognition for increased 

achievement within their future students.  To conclude the chapter, information regarding 

hypothesized factors of metacognition will be provided.  

 
Introduction 

 The (NCTM) has called for increased attention in problem solving. Over 15 years 

ago the NCTM first advocated that teaching mathematics should shift from a method of 

mechanics to one of inquiry and application in its original standards.  The NCTM called 

for changes in pedagogical method, classroom environment, and resources to implement 

its new vision for school mathematics.  Despite the NCTM’s new vision, many reports 

continue to reveal that many students still struggle in the area of problem solving.  

Research has offered several explanations such as pedagogical methods employed and 

factors that cause difficulty for students to solve problems.  Regardless of the reasons, 
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problem solving is a complex issue that will require more research for students to become 

better problem solvers.  

The Grouping of Middle School  

 Numerous descriptive studies have examined and documented the educational 

needs and progress of different middle school populations through the years (Hough 

1991a; 1991b; 1991c; McEwin, Dickinson, & Jenkins, 1996; Valentine, Clark, Irvin, 

Keefe, & Melton, 1993).  They all conclude that middle school teachers are influencing 

the lives of young adolescents daily, providing models, and teaching lessons of life as 

well as preparing them academically (McEwin, Dickinson, & Jenkins, 1996).  Although 

there is not as clear of a consensus on the definition of middle school between the studies 

the National Middle School Association’s (2006) definition has been compiled and 

widely accepted as the definition of middle school: those grades encompassed between 

the fifth and the eighth grades, which prepare student for their high school career. 

The Concept of Metacognition 

Translating the term “metacognition” into everyday language, one gets something 

like “reflections on cognition” or “thinking about your own thinking.”  Although those 

definitions are in the ballpark, they’re not precise enough to be useful.  More precisely, 

research has focused on the phenomenon of metacognition and its effects, but not the 

factors which influence metacognition within math problem solving.  According to 

Schoenfeld (1987) the research which has been conducted has determined that students 

are not able to describe their own thought process, but ability improves with age.  This is 

of importance when students are problem solving.  In order to be an effective problem 

solver a person needs to be able to know what they know.  If a pre-service teacher is 
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unsure of what he/she knows, then it proves difficult to become an effective problem 

solver or create effective problem solvers in their students.  In addition, Silver (1987) 

agrees with the notion that attention to metacognition is important in becoming a 

successful problem solver.  Silver (1987) argues that “These processes – such as initial 

assessment of personal competence or problem difficulty or managerial decisions 

regarding allocation of cognitive resources – often appear to be the ‘driving forces’ of a 

problem solving episode” (p. 49).  

Research in how metacognition assists students in their problem solving and 

teachers teach metacognition has been of current interest.  Studies conducted by Teong 

(2003) used a modified framework by Artz and Armour-Thomas (1992) to analyze the 

think aloud methods of the students.  Artz and Armour-Thomas’ (1992) framework was 

developed to decipher between the cognitive and metacognitive process observed when 

students are problem solving in small groups.  The observed problem solving behaviors 

and their classification were: read and understand; analyze and plan; implement; verify 

and reflect.  Other research by Artz and Armour-Thomas (1998) investigated the 

teachers’ metacognition behind mathematics instruction.  After a semester observing 

seven novice secondary mathematics teachers, drawing on observations, lesson plans, and 

video/audio tapes of structured interviews, they concluded that a teachers’ metacognition 

has an affect on the students ability to problem solve.  This suggests that there is a cycle 

here that must be broken.  If one is not taught to analyze their thinking as they are 

problem solving then they will not know how to teach others, and the cycle continues.  

Thus, qualitative research needs to be conducted which pinpoints metacognitive factors 

and what nurtures their growth in pre-service teachers who can thus be taught methods to 

reproduce the same in their students.  



 

22 

Mayer (1998) contends that there are three characteristics of becoming a 

successful problem solver and they are “skill, metaskill, and will” (p. 51) or simply 

perseverance.  According to Mayer, these are essential when you are attempting to solve 

non routine problems.  Ho, Teong and Hedberg (2005) define non routine problems as 

those which make students utilize new strategies.  They view “Metacognition as central 

to problem solving because it manages and coordinates the other components” (p. 51).  

Mayer (1998) discusses the idea that teaching the mathematics skills may enhance a 

student’s problem solving ability but may not be enough.  Students also need to know 

how to manage their skills, agreeing with other research (Schoenfeld, 1987; Silver, 1987).  

In summary researchers suggest (Schoenfeld, 1987; Silver, 1987; Artz & Armour-

Thomas, 1992, 1998; Teong, 2003) that a successful problem solver is aware of what and 

why they are doing something.  A successful problem solver will be aware of how they 

manage their skills as they solve a problem (Schoenfeld, 1987; Mayer, 1998).  Students 

as well as teachers (Artz & Armour-Thomas, 1998) need to possess the appropriate 

metacognitive skills when attempting problem solving of both routine and non routine 

(Mayer, 1998) problems.  With all of the discussion of metacognition and how it is 

essential to problem solving, it would only be fair to then discuss problem solving.  The 

first question someone might ask is to define problem solving.  The following section 

will give the definition of problem solving and the literature surrounding the concept.   

 
Relationship between Intelligence and Metacognition 

One of the factors which were hypothesized to affect the development and 

continued growth of metacognition was intelligence.  Veenman (1993) described three 

possible models that could represent the relationship between intellectual ability and 

metacognition.  The first one was called the intelligence model.  This model regarded 
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metacognition as a manifestation of intellectual ability (Sternberg, 1988; Davidson, 

Deuser, & Sternberg, 1994) and predicted that metacognitive skills and intellectual ability 

will correlate highly and that intellectual ability did not have a predictive value for 

metacognition to occur independent of other factors.  Support for the intelligence model 

was found by Elshout and Veenman (1992) who studied over three hundred students, 

either assigned to a structured learning environment or an unstructured environment.  In 

order to measure the affects of intellectual ability in relation to metacognition, a 

standardized intelligence test was administered to both groups of students, along with a 

pre/post of general physics knowledge with metacognitive questions.  Results concluded 

that metacognitive skillfulness developed alongside, but not fully dependent on 

intellectual ability.  Moreover, metacognitive skillfulness outweighed intelligence as 

predictor of learning performance.  Finally, results indicated that both intellectual ability 

and working methods were predictors of learning, but that their mutual relation was an 

intricate one.  Further research in this study will substantiate these findings of intelligence 

being a factor in the growth of metacognition.  

The second model described by Veenman (1993), referred to as the independency 

model, and predicted the opposite.  Metacognitive skills and intellectual ability did not 

correlate substantially and were independent determinants of learning.  Swanson (1990) 

provided evidence for this model.  Swanson set out to demonstrate the independence of 

metacognition and general aptitude on various problem-solving measures.  He measured 

aptitude with standardized, cognitive ability, and achievement tests.  While he measured 

metacognitive ability using tape-recorded responses to a metacognitive questionnaire.  

Swanson concluded that metacognition was more important for problem-solving success 

than aptitude and in situations where students had low aptitudes but high metacognition; 
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they performed as well as students who had high aptitude.  The implications of this 

finding are numerous given the strong emphasis placed on aptitude by educators 

throughout the history of psychological measurement.  In addition, a study by Maqsud 

(1997) also demonstrated that metacognition and intellectual ability were independent 

predictors of learning.  Swanson (1990) as well as Maqsud (1997) used a 2 by 2 design, 

with metacognition and intellectual ability as orthogonal factors.  However, the cells were 

equally distributed, which indicated that measures of metacognition and intellectual 

ability were not related.  Furthermore, results of a study by Minnaert (1996) indicated 

that the executive control of university students, measured by the self-report 

questionnaires Inventory of Learning Styles (Vermunt & van Rijswijk, 1987) and the 

Leuven Executive Regulation Questionnaire (LERQ) were unrelated to measures of 

intellectual ability.  Similarly, Allon, Gutkin, and Bruning (1994) found virtually no 

relationship between ninth graders’ WISC-R intelligence scores and their metacognitive 

abilities as measured by a series of questions following the completion of a set of difficult 

working memory tasks.  The authors concluded that tests of metacognition and IQ may 

measure unrelated aspects of cognition.  The study used a small (N = 38) and highly 

selective sample, so generalization is limited.  Although research has reported varied 

results in terms of the relationship between metacognition and intelligence, the research 

does support a relationship of some varying degree.  These differences may be on 

account of the differing ages of the learners or the subject matter being measured.  

Research from the cognitive development literature on metacognition in the gifted 

is similarly inconclusive.  Alexander, Carr, and Schwanenflugel (1995; Carr et al., 1996) 

reviewed the literature on metacognition in gifted children and concluded that although 

gifted children are better than non-gifted children at some aspects of metacognition, both 
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groups are equally challenged by some aspects.  Specifically, gifted children are more 

advanced in their declarative metacognitive knowledge of how certain external or internal 

variables (such as interference from noise or unrelated thoughts) affect one’s problem-

solving abilities.  However, gifted children have only a slight advantage over non-gifted 

children in other metacognitive areas such as self-regulation.  Perhaps, as Alexander et al. 

(1995) notes, average intelligence may be all that is necessary for some aspects of 

metacognition. 

Interestingly, some of the empirical support for the importance of metacognition 

in giftedness comes from the study of learning-disabled gifted students.  Research on 

learning disabilities indicates that metacognitive deficits are at least partially responsible 

for learning problems (Borkowski, Estrada, Milstead, and Hale, 1989).  When giftedness 

and learning disabilities occur in the same individual, however, giftedness often 

“prevails” and metacognitive performance is only slightly affected.  Hannah and Shore 

(1995), for example, found that learning-disabled gifted children and adolescents 

outperformed their peers on many metacognitive tasks.  A qualitative study by Montague 

(1991) described similar results: all three of the gifted children in her study, two of whom 

were also learning-disabled, displayed similar metacognitive abilities when solving math 

problems.   

The last model, called the mixed model, predicts that metacognitive skills and 

intellectual ability share variance but that metacognitive skills have a surplus value on top 

of intellectual ability for the prediction of leaning.  Evidence for the mixed model was, 

for instance, obtained by Berger and Reid (1989).  They found that measures for 

monitoring and intellectual ability were related for learning-disabled and mentally-

retarded adults.  For pre-service teachers performing inductive-learning tasks, the mixed 
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model was corroborated in several studies of Veenman and Elshout (Elshout & Veenman, 

1992; Veenman & Elshout, 1991, 1992, 1995, 1999; Veenman, Elshout, & Groen, 1993; 

Veenman, Elshout, & Hoeks, 1993; Veenman, Elshout, & Meijer, 1997; Veenman & 

Verheij, 2001).  Results of their studies showed that the learning outcomes of novices 

could be predicted by the weighted sum of general metacognitive skillfulness and 

intellectual ability.  Metacognitive skillfulness, although correlated to intellectual ability, 

appeared to contribute partly independently of (i.e., additional to) intellectual ability to 

the prediction of novice learning performances.  However, results of their studies also 

showed that the metacognitive skills employed by more advanced learners were entirely 

unrelated to intellectual ability, which resembles the independency model.  It appeared 

that the impact of intellectual ability on learning decreased when learners gained 

expertise (Veenman, 1993; Veenman & Elshout, 1999). 

In addition, Veenman, Kok and Blote (2005) performed a study to establish to 

what extent metacognitive skill is associated with intelligence and the impact that 

prompts may have on developing metacognitive skills.  The participants were 41 students 

in the age of 12-13 years from a small middle-class town in the Netherlands.  The 

participants’ intelligence was assessed using a standardized IQ test, and were then asked 

to solve six word problems while thinking aloud in an individual session.  Three 

problems were presented without metacognitive cueing and three problems were 

presented with metacognitive cueing.  Adequacies of problem solving and metacognitive 

skillfulness were assessed.  It was found that without cueing, metacognitive skillfulness is 

the main predictor of initial learning. Intelligence is added to the multiple regression 

equation as a significant predictor after cueing is implemented.  Implications of this study 

advocate the early acquisition of metacognition in students.  The use of metacognition 
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has been shown to improve content knowledge (Magntorn & Hellden, 2005), solution 

quality (Wetzstein & Hacker, 2004), and early acquisition can improve intelligence 

scores (Veenman, Kok and Blote, 2005).  Based on the findings of these studies, students 

may develop more conceptual ideas rather than rote factual knowledge earlier as pre-

service math teachers when they develop their metacognitive skills. 

The above-mentioned studies differed with respect to their methods of assessing 

metacognition, to their sample characteristics, and to their research designs.  In some 

studies metacognitive knowledge was measured by means of a questionnaire (e.g., 

Minnaert, 1996; Swanson, 1990); whereas in other studies metacognitive skillfulness was 

assessed by means of think-aloud protocols (e.g., Veenman & Elshout, 1995).  

Participants in the studies were university students (e.g., Minnaert, 1996; Veenman & 

Elshout, 1995) and adolescents (Allon et al., 1994).  Either metacognition and/or 

intellectual ability were continuous variables (e.g., Veenman & Verheij, 2001) or they 

were assessed as orthogonal factors (e.g., Maqsud, 1997; Swanson, 1990).  Therefore, it 

is difficult to decide which model has the most support from research.  Veenman and 

Verheij (2001) concluded that most of the research reports supported the mixed model.  

This is at least true for the studies that were focused on metacognitive skillfulness as 

predictor of inductive learning.  Results from the above-mentioned studies, however, 

suggest that the mixed model and the independency model may be limited to specific 

situations.  Thus, it is worthwhile examining the factors which predict correlations 

between metacognitive skills, intellectual ability, and learning outcomes.  The theories 

discussed so far do not explicitly state how metacognitive activities and cognitive 

activities are related and connected.  As a matter of fact, distinguishing metacognitive 

from cognitive activities happens to be rather difficult (Brown, 1987; Butler, 1998).   
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Although many see metacognition as a central component of intelligence, 

empirical studies have yielded varied results.  Why the discrepancy?  First, many of the 

studies used older students and already well-learned strategies.  For example, Borkowski 

and Peck (1986) suggested that the inability to find giftedness effects in studies where 

near transfer is the outcome variable is because instruction for the near transfer task is not 

challenging enough for either the gifted or the average children.  The identification of 

factors which affect the development and acquisition of metacognitive skills in an even 

younger population than previously focused on, such as the middle school pre-service 

teacher population, would benefit the instruction of both the current pre-service teachers 

and their current and future students.   

In conclusion, other factors in children’s lives may influence their metacognitive 

abilities.  Moely, Santulli, and Obach (1995) described several factors in the school 

environment such as teacher feedback and their ability to instruct might contribute to a 

student’s metacognitive knowledge.  Some families might also encourage their children 

to pursue metacognition problem solving strategies.  For example, Moss (1990) found 

that preschool children whose parents scaffold their metacognitive skills during problem 

solving were more likely to develop mature metacognitive abilities.  And Schraw (1998) 

noted that metacognition takes effort, an effort that may not be put forth if a child has low 

motivation or fails to attribute success to strategic self-regulation.  More research is 

needed that takes into account these mitigating factors concerning metacognition.  

Research is needed that uses more contemporary definitions of intelligence and 

metacognition to examine the development of metacognitive strategies on account of our 

changing learning environments.  Research also needs to examine the factors which may 

predict correlations between metacognitive skills, intellectual ability, and learning.  These 
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may include, but are not limited to, teacher/student interactions, task difficulty, attitudes 

about learning and metacognition, reasoning abilities, self-regulation, and self-reflection.   

Problem Solving 

What is problem solving?  How a person defines a problem is relative to the 

individual (Schoenfeld, 1985).  The NCTM (2000) defines problem solving as “engaging 

in a task for which the solution method is not known in advance” (p. 52).  Johnson, Herr, 

and Kysh (2004) define problem solving as “knowing what to do when you don’t know 

what to do” (p. 3).  Wilson, Fernandez, and Hadaway (1993) note that when people talk 

about problem solving they may not always be talking about the same thing.  Polya 

(1965) states that “solving a problem means finding a way out of a difficulty, a way 

around an obstacle, attaining an aim which is not immediately attainable” (p. vii).  Polya 

(1957) thought that a major theme of doing mathematics was problem solving and that it 

was important to teach students to think.  Along with having the appropriate 

mathematical knowledge you also need to have the ability to extract the necessary 

information and organize it (Polya, 1957), which reemphasizes the importance of 

metacognition in problem solving.  The extraction and organization of mathematical 

knowledge Polya (1957) refers to, could be seen as his idea of the idea of the use of 

metacognition skills when problem solving.  

Because of this lack of uniformity in the concept of problem solving, Schoenfeld 

(1992) says that every study or discussion of problem solving should be accompanied by 

an operational definition of the term problem solving and examples of what the author 

means.  For Schoenfeld (1994), problem solving is the means by which one learns to 

think mathematically where learning to think mathematically means (a) developing a 

mathematical point of view, valuing the processes of math, abstraction, and having the 
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predilection to apply them, and (b) developing competence with the tools of the trade and 

using those tools in the service of the goal of understanding structure, mathematical 

sense-making (p.60).  In a recent presentation, Schoenfeld (2005) discussed the 

importance of the successful problem solver.  He explained that the success or failure of a 

person is based on the combination of four key elements, which encompass six 

characteristics.  The four elements are: resources (the knowledge base), heuristic 

(problem-solving) strategies, control (monitoring and self-regulation, aspects of 

metacognition) and beliefs.  He argues that “any one of these could provide the reason for 

an individual’s success or failure as he or she tried to solve a problem” (p. 18 – 19).  

The idea of problem solving expands over all ages and grade levels.  Talton 

(1988) discussed the major concern of elementary mathematics teachers and the area their 

students have the most difficulty is problem solving.  Even when a student is able to work 

arithmetic problems there ability to apply these skills is lacking.  The author cites the 

reason for the difficulty “may lie in the discrepancy that exists between the skills 

commonly taught as problem-solving skills and the critical thinking skills actually needed 

to solve word problems” (p. 40).  So what factors need to be present for pre-service 

teachers to grow their metacognitive skills?  

Metacognitive Components 

Researchers have looked at different aspects of problem solving.  Krulik and 

Rednick (1994) focused on the importance of reflection, or looking back (Polya, 1957), 

and how by emphasizing this final step students would improve their higher order 

thinking skills, in particular, thinking creatively.  The authors point out that there is more 

to reflection then just checking ones’ answer to determine if it is correct and checking to 

see if it is a reasonable answer to the original question.  
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Sriraman (2004) completed a study investigating how well students generalize 

and discover mathematical principles Krulik and Rednick (1994) felt were important.  He 

thought the goal of mathematics instruction was to allow the students to use problem 

solving for them to gain a mathematical point of view and to engage in generalizations 

and abstractions.  Sriraman (2004) wanted to know if there existed any instructional 

model which could be utilized by secondary teachers in the classroom in order to help 

students to gain a mathematical point of view (generalization, abstraction).  He conducted 

a case study of a fourteen year old male student from a rural mid-western high school.  

The student maintained a journal and completed five problems.  The student was asked to 

restate the problem in his own words, devise a strategy to solve the problem, and to write 

a summary of the solution.  After the student completed the five problems Sriraman 

(2004) wanted to see if the student could draw a generalization about the problems he had 

solved.  He concluded that secondary mathematics students are able to think like 

mathematicians and discover generalizations about mathematics when they are allowed to 

work and reflect on problems.  

Instructive Components 

Stillman and Galbrath (1998) also investigated secondary students.  The authors 

conducted a qualitative two year study using female students in the eleventh grade.  One 

goal of the study was to determine how the response from successful problem solvers 

differs from others in their class, not as successful.  To achieve their goal the authors 

focused on both the mathematical processing and the cognitive and metacognitive 

activities behind the mathematical processing.  The students were videotaped as they 

completed problem solving activities and interviewed regarding their problem solving 

strategies.  The one emerging theme from all of the research is that it takes a combination 



 

32 

of things in order to be successful in problem solving.  Another factor which could assist 

students’ problem solving abilities is beginning students’ problem solving activities from 

the onset of their mathematics education.  

 
Reasoning Components 

Besides pedagogical issues, some researchers have focused on the difficulties that 

pre-service teachers have with solving problems.  For example, some research has 

analyzed teachers’ deficiencies in their mathematical knowledge base.  Kroll and Miller 

explain that “To solve problems efficiently, teachers must posses appropriate knowledge 

and be able to coordinate their use of appropriate skills” (1993, p. 62).  Examples of 

appropriate knowledge bases include algorithmic, conceptual, and strategic knowledge.  

Problem solving would be extremely difficult if students lacked basic computational 

skills.  Although algorithmic knowledge is a necessary component of problem solving, it 

is not sufficient.  For example, non-routine problems demand more complex processes, 

such as planning, selecting a strategy, identifying subgoals, conjecturing, and verifying 

that a solution has been found (Schroeder & Lester, 1989).  Along with algorithmic 

knowledge, students must be well versed in mathematical concepts.  When students lack 

conceptual knowledge, they oftentimes revert back to mindless strategies when faced 

with challenging problems (Kroll & Miller, 1993).  For example, some students try using 

different operations and then just select the answer that “looks right” when faced with a 

difficult problem. 

Although the scope of problem solving transcends all disciplines and domains of 

knowledge, the components do not change.  Across the research studies (Kroll & Miller, 

1993; Krulik & Rednick, 1994; Schroeder & Lester, 1989; Sriraman, 2004; Stillman & 

Galbrath, 1998), the effect of the students’ knowledge base, time for reflection, self-
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regulation, and their attitude toward mathematics were found to be vital for the success of 

mathematical problem solving.  The commonalities between metacognition and 

mathematical problem solving appear to be interdependent, yet the relationship has yet to 

be solidified by the research.  

 
Relationship Components between Metacognition and Math Problem Solving 

According to the NCTM (2000) problem solving should be intertwined 

throughout all of the content standards, and not isolated as a separate part of the 

curriculum.  Mathematics instruction should include problem solving in order to 

introduce and “build new mathematical knowledge through problem solving” (p. 52).  

The NCTM (2000) states that students need good problems in order to solidify and 

extend their knowledge.  By working through problems they will stimulate new learning. 

In order for the students to develop strategies students need to work different types of 

problems.  

 
Metacognition Component 

Reflective thinking, awareness, management of mental processes, and 

metacognitive monitoring all show up in various definitions of problem solving and 

critical thinking skills, implying that use of metacognition is imperative when solving 

problems (Dewey, 1933; Ennis, 1985, Davidson & Sternberg, 1998, Hmelo & Ferrari, 

1997).  When presented with a problem, metacognitive skills help learners strategically 

encode the nature of the problem, form a mental model or representation of its elements, 

select appropriate plans and strategies for reaching the goal, and identify and overcome 

obstacles that may impede progress (Davidson & Sternberg, 1998).  Metacognitive 

planning and strategy selection help problem solvers determine where to begin and what 
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outcomes to expect along the way.  Furthermore, by monitoring their progress in reaching 

a solution, adjustments in plans and strategies can be implemented if needed to 

successfully solve the problem. 

As for the personal variables, research suggests that students need to have such 

goals as acquiring skill and knowledge, finishing work, or obtaining good grades 

(Zimmerman & Martinez-Pons, 1992).  In other words, the self-regulated learner is aware 

of the feedback loop between his behavior and specific outcomes.  Affective influences, 

such as anxiety or joy, are seen either to impair or facilitate the use of these learning 

strategies according to Zimmerman and Martinez-Pons (1992).  Self-efficacy refers to 

beliefs of personal capabilities for different levels of attainment in a particular task 

domain (Pajares, 2002, Zimmerman & Martinez-Pons (1992).  According to the social 

cognitive view, self-efficacy is hypothesized to play an important role in this triadic 

model of self-regulated learning (Bandura, 1997; Zimmerman, 2002, Schunk, 1994; 

Zimmerman & Martinez-Pons, 1992).  In addition, research has demonstrated that 

students’ initial goal orientations or the personal goals students adopt as they approach 

different learning tasks influence their use of learning strategies (McWhaw, 1997).  

Pintrich and Garcia (1991) found that college students who had an intrinsic goal 

orientation to learning used more learning strategies more often than students who had an 

extrinsic goal orientation to learning.  According to Pintrich and Garcia, students who 

adopt an intrinsic goal orientation to learning focus on mastery, challenge, and 

understanding of the material.  By contrast, students with an extrinsic goal orientation to 

learning focus on grades, rewards, or approval from others.  Thus, in addition to 

examining student interest, it is important to understand how students’ goal orientations 

influence their achievement and use of learning strategies.  
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The general expectancy-value theory of self-regulation (Pintrich, 2000; Pintrich & 

Schrauben, 1992) proposes that interest (or task value) and goal orientations are two 

important motivational components that facilitate students’ use of learning strategies and 

may affect student achievement.  Students who have goals as acquiring skill and 

knowledge, finishing work, or obtaining good grades (Zimmerman & Martinez-Pons, 

1992) are aware of the feedback loop between his behavior and specific outcomes.  

Students are assumed to have knowledge of the different strategies but this is 

distinguished from the capability for using them consistently and persistently.   

 As mentioned earlier, metacognition includes the monitoring of self-reflection 

(Schunk & Zimmerman, 1998), self-regulation (Hacker, 1998), and making meaning 

(Booker, 1996).  As learners engage in self-reflection, they often attribute meaning to 

their outcomes, such as whether their performance was due to some intrinsic ability or to 

applied effort (Zimmerman, 1998).  Self-regulated learners tend to attribute failures to 

correctable causes and attribute successes to personal competence (p. 5).  Kurtz and 

Borkowski (1984) found that students who attributed success to their application of effort 

were more strategic following strategy training than students who attributed success to 

factors outside of their control, such as luck or ability.  As self-regulatory skills form the 

foundation for adaptive, planful learning and problem solving (Borkowski, 1992).  Such 

skills are not innate, fixed abilities, nor are they academic skills.  Rather, self-regulated 

learning is the self-directive process through which learners transform their mental 

abilities into academic skills (Zimmerman, 1998, p. 2).  Schunk (2000) describes that a 

critical element in self-regulation, and one that makes it distinctive, is that learners have 

some choice available (p. 356).  Self-regulated learning is a cyclical activity that occurs 

in three phases: forethought, performance or volitional control, and self-reflection 
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(Zimmerman, 1998).  Initially, in the forethought phase, self-regulation assists in the 

analysis of tasks for the purpose of outlining task-specific goals and selecting a problem-

solving approach.  The second self-regulatory phase, performance or volitional control, 

involves the learner in processes that affect concentration and the management of 

learning efforts.  Self-regulated learners use motivation and volition-control strategies to 

keep themselves on task in the face of task difficulty.  Finally, as the course of learning 

progresses to the self-reflection phase, self-regulation serves to monitor learning and 

adjust problem-solving strategies.  Self-reflection in turn influences forethought of 

subsequent learning efforts.  These three levels of self-regulated learning supported the 

observation sheet which was used in the study, as the researcher looked for the 

understanding of the math problem and strategy planning, management of the strategy, 

and the self-reflection afterwards.  

Developmental literature and mathematics education are two domains that 

contributed findings to self-regulation in the 1970s and 1980s.  Schoenfeld (1992) 

described one developmental study of four- to nine-year-olds constructing a cardboard 

railroad track.  The older students were better at planning solutions to problems and at 

monitoring their progress toward the overall goal or problem solution.  Several 

mathematics education researchers have come to the same conclusion that “it’s not just 

what you know; it’s how, when, and whether you use it” (Schoenfeld, 1992, p. 355).  

Lester, Garofalo, and Kroll (1989) studied seventh graders’ progress in metacognitive 

skills to help educators teach problem solving more effectively.  Schoenfeld’s (1987) 

study of student vs. expert problem solving revealed differences in executive control, the 

self-regulatory part of metacognition.  After explicit problem solving regulation 

instruction took place, students were much better at asking themselves questions that 
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Schoenfeld posed during problem solving: “What (exactly) are you doing? (Can you 

describe it precisely?), Why are you doing it? (How does it fit into the solution?), [and] 

How does it help you? (What will you do with the outcome when you obtain it?)” (p. 

206).  The questions Schoenfeld asked in addition to others, lead this study to uncover the 

factors which interplay for the development of metacognition.  

 

Attitudes (Teacher and Student) 

 

 

 Beliefs.  The second component of the model refers to what the students and 

teachers individually bring to the classroom; their attitude and beliefs about mathematics.  

Metacognitive and motivational factors are interdependent and often bidirectional in their 

influence on and relationship with problem-solving.  The model presented in the previous 

chapter contained a few of the suspected factors which determine and support the growth 

of metacognition.  The model spoke about the components how metacognition is defined, 

reasoning within mathematics, and attitudes about mathematics.  The first component of 

the mathematical model is the component of metacognition.  As with other constructs, 

there is no general agreement about what constitutes beliefs and how they can be 

measured.  Some studies refer to beliefs as conceptions, others claimed beliefs, some 

studies refer to held beliefs, and still others stated beliefs.  This is another construct 

where two terms, beliefs and knowledge, are used interchangeably.  Researchers do not 

agree just what “beliefs” mean.  Some studies provide information about beliefs of 

students and teachers; some involve one specific area such as problem solving, while 

others investigate the over-all beliefs of prospective teachers about mathematics.  Some 

researchers argue that knowledge is stored information and beliefs develop from prior 

experiences and they operate independently of each other while other research compares 
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beliefs and knowledge.  Some studies argue the beliefs cannot be observed, but must be 

measured by what people say and do.  All of the research has important implications for 

teacher education. 

In theory, the attitudes and beliefs held by individuals are the affective 

components of metacognitive skill development.  They can be categorized as: “beliefs 

about what is possible, beliefs about what is desirable, and beliefs about what is the best 

method for teaching mathematics” (Schoenfeld, 1992, p. 360) and can be held by teachers 

and students.  In the literature, pre-service and in-service teacher beliefs tended to be 

generational in that they were largely influenced by personal classroom experiences prior 

to taking teaching methods courses.  Schoenfeld (1992) found in his study that teachers 

often replicated the same classroom environment which in turn shapes their students’ 

beliefs about mathematics.  “Students’ beliefs shape their behavior in ways that have 

extraordinarily powerful (and often negative) consequences” and are shaped in large 

measure from their classroom experiences (p. 359).  In addition to teachers and 

classrooms influencing students’ beliefs, the culture of the student also could effect the 

metacognitive skill development.   

Research on teachers’ beliefs has become an important link to studies in 

mathematics education about how beliefs affect teachers’ classroom instruction.  Some 

examples include: Thompson’s (1984) study about teachers’ conceptions, Schoenfeld’s 

(1985) study about student problem solvers, and Silver’s (1985) study about students 

beliefs about mathematics as a discipline.  There have been other studies which 

investigated differences in beliefs (Fennema & Peterson, 1985), connections between 

beliefs and knowledge of problem solving (Lester, Garofalo, & Kroll, 1989), and whether 

beliefs about mathematics were rule-oriented or concept oriented (Underhill, 1988), much 
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like the work of Skemp (1976,1978) (McLeod, 1992).  Additional studies have provided 

important information about the beliefs of students and teachers (Barr, 1988; Grouws & 

Cramer, 1989; Marcilo, 1987; Peterson, Fennema, Carpenter, & Loef, 1989; Sowder, 

1989).  All of these studies and many more have contributed significantly to the body of 

knowledge we have about the important role beliefs play in teaching and learning of 

mathematics.  However, it has been recommended that more work be done on the role 

beliefs play in the acquisition of mathematical knowledge (McLeod, 1992). 

One research area of interest is the broad, overall beliefs of pre-service 

mathematics teachers.  Ball (1990) has conducted extensive research involving 

prospective teachers when they enter teacher education.  She suggested they must 

sometimes “unlearn” and “discard” some of their beliefs in order to become an effective 

mathematics teacher.  For this reason, Thompson (1992) recommends that student 

teaching placements be carefully chosen as well as the cooperating teacher in an effort to 

be sure they have the same goals as the teacher education program.  In her research on 

problem solving, Thompson (1988) found the main difficulties encountered were beliefs 

of both teachers and students.  In discussion of problem solving with teachers their 

responses ranged from: it is the right answer that counts, the answer is usually a number, 

use a procedure to get the answer, and remember what to do.  The same beliefs were also 

held by most of the students.  This indicates that teachers communicate their beliefs to 

their students.  This might also indicate their beliefs are based on their own experiences.  

It is important to find a way to break this cycle and change or modify these beliefs 

(Thompson, 1988).  Ernest (1989) found, in his research, that two teachers might have 

similar knowledge, but teach in very different ways based on their individual beliefs.  

Brown and Cooney (1982) found in their studies that prospective mathematics teachers 
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often did not use the knowledge they had learned, but their beliefs to guide classroom 

practices.  Thompson (1984) also asserts that beliefs can have a profound effect on 

teachers’ classroom decisions and performance for the positive or the negative.  Based on 

their prior experiences, most pre-service teachers begin their teacher education program 

thinking their role is to tell students what they need to know and then give them time to 

practice (McDiarmid, Ball, & Anderson, 1989).  It is not surprising that prospective 

teachers hold these views about teaching and learning, because this style of instruction 

has dominated classrooms since the time of the common schools (Cuban, 1984; Jackson, 

1986).  In order to change this type of classroom practice, it is critical for prospective 

teachers to develop flexible understanding of subject matter and the ability to use a wide 

variety of representation to convey meaning to learners (McDiarmid, Ball, & Anderson, 

1989). 

Other research suggests that beliefs of pre-service teachers play an important role 

in teaching behavior and may be responsible for ineffectual teaching practices 

(Schommer, 1990).  Research findings on the beliefs of pre-service teachers can provide 

important information to teacher educators that may help them to determine curricular 

and program design (Weinstein, 1988, 1989).  Beliefs are not always clearly defined in 

some studies, but rather researchers compare beliefs and knowledge.  The work of 

Ableson (1979), Brown & Cooney (1982), Sigel (1985), Harvey (1986), Nisbett & Rose 

(1980) are all examples of research about how beliefs differ from knowledge.  Basically 

they all seem to agree that beliefs are based on individual evaluation and judgment, while 

knowledge is based on learned facts.  Rokeach (1968) argued that beliefs have a 

knowledge component and that understanding beliefs requires making inferences about 

an individual.  Rokeach further states that beliefs cannot be observed directly, but must 
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be measured by what people say and do.  Munby (1982) found in his studies that the 

earlier a belief is incorporated into a person’s belief structure the more difficult it is to 

change.  He also found that some individuals tend to hold on to incorrect or incomplete 

information even after they have been presented with scientifically correct information.  

Many students have misconceptions about mathematics and often these misconceptions 

are so deeply ingrained it is difficult to correct.  Beliefs generally do not change easily 

(Nisbett & Ross, 1980).  Calderhead and Robson (1991) agree, they found that pre-

service teachers held strong images of their experiences as students and often referred to 

those experiences in interviews.  Nespor (1987) also found that a “crucial experience with 

some particularly influential teacher produces a richly, detailed episodic memory which 

later serves the student as an inspiration and a template for his or her own teaching 

practice (p. 320). 

The results of these studies have important implications for teacher education.  

There is no argument that beliefs influence teachers’ classroom decisions and behavior 

(Ashton, 1990; Brookhart & Freeman, 1992; Munby, 1992; Nespor, 1987; Tabachnick, 

Popkewitz, & Seichner, 1979).  Mathematics educators should emphasize the benefits for 

prospective teachers to question their beliefs about teaching mathematics.  Doing so may 

be difficult for some because many perceive teaching as replicating their own classroom 

experiences. “...Most pre-service teachers look to teachers as experts in both content and 

pedagogy” (Raymond & Santos, 1995, p.68).  Posner et al. (1982) suggested that a person 

must be dissatisfied with their current beliefs and convinced that new beliefs fit better 

with their needs.  Old beliefs must be challenged and proven unsatisfactory in order to 

assimilate new beliefs into existing conceptions (Rokeach, 1968).  So, when pre-service 

teachers re-appraise their existing beliefs, attitudes, and knowledge, they are also forced 
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into a learning situation that provides opportunities to reflect on and re-conceptualize 

their beliefs about their vision for mathematics teaching (Langrall, Thornton, Jones, & 

Malone, 1996).  The hours that prospective teachers spend in the classroom as K-12 

students far outweigh the time spent in teacher education (Lortie, 1975).  Beliefs are well 

established by the time students get to college and they carry these beliefs with them into 

teacher education and into their own classrooms (Wilson, 1990; Buchmann, 1987).  

Teacher education researchers have long been aware of the power of beliefs and 

the resistant-to-change beliefs of many pre-service teachers as well as experienced 

teachers (Brown & Cooney, 1982; Buchmann, 1984; Lasley, 1980; Lortie, 1975).  Some 

important things we have learned from research about teachers’ beliefs are: (a) Beliefs 

are formed early (Ableson, 1979; Buchmann, 1984; Lortie, 1975; Munby, 1982; Nespor, 

1987; Rokeach, 1968; Wilson, 1990); (b) individuals develop belief systems through 

culture transmission (Ableson, 1979; Brown & Cooney, 1982; Posner et al., 1982; 

Rokeach, 1968); (c) beliefs systems help individuals understand themselves (Ableson, 

1979; Lewis, 1990; Rokeach, 1968; Schutz, 1970); (d) knowledge and beliefs are 

intertwined, but beliefs act as a filter for new information (Abelson, 1979; Calderhead & 

Robson, 1991; Nespor, 1987; Nisbett & Ross, 1980); (e) beliefs play a key role in 

knowledge interpretation (Nespor, 1987: Peterman, 1991; Posner et al., 1982); (f) the 

earlier a belief becomes a part of the belief structure, the more difficult it is to change 

(Abelson, 1979; Clark, 1988; Munby, 1982; Nespor, 1987; Posner et.al., 1982); (g) 

individual beliefs affect behavior (Abelson, 1979; Brown & Cooney, 1992; Clark & 

Peterson, 1986; Eisenhart et al., 1988); and (h) beliefs about teaching are well established 

by the time students get to college (Buchmann, 1984; Clark & Peterson, 1986; Lortie, 

1975; Nespor, 1987; Wilson, 1990).  Although we have learned numerous facets of the 
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beliefs teachers hold and their behavior, there are still more components which affect the 

acquisition of metacognitive strategies for mathematical problem solving. 

 
 Interest and motivation.  De Corte, Op ’t Eynde, and Verschaffel (2002) reported 

that these beliefs will in turn affect the students’ interest in learning mathematics within 

the classroom, as students who were brought up in homes where math was appreciated 

and described as a tool for success in life appreciate mathematical knowledge 

(Thompson, 1997).  From a motivational perspective, providing challenging tasks that are 

relevant to the students’ world and daily life has the potential to increase students’ 

interest in mathematics, which in turn may enhance metacognition and achievement (e.g., 

Cai, 2000; Hattie, Biggs and Purdie, 1996; Hoek, van den Eden and Terwel, 1999).   

 
 Confidence and perseverance.  Confidence or self-efficacy refers to personal 

beliefs about one’s own aptitude to learn or perform at a designated level on a particular 

task (Bandura, 1986).  The construct is based on the premise that a person’s judgments of 

his or her own capabilities to organize and execute courses of action influence task 

performance (Schunk, 2000).  Pajares and Miller (1994) found that self-efficacy for 

mathematics problem-solving ability was more predictive of problem solving 

performance in middle school students (grades 5-8) than mathematical self-concept, 

perceived usefulness of mathematics, prior experience with mathematics, or gender.  The 

authors defined middle school students as those who are “in grades between the 

primary/elementary education and secondary education.”  Zimmerman, Bandura and 

Martinez-Pons (1992) further found self-efficacy to be more predictive of mathematics 

performance in ninth and tenth grade students than self efficacy for self-regulatory 

practices.  In a recent study, Pajares and Graham (1999) found that positive mathematics 



 

44 

beliefs was the only motivation variable to predict mathematics performance for average-

achieving and gifted middle school students.  Across ability levels, students whose beliefs 

were higher were more accurate in their mathematics computation and show greater 

persistence on difficult items than do students whose beliefs were low (p. 125). 

Lastly, the students’ confidence in using mathematics and perseverance in solving 

a problem is effected by their attitude (Hofer & Pintrich, 1997).  Hofer and Pintrich 

(1997) found that students who feel competent and expect to do well also try harder for a 

longer period of time than those who have less confidence in their capabilities, 

experience lower levels of anxiety with respect to academic tasks, and less depression.  

Additionally, students with high levels of confidence tended to select more difficult and 

challenging tasks than students' with low levels of self-efficacy.  Consequently, it is not 

surprising that students' competency beliefs (i.e., self-efficacy and expectancy for 

success) are significant predictors of students' academic achievement.  

 

Instructional Process 

 

The third component of the model is the instructional processes used by the 

teacher in the classroom.  One part of the instructional process factor is task variables 

which include how difficult a problem is and how that affects the process the learner 

uses.  The person component includes a person’s belief system as well as other affective 

characteristics like motivation anxiety, and perseverance that may influence performance, 

in addition to the solver’s assessment of his or her capabilities and limitations regarding 

problem solving.  In studies conducted by Webb, Moses and Kerr (1977) and Fong 

(1990), the task difficulty and the students’ persistence were found to play a vital 

component in the success of their problem solving. Successful problem solvers 

persevered in the face of difficulties, whereas unsuccessful problem solvers tend to give 
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up easily.  The difficulty of the task can be viewed by the student to occur at different 

stages.  Newman (1983) and Muth (1988) both reported their students demonstrated 

difficulty in problem solving may occur at the reading of the problem stage.  In a study 

conducted by Davidson, Deuser and Sternberg (1994) the individual task of identifying 

and defining the problem was found to be important in the metacognitive process.  In a 

response to the difficulties, Garofalo and Lester (1995) proposed a cognitive-

metacognitive framework for analyzing mathematical tasks that involves (1) orientation, 

(2) organization, (3) execution, and (4) verification.  The research of Whimbey and 

Lochhead (1986) and Foong (1990) agreed that meaningful cognitive processing is 

important.  In their studies, unsuccessful problem solvers tended to compute numbers 

(blindly, without considering their significance to solving the problem successfully), or 

make wild guesses.  

Mathematical problem solving as described in Lester’s model includes three 

metacognitive components.  In considering the characteristics of the problems that might 

invoke the use of a graphing calculator by a particular student, a closer look at the task 

variable is necessitated.  Kulm (1980) notes five subcategories of a task that may 

influence an individual’s performance: content, context, structure, syntax, and process.  

Lester (1985) describes content variables as those associated with the mathematical 

content of the task. Context variables are comprised of the nonmathematical meanings in 

the statement or presentation of a task as well as the extent of the individual’s familiarity 

with the setting of the task.  The structure of the task includes the mathematical (logical) 

relationships among its elements.  And process variables, in relation to task variables, 

describe the interaction between the mental operations of the problem solver and the 

problem to be solved.  In some cases the processes are inherent in the problem. 
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Berandi, Dominowski, Buyer, and Rellinger (1995) conducted four studies 

looking at the effect of metacognitive prompting on problem solving.  They believed that 

the positive effects found in previous studies when students were forced to verbalize their 

thoughts during problem solving were really due to the metacognitive processing 

involved in the effort required to produce explanations for solution behaviors rather than 

the verbalization itself.  This is exactly what the results of their studies revealed.  

Requiring students to answer questions such as, “why did you do that?” when solving a 

problem forced learners to shift from focusing on the aspects of the problem to focusing 

on what they are doing when solving the problem.  The learners observed themselves as 

problem solvers, and became involved in metacognitive processing.  Results of the first 

three studies revealed that those involved in metacognitive processing performed better 

on both the training problems and the transfer problems.  The fourth study compared 

metacognitive and think aloud participants to determine what process-strategy differences 

existed.  Results revealed that the metacognitive participants monitored themselves more 

often and developed more meaning and sophisticated representations of the problem than 

participants who simply thought aloud.  Results from the four studies reveals that 

problem solvers do not spontaneously become involved in metacognitive processing 

when solving problems, but when they were forced to answer prompting questions about 

their problem solving process, transfer effects were positive. 

Reasoning Component 

The fourth component of the mathematical model is reasoning in relation to the 

students’ choice of “tools” and use when solving a problem.  In what ways can these 

individual characteristics be useful pedagogical and metacognitive tools once pre-service 

teachers are aware of them?  Baldwin (2000) concluded that the concept of reasoning or 
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the ability to critique one's own knowledge and capabilities is a critical component of 

learning.  Reasoning is both a concept and a process, and is a conscious act within the 

learning experience which includes communication the connecting of ideas, thinking 

skills and heuristics, and applying what your knowledge.  Research on pre-service 

teachers’ experiences and the use of various teaching tools in mathematics classroom 

instruction is a growing field.  One study with beginning elementary teachers using 

technology (Bitter1980), found that novice teachers were more comfortable using 

calculators when they became more familiar with their potential use in elementary school 

mathematics.  This study indicated that both pre-service teachers and beginning teachers 

tended to be more receptive to the use of teaching tools when they felt more comfortable 

with their own ability to be successful. Galbraith (1984) studied the feelings of pre-

service elementary teachers enrolled in graduate mathematics education courses and 

undergraduates enrolled in first-year math courses.  He found the more mathematics 

courses the students took, the less they liked it.  Powell (1992) explored the relationship 

between pre-service teachers’ prior experience and classroom practice.  He used multiple 

sources of data to increase the credibility of this relationship. Using multiple sources of 

data provides the triangulation necessary to address limitations when using only one 

source of data (Kagan, 1990).  Concept maps, surveys, and stimulated recall interviews 

were used in this study.  The interviews were audio taped and transcribed.  The 

preliminary analysis compared school experiences, personal beliefs/value systems, and 

beliefs about students.  Their non-classroom teaching experiences and content knowledge 

was also used as a means of looking for general trends of prior experience influence 

(Powell, 1992). 
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In addition, strategy variables may involve knowing how to do a particular task 

and checking to see that the solution to the problem is correct and that the goal has been 

reached.  Successful problem solving is dependent upon the interaction and influence of 

three components: cognition, metacognition, and affect.  It is presumed that 

metacognition is central to problem solving because it manages and coordinates the other 

components (Mayer, 1998, p. 51).  The pedagogical implications of these components are 

that they all deserve instructional attention.  That is, as cognitive strategies are taught for 

effective problem solving, metacognitive information and motivational beliefs are 

imparted (Pressley, Woloshyn et al., 1995).  According to Davidson, Deuser & Sternberg 

(1994) and Foong (1990) studies, self-evaluation of a students’ current progress is an 

important metacognitive process.  Poor problem solvers tended to repeat the same 

unsuccessful strategies over and over without regard to their effectiveness.  Researchers 

concluded that when students got stuck, they sometimes abandoned good ideas along 

with the bad ones.  In addition, Hung (2000) posits that students planning how to proceed 

is important for successful problem solving.  When teachers provide means for students 

to learn to plan a strategy for a solution, instead of jumping into any other cognitive 

operations, a higher percentage (34%) of students were successful at problem solving.   

Metacognitive proficiency allows learners to adapt to varying task demands and 

contexts.  Santos (1998) and Verschaffel (1999) noted that enculturation into 

mathematical activity as practiced by competent problem solvers (for middle school 

students), or as practiced by mathematicians (at a collegiate level) is important.  This 

provided a means for students to mimic the mathematical problem solving strategies as 

practiced by competent problem solvers (for middle school children as a community of 

learners), or as practiced by mathematicians (at a collegiate level, as a community of 
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practice).  Jonassen and Rohrer-Murphy (1999) completed a study focused on design 

instruction for the appropriation of meanings.  They designed instruction for transfer to 

novel situations and encouraged students to think beyond classroom discussions.  The 

researchers found that instruction which emphasized problem meanings, monitoring 

strategy choices improved students’ performance and ability to transfer to novel 

situations.  This design introduced students into a “culture of mathematics” (Schoenfeld 

1987, p. 214).  

Schunk (2000) posits that the use of strategies is an essential part of learning in 

that strategy use allows learners stronger control over information processing.  Learning 

strategies are plans geared toward academic task performance and include activities such 

as rehearsing new material to be learned, selecting and organizing information, and 

relating new material to information already learned.  Schunk (p. 401) cautions that 

merely knowing how to use strategies does not ensure that students will use them 

autonomously; learners need to be taught to use learning strategies.  As such, a vital 

aspect of strategy instruction is linking improved performance with the use of the 

particular learning strategy.  In so doing, key motivational forces are tapped and the cycle 

of self-regulation is continued. 

The use of multiple sources of data has been used in other studies that explore 

how teachers think and to examine the knowledge that underlies their thinking (Borko et 

al, 1989; Calderhead, 1981).  Learning to teach is complex and requires an awareness of 

classroom routine, lesson structure, and subject matter knowledge (Leinhardt & Greeno, 

1986).  Powell’s (1992) study suggests that teaching is grounded in prior experiences.  

Similar findings have been reported in the work of Lortie (1975), Ost (1989), and 

Weinstein, (1989).  Most of the studies found that pre-service teachers have implicit 
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theories about teaching when they begin their teacher preparation program and most of 

their theories are acquired through their own experiences and influence their pedagogical 

knowledge.  So, it is valuable for teacher educators to know and understand those 

theories in order to understand why a teacher might choose or reject an instructional 

approach or certain teaching materials (Powell, 1992).  It can also help to better 

understand particular or unique professional practices sometimes associated with 

beginning teachers (Mumby, 1984). 

While metacognition is an important component of intelligence; researchers 

suggest that metacognitive skills can be developed (Gravemijer, 1997).  Developing the 

skills of metacognition are not only dependent on aptitude, but a combination of task, 

strategy, and personal variables.  Affective influences, such as anxiety or joy, are seen 

either to impair or facilitate the use of these learning strategies according to Zimmerman 

and Martinez-Pons (1992).  Self-efficacy refers to beliefs of personal capabilities for 

different levels of attainment in a particular task domain (Pajares, 2002, Zimmerman & 

Martinez-Pons (1992).  What remains to be determined from interest research are the 

specific factors by which metacognition affects mathematical problem solving (Mayer, 

1998).  However, are these outcomes maintained throughout the semester and transferred 

to other classes as problem solving methods? 

Measuring Problem Solving and Metacognition 

Metacognition has been studied in mathematics education through problem 

solving experiences (Lester, Garofalo, & Kroll, 1989; Schoenfeld, 1985, 1987).  Self-

reporting is the only method we have to assess cognitive processes, however, problems of 

self-reporting include the reporters changing their cognitive procedures as a result of self-

reporting and giving answers they perceive the researcher wants to hear.  If subjects do 
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not recall their own cognition, they may report what they presently perceive to be true 

about a past situation.  When self-reporting to a probability and statistics person, answers 

may differ from how the same person may think in the real world, outside a purely 

statistical domain, because students know what is expected of them through the course.  

Interviews may not reflect everyday thinking (Derry, Levin, Osana, Jones, & Peterson, 

2000).  With the increased availability of recording and, thus, verbatim transcripts as 

data, self-reporting may be considered explicit and objective (Ericsson & Simon, 1993) 

no matter what discrepancies the subject communicates.   

One of the self-reporting measures which provides the opportunity for self-

reflection by the student are portfolios.  A portfolio serves a variety of purposes and 

produces numerous benefits (Burke, Fogarty, & Belgrad, 1994; Rolheiser, Bower, & 

Stevahn, 2000; Schipper & Rossi, 1997).  Because the contents of a portfolio are 

ongoing, it provides a holistic picture of a student’s growth and accomplishments.  “They 

serve as a vehicle to focus attention of students, parents, and teachers on what students 

are learning, how well they are learning it, and how they demonstrate that learning” 

(Danielson & Abrutyn, 1997).  The demonstration of progress and achievements often 

promotes a pride of accomplishment within students, increasing their motivation and 

responsibility as learners.  Beyond its use as a valuable assessment measure, teachers 

may use the information contained in the portfolio to direct future instruction (Courtney 

& Grubb, 1996).  

Portfolios are a unique form of measuring interest and motivation because they 

allow a student, in university or in the middle school classroom to demonstrate his or her 

academic growth over a period of time.  Instead of a final examination which determines 

the student’s achievement with a letter grade, the portfolio documents the educational 
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progress of the student over a period of time giving a more accurate indication of what he 

or she has mastered.  Teachers may use a scoring device, such as a rubric, to help score 

the portfolio based on pre-determined criteria, or they may choose to use the portfolio 

solely as an evaluative measure in assessing student growth and understanding (Courtney 

& Grubb, 1996; Danielson & Abrutyn, 1997; Rohlheiser, Bower, & Stevahn, 2000; 

Zubizarreta, 2004).  Portfolios invite the student to gain insights about learning and the 

learner.  They help teachers determine the needs of their students and enable them to 

make plans for curriculum and instruction.  Essentially, a portfolio is the history of 

student development and can be used to communicate that information to future teachers, 

parents and administrators (Porter & Cleland, 1995; Farr & Tone, 1994; Hebert, 2001). 

Danielson and Abrutyn (1997) have identified three forms of portfolios 

commonly employed in the classroom.  The assessment portfolio is used as an evaluation 

tool, providing a holistic representation of a child’s abilities and understanding of desired 

learning objectives.  A second popular form of portfolios is the showcase portfolio, also 

known as the display portfolio.  The purpose of a showcase portfolio is to demonstrate 

the highest level of achievement attained by the student.  Finally, a working portfolio is 

referred to as a “holding tank” for a purposeful collection of pieces that are guided by the 

learning objectives determined by the teacher.  The working portfolio offers evidence of 

the student’s strengths and needs, thus providing information that can be used direct 

future instruction (Danielson & Abrutyn, 1997).  Student reflection is a characteristic 

pertinent to the efficacy of portfolios as an instructional tool.  “Portfolios become 

vehicles for reflection in which learners examine where they have been, where they are 

now, and how they got there” (Porter & Cleland, 1995, p. 34). 
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Measuring metacognition within pre-service teachers may be challenging on 

account of the subjectivity of self-reporting, observations, and evaluations of portfolios.  

However, despite the problems associated with studying covert cognitive processes, 

developing systematic approaches to examine the role of metacognition in specific 

domains is important because “metacognition instruction is most effective when it takes 

place in a domain-specific context” (Lester, Garofalo, & Kroll, 1989).  Part of teaching 

problem solving involves helping to make students aware of their own metacognitive 

processes, thus the factors which influence the use of metacognition need to be 

pinpointed (Shaughnessy, 1985).   

 
Preparation of Pre-service Teachers to Use Metacognition 

Along with Teaching Problem Solving: What, Why & How, Randall Charles and 

Frank Lester co-authored a second publication with Phares O’Dafffer called How to 

Evaluate Progress in Problem Solving (1987).  This publication was published by the 

NCTM, and expands upon their earlier work.  The authors identify seven goals for 

mathematics educators in teaching problem solving.  They also provide further ideas for 

evaluation techniques, some of which include: observing and questioning, student 

reports, and various scoring options (Charles, Lester, & O’Daffer, 1987).  The scoring 

options are particularly helpful because problem solving is a complex process, making it 

difficult to evaluate students’ problem solving performance.  

Attitude Component 

 

For example, many factors such as attitudes and beliefs about problem solving, 

self-regulation, and perseverance in obtaining solutions are essential to become a good 

problem solver.  However, it is not easy to measure these factors, which makes it tricky 
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to evaluate progress solely on written work.  The importance of training of pre-service 

middle school teachers has been highlighted by the American Mathematical Society 

(2001) in a book entitled The Mathematical Education of Teachers.  Courses must be 

designed to promote the growth of metacognitive factors and elicit the factors which 

contribute to the development of metacognitive skills while also encouraging prospective 

teachers to understand the routes of their errors and misunderstandings.  Alba Thompson 

(1997) studied teacher beliefs and their effects on instruction.  Teachers were observed 

and questioned about their notions regarding the nature of mathematics and of the 

appropriate pedagogy for the mathematics instruction.  Thompson concludes from the 

data that “There is research evidence that teachers’ conceptions and practices, particularly 

those of beginning teachers, are largely influenced by their schooling experience prior to 

entering the teaching field” (p.292).  Recently, De Corte and his colleagues (De Corte, 

2003; De Corte, Eynde, & Verschaffel, 2002) have urged researchers studying students' 

mathematical beliefs and performance to take a more systemic approach to their 

investigations.  They noted that mathematics is part of a more complete system of 

classroom context, beliefs about self, and beliefs about the nature of mathematics.  

 

Instructional Component 

 

Lin and Lehman (1999) also demonstrated that metacognitive instruction can be 

effective for pre-service elementary students.  In their experiments, students learned 

about strategies for controlling variables in a complex experiment that was stimulated by 

a computer.  On tests of the extent to which students’ knowledge transferred to new 

problems, those in the metacognitive group outperformed those in the comparison group.  

Similarly, Collins et al. (1989/99) in numerous case studies (Schoenfeld, 1985; Cawley, 

Parmar, Foley, Salmon, & Roy, 2001) found a common, broad conceptualization of 
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domain knowledge bases that included not only the specifics of domain knowledge, but 

also an understanding of strategies and aspects of metacognitive behavior.  In addition, 

they found that all three programs had aspects of “the culture of expert practice,” in that 

the environments were designed to take advantage of group learning to have students 

experience the gestalt of the discipline in ways comparable to the ways practitioners do. 

Does merely increasing the exposure to metacognitive strategies in solving 

mathematical problems result in the development or the transfer of metacognitive 

strategies being taught in the classroom?  Mayer (1998) explains that although a focus on 

teaching basic skills may seem to be the most straightforward way to improve problem 

solving performance, the results of research clearly demonstrate that knowledge of basic 

skills is not enough (p. 51).  Simply increasing the amount of exposure to mathematical 

problems for the purpose of practicing skills will not qualitatively change the nature of 

student’s problem-solving (Montague & Applegate).  

The significance of metacognition to mathematical problem solving is well 

acknowledged in the literature.  Metacognitive deficits appear to adversely affect the 

development and use of effective strategies for representing problems and executing 

solutions; as a result, these deficits impede progress in academic tasks requiring 

considerable strategic activity, such as mathematical problem solving (Montague, 1997, 

p. 165).  Curriculum and Instruction research focusing specifically on teaching strategy 

instruction in this domain assists students who have a repertoire of problem-solving 

strategies but use them inefficiently or ineffectively.  

 

Metacognitive Component  

 

Metacognitive strategies (e.g., self-instruction, self-regulation, and self-reflection) 

support the activation, selection, and monitoring of strategy use (Graham & Harris, 
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1994).  While the content and duration of strategy instruction varies, several instructional 

principles are inclusive of such teaching methods: guided practice, corrective and positive 

feedback, and mastery learning.  Teachers understanding of these processes, that is, his or 

her implicit working model of children’s learning and problem solving, is essential for 

sustained, innovative, strategy-oriented instruction (Borkowski, 1992, p. 253). 

The abundance of the research in the field of metacognition has been focused on 

understanding the cognitive aspects of self-regulated learning; the developmental 

trajectories of acquiring and mastering self-awareness; the potential influences that other 

cognitive factors such as intelligence may have on one’s metacognitive capacities; the 

association between metacognitive deficits and low math performance; and the 

difficulties of reliably measuring the particular construct.  It has been stated in many of 

these cognitively-oriented approaches that metacognition is not just affected by such 

instructional factors but also by attitudes.  However, thus far, this potential influence has 

been left relatively unexplored.  Despite repeated advances to the importance of 

psychosocial or affective factors to metacognition and cognition in general, very few 

have studied the effects of affect particularly with regards to metacognition but also to 

some extent, with regards to math performance.   

Besides focusing on mathematical knowledge, some researchers have focused on 

problems that students have with self-regulation.  Self-regulation includes the processes 

that are involved in decision making, planning, evaluating, monitoring, and regulating 

thinking (Kroll & Miller, 1993).  These skills are sometimes lumped together under the 

concept of metacognition, which refers to the ability to “examine one’s own knowledge 

and thoughts” (Garofalo & Lester, 1985).  Such skills are important for learning any new 

material, but especially so in problem solving.  For example, consider the thoughts 
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processes that are required for students to successfully work through a problem:  

Recognize the problem, plan a procedural strategy, examine the math relationships in the 

problem, determine the mathematical knowledge needed to solve the problem, represent 

the problem graphically, generate the question, estimate the answer, sequence the 

computation steps, compute the answer, check the answer for reasonableness, self 

monitor the entire process, and explore alternative ways to solve the problem (Mercer & 

Miller, 1992, p. 23).  

These skills do not develop automatically.  Instead, they are strengthened through 

practice and guidance from a knowledgeable teacher.  Teachers can help students 

strengthen control over their thinking by appropriately modeling how they work through 

problems.  Teachers can also provide students with opportunities to work in small groups 

so they can share ideas with one other.  When students share ideas, they not only reflect 

on their own thinking, but also others as they discuss strategies for solving problems 

(NCTM, 2000).  

Finally, some researchers have focused on the relationship of pre-service 

teachers’ beliefs and problem solving abilities.  For example, Lester, Garofalo, and Kroll 

analyzed the role that individuals’ beliefs about self and mathematics play in problem 

solving.  As a result of their investigations over the past several years, they have become 

“convinced that the beliefs a person holds about his or her ability to do mathematics, 

about the nature of mathematics, and about problem-solving are dominant forces in 

shaping that person’s behavior while engaged in work on a mathematics task (1989, p. 

85).  The way students view themselves will dramatically influence how they will 

approach mathematics.  
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Transfer 

 

Transfer has traditionally been defined as the process of using knowledge 

acquired in one situation in some new situation (Alexander & Murphy, 1999) and is the 

goal of all education (Martini & Genereux, 1995) and the foundation of learning, 

thinking, and problem solving (Haskell, 2001).  Often times, transfer is discussed as 

either near or far transfer.  In near transfer, knowledge or behavior is applied in a 

situation that is highly similar to the original situation in which it was learned, and far 

transfer occurs when the situation is highly different.  It is far transfer that is associated 

with highly intelligent behavior, and what educators and researchers attempt to promote 

(Detterman, 1993). 

The topic of transfer has been one of the most heavily researched over the past 

century, but the findings show more examples of failure to transfer than examples of 

successful transfer.  Thorndike and Woodworth conducted many of the classic studies 

designed to assess the degree people transfer, and Thorndike came up with the theory of 

identical elements.  They found that transfer usually occurs between highly similar 

situations (Detterman, 1993; Haskell, 2001).  In a literature review, Singley and 

Anderson (1989) came to the same conclusion that there is some evidence for near 

transfer, but little demonstration of general transfer.  However, much debate exists over 

this topic and there are some classic studies that do suggest evidence of general transfer. 

In an attempt to explain past failures and to develop ways of teaching that will 

promote transfer, many researchers are rethinking the traditional views on transfer.  

Salomon and Perkins (1989) describe an alternative view of transfer; transfer occurs by 

two routes, the low-road transfer and the high-road transfer.  The low-road involves 

spontaneous, automatic transfer of highly practiced skills in a new context, while the 
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high-road involves effortful processing and mindful abstraction of something from one 

context and application in a new context.  The high-road can be broken down further into 

forward-reaching, where one mindfully abstracts something in anticipation for later 

application or backward-reaching where one searches for relevant knowledge when 

presented with a new situation. 

Hatano and Greeno (1999) present a redefinition of transfer that emphasizes a 

more socio-cultural view.  Knowledge is not static property of individuals, but rather it 

emerges through interactions among people and between people and their environment.  

The situations in which new problems are presented affect whether a learner can use what 

he or she has learned to solve new problems.  Hatano and Greeno agree that past studies 

where transfer was measured by immediate and independent application on a transfer task 

may come to the conclusion that transfer was not successful.  However, in everyday 

learning, people usually have access to external support and with this support are much 

more able to solve novel problems. 

Bransford and Schwartz (1999) oppose the direct-application theory of transfer, 

independent and intermediate application of knowledge and skills acquired in one 

situation to another, and define transfer more broadly to emphasize preparation for future 

learning.  Past transfer studies have measured transfer by performance on some problem 

solving transfer task, where learners are not offered a chance to seek help from resources, 

to receive any feedback, or to make revisions.  Bransford and Schwartz believe that 

assessment of transfer should be based on the learner’s ability to learn in novel resource 

rich contexts, rather than their performance on a “sequestered problem solving” task.  

These new definitions of transfer emphasize the role of metacognitive and self-regulatory 
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skills, and are much more in line with the idea that learning is an active process of 

constructing knowledge. 

 

Transfer, Metacognition, and Problem Solving 

 

Studies by Gick and Holyoak (1987) show some evidence of general problem 

solving transfer.  Some college students read a story about a general who wanted to 

capture a fortress.  There were roads leading out in all direction, but only a few could 

travel across the roads at one time, and he needed his entire army for a successful attack.  

He solved his problem by dividing his army into small groups that attacked the fortress 

simultaneously from all directions.  Next, students were presented with the transfer 

problem where they were told that a doctor needed to treat a malignant tumor in a 

patient’s stomach with radiation.  However, a ray of the intensity that would destroy the 

tumor would also destroy the healthy tissue in its path, but rays at lower intensity would 

not destroy the tumor.  How should the doctor proceed?  They found that 75% of students 

that heard the fortress story and were given hints to apply it came up with the correct 

solution, but only 30% did so without the hint.  However, this was still better than the 

control group, those who had not heard the fortress story, where only 10% of students 

came up with the correct solution.  In a later study, these same researchers found that 

when students were given two stories, the fortress story and a story about multiple hoses 

being used to fight a fire, there was a much greater frequency of spontaneous transfer to 

the radiation problem (Gick & Holyoak, 1987). 

Metacognitive skills have been linked to successful transfer of problem solving 

skills (Mayer & Wittrock, 1996).  Many of the research studies previously mentioned in 

this literature review support this idea.  The results of studies by Berandi, Dominowski, 

Buyer, and Rellinger (1995) revealed that forcing students to answer prompting questions 
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about the problem solving process lead to positive problem solving transfer.  Hmelo and 

Ferrari (1997) found that during problem-based learning, when a facilitator used 

metacognitive questioning to encourage reflective thinking, students performed better on 

problem solving transfer tasks.  Hmelo and Ferrari note that the reflection process in 

Problem Based Learning is extremely important in promoting higher order thinking skills 

and is essential for efficient transfer of knowledge and strategies because it helps students 

relate new knowledge to prior knowledge, understand how specific strategies might be 

reapplied in novel tasks, and understand the thinking and learning strategies they have 

used. 

More recently, Brand, Reimer, and Opwis (2003) conducted a study looking at the 

effects of metacognitive thinking on individual problem solving and transfer 

performance.  While students worked through a problem solving task, approximately half 

of the students were forced to answer three questions designed to stimulate metacognitive 

thinking.  Following the initial problem solving task, all students completed a series of 

transfer tasks individually, which consisted of a structurally similar problem and two 

structurally dissimilar problems.  They found that metacognitive stimulation enhanced 

performance on all tasks. 

Traditionally, transfer was defined as the application of knowledge and skills 

acquired in one situation to another (DeCorte, 2003).  However, recently transfer has 

been defined more broadly to emphasize preparation for future learning; so assessment of 

transfer is now based on the learner’s ability to learn in novel resource-rich contexts 

(Bransford & Schwartz, 1999).  This new definition of transfer emphasizes the role of 

metacognitive and self-regulatory skills.  However, promoting metacognitive skill 

development during problem solving may not be enough to facilitate transfer.  DeCorte 
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(2003) found that training students in how to use and in the importance of particular 

metacognitive strategies improved transfer of these strategies to new situations. 

Facilitating Transfer of Problem Solving and Metacognitive Skills 

Several researchers have demonstrated that prompting metacognition through the 

use of reflective questions facilitates problem solving transfer.  However, little research 

has been conducted to look at how this type of prompting affects the development and 

transfer of metacognitive skills.  DeCorte (2003) notes that promoting metacognition 

during problem solving may not be enough to facilitate this type of transfer, but that 

training students in how to use and in the importance of particular metacognitive 

strategies does improve transfer of these strategies.  Similarly, Salomon and Perkins 

(1989) stress the importance of helping students to abstract common themes among what 

they are learning and promote discussions about similarities and differences to provoke 

forward-reaching transfer, and urging students to think about what they have already 

learned when learning something new to provoke backward-reaching transfer.  Perhaps a 

different type of prompting could be more facilitative to transfer.  Rather than simply 

asking students to answer reflective questions about the problem solving process, asking 

students to think about how the strategies they use when solving a problem can be 

applied in the future might be more beneficial to the transfer of both problem solving and 

metacognitive skills. 

 Research on collaborative learning also suggests positive transfer effects.  

Dansereau (1997) saw positive transfer of reading and studying skills after cooperative 

interventions.  Others have demonstrated that the combination of collaborative learning 

and question prompting promotes transfer of both problem solving and metacognitive 

skills.  King (1991, 1994, 2002) conducted several studies where students were taught to 
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use specific, guided questioning strategies while working together to solve problems.  

Results indicate that when students used these questioning strategies, they asked more 

strategic and thought-provoking questions and engaged in more awareness of their 

problem solving.  This led to better problem solving performance on the original 

problems and on transfer problems.  Kramarski and Mevarech (2003) found that students 

who worked collaboratively and were provided with metacognitive training while 

working on a mathematics lesson outperformed students who worked individually with 

metacognitive training and those who worked collaboratively without metacognitive 

training on the mathematical task and on a transfer task. 
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CHAPTER THREE 

Method 

 
Introduction 

 Previous literature has suggested that factors such as attitudes, reasoning, 

metacognition, and instructional processes may influence the development of 

metacognition (Booker, 1996; Cornoldi, 1998; Hacker, 1998; Salmon & Roy, 2001; 

Schunk & Zimmerman, 1998; Sriraman, 2004).  Numerous studies have examined the 

development of metacognition in elementary and high students, but few have included 

samples of middle school students (Bruke, Leura, & Moyer, 2004; Koedinger & Nathan, 

1999; Wilburne, 2006).  Middle school being the period of education that straddles 

elementary education and high school, serving as a bridge between the two.  Examining 

how the training of middle school preservice math teachers affects the development and 

growth of metacognitive strategies in middle school may be important to the students’ 

academic success.  The main purpose of this study therefore was to identify factors that 

affect middle school preservice teachers’ development and continued use of 

metacognitive strategies in mathematical problem solving.  These specific questions were 

examined: 

3. What factors influence the development of middle school preservice teachers 
within a college math course? 

 
4. What factors encourage the transfer of metacognitive strategies from the 

preservice teacher to the student in the middle school math classroom? 
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Rationale for Qualitative Study 

In selecting a method of study, the researcher surveyed the literature, noting the 

goals and associated procedures selected to achieve those goals.  The researcher 

discovered that metacognitive factors are determined using both qualitative and 

quantitative methods.  In quantitative analysis, numbers are the material of analysis.  By 

contrast, qualitative analysis deals in words and is guided by fewer universal rules.  

According to Miles and Huberman, (1984) there are “few agreed-on canons for 

qualitative data analysis, in the sense of shared ground rules for drawing conclusions 

and verifying their sturdiness” (p. 94).  Thus, one of the unique features of qualitative 

case studies is that they are heuristic (Merriam, 1998), illuminating the researcher’s 

understanding of the phenomenon under study.  They can bring about discovery of new 

meaning and extend the researcher’s experiences.  Previously unknown relationships and 

factors can be expected to emerge leading to a rethinking of the phenomenon being 

studied.  Since this study intended to discover and ultimately provide a clearer picture of 

which factors influence the development and transfer of the metacognitive strategies in 

mathematical problem solving, a qualitative study was selected.  Conducting qualitative 

research allowed the researcher to gain more information about each preservice teacher’s 

use of metacognitive strategies in the classroom.  

 
Design of the Study 

 Stake (1995) explains that research questions in qualitative studies are typically 

oriented to cases or phenomena and attempt to identify patterns of unanticipated as well 

as expected relationships.  According to Merriam (1998), a case study characterizes the 

goal of qualitative research, which is to gain understanding, provide description, and find 

meaning of an occurrence.  The primary focus is on the discovery of new ideas rather 
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than confirmation.  Lincoln and Guba (1985), suggest that a case study method provides 

many advantages to the naturalistic inquirer.  Case studies present a holistic and lifelike 

description of the individuals and settings under study.  If a phenomena is dependent on 

the context, then it is essential that the researcher receive an adequate grasp of the 

characteristics of the context.  Since the goal of this research was to discover the factors 

which influence the use of metacognition, a multiple case study was the design supported 

by the literature.  In this study, each individual case study offered a detailed description 

of the use of metacognition in learning mathematics, and allowed the researcher to gain 

an understanding of the development of metacognition (Merriam, 1998; Rossman & 

Rollis, 2003).  In addition, each of the case studies were compared to one another.  

According to Yin (1984), using multiple case studies has the distinct advantage over 

single-case designs because the evidence from multiple cases is considered more 

compelling and the overall study is regarded as more robust.  The recognition of the 

inevitability of subjectivity also yields the process of triangulation that utilizes the use of 

multiple sources, methods, investigators, and theories to ensure the credibility of the 

research (Creswell, 1998).  Again, this study used multiple sources (preservice teachers, 

curriculum instructors, faculty, and middle school students) and multiple methods 

(interviews, observations, and documents) to address validity issues.  

 
Purpose of the Study 

 The primary goal of the current study was to gain a greater understanding of the 

contextual factors which influenced the development and the transfer of metacognitive 

strategies from the teacher education program to the mathematics classroom.  Moreover, 

this study intends to broaden the understanding of which metacognitive strategies yield 

the most favorable results.  Within-case and cross-case analysis provided information 
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about the factors which may lead to the construction of new model and theories about the 

preparation of preservice teachers in the area of metacognition.   

 
Setting 

This study took place in a teacher education program in an urban private 

university located in the southwest United States.  The university is a four year liberal 

arts institution which serves students who are primarily from local neighboring states.  

According to the fall 2007 enrollment records, the university has 14,040 students, of 

which 8,041 (57%) were female and 5,999 (43%) were male.  Ethnically, the school was 

comprised of 10,249 (74%) white, 1,036 (7%) African American, 1,301 (9%) Hispanic, 

1,050 (7%) Asian American, and 404 (3%) multiracial students.  

Preservice teachers in the teacher education program complete approximately 70 

hours of coursework hours, 20 hours of field work, 15 hours specifically related to 

mathematics, and compile teaching artifacts in electronic portfolios (see program plan in 

Appendix A).  By the third year in the program, or junior year, preservice teachers begin 

teaching daily in the school classroom.  During this study, observations were made in the 

math pedagogy course, which fits into the course sequence during the fall of the 

education of the preservice teachers’ junior year.  Even though the title of this course was 

listed as an elementary grade course, the instructor taught the course in relation to middle 

school grades.  This particular course offers preservice teachers a constructivist approach 

that assists them in developing knowledge of secondary school mathematics (see syllabus 

in Appendix B).  Methods and activities used to actively engage preservice teachers in 

the development and transfer of metacognition during the construction of mathematical 

ideas were examined.  Throughout the course preservice teachers were given the 

opportunity to reflect on what it means to teach mathematics and explore the factors that 
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influence teaching during their reflection sessions.  During the junior year, preservice 

teachers seek certificates in mathematics are placed in middle school mathematics 

classrooms.  The requirements for placement in the schools as a teaching associate 

include the completion of 60 hours of coursework and the recommendation from the 

advisor.  

 The university course was taught by a professor who teaches many of the courses 

for the preservice teachers who are seeking a mathematics certificate.  Her doctoral 

degree in education centered on mathematics, and she has been teaching at this particular 

university for the past seven years.  Her research interests focus on lesson study as a form 

of professional development.  In particular, the impact lesson study has on teachers' 

instructional strategies and content knowledge as well as the effects on students' 

achievement and conceptual understanding.  She also has eight years experience teaching 

mathematics in the public school and has been a part of numerous curriculum 

evaluations.  

 
Participants 

The class consisted of ten females and one male pre-service middle school 

teachers.  They were all required to take this course in order to be certified for teaching 

mathematics in middle school classrooms and were in the process of learning 

metacognitive strategies and using them in the classroom.  However, only five females 

and one male were purposefully chosen because they were teaching at the same middle 

school and the researcher had more access to observe their teaching and reflect with them 

afterwards.  The preservice teachers’ previous mathematics experience included (a) the 

study of theories behind pedagogy in the classroom during their first year in the program, 

and (b) observations of curriculum instructors (CI) teaching and interactions with small 
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groups in the classroom.  During their second year, they also acted as aides to assist 

teachers in preparing instructional materials and assisted with classroom activities.  

During their third year, which is when they took the course that was observed, the 

preservice teachers were allowed to teach sections under the supervision of their mentor 

teacher.  

 
Instruments 

In order to examine the two research questions posed in this study, qualitative 

methods for collecting data were used for investigating preservice math teacher’s 

development of metacognitive problem solving and the transfer of the strategies to the 

middle school classroom.  Since most researchers agree that measuring metacognition is 

a very difficult task (Ericsson and Simon, 1980; Garner, 1988; Meichenbaum et al., 1985; 

Schoenfeld, 1992), tests and exams during the semester were combined with the 

interviews, observations, and documents from the e-portfolios to increase more reliable 

and valid conclusions.  Mathematics education researchers have typically used multiple 

unobtrusive observations, interviews, and surveys that are collected over a long period of 

time (e.g., Clarke, 1997; Cooney, Shealy, & Arvold, 1998; Raymond, 1997).  During the 

beginning and end of the university course, the researcher completed the preservice 

teacher observations (see Appendix C) and interviews (see Appendix D), in which the 

preservice teachers recalled what they did and what they thought while problem solving.  

During monthly middle school classroom observations, the lesson plans, which showed 

curriculum objectives, use of different activities (e.g. small group, whole group, 

independent hands-on, paper/pencil, discussion, lecture), and interactions between 

students and teachers (e.g. questioning techniques, wait time, reflection opportunities) 

were observed and examined.  In addition, the preservice teachers’ electronic portfolios 
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were examined to determine each preservice teacher’s growth in metacognitive and 

mathematical knowledge.  

 
Electronic Portfolios (e-portfolio) 

 The benefits of e-portfolio use are numerous.  However, presumably the most 

valuable ingredient of an e-portfolio is a preservice teacher’s reflection on his or her 

work; the physical act of attaching meaning to a specific piece of work contributes 

significantly to the child’s metacognitive growth (Frazier & Paulson, 1991; Rolhieser, 

Bower, & Stevahn, 2000).  Reflection is the act of pausing to see oneself as a writer.  It 

enables a preservice teacher to celebrate his or her strengths as well as identify areas to be 

developed (Yancey, 1992).  Making thoughtful selections to include in the e-portfolio 

requires learners to make judgments about which work best represents personal 

accomplishments as they relate to established criteria.  Reflection plays an integral role in 

making those selections and in a learner’s ability to determine courses of action that were 

most effective in reaching future objectives.  Reflecting on what has been learned and 

articulating that learning to others was the “heart and soul” of the e-portfolio process 

(Schipper & Rossi, 1997).  “Without reflection, an e-portfolio has little meaning” 

(Rolheiser, Bower, & Stevahn, 2000, p. 31).  The preservice teachers were assessed on 

changes made throughout the semester in terms of problem solving strategies, 

knowledge, skills, dispositions, and growth in reflection upon their mathematical problem 

solving and its implementation in the classroom.  Internal and external validity and 

reliability were achieved for the e-portfolios as suggested by Merriam (1998) and 

Johnson (1997).  Internal validity was accomplished by including the triangulation of the 

observations, interviews, and researcher’s biases as recommended by Merriam (1998).  

The reliability of the e-portfolio was considered by looking for a moderate level of 
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consistency among the ratings and comments among the faculty and the curriculum 

instructors (Nunnally, & Bernstein, P. 103, 1994).   

 
Classroom Observations.  

The classroom observation form, (see Appendix C), served as an assessment 

organizer of preservice teachers’ development and use of metacognition during class 

sessions.  The observation form was adapted from Perry, VandeKamp, Mercer, and 

Nordby, (2002) that investigated teacher-student interactions that foster self-regulated 

and reflective learning and the presence of meaning making.  The categories 

(metacognition, reasoning, attitudes, and instructional process) were listed with space for 

quoting and/or describing classroom instances of evidence of metacognition described 

within the framework’s categories.  These categories of self-regulated learning supported 

the observation sheet which was used in the study, as the researcher looks for the 

meaning making of the problem solving strategy of the math problem, the effectiveness 

of the planning and management of the strategy, and the self-reflection afterwards.  

Videotaping was only used in the course observations to allow for the recording of 

nonverbal behavior of the preservice teachers as they completed the problem solving 

activities (Merriam, 1998; Schoenfeld, 2000; and Teong, 2003) and verify the 

researcher’s observations.  While the videotaping was occurring, the researcher took 

notes on the factors which may not be captured on the video tape; such as interruptions or 

collaborations.  The researcher described the activity, the length of the activity, social 

interactions between groups, and the heuristics being used by observing how the 

preservice teachers were completing the projects.  The purposes of the observations were 

to identify the factors that affect the development and use of metacognition and look for 

new factors that may appear through the process.  The researcher watched the video, 
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observing each of the preservice teachers constantly looking for metacognitive strategies, 

differences in attitude, reflection, and instructional strategies.  Throughout the 

observation the researcher did not interfere with the lessons of the university instructor.   

 

Interviews  

 

According to Yin (1984), focused interviews are short in nature than traditional 

open-ended interviews and are guided by a certain set of questions derived from the case 

study protocol.  Yin (1984) states that interviews are an essential source of case study 

evidence since most case studies are about human affairs and phenomenas.  These affairs 

are best reported and interpreted through the eyes of specific interviewees and well-

informed respondents and can provide important insights into a situation.  Selected 

interviews were conducted as a means of providing more detailed data and expand the 

understanding of the factors which influence the use of metacognitive strategies within 

the context of mathematical learning of preservice teachers (Goldin, 2000).  The 

interviews also provided additional information about the growth of metacognition 

throughout the learning curve. 

The first interviews with the preservice teachers were conducted during the first 

two weeks of the beginning of the fall semester and then the second interview occurred 

during the last month of the fall semester in their normal course classroom and lasted 

between 30 to 60 minutes (see interview in Appendix D).  Each of the interview 

questions focused on the two questions stated at the beginning of this chapter and around 

the four overarching factors in the model (metacognition, reasoning, attitudes, and the 

instructional process).  The researcher was interested in seeing what mathematical 

knowledge base and problem solving strategies the preservice teachers used in daily 

classroom activities.  These interviews were an opportunity for the researcher to gain 
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clarification on why the preservice teacher attempted the problem the way they did.  If 

the preservice teacher was unable to solve the problem the researcher inquired as to what 

the preservice teachers need to help their students to solve problems.  The interviews 

were audio recorded to “ensure that everything was preserved for analysis” (Merriam, 

1998, p. 87).  The course instructor, course observer, and middle school teachers were 

also interviewed once during the semester and lasted on average forty minutes using the 

same interview sheet as used with the preservice teachers (see interview in Appendix D).  

The researcher was interested in gaining a better perspective of their attitudes and beliefs 

about mathematics and metacognition, mathematical knowledge base, and problem 

solving strategies used in daily classroom activities.  The interviews were audio recorded 

to “ensure that everything was preserved for analysis” (Merriam, 1998, p. 87).  

 

Exams 

 

The midterm and final exams of the preservice teachers were examined for 

growth of problem solving strategies and mathematical knowledge.  The development of 

better problem solving skills in word problems helped assess preservice teachers’ 

strategies used in solving non-routine problems.  In order to get better insight into the 

qualitative changes in preservice teachers’ problem solving processes, pairs of preservice 

teachers’ exams were compared and their problem solving processes were analyzed.  

 

Demographic Information 

 

In addition to the interview questions, the following demographic information was 

collected from each participant: age, gender, ethnicity, GPA, SAT, previous courses, and 

career aspirations.  



 

 

 

 

Table 3.1 

Demographics of the University School of Education 

University Enrollment Ethnicity Gender GPA SAT avg. 

School of 
Education 

Students: 515 
Professors:  30 
Courses: 69 

African American: 23 (5%) 
Hispanic: 30 (6%) 
White: 450 (87%) 
Other: 11 (2%) 
 

Male: 54 (10%) 
Female: 461 (90%) 

Cumulative: 3.21 
Major: 3.36 
Averaged 

1160 

TED Course 4326 Students: 5 
Teachers: 1 

African American:  0 
Hispanic: 1 (17%) 
White: 5 (83%) 
Other: 0 

Male: 1 (17%) 
Female: 5 (83%) 

Cumulative: 3.36 
Major: 3.41 

1274 

 

7
4
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Table 3.2 

Demographics of the middle school classroom 

School Enrollment  Ethnicity (n/%) Gender 

Middle School Student: 510 
Teachers: 42 
Classrooms: 34 

African Am.: 190 (36%) 
Hispanic: 180 (34%)  
White: 148 (28%) 
Other: 11 (2%) 

Male:  263 (49%) 
Female: 266 
(51%) 
Total: 529 (100%) 

Classroom #1 Students: 23  
Teachers: 1 

African American: 17 (74%) 
Hispanic: 4 (17%) 
White: 2 (9%) 

Male: 23 (100%) 
Female: 0 (0%) 

Classroom #2 Student : 19 
Teachers: 1 

African American: 9 (47%) 
Hispanic: 6 (32%) 
White: 4 (21%) 

Male: 7 (38%) 
Female: 12 (62%) 

Classroom #3a Student: 22 
Teachers: 1 

African American: 10 (45%) 
Hispanic:  9 (41%) 
White: 3 (14%) 

Male: 18 (100%) 
Female: 0 (0%) 
 

Classroom #3b Student: 21 
Teachers: 1 

African American: 9 (43%) 
Hispanic: 7 (33%) 
White: 5 (24%) 

Male: 0 (0%) 
Female: 21 
(100%) 

 

Procedure 

On the first day of class of the fall semester, the researcher explained the purpose 

of the study and request permission for observing, interviewing, and examining their e-

portfolios’.  Then, the preservice teachers were asked to sign an informed consent form 

that outlined their rights as a research subject and assured them of complete anonymity.  

After the informed consents were signed the researcher stepped back and observed the 

rest of the class time.  In addition, the researcher strived to follow the core principles of 

ethical inquiry found in Miles and Huberman (1994).  These guidelines were as follows: 

1. Beneficence:  maximizing good outcomes for science, humanity & the 

individuals involved, while minimizing or avoiding unnecessary harm, risk, or 

wrong.  



 

76 

2. Justice: ensuring reasonable, fair & non-exploitative procedures & their proper 

administration; fair distribution of costs & benefits among people (e.g. those who 

bear any risks of the research should equitably benefit from it).  

3. Respect: protecting the autonomy of persons, with courtesy & respect for 

individuals, including those who were not ‘autonomous’ (e.g. small children, 

seniles, handicapped) (Miles & Huberman, 1994, pp. 289-290) 

After the first day of the university course, every Tuesday and Thursday mornings 

the researcher attended the university classroom to describe the task, strategy, and 

personal factors demonstrated by the preservice teachers.  The researcher sat in the back 

of the room in order to not interfere with the lessons in the university course, but was 

only an observer in the room.  During the observations, the researcher took notes on any 

external factors which might influence the development of metacognitive strategies such 

as interruptions and videotaped each session for further review.  The notes were guided 

by questions on the observation sheets which clued the researcher into certain activities 

or comments made by the preservice teachers which indicate development or growth in 

metacognition.  In addition to the researcher’s notes, the researcher asked the preservice 

teachers to keep track of the questions they ask themselves while problem solving during 

the university course in order to gain insight into prior knowledge needed and the 

questions which guide the preservice teacher’s ability to solve the problem.  Immediately 

following the observations, the researcher completed an observation form (see Appendix 

C) for each individual preservice teacher to document the preservice teachers’ problem 

solving strategies.  The observation form allowed the researcher to keep track of the 

preservice teachers’ metacognitive processes as they completed the problem solving 

activity.  At the end of the class activity, the researcher turned off the video recorder and 
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left until the next scheduled observation.  These videotaped observations were further 

reviewed specifically for each preservice teacher and more detailed notes were taken 

about their metacognition.  The researcher asked a second observer (faculty in 

mathematics education) to view the video and code the data.  The peer check enhanced 

the validity of the initial observation and limit possible researcher bias.  In addition, 

during the second week and twelfth week of the semester the researcher conducted 

individual short interviews in an unused classroom with each of the six participants to 

further examine the personal variables which could affect their metacognitive strategy 

use in the classroom.  The researcher sat in a chair next to the preservice teacher and went 

through the semi-structured interview questions thoroughly.  The interview lasted 

approximately 45-60 minutes and did not take away from class time.   

In the middle school classroom, the researcher observed one lesson a month for 

each of the preservice teachers in the sample from the university course to describe the 

task, strategy, and personal factors transferred into the classroom by the preservice 

teachers.  The researcher sat in a back corner of the room in order to not interfere with the 

lessons in the classroom, but was completely an observer in the room.  During the 

observations, the researcher took notes on any external factors which might influence the 

development of metacognitive strategies such as interruptions.  The notes were guided by 

questions on the observation sheets which clued the researcher into certain activities or 

comments made by the preservice teachers which indicate transfer of metacognitive 

strategies and development and growth in the middle school students.  Immediately 

following the observations, the researcher completed an observation form (see Appendix 

C) for the individual preservice teacher to document the preservice teachers’ instruction 

of problem solving strategies and the middle school students’ application.  The 
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observation form allowed the researcher to keep track of the transfer of the preservice 

teachers’ metacognitive processes as they teach problem solving activities.  At the end of 

the class activity, the researcher left until the next scheduled observation.   

 
Data Analysis 

 Patton (1990) states “A multimethod, triangulation approach to fieldwork 

increases both the validity and the reliability of evaluation data” (p. 245).  He suggests 

using a combination of observations and interviews as data sources for validating 

findings.  Table 3.3 below describes the relation between the observation form and the 

interview questions. 

Table 3.3 
 

The relation between the interview questions and the observation form 

 

 

Triangulation provided the researcher with the opportunity to gain a complete 

understanding of the situation being studied (Merriam, 1998).  As Rossman and Rallis 

Factor Interview questions Observation questions 

Metacognition 3 1, 2, 3, 3a, 4-7 
 4 7 
 6 4-6 
 7 7, 15 
 9 1,2 
 11 3a 
Attitudes 1 16, 17, 17a, 18-20 
 8 8, 16, 17 
 13 8, 
 14 8, 17, 20 
 12 20 
Reasoning 6 13, 14 
 7 7, 15 
 10 11,12 
 11 3a 
Instructional Process 2, 15 21-26 
 5 21,22 
 16 27-30 
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(2003) explain triangulation “helps ensure that you have not studied only a fraction of the 

complexity that you seek to understand” (p.69).   

The first research question of this study examined “What factors influence the 

development of metacognitive strategies in middle school preservice teachers within the 

math pedagogy course?”, the researcher examined and analyzed the observations, 

interviews, and e-portfolios through pattern matching and constant comparative data 

analysis to look for similarities between the participants in terms of what contributed to 

the development and then growth of metacognitive strategies in their learning.  

To examine Question 2: “What factors encourage the transfer of metacognitive 

strategies from the preservice teacher to the student in the math classroom?”, the 

researcher used pattern matching and constant comparative data analysis to compare the 

strategies learned and applied with the university classroom to the strategies taught and 

demonstrated by the preservice teachers in the school environment.  In the comparison of 

these observations, transfer was deduced and documented.  Techniques used for coding 

and analyzing the data were adapted from those used in similar research in the literature.  

When attempting to analyze multiple cases the researcher looked at each case separately 

and then across all the cases.  At the beginning stages of analyzing the data, the units of 

analysis were classroom practices that involve the teacher’s instruction as well as the 

preservice teachers/students’ engagement with the classroom activities.  Patton (2002) 

describes the first step of qualitative data analysis as developing a coding scheme and 

identifying categories or themes related to the phenomena being studied.  Coding was an 

essential step that “forces the researcher to make judgments about the meanings of 

contiguous blocks of text” (Ryan & Bernard, 2000, p.780).  In this study, coding began 

with reading the data of classroom observations (i.e., field notes integrated with video 
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recordings) several times, searching for the incidents and examples of instructional 

practices that might impact preservice teachers’ development and growth of 

metacognitive strategies.  The development of the final coding scheme involved both 

inductive and deductive analysis.  Patton (2002) points out that these existing categories 

or themes should not dominate the analysis; rather they should provide a direction to the 

researcher in organizing and illuminating the participants’ experiences.  Taking these 

suggestions into account, a priori categories were used to confirm emerging factors and 

identify new factors.  For instance, even though reflection was one of the a priori 

categories, the particular ways that this preservice teacher reflected after an activity were 

identified through inductive analyses drawn from classroom observations.   

An essential step in developing the final categories was to identify the similarities 

or characteristics of the data within a category.  For this purpose, researchers need to look 

for “recurring regularities” (Patton, 2002, p.465) that reveal the patterns sorted into the 

categories.  The next step was examining the categories for internal and external 

homogeneity.  The former criterion refers to “the extent to which the data belong in a 

certain category hold together or ‘dovetail’ in a meaningful way” (p.465).  The latter 

criterion, on the other hand, suggests that the differences distinguishing categories should 

be clear.  The researcher also reviewed the category system for accuracy, 

meaningfulness, and completeness.  These techniques guided the researcher in 

developing coding categories for analyzing the data drawn from observations.  

After observing the university course and interviewing the preservice teachers and 

instructors (the university and the middle school), all data were transcribed and 

descriptively coded according to the categories in the observation sheet adapted Perry 

(2002).  As suggested by Miles and Huberman (1994), the data were examined across 
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data sources (preservice teachers, curriculum instructors, faculty, and observers), 

methods (interview, documents, and observations), and factors (metacognition, 

reasoning, attitudes, and instructional process) in order to triangulate influential factors of 

metacognition and growth in metacognitive strategy use.  The classroom observation 

notes were entered into the Classroom Organizer (Appendix B) according to the 

categories identified in the Venn diagram of the math framework: metacognition, 

reasoning, attitudes, and instructional process.   

According to Miles and Huberman (1994, p. 10), data analysis can be defined “as 

consisting of three concurrent flows of activity: data reduction, data display, and 

conclusion drawing/ verification”.  The data reduction of the analysis helps the researcher 

to make the data sharp, sorted, focused, discarded, and organized to be able to draw and 

verify conclusions.  In this phase, the researcher used a within-case analysis.  In order to 

display the growth and transfer of the characteristics of the subareas, the researcher began 

by entering all the data into NVIVO, a qualitative software.   After the data were entered, 

the researcher coded the data into each of the characteristics and then sorted the 

characteristics by individual preservice teacher, course, and classroom.  Each 

demonstration of a characteristic in the course and classroom was documented with a 

tally mark for each of the preservice teachers to show growth or lack there of.  If the 

preservice teacher was already demonstrating the characteristic as a strength or there was 

not growth over the semester then that was documented as well.  If the researcher did not 

observe the presence of a characteristic then the label of no observation was given for 

that characteristic for that certain preservice teacher (Table 4.3).  Each of the 

characteristics therefore received one of the following categories: growth (+), already 

possessed (ap), no growth (-), and no observation (no) .  After all of the results were 
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recorded, then percentages were calculated (e.g., number of observations of the 

characteristic divided by the total number of observations) to examine the growth trends 

and transfer from the course to the classroom for each of the factors, subareas, and 

characteristics.  The percentages were used to examine the growth of each preservice 

teachers in each of the subareas and their correlated characteristics. They were also used 

to examine the subareas and characteristics across all preservice teachers.  

For this study, during the within-case analysis, the researcher compared the 

collected data from the study against previous theory (Yin, 1994).  The data were 

displayed to allow the commonalities between the cases to be seen and then clustered for 

analysis for conclusions to be drawn.  This phase was useful as the researcher studied 

more than one class and multiple cases.  For further analysis in this study, the researcher 

used a cross-case analysis, where the six cases were compared with each other (Yin, 

1994).  In conclusion, in order to draw conclusions and verify the results, the researcher 

noted regularities, patterns, explanations, possible configurations, casual flows, and 

propositions (Miles and Huberman, 1994).  The researcher followed these three steps in 

order to analyze the data.  In the fourth chapter, the data were reduced through a within-

case analysis and displayed through a cross-case analysis.  Finally, in the fifth chapter 

summaries were created and conclusions were drawn. 

Reliability in qualitative research refers to the stability of the researcher’s 

interactive style, data recording, data analysis, and the interpretations of what the 

participants think of the data (Patton, 1990).  Overall, the researcher was responsible for 

accounting for the changes that have occurred in the process of the research and how they 

have affected the study.  Basically, do the conclusions depend on the subjects and 

conditions of the inquiry rather than on the inquirer (Miles & Huberman, 1994)?  These 
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concerns were addressed in this study specifically by describing the data collection 

process step-by-step of when and where the data were collected, any interruptions to the 

observations or interviews, and analysis procedures to provide an audit trail.  In addition 

in this study, the multiple methods of data collection of observations, interviews, and e-

portfolios performance were used for triangulating results.  Lastly, the interview 

transcripts were returned to the nine participants for verification and then all data has 

remained in the guardianship of the researcher.   

According to Punch (Miles & Huberman, 1994), internal validity in qualitative 

research refers to the extent to which the findings faithfully represent and reflect the 

reality that has been studied.  In this sense, all the parts of this research were found to fit 

together. Although there was ambivalence in the reactivity in the data, the findings have 

been cross-validated with other parts of the data, those in the initial stages to be specific.  

Another way to demonstrate internal validity was by conducting repeated or long-term 

observations.  The multitude of interviews and observations during the semester allowed 

the researcher to collect the data over time and to see a pattern emerge.  It also has 

allowed the researcher to “have more than a snapshot view of the phenomenon” 

(Rossman & Rallis, 2003, p. 69).  External validity is very limited in qualitative research 

since it speaks to generalizability, which broadly refers to the transferability of the 

findings to other settings and contexts (Patton, 1990).  The sampling is theoretically 

diverse and captures a degree of variation as it thickly describes with regard to context, so 

that the reader can judge the transferability of the findings to other situations.  The 

current study has addressed external validity by fully describing the characteristics and 

settings of the sample to permit future comparisons with other similar samples.  Threats 
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to external validity were disclosed by discussing the limited sample size of six preservice 

middle school math teachers at only one university and the setting and constructs used. 

 

Biases 

Merriam (1998) states the assumptions of the researcher should be clarified for 

others.  The results of the previous studies may influence the researchers’ opinion 

regarding the use of mathematical problem solving abilities and metacognitive strategies 

with these preservice teachers.  The researcher may also want to believe that the results 

indicate that the preservice teachers improved in their metacognitive problem solving 

abilities.  To avoid these biases, the contextual matched factors which influenced the 

development and the transfer of metacognitive strategies from the teacher education 

program to the mathematical classroom within the context of mathematics were described 

in detail.  Moreover, the researcher had colleagues read the analyses to try and ensure 

fairness and triangulated the data using multiple sources.  

 
Limitations and Delimitations 

 

 There was a possibility of bias since this was a purposeful sample at only one 

university.  Because the research only studied a sample of six preservice teachers, the 

findings cannot be generalized to a greater population and were relevant only to the group 

of preservice teachers participating in the study.  In order for the study to produce 

statistically reliable results, a sample including a random selection of preservice teachers 

from three different classes, with well-defined independent and controlled variables, 

would be necessary.  However, as in qualitative studies hypotheses were able to be tested 

for the discovery of valuable information.  Other limitations include the short time 
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available for primary research with preservice teachers and the venue of the study.  The 

study extended over a period of twelve weeks, including fall break and holidays. 
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CHAPTER FOUR 

Results 

Introduction 

 The findings of this study are presented in six case studies followed by a cross-

case analysis.  Merriam (1998) describes a qualitative case study as “an intensive, holistic 

description and analysis of a bounded phenomenon such as a program, an institution, a 

person, a process, or a social unit” (p. xiii).  The following discussion will include an 

analysis of data gathered from class and course observations, interviews, e-folios, class 

assignments, and reflections.  Initial focus will be on the individual analysis of each 

student followed by the group as a whole as they pertain to the research questions.  Initial 

questions to guide this study were: 

5. What factors influence the development of metacognitive strategies within a 

college math pedagogy course? 

6. What factors encourage the transfer of metacognitive strategies from the 

preservice teacher to the student in the middle school math classroom? 

 
Method for Analysis 

 The initial analysis was conducted by first reading through all the interview 

transcripts, e-folios, observational notes, and classroom documents.  During this initial 

stage, reoccurring comments and incidents were highlighted in the text itself and possible 

patterns were noted in the margins.  The process was completed in a consistent manner 

across all six cases.  Once this initial process was completed, coding began.  The 



 

87 

interview and observation questions guided the coding as a beginning framework which 

was followed by free coding of new patterns found in the data.  The clusters of data found 

in the transcripts, electronic portfolios, observational notes, and classroom documents 

were compiled and summarized for each participant.  

 The use of this approach identified four major constructs: metacognition, 

reasoning, attitudes, and instructional processes (see Table 4.1).  Each of the constructs 

consisted of descriptions and characteristics that distinguished it from the other 

constructs.  For example, metacognition was further defined by using these descriptors:  

(a) self regulation, (b) self reflection, and (c) meaning making.  Each descriptor was 

further differentiated by using observable characteristics For example, self reflection was 

described as (a) asking questions about past actions, (b) incorporating feedback into work 

and revising, and (c) examining the past lesson and reflecting how it could be improved 

(see Table 4.1 for a complete listing of descriptor and observable characteristics).  

Context 

All of the participants in the current study were enrolled in a teacher education 

program in a private university in which the course was taught by the same faculty 

instructor.  The faculty instructor taught many five of the courses for the preservice 

teachers who were seeking a mathematics certificate.  The course was designed to 

stimulate the development of reflective teaching practices in mathematics.  The 

preservice teachers were exposed to a wide range of issues and theories in mathematics 

curriculum and encouraged to relate these to his/her own teaching practices.  

Opportunities for teaching in an urban school setting were provided in order to analyze 

and reflect on teaching practices in mathematics.  The course encouraged the preservice 
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teachers to make meaningful connections between theory and practice through a variety 

of experiences.   

Table 4.1 

Chapter 4 Organizational Chart 

 
I. Metacognition 

A. Self-Regulation B. Self-Reflection C. Meaning Making 
1. Creating a plan and 

setting goals 
2. Asking questions about 

present and future 
actions 

3. Organizing steps 

1. Asking questions about past 
actions 

2. Incorporating feedback into 
work and revising 

3. Examining the past lesson and 
reflecting how it could be 
improved 

1. Connecting new 
knowledge to previous 
knowledge 

2. Using real life examples  
3. Comparing and 

Contrasting concept 
characteristics 

 
II. Reasoning 

A. Communication and 
Connections 

B. Applications of Thinking 
Skills 

C. Knowledge Base 

1. Communicating with 
other preservice teachers 
and with the instructor to 
problem solve 

2. Sharing strategies and 
solutions with each other 

1. Identifying the goal in 
using a strategy 

2. Presenting numerous 
strategies to solve the 
same problem 

3. Following a pattern in 
trying strategies 

1. Using prior knowledge of 
mathematical concepts 

2. Using declarative thinking 
skills and knowledge 

3. Using procedural thinking 
skills and knowledge 

4. Using Conditional knowledge 

 
III. Attitude 

A. Beliefs B. Confidence and Persistence 
1. Reflecting on prior thoughts about teaching math 
2. Focusing on the process and product of teaching 
3. Having positive/negative ideas about self as a 

mathematician 
4. Transferring positive thoughts about math to students 

1. Willing to attempt and 
solve harder problems 

2. Working until the right 
answer is achieved 

 
IV. Instructional Processes 

A. Task Difficulty B. Questioning and Expert 
Modeling 

C. Social Interactions 

1. Asking questions regarding 
the task 

2. Solving math problems 
quickly 

3. Seeking the instructor and 
other preservice teachers 
assistance in solving 
problems 

4. Using multiple strategies to 
solve the problem 

1. Making the purposes of 
learning explicit 

2. Using questions to encourage 
and support students thinking 

3. Modeling strategies 
4. Providing feedback to students 

1. Having students work 
together to solve 
problems 

2. Having students 
defend their responses 
in a group of different 
ideas 

3. Applying others’ ideas 
to solve the problem 
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During the class, the faculty instructor focused on the strategy of lesson study and ways 

that she could teach different approaches to challenge her students to problem solve.  In 

particular, the lessons influenced the preservice teachers' instructional strategies and 

content knowledge and their conceptual understanding of algebra, statistics, and 

geometry.   

All of the participants were placed in the same urban middle school to control for 

school culture.  According to the Fall 2007 enrollment records, the middle school had 529 

students, of which 266 (51%) were female and 263 (49%) were male.  Ethnically, the 

school was comprised of 148 (28%) Caucasian, 190 (36%) African American, 180 (34%) 

Hispanic, and 11 (2%) multiracial students.   

 Within the school, the participants were placed with three different middle school 

teachers (See Table 4.2).  Lydia and Heather were placed with Mrs. Smith, who was a 

Hispanic teacher who had been teaching for nine years in middle school.  Her classroom 

reflected the population of the middle school.   

 Dub and Kristen were placed with Mrs. Jones, a Caucasian teacher with 29 years 

of teaching experience in the middle school.  Her classes were all male and 

predominantly African American in composition (74% African American).  Finally, Beth 

and Lorin were placed with Mrs. Graham, a Caucasian teacher, who was a newer teacher 

with only three years of teaching middle school.  Her first period was all male and her 

second period was all female students with an equal distribution of African American and 

Hispanic students (See Table 4.3 for a summary of demographics).   

While all of the preservice teachers taught only first and second period of the 

school day, the teacher’s style varied (See Table 4.3).  For example, Mrs. Smith was a 

relaxed teacher who let her preservice teachers teach the lesson completely while she 
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Table 4.2 

Description of the different classes 

Class Enrollment  Ethnicity (n/%) Gender 

Middle School Student: 529 
Teachers: 42 
Classrooms: 34 

African Am.: 190 (36%) 
Hispanic: 180 (34%)  
White: 148 (28%) 
Other: 11 (2%) 
 

Male:  263 (49%) 
Female: 266 (51%) 
Total: 529 (100%) 

Mrs. Jones’s 
class 

Students: 23  
Teachers: 1 

African American: 17 (74%) 
Hispanic: 4 (17%) 
White: 2 (9%) 
 

Male: 23 (100%) 
Female: 0 (0%) 

Mrs. Smith’s 
class 

Student : 19 
Teachers: 1 

African American: 9 (47%) 
Hispanic: 6 (32%) 
White: 4 (21%) 
 

Male: 7 (38%) 
Female: 12 (62%) 

Mrs. Graham’s 
1st period 

Student: 22 
Teachers: 1 

African American: 10 (45%) 
Hispanic:  9 (41%) 
White: 3 (14%) 
 

Male: 22 (100%) 
Female: 0 (0%) 
 

Mrs. Graham’s 
2nd period 

Student: 21 
Teachers: 1 

African American: 9 (43%) 
Hispanic: 7 (33%) 
White: 5 (24%) 

Male: 0 (0%) 
Female: 21 (100%) 

 

worked on other tasks.  Mrs. Smith also was given a higher percentage of the special 

needs students in her first two periods which added a more difficult dimension to the 

lessons for the preservice teachers.  In comparison, Mrs. Jones kept control of the 

classroom more than the other teachers.  For this reason, her preservice teachers were 

never given control to teach without Mrs. Jones’ interjections throughout their lessons.  

Lastly, Mrs. Graham was a new teacher who was mainly a disciplinary enforcer from her 

desk while the preservice teachers taught the lessons.  She helped the preservice teachers 

prepare the room for the lessons and put away materials after the lesson was finished.  

She sat in the middle of the room, grading papers, during the lessons.  

 



 

91 

Table 4.3 

Description of Preservice Teacher Teaching Assignments 

 

Course Instructor 

 The university course was taught by a professor who teaches three of the courses 

for the preservice teachers who are seeking a mathematics certificate.  The course 

instructor was very energetic and enthusiastic about both teaching and math in general.  

Everyday in the course, she used an activity that encouraged the preservice teachers to 

reflect about what they had learned that day in the course and how they could transfer it 

to their classroom.  Numerous strategies were offered as methods used to solve the same 

problem and were given as a tool to monitor both the preservice teacher’s and the 

student’s progress when solving mathematical problems.  Since the research interest of 

the course instructor focused on lesson study as a form of professional development, time 

was spent on the incorporating asking meaningful questions, modeling different 

strategies, and social interactions into the lesson plans and the presentation of those 

lessons.  Overall, the course instructor was a resource to the preservice teachers for a 

plethora of ideas to use in the classroom. 

Preservice teacher School Classroom teacher Class period 

Lydia Middle School Smith 2 

Heather Middle School Smith 1 

Dub Middle School Jones 2 

Kristen Middle School Jones 1 

Beth Middle School Graham 1 

Lorin Middle School Graham 2 
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Participants 

Using data drawn from observation field notes and transcriptions of video and 

audio recordings of 22 classes over a period of fifteen weeks, six preservice middle 

school teachers were chosen to participate in the study out of a possible eleven 

participants because they were at the same middle school. Five of the participants were 

female.  The male participant was one of only seventeen males in the mathematics 

teacher preparation program.  Five of the participants were Caucasian and one was 

Hispanic.  All six of the participants were interested in teaching math from when they 

were very young.  

The number of math courses taken in high school and undergraduate courses 

ranged from two required courses to more than four (including some AP courses) in high 

school.  All had taken four math courses in undergraduate school, two of which were core 

mathematics courses and two were math education courses.  One preservice teacher took 

five undergraduate courses.  

 
Case Study of Each Participant 

 Data were collected using (Creswell, 1998; Merriam, 1998; Yin, 2003), two 

interviews conducted during the first and last week of the Fall semester and three 

teaching observations of each participant.  Along with e-folios, classroom assignments, 

and teaching documents, these data were then organized into a case study that attempted 

to describe characteristics of each of the constructs of metacognition, reasoning, attitudes, 

and instructional processes in relation to mathematical problem solving and the transfer 

of these skills to the middle school classroom.  Beth and Kristin, the preservice teachers 

with less demonstrated improvement over the semester will be discussed first.  Lydia, 
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Heather, Lorin, and Dub, the preservice teachers who demonstrated more growth, will be 

discussed afterwards.  The following section will describe each of these cases.  

 
Beth 

 Beth, who was a third year education student, admitted in an initial interview that 

she was extremely nervous about teaching a whole lesson and was not confident in 

herself.  In the Fall of 2007 she was placed at a local middle school with Mrs. Graham, a 

6th grade mathematics teacher, who had been teaching for only three years.  Beth taught 

first period, an all male class.  

 
Metacognition 

 

 

 Self- regulation within the course.  The university course emphasized the  
 
importance of all the aspects of metacognition during the lessons, yet when asked about  
 
metacognition in the first interview, Beth responded, “How you think? I really do not  
 
know” (Interview/8/21/07).  Beth was unsure about her skills in monitoring her  
 
progress while problem solving.  During her first interview, Beth focused more on   
 
strategies and explained her monitoring in this way (IA1) (Interview/8/21/07):  

 
Beth:  Setting goals helps problem solving because you will be prepared and I do 
not know what else.  It is easier to solve a problem when you know strategies 
which have worked and not worked in the past, it is helpful and you can help 
others with those strategies that you already know…I think it is important to 
know strategies.  Um, I have caught myself making mistakes in the classroom, so 
I do not think I am monitoring my progress, but I definitely need to work on that, 
but hopefully it will come with time.  
 

However, she focused in the course on creating plans and setting goals in order to better 

ask questions to further her learning.  In her final interview she commented on her ability 

to solve problems by following those steps (IA3) (Interview/11/27/07): 
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Beth:  Like a math problem? Um, now when I have caught myself making 
mistakes in the classroom, I have been able to realize it before I have turned it in 
or in the problem solving process and been able to fix it.  I worked on consciously 
creating a plan and asking myself questions this semester in class.  Like I realize 
that having goals helps me to quickly accomplish goals, and using problem 
solving I guess it helps you accomplish the goals quickly. 
 

Even though the faculty instructor spoke numerous times throughout the semester about 

metacognition, Beth still did not know what it meant at the end of the semester.  The 

following is an excerpt from Beth’s last interview when answering the question about 

metacognition (Interview/11/27/07).   

Beth:  I still see it as thinking about concepts and other things, but I do not know 
what the difference is between thinking and metacognition. 
 

Beth was consistently unclear about the characteristics of metacognition and its  
 
usefulness in self-regulation throughout the semester within the course.  Beth understood 

about the importance of creating a plan and setting goals although she didn’t understand 

the concept of “metacognition. 

 
 Self- regulation within the classroom.  On account of Beth’s minimal 

understanding of metacognition, it became apparent that she was unable to transfer the 

skills of self-regulation to the middle school classroom.  In Beth’s first reflection with the 

faculty supervisor, she commented about her first teaching experience in the classroom 

and her preparations for it (IA1/IA3) (Reflection/9/15/07).   

Faculty supervisor:  So tell me about your lesson plan?  
Beth:  I did not put much effort into it or was prepared in what I was teaching.  I 
did not really spend anytime… umm…working the problems like the last few 
days.  And um, maybe actually knowing what I am talking about.  I spent a lot of 
time on the lesson, is that okay?  I do not know if a lot of the students understood 
what was going on. 
Faculty supervisor:  You should have spent more time on your lesson plan and 
thought about what goals you wanted to accomplish in the lesson.  You have a 
class of all urban boys and they need structure; they need to have steps to follow 
and as a beginning teacher you do too.  
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Beth spent so much time in direct instruction, that there was not sufficient time for her 

students to be able to work on practice problems in class.  If Beth had effectively 

monitored where she was in the lesson, then she would have had enough time to work 

with the students on practice problems.  In Beth’s written lesson plans, she did not 

develop a problem solving strategy for her students so they were unclear how to solve the 

problems.  Later in the semester, Beth did begin to develop a plan for her students, which 

enabled her to monitor her own and their progress (IA1/4) (CO/10/23/07): 

Beth:  Today, we are going to learn about transposing a shape on Geosketchpad 
on the computers.  I have created a few goals for us to meet as a class today and 
hope that you can have these goals as take-aways from today’s lesson.  First of 
all, I want you to understand the terms of transposing and reflection.  Second, I 
want you to learn more about the tools that are available in mathematics.  Lastly, I 
want you to try to write down questions you have that might pertain to future 
transposing.  Any questions? Okay.  
 

Overall, while Beth was unable to verbally describe a problem solving plan in the course, 

she was able to develop a plan for her students in the classroom.  Her lesson plans 

became more organized and integrated into the teaching unit as a whole.  She grew in the 

strength of the lessons plans and the manner by which they fit into the unit as a whole. 

 
 Self-reflection in the course. Beth would sit down monthly after teaching a class 

to reflect on the lesson with the faculty supervisor.  In their first reflection session Beth 

was able to say how she was not successful (IB3) (Reflection/9/15/07).  

Faculty supervisor:  So if you were able to rewind the clock and reteach this 
lesson, what would you change and what would you keep the same?  
Beth:  I liked going over the vocabulary, I think being really prepared and 
knowing what you are going to be talking about and really going over the 
steps…ummm…I guess I was kind of nervous and I was just going with the 
flow…whatever came out came out, I was not going by a certain outline.  I mean I 
had an outline there, but I was not going by it.  And umm, I think that would be it. 
 

The following reflection shows an improvement from the first time Beth and the faculty 

supervisor had reflected, when Beth struggled to comment on how she could have 
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improved in her lesson preparation or classroom teaching.  However in this later meeting 

with the faculty supervisor, Beth was able to describe how she might change the lesson.  

(IB2/3) (Reflection/11/6/07)  

Faculty supervisor:  Okay, let’s think about the lesson itself, the objectives and 
structure and stuff.  Looking back on it, what do you think you could have done 
differently?  Since you got to see Lorin’s lesson and she changed things up a little 
bit, so tell me what you thought overall.  What did you like?  What would you 
fix?  What do you think went smoothly?  Change? 
Beth:  I liked the idea that Lorin did by switching it around and using technology 
first to connect it to what they were doing.  I would have changed that part.  
Maybe spend more time on the lesson; I think they could have spent more time on 
the reflection.  I think if I had spent a little more time for them to understand it.  I 
do think the use of technology helped somewhat cause they were doing something 
different, but to actually learn and understand, I think it wasn’t the best.  I think it 
was a good demonstration, but rushing through it, I think that did not help.  
Faculty supervisor:  Um, something to play with before you, if you decide to use 
this lesson again in the future.  Sketchpad will actually, you can actually have 
them create the points and create the object and then move it.  Does that make  
sense? 

This example above demonstrates Beth’s growth in the area of reflection, as she actually 

could reflect back on the lesson and identify her mistakes and suggest alternatives.  By 

the end of the course, Beth was reflecting often with the faculty instructor, the faculty 

supervisor, and her classroom teacher discussing how the lesson could have been better 

adapted for the students, the students’ skill level, and what advice they had for her future  

 Self-reflection in the classroom.  Within the classroom, Beth had her students 

reflect in their journals at the end of class for about five minutes what they learned.  This 

was an idea which the faculty instructor had given in the course which Beth incorporated 

into her lessons.  Beth also had her students reflect verbally during class.  The following 

dialogue was between Beth and her students (IB1/3) (CO/9/14/07). 

Beth:  So David, what do you believe that you could have done differently in 
order to get the correct answer?  
David:  I think I could have lined up the equation better and maybe written it a 
little neater. 



 

97 

Beth:  Are you saying that your messiness caused your mistakes? 
David:  Yes. 
Beth:  Okay, good point.  Charlie, what do you think were some things you did 
well on your homework?  
Charlie:  Well, I thought that when I drew a picture to go with the equation, I 
understood the problem better and was able to solve it without mistakes?  The 
picture really helped me to see all the variables.   
Beth:  Good.  What about someone else? 

Beth encouraged her students to build reflection into their routine and she provided the 

opportunity for them to see for themselves their mistakes and to learn from them.  In a 

lesson later in the semester, Beth gave her students feedback on their problem of the day 

(POD) from the prior day.  The following is a conversation between Beth and a student 

after she returned the feedback to the students (IB2) (CO/10/16/07): 

Beth:  So, I am going to pass back my feedback on yesterday’s POD.  I want you 
look at these and try to take the suggestions I have for you as I think they will 
help you with your future problem solving.  Any questions? 
Josh:  You commented that there are other strategies which I could use when 
problem solving.  Can you give an example of this? 
Beth:  Well, you can draw a picture or use the process of elimination.  

This feedback provided the opportunity for the students to integrate the feedback into  
 
their future work.  In addition, the activity demonstrated Beth’s transfer of self- 
 
reflection from the course to the middle school classroom. 
 
 
 Meaning making in the course.  The concepts the faculty instructor taught in class 

were not instantaneously paired with meaning for Beth.  This was seen in the following 

example from the course early in the semester during one of the first reflection sessions 

(IC1) (Reflection/9/15/07): 

Faculty supervisor:  How will thinking about the prior knowledge you have in an 
area help you solve a problem or complete an upcoming assignment?  
Beth:  I do not know really.  I have a hard time connecting new information with 
old, but I guess when solving a problem it will not be as hard because you would 
know how to do certain things, thus when new problems come they will not be 
hard to solve…just common sense.  I do not know, that is just a guess. 
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By the end of the semester, Beth had grown in her ability to create real life examples for 

herself and was able to better connect new information with prior knowledge.  Beth’s 

appreciation of the importance of meaning making was demonstrated by using real life 

examples that changed the manner by which she interacted with the course material.  

Within the course, Beth was able to take the examples of the algebraic expression and 

give it meaning by creating a story problem to go along with it.  This not only gave 

meaning to the math problem for herself, but also to the other preservice teachers.  One 

example of this was during the combined lesson with the elementary course on algebraic 

expressions (IC2) (CO/11/6/07):  

Faculty instructor:  Okay, someone from my class, create a story to go along with 
this problem.  Um, Beth, take a stab at it. 
Beth:  Well, you could say if you had ten Snicker bars and you needed to give 
them to four people, how would you divide them if three of your friends got one 
more than the last friend?  
Faculty instructor:  Good.  Now, what knowledge would you be building on in 
that statement?  Or let me say it differently, what knowledge are you assuming 
your students will be able to connect it to? 
Beth:  Addition and subtraction?  Or at least setting up of algebraic expressions? 
Faculty Instructor:  Okay.  Now, moving on… 

In this course excerpt, Beth created an example which had meaning, and also was able to 

identify the knowledge she would need before teaching the lesson to her students. 

 Beth noted the importance of creating real life examples for herself and her 

middle schools students. The following excerpt is from a conversation between the 

faculty supervisor and Beth toward the end of the semester (IC1) (CO/11/2/07): 

Faculty supervisor: Um, Beth can you give an example of something you have 
learned this semester? 
Beth:  I have seen more of how math is a building process and how we need, as 
teachers, to make the information relevant to the students where they are.  So, this 
semester, when I had a class of all boys, I realized I needed to create real life 
examples which were connected to sports or something boyish in order to connect 
with them and supply links to how the strategies of math could be used in their 
world.  
Faculty supervisor: Good, sounds like it was a meaningful semester for you. 
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 Meaning making in the classroom. Throughout the semester, Beth not only grew 

in her ability to create meaning for mathematical concepts, but she also transferred these 

skills into her middle school classroom. In a lesson introducing Greatest Common Factor, 

Beth began the lesson by reviewing multiplication tables and then connected those to the 

lesson (IC1) (CO/10/21/07): 

Beth: Okay, now that we have reviewed our multiplication, who can tell me, what 
a greatest common factor is? 
John:  The largest number that goes into both numbers. 
Beth:  Right, good job. So the greatest common factor between 12 and 6 is what? 
John:  6 
Beth:  Right, so what two numbers you can multiple to get 51 and 8? 
Fred:  8 
Beth:  No, actually, that was a trick question, 51 is a prime number so there is not 
a greatest common factor between those two numbers.  Does everyone 
understand?  Now I want you to work on the worksheet I gave you and find the 
greatest common factors of the numbers listed.  
 

 In the following example, Beth demonstrated her ability to relate examples to the 

boys (CO/10/23/07). 

Beth:  Okay, now on Geosketchpad, I want you to make your favorite sport shape.  
So like, a football, basketball, or a different sports shape.  So, what did you do? 
John:  A basketball goal. 
Beth:  Good, anyone else? 
Peter:  Baseball. 
Beth:  Sounds like you guys have gotten the idea of it.  Now, let’s move on to the 
next step.  
 

A discussion followed Beth’s lesson on figures and shapes that contained real life 

examples connecting the students’ prior knowledge with the new lesson.  Overall, Beth’s 

meaning making grew not only in the presentation of her lessons, but also in the activities 

of her lessons to the students.  Beth realized that “the demographics of her classes will 

always be changing; yet, I will hopefully continue to make the concepts applicable to 

their lives. (Reflection/11/6/07). 
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Reasoning 

 

 

 Communication and connections in the course.  For the first three weeks of class 

Beth only spoke four times, however, seven weeks later she was more engaged in the 

university course discussion by speaking at least three times a class session.  As the 

semester progressed Beth became more and more talkative both with the faculty 

instructor and with the other preservice teachers.  Beth and the other preservice teachers 

held a lengthy discussion around mid-semester discussing and sharing ideas about 

solving riddles.  An example of her communication in the classroom is as follows, as the 

class had been studying riddles and trying to figure out the answers (IIA1) (CO/10/2/07):  

Faculty instructor:  Okay, let’s share.  Riddle one any groups figure out riddle 
one.  Okay, Beth. Everyone have counters in front of them? Beth, tell us what 
your group did. 
Beth:  Four yellow and eight red.  
Faculty instructor:  Okay, go ahead and set it up and see. Four yellow and eight 
red.  Let’s test it.  Are a third yellow?  And your flip two over…any two reds and 
then half are red and half are yellow.  Okay, what about riddle two?  Anyone 
figure that one out? Riddle two?  
Heather:  Not possible? 
Faculty instructor:  I hear no solution on riddle two.  That table says yes, there is a 
solution.  Okay, someone from the back table tell me what you did.  
Beth:  Six yellows and twelve red? I am sure that is it. 
Faculty instructor:  Is that right? Okay, if we have six yellow and 12 red, let’s 
check the conditions.  Are a third yellow?  Yes.  Flip three over, three red, then 
are half yellow and half red.  Yes. Okay, so it will work. Any other possible 
solution?  Okay, I have one.  Try two yellow and four red.  If you start with two 
yellow and four red are 1/3 yellow?  Yes.  Now flip three over. And are half 
yellow…yes?  You have to flip two yellow and one red.  What does happen here? 
There you go.  You just took higher level thinking…problem solving.  You can 
challenge your students, because we get so set that we can only flip one color, but 
it does not say that.  Does it?  Comments?  Questions? 
 

Throughout the semester, Beth found opportunities to share strategies and solutions with 

her classmates during group discussions.  Below is a snapshot of a discussion Beth had 

with the researcher during her interview (IIA1/2)  

(Interview/11/27/07).   
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Researcher:  In what area do you feel like you have grown the most? 
Beth:  During the semester, I feel as if I have not only shared my ideas of different 
strategies which could be used in order to solve the math problem, but I have also 
been able to share some problem solutions as the semester continued.   
 

Beth was vocal in sharing what she and her group had concluded to be the answers in the 

class activity.  In the beginning of the semester, this would not have been the case for 

Beth, yet as the semester went on, she began to share more often.  In all these examples, 

Beth gave evidence that she was participating in group discussions which were focused 

on sharing strategies and solutions to problems. 

 
 Communication and connections in the classroom.  Beth tried to encourage 

communication between the students and herself, and then among the students 

themselves.  A transfer of the concept of communication was seen in the following 

classroom observation.  Beth was teaching a lesson on scale models and drawings and 

had the students break up into groups of two to three (IIA1) (CO/10/16/07): 

Beth:  Who knows what this is? 
David:  It is a model plane. 
Beth:  Good job.  As you know by the overview, today we are going to talk about 
scales and models.  Since I have already reviewed it, I now want you guys to 
figure out the relation this model plane is to our classroom.  Okay, so I am going 
to pass out this sheet and I want you to work together and then we will discuss it 
as a class.  Can someone tell me why we are going to discuss it and not just turn it 
in?  Peter? 
Peter:  Because you want us to be able to defend our answers and learn from one 
another? 
Beth:  Right…okay, now get to work.  
[Students work independently on worksheets] 
Beth:  Okay, who can share with me and the class how they came up with the 
scale of the model plane and the classroom? John? 
John:  Well, we first measured the plane with the ruler and then roughly estimated 
the size of the classroom by walking the sides.  We determined that for every inch 
of the model plane represented three feet of the classroom.  Thus, the proportion 
is one inch to thirty six inches? 

 Beth:  Good job…okay; let’s go onto the next example on the handout. 
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Another example of how Beth encouraged communication among her students occurred 

in the following episode; Tony was having difficulty finding a fraction between 0.4 and 

0.5 among multiple-choice answers (IIA1) (CO/ 11/6/07).  Beth used Todd’s modeling to 

help him understand the problem.  While doing this, she emphasized the strategy Todd 

had used, yet avoided making comparison among students’ abilities and performances.  

Beth:  So, do you agree Todd that this would be 45 hundredths.  It’s half way 
between?  
Tony:  Yeah.  
Beth:  Half way between 40 hundredths and 50 hundredths is 45 hundredths. 
Tony, do you see how we got that?  He put a zero on here to make 4 tenths 
equivalent [to] 40 hundredths, or 50 hundredths.  He said 45 hundredths is 
halfway between 40 and 50 hundredths, is 45 hundredths.  OK. 0.45 and then as a 
fraction 45 hundredths, and then Todd said that answer was not given as one of 
the choices.  So, he said that he simplified, divided the numerator and 
denominator by five, you got 9/20.  Do you agree with that?  

 Tony:  Yes.  
 

This peer modeling experience assisted both Tony and Todd.  While Beth’s 

paraphrasing of Todd’s thinking served as a model for Tony, it also provided Todd verbal 

affirmation regarding his knowledge.  Beth encouraged her students to share their 

strategies with one another, thus allowing them to learn from one another.  This example, 

provided data which led the researcher to believe that Beth has transferred skills learned 

in the course to the classroom by leading students in useful communicative habits.  By 

the end of the semester, Beth created a classroom where discussions were normal; she 

also instilled the reason why it was important for the students to share their thoughts and 

answers.  

 
 Application of thinking skills in the course.  For Beth the goal of every problem 

was to find the answer and the best strategy for achieving it; whether it was to create a 

graph to represent the growth of population or to teach how to predict what shape a flat 

box will become when it is folded.  This identification of the goal was a skill developed 
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in the course, as the faculty instructor’s lesson always included a goal for the day and an 

outline of the strategies they would be using that day in the class.  Some of the strategies 

which Beth used the most were trial and error and drawing a diagram.  In the beginning 

of the course, Beth appeared to be timid to attempt new strategies as seen in the following 

example (IIB3) (9/25/07): 

Faculty Instructor:  Okay, so what strategy did you use in order to figure out the 
12 by 9 activity?  Um, Beth. 
Beth:  Well, I used a diagram to draw the 12 pieces of brownie and then used the 
picture to divide the brownies up among the 9 people.   
Faculty instructor:  Good, if you might not have had paper to draw, what other 
strategy could you have used?  
Beth: I do not know.  I usually just draw a picture, I am a visual learner.  
Faculty instructor:  Okay, did someone else use a different strategy? 

With time though, Beth grew her battery of problem solving strategies to include logic 

and reasoning and being able to connect them to a prior problem, as seen in this example 

observed later in the semester (IIB2) (CO/11/1/07). 

Faculty instructor:  Okay, so you all have a sheet with toothpick puzzles on it.  I 
want you to try to solve the puzzles without physically moving them to begin 
with…okay, who has figured it out and can talk the rest of the class through it? 
Beth? 
Beth:  Well, the goal for the first one was to make three squares out of the five 
that were there, so I just tried to think logically and realized that the squares could 
be bigger than just one toothpick long and it worked.  The pattern in it all was to 
just move three toothpicks.   
Faculty instructor: Can you think of another way you could have solved it? 
Beth:  Well, I guess you could have made three separate squares and then looked 
at what sides they shared or would need to share.  Kind of like breaking it up into 
smaller problems? 
Faculty instructor:  Good job.  Anyone else? 
 

The contexts in which Beth reported finding herself using new strategies also grew, as 

she was able to see how the strategies used in math could also be used for problem 

solving at home, in the classroom, or just in every day life activities.  When Beth was 

asked about how she believed she had grown over the semester in the area of problem 

solving her answer included the following (Interview/11/27/07): 



 

104 

Beth:  I think I have learned problem solving strategies and metacognitive skills 
not only in the middle school classroom, but also in my daily life such as with a 
problem dealing with a problem of space in a closet or when cooking something 
new I feel I have often had to guess to make things taste right.  
 

On one level or another, all of the preservice teachers, including Beth, used the strategies 

that had been presented in the course by the faculty instructor in their own classes.  

 
 Application of thinking skills in the classroom.  In a similar design as the course,  
 
Beth presented the goal for the day to her class and strategies they would be using to 

achieve the solution, so that both she and the students knew what to expect.  When faced 

with a new mathematical problem, there were certain common strategies used by the 

students, mainly logic and reasoning, to help solve the problem.  In the classroom, Beth 

focused on teaching her students the importance of being able to use many different 

strategies to solve the same problem.  In the example below, Beth gave everyone the 

same problem and then broke them into groups and assigned them different strategies 

(IIB3) (CO/9/21/07).  

Beth:  Okay, so everyone needs to solve this area and perimeter problem in their 
groups, but no one is allowed to use the same strategy, so I have assigned you 
different ones.  Once everyone is done we will discuss the goal of the activity and 
the strategies used.  Okay, begin. 
[Students work independently on worksheets] 
Beth:  Everyone done?  Good, so who wants to go first?  Jamal’s group. 
Jamal:  Well, our strategy was to draw a picture of the length and width and then 
we drew lines across so that we made cubes for each of the feet inside.  In the end, 
we just counted all the squares, since we could not use a formula. 
Beth:  Good job.  Who is next? 
Sam:  Well, we had to use a formula, so we just counted the length and width and 
then plugged it into formulas for perimeter and area.  
Beth:  Good. Are you guys beginning to get the idea?  There are many different 
strategies we can use to solve the same problem. 
 

Beth expected her students to share the different strategies they used while solving the 

problems and become more flexible in the strategies they used (IIB3).   
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 Throughout the semester Beth improved her presentation skills in the application 

of new concepts and provided the class with new strategies for solving problems.  In the 

last observation, Beth was teaching about patterns and number sequences.  In order to 

demonstrate this concept, Beth had each of the students create their own number pattern 

and then they discussed Fibonacci pattern (IIB4) (CO/11/14/07). 

Beth:  Okay, everyone I want you to create a number pattern and leave some of 
the numbers blank, and then I want you to swap with a neighbor and see if you 
can figure out your neighbors’ pattern.  You can do whatever you need to in order 
to solve your neighbors’ pattern: draw a picture, think of it logically, or whatever 
strategy you want.  Anybody done?  
Stu:  Well, I made a pattern where you just double the prior number. 
Beth:  Stu, that is a great segway into what we are going to talk about.  You may 
not know this, but the Fibonacci pattern is everywhere.  No matter what context 
you are in, you will see the Fibonacci pattern.  It is 1,2,3,5,8,13 and so on.  You 
keep adding the prior two numbers together.  
 

In the example above, Beth was able to discuss and emphasize the importance of context 

and identifying a strategy.  The example using number sequence was first modeled by the 

faculty instructor and then transferred to the classroom by Beth. (IIB2)  The students 

were able to see, hear, and work with the problem hands-on which made it a memorable 

lesson. 

 
 Knowledge base in the course.  Beth’s most notable strength was her prior 

knowledge of mathematical terms and her ability to employ previously learned methods 

for understanding new problem situations. . In her first interview Beth discussed her prior 

knowledge and the effect she thought it would have in the course (IIC1) 

(Interview/8/21/07). 

Researcher:  Do you feel like you have a good baseline of mathematical knowledge?  
If so, how do you believe thinking about the prior knowledge in math will help you in 
this course? 
Beth:  I do believe I have a good baseline of math knowledge as I know that I am not 
confident, but I try to read everything I can in order to make up for it. My background 
allows me to be able to build on past strategies I have used and not have to waste time 
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running through strategies that will not work.  In this course, I believe I will be able 
to draw upon my own knowledge and then draw upon the lessons the faculty 
instructor teaches to improve my teaching in the classroom.   
 

Later, when asked if she used many methods different from those used in class she 

responded, (IIC4) (Reflection/9/14/07)  

Beth:  No, but I remember what faculty instructor did and how she made it 
exciting.  I have been able to take the strategic knowledge that the faculty 
instructor teaches in class directly into the classroom on numerous occasions.   
 

It was not uncommon for Beth to develop different strategies than those in her group.  

For example, when Beth’s group was bewildered with the statistics and probability 

problems, she was the only one in her group to get the prediction right.  Beth was 

successful in the class because many times she was able to use her class notes and 

previous learning experiences to recall appropriate algorithms and to make sense of 

calculated answers.  Beth said that she struggled with math throughout her pre-college 

experience and in her college core mathematics classes.  In an interview, she shared the 

following thoughts (IIC1) (Interview/11/27/07): 

Beth:  My classes were mainly lecture and I was always frustrated because I 
would sit and listen and have no understanding about what we were supposed to 
do.  It is important to learn mathematics well in the early grades.  If you have 
some basic knowledge you can build on, it makes learning easier.  Knowledge of 
math concepts is one of the most important things you need to be a good teacher. 
 

In the above example, Beth recognized during the semester the importance of being able 

to describe [i.e., declarative knowledge] and then be able to tell the students how they 

could build on prior knowledge to solve problems [i.e., procedural knowledge]. 

 
 Knowledge base in the classroom.  As Beth’s declarative and procedural 

knowledge grew over the semester, so did her flexibility and ability to use prior 

knowledge when demonstrating solving problems to the students.  Beth worked hard in 

her class throughout the semester to present a summary of the needed knowledge before 
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teaching a new lesson.  The need for this became apparent during the first week of her 

teaching when the following occurred (IIC1) (CO/9/12/07): 

Beth:  Okay, today we are going to work on work on the order of operations as on 
yesterday’s quiz, almost everyone made similar mistakes.  I want to understand 
where you are messing up at.  Some of you add instead of multiply or forget about 
the exponents.  This should have been review for you from last year or maybe 
even the past two years.  So who can tell me the order of operations for the first 
problem?   
Don:  First you multiply through and then you add everything together.  
Beth:  Good.  Now the next one… 

In this example, Beth learned that either her students did not have the prior math 

knowledge nor the knowledge of procedure to solve simply algebraic equations.  This 

experience laid the framework for how she taught her lessons the rest of the semester.  

According to Beth, this provide her a valuable learning experience (IIC1) 

(Reflection/9/12/07): 

Beth:  It just shows that we need to pay attention to each student, maybe we can 
help them. It takes more time, but if you can do it, it is worth it to get them on the 
right track and really try as teachers.  It is hard for a student to just get an X when 
they really tried and made a little error.  If I want to build their knowledge level, 
then I am going to have to take time and build it one day at a time. 
 

Lastly, Beth’s students were given multiple opportunities to grow their knowledge base 

of procedural knowledge.  One example is the following about fractions (IIC4) 

(CO/10/23/07): 

Beth:  Okay, first I want to go over the PowerPoint so you understand this math 
concept.  In the PowerPoint there will be vocabulary on denominators, least 
common denominator, and mixed fractions.  After, we go over the vocabulary I 
will go over the concept of converting fractions into improper fractions and 
finding common denominators.  Okay, so for this first one does anyone know 
what the common denominator will be? 
Sam:  16 
Beth:  No 
Nick:  8 
Beth:  Yes, good job.  Let me show you how to find the least common 
denominator.  Okay, so we are going to do an activity.  I want you to get in 
groups of three and record your heights.  Now make your answer a mixed fraction 
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and find the total height for your group.  (BELL).  Please turn your work in before 
you leave.  
 

In this example, Beth gave them definitions and examples so that all of the students were 

on the same level when they went into the activity.  This allowed the students to not only 

build their base knowledge, but their procedural knowledge with the activity since many 

the students drew pictures to represent their three heights. 

 
Attitudes 

 

 

 Beliefs in the course.  Since beliefs cannot be observed, Beth’s beliefs were 

measured solely by oral conversations and actions.  During the first interview Beth shared 

her beliefs on teaching math (IIIA1) (Interview/8/21/07): 

Researcher:  Describe your general feelings/beliefs about mathematics following 
your classroom experience.  
Beth:  As a teacher I think it is very important cause we use math for everything, 
especially as teaches…like we use math while we are driving, going to school we 
use time, I guess math is everything and can be seen in everything for different 
things.  As a student, math is my favorite subject and I think it is important and I 
want to learn as much as I can because I want to teach it well. 
 

A few weeks later, Beth briefly described her feelings about mathematics in a reflection 

session (IIIA1) (Reflection/9/24/07). 

Faculty supervisor:  How do you feel about mathematics? 
Beth:  I have lots of apprehension and anxiety. 

In a later reflection, she expanded on her feelings (IIIA2Reflection/11/3/07). 

Faculty supervisor:  What’s your opinion of math now? 
Beth:  It comes to me easier because I believe I have a determination to succeed - 
now that I guess that I am paying for it out of my own pocket and that I am 
mature and that I see that I need to make it through this course and that I don’t 
really have a problem with it.  I’m still apprehensive, but I’m not scared of it. 
 

Beth grew in a positive manner about her feelings toward teaching mathematics 

throughout the semester as she began to see the value in both the product and the process 
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of problem solving.  This was seen in Beth’s second interview when she was asked about 

her beliefs in her problem solving ability and replied (IIIA1/3) (Interview/11/27/07):  

Beth:  I think I am a good problem solver, probably with all the activities that we 
did in class have made me a better problem solver. 
 

As you read the above excerpts from reflections and interviews with Beth, there is a 

noticeable positive growth in her view of mathematics.  She is “not scared of it” and “it 

comes ... easier.". 

 
 Beliefs within the classroom.  Data from the classroom demonstrated that Beth’s 

positive outlook on math and teaching transferred into the classroom.  The beliefs Beth 

held about teaching in her specific classroom context were found to be an important 

factor in the formation of her students’ positive beliefs about math during the semester.  

Beth had to reprogram the students’ beliefs about mathematics in her class.  According to 

Beth’s classroom teacher (IIIA1) (Interview/9/30/07): 

Mrs. Graham:  These students have been told that they cannot do many things and 
math is one of them.  If they cannot see how it helps them get ahead in life, then it 
is not going to be important to them and thus they are probably not going to listen 
to you teach or do what you ask them to do.  Beth does a great job so far to 
encourage positive thoughts about math and solving math problems.  Her beliefs 
effect the student’s beliefs as she is still cool enough for her beliefs to influence. 
 

Thus, Beth tried to create lesson plans which appealed to their interests in an attempt to 

get their attention.  One of these attempts was a lesson on fractions in which she brought 

in spheres which were divided into different fractions.  Below is an excerpt from the 

lesson (IIIA1) (CO/10/1/07). 

Beth:  Today we are going to review fractions before we start adding and 
subtracting fractions later in the unit.  I know all of you are going to be good at 
fractions because you see them every day.  Who can give me an example of where 
they see fractions? 
Jamal:  Well, I have to give my brother half of money when we mow yards. 
Beth:  That is a good example.  Anybody else? 
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Sam:  Ma’m, I am not good at fractions.  I n’ver been good at them and I n’ver 
will be.  Why do you make us do this? 
Beth:  Well, I think you are good at fractions; you just need to try and have fun 
with them.  Just try, that is all I ask.  Once you see how logical fractions are, 
maybe you will change your attitude about doing math. 
 

In this example, Beth not only had opportunities to teach fractions, but also to encourage 

the students to try and possibly change their perceptions of the difficulty of mathematics.  

During the lesson, as the students experienced small successes, their confidence in their 

own problem solving abilities grew and they were more willing to attempt new problems 

in the future.  When asked about the beliefs of her students in a reflection session, Beth 

was quite positive about the changes which had occurred in her room (IIIA1) 

(Reflection/11/1/07). 

Faculty supervisor:  So how are the attitudes in your class now? 
Beth:  I think they have improved greatly and if we did not have so many 
discipline issues in the class, I think they would have realized even more one how 
good they are at math and second how useful it is in their lives right now. 
 

Beth never gave up on her students and was constantly trying to show them the benefits  
 
of math and providing opportunities for them to either see their ability or improve it. 
 
 
 Confidence and perseverance in the course.  On several occasions Beth 

commented on her greater confidence in her ability to problem solve which she 

accredited directly to the manner by which the lessons were presented by the faculty 

instructor in the university course (IIIB1) (Reflection/10/24/07). 

Beth:  The new and innovative strategies the faculty instructor brings the concepts 
to life for me is what kept me in this program even though I questioned my fit 
here. 
 

Beth’s confidence grew in both her ability to teach the subject matter and the actual 

pedagogy of mathematics.  Her initial low confidence appeared to have been related to 
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her prior negative experiences with mathematical strategies.  In the initial interview Beth 

reported (IIIB2) (Interview /8/21/07): 

Faculty supervisor:  Would you say you are confident in your problem solving 
skills? 
Beth:  Yes, I feel like I seek others help a lot when I do not know what to do next 
or when I am at a loss of what the solution could be.  I would not say that I am the 
best problem solver, so I am very open to getting help when I come across a 
harder problem.  However, I’m not a model teacher. [laugh]. 
 

However, Beth grew in her confidence throughout the semester and when asked about the 

semester in her final interview she stated (Interview/11/27/07): 

Beth:  I thought every week of quitting the program and changing majors, but I 
did not feel I had the choice.  I just did not think I was good at this and the 
discipline issues in my class did not help with this at all.  However, I know that I 
can teach any class because I survived this one and the students learned 
something. 
 

 Confidence and perseverance in the classroom.  Beth saw that when students felt 

like an activity was too difficult for them, they got frustrated and just gave up.  This was 

described in a reflection after Beth’s first lesson.  She shared her thoughts on her teaching 

ability in the class (IIIB1) (Reflection/9/18/07): 

Faculty supervisor:  So tell me, how do you think today’s lesson went?  
Beth:  It went okay, but I think I think I was scared the whole time and was very 
intimidated by the boys in the class.  I just lacked the confidence to stand up to 
them and tell them to be quiet and listen to me while I was teaching.  In addition, I 
could have put a lot more effort and been a lot more prepared in what I was 
teaching.  
Faculty supervisor:  Expand on that…why did you feel not confident?  
Beth:  I just clammed up and froze.  They were so not interested in learning what I 
had to teach them and it was just hard to keep going with the lesson.  And um, I 
actually felt like knew nothing about what I was talking about.  Like I think I had 
a problem with that…I got really mixed up with my vocabulary and such.  It was 
awful. 
 

After that first lesson, Beth persisted in trying to improve during the semester and then 

sought feedback from the faculty supervisor in her last reflection session (IIIB2) 

(Reflection/11/6/07): 
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Beth:  How do you think I did this time compared to the beginning, the first time 
you saw me?  What improvements do you think I could make? 
Faculty supervisor:  Um, I can see a lot of improvement with the lessons.  I can 
see that your confidence in yourself has grown throughout the semester.  I think 
you had a lot more interesting things going on and transitions, but it was we are 
going to have this different thing and that different thing and not the worksheets.  
We are going to try and pull in technology.  I definitely saw a lot of improvement 
from the first lesson to this lesson.  The classroom management I do not want to 
judge because I think there are other things going on.  Try to make sure you do 
not let them intimidate you and when you go in next semester; do not introduce 
yourself as a student, but instead as a teacher.  You are a teacher.  You are there to 
teach.  Do not let them intimidate you.  And 100% consistent keep your word.  I 
do like that you are changing up what you are doing in the lesson.  For a class that 
listens, it will keep them from getting bored.  They need the opportunity to try 
different things.  
 

Throughout the semester, the confidence of her students and Beth, herself, definitely 

grew the area of belief in themselves and their abilities during the semester.  By the end 

of the semester, more than three fourths of Beth’s class were solving problems as if they 

were confident in their skills.  The faculty supervisor and Mrs. Graham both commented 

on the progress Beth had made during her time teaching (Interview/11/1/07): 

Mrs. Graham:  Throughout this semester, I have seen Beth grow in her knowledge 
of teaching and confidence in her ability to teach to these boys.  She tried to 
introduce each lesson with something they were comfortable with already and that 
they were already successful with.  When we did percents, we moved to then 
proportions.  No matter what the unit lesson was on, Beth was quick to gain 
confidence in herself for whatever the day held. .   

 
 
Instructional Process 

 

 

 Task difficulties in the course.  Data collected both from the e-portfolio, 

observations, and interviews demonstrated Beth was consistent in attempting a problem 

on her own before asking for help from others.  In a university class discussion, Beth 

commented about her actions during class (IVA3) (CO/9/12/07): 

Beth:  We all help each other in finding resources and stuff.  And I think that was 
a good way to for me to get feedback too.  I really think it is a huge help to have 



 

113 

someone else there.  But I guess if you never made your own work and only used 
the other persons work. 
 

When Beth came to a harder question, in class she often would ask questions in order to 

help her break down the process into less intimidating terms (IVA1) (CO/10/3/07). 

Beth:  What is the best assessment tool to use to gauge multiplication skills?  
Should I insist work is always shown on problems or only where merited?  How 
can I make my students feel confident about math when I had a tough time with 
it?  What strategy should I use?  What are the steps I need to follow to answer this 
question?  What do I believe the goal of this strategy is?  Does this problem have 
an answer? 
 

Considering the math lessons the faculty instructor taught in the class were designed for 

grades 4-8, Beth along with the other preservice teachers had no trouble solving the 

problems.  However, growth was seen between her midterm and her final in the pure  

number of strategies which she developed and used on each problem.  On her final, Beth 

added such strategies as logic and reasoning, connecting the problem to a prior problem, 

and more complex diagrams.   

 
 Task difficulties in the classroom.  Throughout the semester, the class began to  
 
overcome their timidity in working new problems.  Many of the students asked questions,  

but they were not all captured by the researcher.  Some of the questions the students 

asked included (E-portfolio, various dates):  

Sam:  Can you explain more of the connection between transformations and 
reflections?   
Jamal:  You have presented all these different strategies, but which one do you 
think is the one we should use? 
Nick:  Can you explain again the formation of the tables from the story? 
Sam:  Can you explain again the difference between greatest common factor and 
least common denominator?  
 

By the last classroom observation, the students in Beth’s class were either attempting to 

solve or able to solve the problems Beth presented in front of them on transposing shapes 
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on graph paper.  Beth encouraged her students to ask questions.  During every 

observation, she began class by posing the question (IVA1) (CO/9/18/07):  

Beth:  Does anyone have any questions before we go on to the next part of the 
unit?  If you do, please ask now so you do not get behind.  
 

This question was one which Beth heard multiple times a class period in the university 

course and she transferred it to her own classroom.  Although many of the students did 

not take advantage of this opportunity, a few did.  They asked questions such as (IVA1) 

(CO/9/18/07): 

Jamal:  Is there more than one strategy to solve this problem? 
Nick:  Can you explain again how we reflect a shape? 
Sam:  Can you explain again the difference between greatest common factor and 
least common denominator?  
 

Finally, in a reflection with the faculty supervisor, Beth explained where she thought the 

students were in their ability to solve difficult problems (IVA4) (Reflection/11/6/07).  

Faculty Supervisor:  So what do you believe your students do when they come to 
a harder problem? 
Beth:  I would like to believe that they try it, but I know that currently they would 
probably skip it and wait for me to tell them the answer.  Some are beginning to 
ask me questions about the task, but that is the exception.  I hope that they learned 
how to use multiple strategies to solve the same problem and that during the 
semester they got quicker at solving problems.  
 

At the end of the semester, Beth saw when her students came to a difficult problem, she 

needed to ask questions until she at least thought they understood what the goal was and 

what strategy they could use to solve it.  This data may point to the transfer of skills Beth  

used in the university course to her students in the middle school classroom. 

 
 Questioning and expert modeling in the course.  Beth often took advantage when 

the faculty instructor gave opportunities for discussion in the classroom and asked 

questions about areas that she was unsure of or for ideas of how to model a strategy in her 

classroom.  She was challenged by the questions in the classroom on every topic and 
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asked more questions than could be answered in one class period (IVB2) 

(Reflection/11/8/07). 

Beth:  I feel like the questions that the faculty instructor ask, challenge me to 
think past just the superficial answers to the problem and create a deeper meaning 
to the concepts being taught and how they could be applied in my own classroom.  
I have been able to take notes on what kind of questions to ask my students and 
how to give feedback that is helpful to the students and not frustrating. 
 

In the course, Beth was exposed to expert questioning, that not only made the purposes of 

the activities for the day clear, but also included a model to follow for teaching a variety 

of math topics.  Beth grew in her pedagogy approach in the course through her own 

participation in the course and from feedback she received from the faculty instructor.  

An example of the feedback Beth received is described below (IVB4) (CO/10/25/07): 

Faculty instructor:  Okay class, I want to model how you could teach a perimeter 
lesson.  I know Beth you are teaching a lesson like this soon, so maybe you can 
get some ideas.  Ask your students to define your topic, in turn these questions 
will encourage your students thinking.  So , what is perimeter?  You are not just 
going to tell them that it is length plus width times 2 for working with a rectangle.  
How can you figure out what that formula might be?  Alright, so keeping that in 
mind, we kind of started an activity last week and I asked you to take a sheet of 
paper and fold it hamburger style and then hotdog style.  And you had color tiles 
available that would represent table and you still have them.  And we are 
connecting this to a story called Spaghetti and Meatballs.  Alright, and just to 
recap while you are finding your paper.  You have Mr. and Mrs. Comfort and they 
had this dinner party needing seats for 32 people.  So they rented some chairs and 
tables and they ended up with 8 tables.  So we started off with 8 tables.  And how 
many people could sit around one table? 
Heather:  4 
Faculty instructor:  So your perimeter is 4.  You have middle school students who 
need to see this.  Because they are always getting area and perimeter mixed up.  
So if you have students who have eight tiles in front of them, representing the 
tables and they can see that there are four people who can sit around each table. 
One.  Two.  Three.  Four.  The perimeter of the table would be four, what would 
be the area?  One times one is one…so one square tile.  Now, Beth, if you were 
teaching this, what is something you might want to do?  Would you keep going? 
Any ideas? 
Beth:  Discuss it and then keep going with the story. 
Faculty instructor:  Okay.  So if there are eight long tables all together, what is the 
perimeter and how many people are sitting around it?  
Dub:  18 
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Faculty instructor:  Now, thoughts?  Comments?  What is something that is very 
rich or effective about this particular book?  Beth? 
Beth:  Well, I can see how this could be really good, because they are still writing, 
but there is a visual to go along with it.  Yes…it was fun and easier since you 
could see it.  
Faculty instructor.  That is good, so, anything else you think would be effective 
with this?  
Beth:  The use of checkpoints, where they can stop and look and see if they are on 
track or not. 
Faculty instructor:  Good thinking…sounds like you have a lesson in the making. 
 

Beth was able to adopt this example from the course and incorporate feedback into her  

lessons in her own classroom.  
 
 
 Questioning and expert modeling in the classroom.  In the final interview Beth  
 
described the modeling which she was able to transfer to her own classroom in more 

detail.  Beth described the classroom she wanted to create and then demonstrated it 

throughout the semester (IVB3) (Interview/11/27/07): 

Beth:  I learned so much about effective question asking from the faculty 
instructor which I was able to transfer directly into my middle school classroom.  
I learned the three steps of introducing a lesson, asking the proper questions, and 
then making sure I gave my students feedback to keep them on the right track.   
 

Beth took whole lessons from the course and put them into practice in her classroom.  

One example which the researcher was able to observe was the lesson on fractions using 

the Spaghetti and Meatball book.  A portion of the lesson is below (IVB2) 

(CO/10/16/07): 

Beth:  Who can tell me the difference between perimeter and area? 
John:  Area is what is in the middle and perimeter is the distance around the 
shape. 
Beth: Good, well today we are going to read a book about perimeter and area and 
help Mr. and Mrs. Comfort in their dilemma of fitting everyone around the table 
for dinner.  I have passed out color tiles for you to use to demonstrate how the 
tables look throughout the story.  Okay, let’s begin.  (Reading story).  Okay, can 
someone tell me what the table looks like right now?  What is the area and the 
perimeter? 
Jamal:  It is two tables of four.  Area is eight and the perimeter is 20. 
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Beth:  Good. (More reading of the story.)  Can anyone think of other ways we 
could figure out the area and perimeter? 
Sam:  Guess and check. 
Beth:  Yes, that is a strategy, but maybe not the best one for this.  Anyone else? 
Ashton:  Working backwards. 
Beth:  Good, working backwards.  What is another one? 
John:  Isn’t there one where you can make a model or something? 
Beth:  Yes, you can model.  Illustrate a picture.  Anybody else think of one?  
Problem solving strategies.  Okay, well those were all good.  Let’s get back to the 
story.  
 

The example above demonstrated that Beth created the classroom she described at the 

beginning of the semester.  Beth was able to take the lesson modeled in her class and 

reproduce it for a meaningful lesson on area and perimeter for her class.  When teaching 

a lesson, Beth ensured that the purposes of the lesson were explained thoroughly and then 

the expected outcome emphasized.  As the semester continued, Beth became more 

confident in her teaching and got to know the students better which gave her more 

opportunities to support their learning. 

 
Social interactions in the course.  The university course was consistently full of  
 

discussions and opportunities for participation.  Within the course, Beth took note of how 

she and other preservice teachers worked together to solve problems.  The following is an 

example of her reflection (IVC1) (Reflection/9/6/07):  

Faculty supervisor:  What was one thing you took away with from today’s class? 
Beth:  I have seen that the more of us who were working on a problem, the 
quicker we usually found an answer.  I enjoyed being able to compare and 
contrast our ideas for strategies to use in order to solve the problem.  The faculty 
instructor has used many different sources for dividing us up into groups, all 
which I have taken note of to use in my class.   

 
On the first day of the course, the faculty instructor had Beth and the rest of the 

preservice teachers try to balance 16 nails on one nail which was nailed to a board.  The 

following is the interaction and how the preservice teachers worked together in an 

attempt to solve the problem (IVC1/3) (CO/8/21/07). 
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Faculty instructor:  You have a problem in front of you, how are you going to 
address it? 
Beth:  This is like Jinga. 
Heather:  Don’t breathe anyone. 
Lorin:  Can we flip the block over? 
Faculty instructor:  That is a good question, no. but that was a good idea. It can be 
done without flipping the block over.  
Dub:  I thought about that.  
Heather:  I just do not know what to do. 
Faculty instructor:  What math process are you engaged in right now?  In other 
words, what are you doing if you have to define it?  What are you doing right 
now?  
Dub:  Trial and error 
Faculty instructor:  That is strategy. But right now you are problem solving, right? 
And the strategy you are using is…trial and error.  What is another name for trial 
and error?  Guess and check.  Okay, we have trial and error as the strategy, we are 
problem solving. 
Beth:  Can you put two on lying next to each other? 
Lorin:  You could put the next two in the opposite direction. 
Dub:  Like a cross? 
Faculty instructor:  Good job. 
Kristen:  Put one on and try to balance them.  
Dub:  What about linking them together? 
Beth:  That is a good idea. 
Dub:  That is what I was thinking. 
 

Through this interaction, the preservice teachers, including Beth, worked together 

through actions and verbally to try and figure out the problem before them.  In a 

reflection session the last week of the semester, Beth reflected back and felt she had 

grown in this area of instructional strategies (IVC1/2) (Reflection/11/6/07). 

Faculty supervisor:  At the beginning of the semester, you usually worked with 
people.  Would you say this has changed?  
Beth:  I have come to enjoy working alone and with others.  I think I would 
probably start on problems alone at first now, try to figure it out myself, and then 
if there are problems ask for help. 

 
Through both observations and reflections, the growth within social interactions in the 

course was evident for Beth.  She was consistent in the way she shared ideas during class 

and was able to defend them to the other preservice teachers and the faculty  

instructor.   
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Social interactions in the classroom.  The social aspect of solving math problems 

was highlighted by both the Faculty instructor and Beth.  However, on account of the 

discipline issues in Beth’s classroom, social problem solving was not used often and not 

demonstrated at all while the researcher was in the classroom.  Beth’s lesson plans 

reflected the idea of having the students work in pairs, yet this was hardly acted upon 

because of her inexperience in managing a classroom.  (Researcher’s Notes. Sum.41). 

 
Summary 

 
 Overall, Beth grew the most in the subarea of the application of thinking skills. 

She was able to use numerous strategies in the course and follow her lesson plan within 

the classroom.  In addition, Beth had tremendous growth in her ability to connect prior 

knowledge to the new content knowledge she was being taught in the course,.  Lastly, 

Beth’s confidence in her own abilities grew during the semester in the course, as she was 

willing to attempt harder problems and work on them till she achieved an answer both on 

her own and in small groups.  

Kristen 

 In the fall of 2007 Kristen was placed at a local middle school with Mrs. Jones, a 

6th grade mathematics teacher.  She and Dub had the same classroom teacher, but Kristen 

taught second period and Dub taught first period.   

 
Metacognition 

 

Self-regulation in the course.  Data from several measures demonstrated the 

development and growth of Kristen’s progress as a student and a preservice teacher in the 

area of creating plans and developing goals within assignments (1A4).  In the following 
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example, Kristen and the faculty instructor are having a conversation concerning some of 

Kristen’s plans and goals for the semester and how to reach them (IA1/IA2) (CO/9/4/07). 

Faculty instructor: Oh, okay. …. Okay, wrap up your last little comment.  Kristen, 
what do you want to learn? Name one thing.  
Kristen: I want to know how I can use the knowledge of elementary math to fit in 
with middle school teaching.  In addition, I want to know about more physical 
activities I can do with my students like using movement within the classroom 
that has to do with learning.  Lastly, how I can use manipulatives in the classroom 
more to teach them more than just counting.  There are so many kids who have a 
bad mindset and I want to change that.  So challenging or bad experience, they 
have this mindset.   
Faculty instructor: Oh, those are so good.  How are you going to achieve those 
goals? 
Kristen: I think through this course and just experience.  But I am going to try to 
watch my actions this semester to make sure I am well on my way to reaching 
them by the end of the semester.  Well, at least that is my plan. 
 

Kristen began the semester with the above goals and a plan to attain them.  Kristen 

developed a plan for problem solving in the following activity: (IA2/IA3) (CO/10/30/07). 

Faculty instructor:  You have to use all the shapes and once again you decide 
what represents what.  Be creative. It is a creature feature. Remember decide what 
shapes represent the eyes, nose, mouth, and hair. 
Kristen:  You have to begin by listing out all the shapes and then figuring out 
what shape you are going to use for each feature because if you use one shape for 
their eyes, then you cannot use it for the other features.  Then, there is the whole 
aspect of the story to go with it.  There has to be a plan in order for this to work.  
So both eyes have to be the same thing? 
Faculty instructor: Yes, you have to pick the pattern.  A pattern shape to represent 
the feature. 
 

In this class example, Kristen created a plan and monitored her progress by asking 

questions.   

 In many problem solving activities, Kristen journaled several possible problem 

solving strategies, evaluated their effectiveness, and chose the more efficient (IA3) 

(Reflection/10/25/07). 

Kristen: Uh - At first I thought it was going to take longer because I figured like 
$2.00 for the first 20 minutes and then seven cents per minute and then after you 
take away the 20 minutes you still have 25.  And some people would probably do 
like mark off every cent that would come up.  Like 25 is seven cents and then they 



 

121 

would add another seven cents and then they would add another seven cents but 
when you multiply it makes it a lot easier.   

Kristen was always checking her answers to develop a more efficient plan for the next 

problem solving opportunity.  During her midterm and final Kristen went back and 

checked her answer to see whether it made sense to her.  She also checked the steps she 

followed to solve the problem when she was not sure about her solution.  When her final 

was returned, she worked through the ones she missed and spoke with the faculty 

instructor to discuss how the answers could have been better.   

 
 Self-regulation in the classroom.  Kristen created a lesson plan for her class, then 

“after the lesson examined the prior organization and determined what questions would 

be good to ask about the next time a similar problem arose” (Reflection/9/26/07).  In a 

reflection soon afterwards, Kristen expounded on the importance of planning ahead -- her 

“motto” for her classroom (IA1/IA3) (Reflection/9/16/07). 

Kristen:  It is very important to understand the steps of the problem and if they 
can get the problem set up correct, then the solution will present itself.   
 

Kristen began her lessons in the middle school classroom by encouraging students to 

remember to always create a plan when problem solving and by looking for mistakes 

before they turned in assignments.  While her students were discussing the problem of the 

day (POD) on most days, Kristen would have a few of her students come up to the board 

and describe the plan and steps they had used and then ask questions about their future 

problem solving with similar problems.  In one POD, they were discussing plans for 

finding fractional representations corresponding with geometric figures that make a 

whole square (IA2/IA4) (CO/9/27/07). 

Kristen:  So, Alice can you describe the plan you followed in solving this problem 
and the steps you followed? 
Alice:  Well, first I looked the problem overall and I figured out what the 
questions asking.  Then, I set it up.  As you have told us a few times, I tried to 
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watch out for where I have made mistakes in the past and watched out for making 
the same mistakes.  So since it is already divided into equal fourths.  
Kristen [interrupting her]: OK. Stop there, what do you mean by equal fourths?  
Alice: Like parts of the square.  
Kristen [walking towards the board and drawing a square, dividing it into four 
equal parts]: So, she’s saying, um- if you have the large square, one of the larger 
equal parts you see, does everybody see those four equal parts?  
Students: Yeah.  
Kristen: OK. That’s what you’re talking about, OK. Go ahead Alice.  
Alice [continuing her explanation]: …So next I divided it into 16ths, um, and I 
knew that if as long as all the pieces are equal that it would be 16ths even though 
some of [them] might be triangles, some of them might be squares…  
Kristen [showing the figure on the board]: So, if this is a fourth and you cut this in 
half and A, B, what are each of those?  
Alice: Eights.  
Kristen:  Right, so do you think you could solve a problem like this if it was on 
the test? 
Alice: Yes. 
 

At the end of the discussion, Kristen summarized Alice’s plan: 

Kristen: Was Alice’s plan a good plan to follow?  Did she have the right steps laid 
out for her to be successful in problem solving?  Looking at the fourths and 
cutting each fourth into equal parts?  

 Students: Yes.  

In this example, Kristen paraphrased and elaborated on Alice’s plan by asking 

questions so that other students could also understand Alice’s steps and make comments 

about her ideas.  The following example illustrated how Kristen encouraged her students 

to create a plan and follow it within the classroom (IA1/IA3) (CO/9/15/07). 

Kristen:  Okay, last week I told you a few hints for problem solving and being 
successful in this process.  One of these skills is writing down the steps you are 
going to follow.  This is important to problem solving because it gives you 
something to look back at when you make mistakes or are successful.  Can 
anyone tell me another reason why they should write down a plan? 
John:  You could ask questions about your plan and what happen when you 
followed your plan.  
Kristen:  Okay, now let’s get to the lesson. 
 

As the students began to write down their steps of problem solving, they were then able 

to watch for mistakes as they reached the correct solution.  The examples above show 
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that the skills were transferred from the faculty instructor to Kristen and then Kristen to 

the middle school students. 

 
 Self-reflection in the course.  Kristen commented in her final interview how she 

was “more conscious of the way that I think and how others may think so that I can solve 

problems in more ways.”  Within the context of the course, Kristen was constantly asking 

herself questions on the reflection sheet which was turned into the researcher.  Some of 

the questions she asked are below: 

• How do I develop awareness of student’s thinking processes through prompts?  

• How can I integrate other areas of learning (such as science with math) to 
excite the student’s learning processes? 

• What type of teacher do I see myself being? 

• What is the best assessment tool to use to gauge multiplication skills?  

• How do you know what grade you should teach? 

• How do I prepare to handle the different needs of academically diverse 
learners? 

• What must I understand concerning diverse learners in order to plan and 
manage learning methods? 

• What sort of teacher beliefs do I have (strict, cooperative, one size fits all, 
etc)? 

 
Kristen was quick to ask questions in class and then developed and demonstrated her use 

of reflecting on what she learned in the university course. 

 Early in the semester, Kristen asked the faculty instructor for help after reflecting 

on a lesson she had taught that morning (IB1/IB3) (CO/9/4/07). 

Faculty instructor:  Kristen? 
Kristen: I taught a lesson last week without manipulatives because I am just 
questioning how can I use manipulatives in the classroom more than to teach 
them more than just counting? 
Faculty instructor:  That is a good question.  I think you will see through the 
semester that you can use manipulatives for more than counting, but also for 
many different strategies such as diagrams, pictures, and creating simpler 
problems.  By the end of the semester, you will be full of ideas on how to use 
manipulatives in the classroom, even with algebraic expressions. 
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When asked on her final exam and in the interview to name main ideas she will take from 

this course, these were the three main concepts which Kristen mentioned (IB1) 

(Interview/11/29/07). 

Kristen:  
1.  The discovery approach allows students to learn information for themselves 
with meaning and fuels intrinsic motivation. 
2.  The importance of the teacher having a conceptual understanding of where all 
the students are so she is not teaching a level 1 or 2 when some students are only 
at a 0 level of understanding.   
3.  The importance of trying hands-on lessons to the abstract mathematics, so the 
concrete lessons have meaning. 
 
Throughout the semester, Kristen developed her ability to reflect upon skills she 

had mastered and skills she could improve.  Her reflections also chronicled how this skill 

transferred into the class she was teaching as she wanted students to be learning from 

their successes and failures. 

 
Self-reflection in the classroom.  The self-reflections skills that Kristen learned 

and practiced in the course were transferred to her middle school classroom.  When 

teaching a lesson about the Greatest Common Factor, Kristen reflected with the faculty 

supervisor about how well the tiered lesson had worked (IB3) (Reflection/9/16/07). 

Kristen:  The most successful part of the lesson was that each student was 
challenged while working on his/her own level, but they were all concentrating on 
the Greatest Common Factor.  I would have had some questions for the students 
to answer about what they were doing while figuring the Greatest Common 
Factor.  Since there were three teachers in the room we were able to ask them 
individual questions to get them thinking but they really needed to be asked the 
questions as they went along, not just when we reached them. 
 

In the three lessons the researcher observed in the middle school classroom, Kristen was 

constantly giving teacher feedback and often emphasized that while the students might 

not understand the problem or might not know how to solve it at first, using problem 

solving strategies could help (IB2) (CO/9/4/07). 
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Kristen:  Do not be intimidated by any of the problems I give you this semester.  I 
will always give you the tools to solve them.  In addition, remember, it is 
important to always look back to see how you could have solved the problem 
differently. 
 
In these examples, Kristen demonstrated the ability to transfer the importance of 

reflection from the course to her middle school students.  Kristen encouraged her students 

to always consider how a problem could have been solved more effectively. 

  
 Meaning making in the course.  Kristen stated how important it was to her that 

she be able to connect prior knowledge to the new knowledge the faculty instructor 

presented in the course (IC1/IC1) (Interview/8/21/07). 

Kristen:  Prior knowledge allows me to be able to build on past strategies I have 
used and not have to waste time running through strategies that will not work.  
Plus, I can draw on past lessons I have heard when teaching in the classroom.  
Math is a building block process, the kids have to understand the first topic before 
you can introduce another or they will just get lost in the shuffle of the new topic.   
Thus, it is important to be able to connect past experiences and knowledge with 
what you are currently learning.  In addition, I also try to find an example in my 
life that it relates to so I have a real life example to think of during tests and such.  
 

 In the following example, the class was discussing Van Hiele’s levels and Kristen 

explained how to connect new to old information and recognize the importance of 

concept characteristics (IC1/IC3) (CO/11/1/07). 

Faculty instructor:  You are absolutely right Kristen.  In level 0 they recognize 
shapes.  And what happens in level 1? 
Kristen:  In level 1, they start really understanding properties.  What defines a 
square? What defines a trapezoid? What defines a triangle? What defines a circle? 
So they start to see the properties of each shape.  The caution is that all trapezoids 
are not always looking like this.  Sometimes they look like that and sometimes 
they look like this.  So this is where they can identify those objects based on those 
properties.  
Faculty instructor: Alright, good job. Any questions? Now that is a good lead in 
for level 2.  
Beth: Our level was level 2, formal deduction and this is when they begin to seek 
out geometric shapes on their own based on the properties that they know.  And of 
the shapes they have all together.  If they have the manipulatives right in front of 
them, they will relate these to each other and then distinguish their properties.  
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And then their observations will begin to focus on logical arguments about the 
shapes.   
Kristen: So basically they are just moving from a level one in defining the 
properties of that one thing, so no matter how it is drawn so they would know it 
by its properties and definitions.  Like probably in level one they would only be 
able to look at one object at a time.  So they would go to a station and there would 
only be one shape there, but now in level two they are going to have multiple 
shapes and they are going to put them together by relationships.  See that all these 
things have four sides and stuff like that and start comparing them.  So in order to 
connect old knowledge to new, we would need to do an activity like listing the 
properties as a class in groups and they try and come up with a minimal list of the 
properties of a shape and then ask the class whether they put too much or too little 
to define a shape.   
Faculty instructor: Okay, questions.  So is this where you get questions like are all 
squares rectangles?  
Kristen: I think so, because when all the students make their lists they will be able 
to see the similarities between the shapes, but not be able to put too much or too 
little; only what defines that one shape.  They will be able to see squares and 
rectangles have a lot of things the same, but there’s one thing that distinguishes it.  
Faculty instructor: That is right.  They need to see the commonalities.  Are all 
squares rectangles?  
 

In addition, Kristen made an interesting comment both in her reflection sessions and on 

her final (IIB4) (Final/12/9/07). 

Kristen: Problems occur in many different contexts, not just in the classroom, but 
also at home and at your job.  You must be prepared to handle them with the tools 
you need, so you can always find a way to solve the problem and move to the next 
one.  The context may bring different personal variables into the equation, but you 
still have to reflect back on what you have seen that was similar in the past and be 
able to create a process of getting the solution.   
 

Over the semester, Kristen connected old information with new information using real 

life examples (IC1).  The lessons she saw demonstrated in the faculty instructor’s class, 

she implemented in her middle school classroom. 

  
 Meaning making in the classroom.  Kristen used a repertoire of strategies to build 

new knowledge in ways that were most meaningful to the students.  In these examples, 

Kristen used real- life examples to create graphs (IC2) (CO/9/13/07).   

Kristen:  Okay, so today’s lesson is about creating graphs, but we are going to do 
it with information you have given me about yourselves.  We are going to first 
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create our number line like we learned about last week and then we are going to 
add a line to it which is perpendicular to it which will eventually be our y axis.  
Okay, we are going to look at the number of video games owned by the class and 
plot them.  I know all of you have at least one video game.  I am really surprised 
though that this graph only goes up to 20 though.  

.  .  . 
 

Okay, there is also on the back board there is a graph that shows 22 students, all 
represented by an X, and the number of video games they own.  First, you are 
going to draw your number line.  Make sure it is 20 long, so all can fit on the 
page.  Well, that is your first step is creating a number line.  Alright, everyone 
should have a packet of candy [M&M’s] and a clean sheet of paper.  Sort them 
out on your desk.  And what you are going to do is put down a tally for each one.  
You need to do yours and your partner’s and you can use any shape you want to 
represent them.  

.  .  . 
 

You need to create a line plot down here of yours and others tallies. Based on how 
many colors you have, you create a line graph to demonstrate it.  

.  .  . 
 

How many people had a red as their most frequent color? How many people had 
green?  A few.  What about yellow?  No one.  What about blue?  Wow, that is 
most of the class.  There are a lot of blue M&M’s.  What about red?  A few.  Did 
anyone have orange?  No one.  Wow. 
 

In this example, Kristen’s lesson in her classroom was about graphing, however she used 

M&M’s to bring meaning and maintain the students’ attention.  In addition, the students 

learned how to properly set up a graph.  Kristen’s effectiveness with the lesson was 

demonstrated by the fact the students were still talking about this lesson at the end of the 

semester on Kristen’s last day (Researcher’s Notes/11/11/07).  Data collected from her e-

portfolio, lesson plans, and through observation repeatedly demonstrated Kristen’s use of 

real-life applications in her lesson plans.  In her second interview, Kristen spoke about 

her semester (IC2) (Interview/11/29/07). 

Kristen: I believe that real-life applications are important to the learning process 
which is why I attempted to include real world scenarios in my teaching as much 
as possible.  Since I had a class of all boys, I had to think of examples which fit 
their interests thus making them more memorable.  
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Kristen’s real-life scenarios captured the students’ interest and created a quality learning 

environment. 

 
Reasoning 

 Communication and connections in the course.  Kristen exercised her knowledge 

of problem solving strategies through her participation in group discussions in which the 

other preservice teachers analyzed tasks and selected, implemented, and compared 

problem-specific strategies together.  In the 18 lessons observed, 44 instances were 

recorded as evidence of her participation in this type of activity.  Kristen shared her 

findings and explained her solution strategies through these activities.  As an example, 

the following quotation is from when preservice teachers were discussing a class activity 

which required finding the area of two identical triangles that formed a parallelogram 

(IIA2) (CO/9/8/07).  

Kristen: I said, um - C because, um - if you do the base times height to get the 
triangle on the right, if you did, um - well then 12 times 8 inches to get 96 - like 
you wouldn’t have to divide by two, because the triangle on the left would be the 
other part. 
 

Another example in the course came when Kristen and the other preservice teachers were 

discussing nonstandard units of measurement (IIA1) (CO/10/23/07).   

Faculty instructor: So let’s do some activities, you ready to play.  Okay, the first 
activity that we are going to do is called Link up.  So what I want you to do is 
define your unit, you may use a straw, a stick, a rod, a piece of string.  Once you 
have defined your unit, you are going to identify three items that are shorter than 
your unit, the same size as your unit, and larger than your unit.  Again these are 
estimations.  So define your unit and then I want you to do a few of these.  Pick 
your unit. 
Faculty instructor: Okay, everyone have something.  Kristen, name me your unit. 
Kristen: Pencil. 
Faculty instructor: Okay, Kristen went with a pencil, and what was one thing that 
was shorter than your pencil?  
Kristen: The handles on the cabinet doors. 
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Faculty instructor: There you go, the hardware on the cabinets were shorter than 
Kristen’s pencil.  Katie, name me your unit? 
Katie: The long cabinet doors. 
Faculty instructor: Okay, cabinet doors, what is something that was longer than 
that?  
Kristen: The door 
Faculty instructor: The door.  

.  .  . 
 

Faculty instructor: You were forced to try many different options.  Ya’ll think 
about that.  We need to connect it to the real world objects. 
 

Throughout this class discussion, Kristen shared strategies and solutions with her fellow 

preservice teachers to find objects smaller and bigger than their nonstandard objects 

(IIA1/IIA2) (Researcher’s Notes, Sum.12). 

  
 Communications and connections in the classroom.  Kristen carried the same 

group dynamics she experienced in the university course and planned group learning 

activities to the middle school classroom.  For instance, the following episode was taken 

from an activity where students were asked to fold a paper by its shorter side (hamburger 

style) and its longer side (hot-dog style) and compare the perimeters of two figures 

without using a standard unit of measurement (IIA2) (CO/9/28/07).  

Kristen: Well, like, um - Kyle said before, if you fold them half again, um - like if 
you do that - it’s just going to be half of what you originally have.  So, if the 
halves are equal, so you’re saying that it’s just half of the same thing, of the 
original.  
Kyle: Yeah.  
 
Whole class discussions also fostered a context in which Kristen used elaborative 

strategies of making connections through talking with the other students and sharing 

ideas.  In the following example, Kristen introduced the area of circles by reminding 

students about the definition of area and asking how they could apply this definition to 

find the area of a circle (IIA1) (CO/ 9/16/07).  
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Alice: Number of square units inside the circle.  
Kristen: Number of square units in the circle.  
Alice [interrupting the teacher]: Yeah, but it doesn’t make sense.  
Kristen: Yeah, that’s what area is, isn’t it? But it sounds kind of funny, doesn’t it?  

 Alice: Cause it doesn’t fit.  
 

When Alice tried to apply her knowledge about area (i.e., number of square units 

inside a closed figure) to find the area of a circle, she realized that the notion of square 

units did not fit within this new situation.  Kristen supported Alice’s strategic effort by 

showing her agreement and guided the discussion by asking students why it would be 

difficult to count the number of square units in the circle. 

 In this final example, Kristen explained to her students how to read a graph (IIA1) 

(CO/10/16/07). 

Kristen:  I want us to have a class discussion and share the strategies and solutions 
we came up with for this POD.  So for number two, is the number going to be 
higher or lower in 2006? You can look at the trend in the pattern and realize that 
your prediction is going to be higher than the last point plotted.  So, what do you 
think would be a good number for 2006?  And 2007?  You are predicting, so look 
at the line and see where the last point is and look for where the line would cross 
in 2006?  
Kristen: Okay on number one, you are looking at the trend of the graphs.  You 
know what a trend is right?  
John: Yes. 
Kristen: How do we mark trends, by marking the intentional line further on to see 
where it would cross on the x-axis?  So if this trend is increasing and there is an 
increase in the violence than, is it going to be higher or lower? 
James: Higher 
Kristen: Write down higher.  
Kristen: Alright, are you guys done? 
Kristen: Okay, based on the enrollment before 2006, what do you think the 
enrollment will be in 2006?  Okay, give me a directional word for this line?  
Pete: Increasing 
Kristen:  It is increasing.  We have no reasonable reason to think that it will not 
continue increasing, it does not stop.  If you put higher for number one, then I 
think you are on the right track.  Okay, on this next one… I am thinking more 
along the lines of 150 up to maybe 180. Now if you said 500, you are probably 
not in the zone, but if you said something higher than 125 or higher, than you are 
probably fine.  The only thing I would not allow is the same number of 115 
because we know it went up. Number 3, what did we predict the enrollment to be 
in 2005, maybe 40 or 50, something like that.  And number 5, Kevin you were on 
the right track for this one, what did you pick? 
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Kevin: 45 
Kristen: I think 45 would have been my choice too.  Good job everybody. 

Kristen had her students discuss problems both as a class and in groups like the 

faculty instructor had demonstrated in the course.  She encouraged her students to share 

and compare different ideas, approaches, and problem-specific strategies and also shared 

her own ideas and strategies and made comments about the students’ ideas.   

  
 Applications of thinking skills in the course.  For each strategy Kristen used in the 

university course, she noted the goal of that strategy somewhere on a piece of paper so 

she could see which strategy would be the most logical one to use for whatever problem 

she was working on that day.  If the problem was in the realm of geometry then she was 

observed to use more diagrams; yet if the problem dealt with algebraic thinking then 

more logic and reasoning (IIB2) (Researcher’s Notes.Sum.41).  Some of the most 

common strategies that Kristen used throughout the semester were drawing a diagram, 

creating simpler problems which equal the whole, and guess and check.   

 The following is an excerpt of a lesson taught by the faculty instructor in which 

Kristen learned how to apply multiple strategies to the same problem in relation to 

multiplication (IIB3) (CO/10/2/07). 

Kristen: Our lesson that we teach on Thursday is where we multiplied two by 
three digits in a way I had never heard of.  They used a strategy called the lattice 
method.  I have always used the old fashion way.  What is this strategy? 
Faculty instructor: Oh, perfect lead in.  Who else is teaching that?  
Kristen: Me, Lydia, and Heather.  
Faculty instructor: So that is exactly what we are going to do today.  So let’s go 
over this.  What most of you are probably used to seeing is 47 in columns and 
then multiplied by 16 below it.  The lattice method is just how it sounds, it is a 
procedure it teaches conceptual modeling and a different way of multiplying . . . 
Okay, it just looks like 3 by 2, not 2 by 3. So it does not matter what number you 
do first. It is just a procedure, it is not conceptual understanding. It is just another 
way to multiple.  What do you think may be helpful compared to the other way 
we are used to multiplying?   
Kristen: You are multiplying smaller numbers.  
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Faculty instructor: Exactly.  And what also might help the students are the lines, 
because you are keeping your lines all straight when usually the columns get all 
messy.  Or errors in forgetting to add a 0 for the placeholder and you do not have 
to worry about that.  Did ya’ll understand that?  
Kristen: Do you feel that it is important for the students to know both methods?  I 
have a student who understands how to multiply with the lattice method, but is 
lost when I teach her the regular method.  What do you think? 
Faculty instructor:  What is your objective in teaching multiplication?  You want 
them to be able to multiply?  Does it matter how she does it?  She gets the lattice 
method right?  Does she have to know the other method?  No.  Do you as a 
teacher?  Yes, yes, yes.  Cause what if the only method you know does not work 
for all your students.  So when one method does not work for one student you can 
teach a different procedure.  Questions?  
 

Even though Kristen would be teaching this lesson in a few weeks, these were new 

strategies to her.  Kristen listened and took notes about the strategies the faculty 

instructor taught and then applied them to her own learning and problem solving and 

subsequently to her students. 

  
 Applications of thinking skills in the classroom.  In a reflection after class, Kristen 

reported her feelings about this strategy (IIB1/IIB3) (Reflection/10/4/07). 

Kristen: During the lesson, I tried to get my students to set the goal of just solving 
the problem with one of the methods for multiplication, but by the end I had them 
using both and at least getting practice with both of them.  I was glad to see them 
getting the right answer and also checking the answer with one of us there.  Both 
methods give the students a framework to follow each time, so both are good 
strategies.  
 

Kristen transferred many of the lessons and strategies taught in the course to her 

classroom and would give more than one strategy for each type of problem given in order 

to teach the students different strategies, but also to help them differentiate between the 

different goals of each strategy (IIB1). 

 When Kristen was teaching her students and demonstrating methods for solving 

problems, she used mostly diagrams and guess and check.  For example, when teaching 

about algebraic equations Kristen had the students use the strategy of guess and check in 
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order to solve for x in the equations.  In the middle of the semester, Kristen taught about 

perimeter and area (IIB1/IIB4) (CO/10/21/07).  

Kristen:  Can everyone see the PowerPoint?  Okay, so we are going to have an 
overview about perimeter and area.  For your notes, I want you to write down a 
few things.  Number 1, whenever you start a problem, I want you to be able to 
identify what you want the end result to be…what is the goal?  So with area, the 
goal is to find what is inside the shape, which we will most likely do with what 
strategy? 
John:  Drawing a diagram? 
Kristen: Yes, good job.  What other strategies could we use to find the area?  
Joe: A formula?  
Kristen: Yes!  A formula.  Anyone else?  No, okay, lastly I want you as middle 
school problem solvers to pick the order that you are going to try strategies when 
problem solving and stick to it.  Do what you are most comfortable with first and 
then move on to other strategies.  Any question?  Well, let’s move onto the 
practice problems of the day then.  Thanks for listening so well. 
 

This example using the perimeter was first modeled by the faculty instructor and then 

transferred to the classroom by Kristen (IIB2).  Similar to the faculty instructor, Kristen 

gave the students manipulatives to use for the lesson.  Kristen encouraged the students to 

follow a pattern in their guessing.   

 By the end of the semester, Kristen’s class had a variety of strategies to use when 

encountering a problem and were also able to reflect back and see where their successes 

and failures were in their problem solving.   

  
 Knowledge base in the course.  One of Kristen’s strengths was her ability to 

transfer the faculty instructor’s lessons to the classroom.  In her first interview, Kristen 

discussed her prior knowledge and the effect she thought it would have in the course 

(IIC1) (Interview/8/21/07). 

Researcher:  Tell me about your prior knowledge and how you feel your prior 
knowledge in math will help you in this course? 
Kristen:  My parents taught me a lot about math when I was a kid, which I think 
has helped me greatly through the years, so I would say I have a good foundation 
of prior knowledge.  I always try to think about what I and my students already 
know and where we are going in the future.  Like with your experiences that you 
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have had, whether it is math or not, if you have experienced it before then you can 
take what you learned from it and apply it to the problem.  Within problem 
solving, I can use the strategies which worked to solve problems to help me solve 
new problems by knowing what works best for me and what doesn’t work so 
well. 

 
Later, when asked in a reflection session about her procedural knowledge, Kristen 

explained what she learned from the faculty instructor (IIC4) (Reflection/9/12/07)  

Kristen:  I feel like if I have the knowledge about a concept, then I can logically 
figure out how to use it when problem solving.  I try to note what the faculty 
instructor does in class and then build it into my lesson plans.  I feel as if I have 
been able to take the procedural knowledge that the faculty instructor has taught 
in class and apply it multiple times into my own learning and knowledge.  
 

Kristen thought outside of the box within the course and often came up with ideas for 

strategies which were not common, but worked for her.  For example, when Kristen’s 

group was lost on how to complete the King’s Chessboard problem, Kristen was the one 

who compared it to the Penny-a-Day Scenario and then solved it for the group.  Kristen 

took detailed notes about the concepts and strategies and actively asked questions helping 

her understand the faculty instructor’s lessons.   

 
Knowledge base in the classroom.  In the three lessons observed, Kristen often 

emphasized that while the students might not understand the problem or might not know 

how to solve it when they first read the problem, using strategies could help them (Lesson 

plans/9/21-11/6).  Kristen supported her students’ developing procedural knowledge 

related to their task control by offering students samples of problem-specific strategies 

and explaining how to use these strategies.  About halfway through the semester, Kristen 

taught a lesson on graphs in which she taught about four different graphs, some of which 

the students had prior knowledge and others which were new (IIC1) (CO/1/0/15/07).  

Kristen: Have you talked about statistics or probability in your other math 
classes?   
Mark:  Not really, a little bit about probability.  
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Mike: Well, we have touched on percents, with pie graphs. 
Kristen: Sam, what about you? 
Sam: Well, we have built bar graphs and read line graphs and then we did 
predictions. 
Kristen: Good, good; I’m glad you have done predicting based on the data.  Well, 
today we are going to talk about creating and reading line, bar, pie, and 
histographs; which are all the graphs at your grade level.  After we have made 
them as a class, we are going to make predictions off of them.  I know some of 
you are coming with prior knowledge about graphs and others are not, which is 
fine.  I will begin the lesson by introducing the characteristics of each of the 
graphs and then we will practice making them [declarative knowledge].  We 
might have to wait to read them and predict till next class.  Okay, let’s get started.  
 

Kristen taught the two characteristics of the concept of graphs using the types as 

examples [declarative knowledge].  The students understood the idea of the graphs and 

then how to use them in the classroom and their own lives.  In a reflection after the class, 

Kristen spoke about teaching conditional knowledge once the students understand the 

concept of graphs: (IIC1/IIC2) (Reflection/10/18/07). 

Faculty supervisor: So, you taught all four graphs to the students at one time.  Did 
they come with any prior knowledge about graphs, using or building them?  
Kristen: Some did, at least the majority knew the line graph, which helped.  I was 
glad there were a few students who had prior experience with graphs and also 
having another teacher in the room helped too.  Most of the students did not know 
though when to use what graph, so I will have to teach on that this week.  
Faculty supervisor:  That was my next question was, when do the different graphs 
get introduced?  And that is something you might want to look at too.  
Kristen:  Yea, I know…I will look into when each of the graphs are introduced in 
the curriculum usually.  Good question. 
 

 The following dialogue was taken from an activity where the students were 

expected to describe three situations they could find the use of perimeter and area of a 

figure (IB2) (CO/ 9/27/07).  During the discussion, Kristen emphasized how examining 

the problem situation might help the students understand what the problem asks.  

Kristen: That [analyzing the problem situation] is a really important skill and I’m 
really glad now that we did that because some of you struggled with them a little 
bit initially.  A lot of times when you read a word problem, that we’re going to 
work on next week- now we’ve done some of these problems.  In real life, let’s 
say, okay, this is a perimeter problem; so find the perimeter of this.  Or this is an 
area problem, find the area.  That doesn’t happen.  You have to look at the 



 

136 

situation and you have to decide what type of situation it is and you have to 
decide what formula you’re going to use.  For example, if you look at something 
and it’s a rectangle, and you want to find the area of it, it may not have flashing 
neon lights that say “find the area of me, I'm a rectangle.”  You look at the 
situation, say, um- they’re asking you to find how much paper needed to cover 
that bulletin board.  Now, I say find the area, but you know, when you’re covering 
the bulletin board, and the bulletin board is a rectangle, you need to use area of a 
rectangle formula.  If I say, how much, I want to know, how much starboard do I 
need go around the bulletin board, I would need, OK, that’s a perimeter of a 
rectangle situation, so I need to use perimeter of a rectangle formula.  So, that’s 
one reason we’re working on that.  We’re taking problem solving to the next level 
next week- we’re actually now taking these formulas we use and applying them to 
the situation.  Okay?  
 
Kristen assisted the students in building understanding based on their existing 

knowledge by talking through and referring to students’ ideas.  

 
Attitudes 

 Beliefs in the course.  Kristen spoke in her interviews about her prior beliefs about 

math and herself as a problem solver.  From her first interview to the second there was 

increased belief in herself as a mathematician and improvement in her problem solving 

skills (IIIA3). 

Kristen:  Yes, I think like, I like attack problems even when they seem hard. Yet, I 
do not really seek help from others cause I work better alone.  As I begin this 
course, I am even more aware of the importance of conceptual understanding is 
even more than I realized before.  Students who truly understand the concepts do 
so much better in class.  As a teacher, I know that it’s important to help my 
students gain this conceptual understanding.  (IIA1/IIIA2) (Interview/8/21/07) 
 
Kristen:  I believe I am a good problem solver because I am quick to begin 
solving problems and usually finish faster than most people would.  When solving 
a problem I figure out what I know and what I need to find out and usually guess-
and-check when I can not find a formula or pattern.  I think that one’s beliefs 
about a topic often shape the lens I see it through.  (IIIA3) (Interview, 11/27/07). 

Kristen was not timid when she described her feelings about middle school math (IIIA1) 

(Interview/11/27/07).   

Kristen:  Well, when I first chose math, it was because I did not want to do any of 
the other things and when I first chose middle school it was because I did not 
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want to do high school and I did not want to do the lower grades.  But now that I 
am in it, I really, really think that math is so important and so many of my really 
close friends just hate math.  And it affects the way they do things in just like 
normal life and also I really like middle schoolers and I know that is crazy.  But I 
love them.  And like, yea, they get on your nerves and they are obnoxious but like 
I have really come to a point and I am so glad exactly where I am, like I know 
math is so important in just functioning in daily life.  It makes a huge difference 
what kind of teacher you have as it assists your beliefs about whether you are 
going to despise math or really just not like it or at least know that it is important.  
I like helping people and I think it is a great way to touch kid’s lives.  I think it is 
frustrating in junior high cause they reject you and act like they really do not care, 
but they do.  I think the younger you are, the better you are.  They definitely are 
more open to your teaching when you are younger.  In addition, in regards to the 
process of learning, I feel I can use the way that I solved those problems to help 
me solve new problems by knowing what works best for me and what doesn’t 
work so well.    

.  .  . 
 

Kristen: I once heard it said that the knowledge of mathematical concepts is the 
most important tool you need as a teacher.  To be able to apply any strategy to a 
concept is truly a gift in the classroom, as you are never stuck without a way to 
solve the problem.  I wish I had been taught some of these strategies when I was 
going through middle and high school.   
 

Kristen may have chosen to be a middle school teacher on a whim, but she became more 

and more passionate about teaching middle school math as the semester progressed.  The 

positive manner in which she thought of herself and math had a constructive effect on her 

adaptation to the new knowledge given in the course (IIIA4).   

  
 Beliefs in the classroom.  Kristen demonstrated how math could be fun and easier 

when utilizing the right strategies.  Her students reflected her same beliefs about math 

and learning with Kristen’s teaching (IIIA4) (CO/9/16/07).   

Kristen:  Peter, so tell me what you think of math?  
Peter:   Well, I really do not like it that much, because I am not good at it, but you 
definitely make it fun in class to learn math concepts and strategies.  Maybe one 
day I will like it, but right now, I feel like I am never going to get these problems 
right. 
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This idea was a reality among many of Kristen’s students, yet towards the end of the 

semester, this same student changed his beliefs in the area of math and learning math 

(IIIA4) (CO/10/30/07).   

Kristen:  Peter, so you still hate math? Still want to drop out and never see another 
math problem again? 
Peter: No, I think I kind of like math now.  It truly is everywhere I look and a part 
of life.  Maybe even by the end of the year, I will love it. Who knows?  But I do 
like it more than I did at the beginning of the year.   
Kristen: Why? 
Peter:  Because you have made it fun, I guess and I just really like drawing stuff 
and you let us draw as one of the strategies.  
 

After two months of Kristen teaching, three-fourths of her students had become better at 

solving problems and began to perceive themselves as good problem solvers.  This was 

observed by the researcher, but also reiterated by Kristen in her reflection (IIIA2/IIIA3) 

(Reflection/11/01/07). 

Faculty supervisor:  So tell me how class is going for you nowadays? 
Kristen:  I feel like class is going well, very well.  Now that my students finally 
have begun to see that math is fun and that they can be good at, I feel like lessons 
have gone much better.  The students have seen how there are many different 
ways to solve the same problem, which has encouraged them, as they can use the 
one which they are most comfortable with.  They can focus on the process and not 
just the product.  The students are now able to give me real life examples of how 
where they see math concepts and how they used math in those.  Like shopping, 
the girls have told me about how they figured out the percentages at the store.  
They are seeing the usefulness of math and thus have a better attitude about it.  
 

From the beginning of the semester, Kristen had strong positive feelings about math 

which only increased and then transferred to her class during the semester (IIIA4).  

 
 Confidence and persistence in the course.  Data obtained through multiple sources 

over the course of the study suggested that Kristen was confident in her mathematics 

abilities and spoke about the strategies she used to solve problem.  Kristen also reported a 

high confidence level regarding specific mathematical tasks during the first reflection 

(IIIB1) (Reflection/9/6/07).  
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Kristen:  I am a problem solver because I am quick to begin solving problems and 
usually finish faster than most people would.  Although I like to figure things out 
for myself and work alone, I will seek others’ assistance when I know that they 
know what I need to know and will help me figure out the answer rather than just 
tell me the answer.  I love challenges—for example, I do all kinds of Sudoku 
puzzles for fun on a daily basis sometimes for more than an hour…When solving 
a problem I figure out what I know and what I need to find out and usually guess-
and-check when I can not find a formula or pattern.  Yet, I do not really seek help 
from others cause I work better alone. 
 

 Kristen’s e-folios and reflection sessions supported the conjecture that Kristen 

was confident in her capabilities to solve math problems.  During the course activities, 

Kristen was consistently observed doing the challenge problems after finishing the 

required problems.  For example, during the toothpick activity in class, Kristen was eager 

to finish the toothpick problems, because she knew there was a challenge toothpick 

problem.  Kristen eagerly embraced challenges (IIIB1) (CO/9/11/07). 

Kristen:  Okay, so the directions say that for the first one we are to arrange the 9 
toothpicks like this and then take away three toothpicks so that only one triangle 
is left.  Oh, that is easy; you take away the middle ones. Who wants to do the next 
one?  These seem really easy.  
Lorin:  Okay, number two says arrange the 11 toothpicks like this and then take 
away one toothpick so that four triangles are left.  Well, it looks like you just take 
the middle one out.   
[Preservice teachers go through all of them] 
Faculty instructor:  You all done with those? Are you ready for the challenge 
problem?  
Kristen:  Yes.  I love challenges, especially visual ones.   
[Time elapsed] 
Kristen: Oh, I got it.  That was hard, but worth the brain power. 
 

Throughout the three activities of the class period, Kristen embraced all the challenges.  

When asked about the activity, Kristen spoke about what she liked about the activity and 

its challenges (IIIB1) (Interview/9/17/07). 

Researcher:  So what did you think of the three activities in class last week? 
Kristen: I really enjoyed the activity because it really got me thinking and it was 
challenging.  I always am up for a challenge.  Plus, it was a hands-on which made 
it even better.  But it was a definite challenge for me and it took me awhile to get 
the challenge problem about moving three match sticks to make four squares of 



 

140 

equal size.  This would be a great POD for my students, as it would make them 
think and use different strategies.  
 

Kristen’s confidence was associated with her strong prior knowledge of math that she 

brought to the university course. 

 
 Confidence and persistence in the classroom.  Kristen exposed her students to 

challenging problems, some which were possible and others that were extremely difficult 

in an effort to build their confidence.  Often, they were not willing to even attempt the 

problem, thus Kristen would explain which strategy to use to solve the problem.  

Afterwards the students reported feeling more confident about their skills (IIIB1) 

(CO/10/30/07). 

Kristen: Okay, for the past couple of days we have been talking about probability 
and prediction.  Well, today I am going to give each of the groups the same jar 
with the same amount of M&M’s in them.  There are 314 M&M’s in each jar.  
What I want you to do is try to figure the best method to estimating the amount of 
M&M’s and then be able to discuss as a class to see which method actually did 
work better.  
Mark: This is too challenging, I cannot do this. 
John: Neither can I? How are we supposed to do this?  
James: You have the answer, why do we need to work it out? 
Juno: You have to create something from nothing.  
Kristen:  It is not that bad.  I believe in you and your ability to solve this problem.  
You just have to think backwards.  I am going to be looking at how you solve it; 
you cannot get it wrong because you already have the answer.  
 

In this example, Kristen’s students were not confident of their skills when she first 

presented the problem, yet with some coaching from Kristen, they at least tried to solve 

this problem.  Kristen had high expectations of the students and gave daily feedback and 

encouragement to build their confidence in themselves and their abilities.   

 At least once every month, Kristen and the faculty supervisor sat down to reflect 

about the semester.  When asked about how Kristen and her students were doing in 
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relation to the lessons she was teaching, Kristen explained the successes and failures 

encountered (IIIB1) (Reflection/11/1/07). 

Kristen:  I feel like my ability to persist at the task of teaching an all male middle 
school class is just one way in which I have persevered during this semester.  All 
the testosterone in one room sometimes causes problems with discipline in the 
classroom.  It takes the classroom teacher getting onto them, for things to settle 
down.  I feel like I am constantly encouraging my students to persevere in their 
problem solving.  I have some students who are new to the school and lost in what 
we are doing and others who are looking for more ways to challenge themselves.  
Some are very involved in the lessons and others barely pay attention.  I have seen 
that engaging the students with more difficult tasks has provided opportunities for 
strategic learning and for improvement in their knowledge and skills.  Not only 
have they learned how to find the correct solution faster, their confidence in their 
problem solving abilities also have become more developed through their 
perseverance through the harder problems.   
 

Overall, whether it was in the university course or middle school classroom, Kristen 

faced her challenges and learned she could solve “most problems if she just worked long 

and hard enough on them” (Reflection/11/1/07).  

 
Instructional Process 

 
Task difficulties in the course.  Kristen was able to solve problems of any kind 

and rarely had to ask questions regarding a problem.  However, when Kristen 

experienced difficulties she asked her peers or the instructor for help (IVA1/3) 

(CO/9/18/07):  

Kristen:  I think I am going to have to ask ya’ll for help; I am so confused on how 
to solve this two color counter riddle.  I am coming up with two of them being not 
possible, and the faculty instructor said there was only one which was impossible.  
Can you help me?  What were the strategies you used?   
 

In the above example, when Kristen could not solve the two color riddle problem, she 

asked the other preservice teachers in her group for help.  Later, in a reflection, Kristen 

reported about the positives of this experience (IVA3) (Reflection/9/18/07).  
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Kristen:  I was very glad to have my peers there to help me in class; I think it was 
a good way for me to see how they solve the problem so I could learn from it.  I 
really think it is a huge help to have someone else there.  But I think I still like to 
work alone more than groups. 
 

Kristen and the other preservice teachers rarely had trouble solving the problems since 

the math lessons the faculty instructor taught in the class were designed for grades 4-8.   

 
Task difficulties in the classroom.  Kristen chose to give problems to her class 

which were difficult in order to stimulate her students to ask questions and ask for help.  

This was in response to comments and lessons learned in the university course.  These 

goals were in her lesson plans she turned into the faculty supervisor and her classroom 

teacher.  In the beginning, her students were hesitant to attempt certain problems, yet 

with time the students began to ask questions about the task, directing these to Kristen, 

their peers, and the classroom teacher (IVA1/IVA3) (CO/11/1/07).   

Kristen:  Yes, Dave. 
Dave: I have a question about the greatest common denominator; can you 
describe what that is again?  I think I am getting it confused with least common 
factor?   
Kristen: Sure, greatest common factor is the largest number that will go into both 
numbers and the least common factor is the smallest number which can be 
divided into each number.  That is why we make factor trees.  
 
By the end of the semester, 17 out of 24 of Kristen’s students were able to quickly 

figure out problems on their own and were able to use multiple strategies.  The amount of 

questions had lessened, yet the questions asked were more collaborative in nature when 

the students were working together.  Many of the activities Kristen did within the 

classroom were done within small groups, so that the groups could ask one another when 

they came to harder problems or if there was confusion.  Two or three of the students 

asked Kristen for help every day with setting up the problem or with technical questions, 

yet most of the students began to learn when to use which strategies (IVA3).   
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 In a reflection with the faculty supervisor, Kristen explained how her students had 

improved their ability to solve more challenging problems (IVA1/IVA4) 

(Reflection/11/7/07).  

Faculty Supervisor:  So what do you believe your students do when they come to 
a harder problem? 
Kristen:  My students came a long way from where they were at the beginning of 
the semester.  At first, I could not get them to try the harder problems or ask 
questions about them either.  So I felt like I was just wasting my time, because 
they acted as if they did not want to learn at all.  However, as the semester went 
on, my students began to ask more questions and use more strategies we spoke 
about.  It felt like repetition almost every day as we went over the same problems 
and strategies, however, I saw a vast improvement after I employed some of the 
activities from the university course.  They really brought the lessons to life and 
eased the students into asking the right questions, not just what’s the answer.  
 

When Kristen taught her last lesson, she saw improvements in the students’ abilities and 

their propensity to ask questions of each other and the teacher.   

 
 Questioning and expert modeling in the course.  Kristen gained expertise in the 

course by seeing how lessons could be modeled, such as the lesson on the lattice method 

(Example previously given in Application of thinking skills) (IVB2/IVB3) (CO/10/2/07).  

Throughout this lesson, the faculty instructor modeled multiplication strategies, provided 

feedback to the preservice teachers, and gave examples of questions the preservice 

teachers could ask in order to encourage deeper understanding and thinking.  Kristen 

valued what the faculty instructor taught and the feedback she received in class and on 

her lesson plans (IVB2/IVB3) (Reflection/11/1/07).   

Faculty supervisor:   Okay, I know the boys have been a little hard to handle, but 
what have you been able to take from the course and apply to your own learning 
and teaching? 
Kristen:  Throughout the semester, I have been able to gain experience in my 
lead-ins when I begin my lessons which grab the attention of my students.  The 
faculty instructor has given incredible examples of how to model multiple 
strategies and apply them to the same or different problems.  I learned how to give 
feedback to my students which helps them to build the knowledge of strategies 
without giving them the answer from the experiences I had in the university 



 

144 

course.  Lastly, I saw the importance of laying out what the goals and purposes of 
class were every day.  I got to see this first hand, how when I did not explain the 
purposes well or when I was late to the course and missed the introduction, then 
the lesson was a lot harder to follow and the problems appeared harder to solve.  
 

Kristen transferred the modeling observed in the course to her middle school classroom 

as seen in both her lesson plans and classroom teaching (IVB1).   

 
Questioning and expert modeling in the classroom.  Several aspects of the support 

Kristen gave to her students helped them to learn to reflect back on their work and 

become better problem solvers.  For example, Kristen assisted students in observing their 

performance and progress by communicating clear and specific classroom goals.  She 

also recognized students’ successful performances and provided feedback regarding areas 

needing improvement.  This form of teacher support helped her students to be more 

aware of their strengths and weaknesses, which assisted them in making more accurate 

judgments about their capabilities. 

 About two months into teaching in the middle school classroom, Kristen read the 

story Make Room for Spaghetti (IVB3) (CO/10/14/07).  From this example, Kristen made 

her students problem solve by figuring out how the area and perimeter had changed 

throughout the story and also had them use manipulatives model what was happening in 

the story.  In addition, for those students who were struggling with the table arrangement, 

Kristen had it modeled on the projector screen if they needed to check it at any point 

during the story (IVB3).   

Kristen:  Okay, let’s begin.  So today we are going to read Make Room for 

Spaghetti which is a story about a couple who make a lot of spaghetti, but have 
trouble seating everyone because of their table arrangement…Okay, so from what 
I have read so far, what information do we know? 
John:  That each table by itself had seats for four people.   
Kristen: So in your first diagram you need to draw what you imagine to be the 
table arrangement from what I just read and do it with your color tiles.  So there 
are eight tables and thirty-two chairs.  Okay, now based on your table 
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arrangement, how many people could sit at the dinner?  James, how many tables 
do you have? 
James:  I have 8 tables, so I can seat 32.  
Kristen:  Do not forget to answer the questions on your worksheet and set your 
tiles up.  Moving on.  
…STORY… 
Kristen:  So what happened?  On your third frame, now how many people can be 
seated?  Think about it before you answer and write it down on the sheet. 
…STORY… 
Kristen:  What happen in frame six?  How many are around the tables now?  Are 
we measuring area or perimeter?  Who can tell me?  Charlie? 
Charlie:  Perimeter? 
Kristen: Right.  Okay, moving on… 
 
In the example, Kristen asked the students questions in order to encourage their 

thinking about the perimeter problem and the models that they created on their desks.  

Kristen focused on promoting shared understandings of goals, concepts, problem 

situations, and strategies increasing the opportunities for her students to actively engage 

in tasks and activities.  This strategy was very similar to the experiences occurring in the 

faculty instructor’s course. 

 
Social interactions in the course.  Kristen often would solve a problem and then 

help the other preservice teachers in her group if they had not figured it out.  Kristen 

participated on problems where it was required for the students to work together although 

she preferred to work independently.  This lack of need for social interactions to solve 

math problems was observed in most of the data sources (IVC1/IVC2) 

(Reflection/10/8/07):  

Faculty supervisor:  What was one thing you took away with from today’s class? 
Kristen:  Well, I guess what I saw the most is how I felt like I did not have to ask 
others for help at all today or really in the past.  I seem to just be able to complete 
the assignments and the problems to be solved without the help of the other 
preservice teachers.  The faculty instructor puts us in groups almost every class 
period, yet when we are in a group I tend to do them all myself and then share my 
solutions with the group.  I often though have had to defend my answers or the 
strategy I used within the group or we have just shared both strategies.  I am sure I 
have asked my group members for help, I just cannot remember when.  Dub and I 
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do work together in order to plan our lessons, so maybe that is an example of 
when I have worked with another to problem solve. 
 

On the first day of the course, the faculty instructor had Kristen and the rest of the 

preservice teachers try to balance 16 nails on one nail which was nailed to a board.  The 

following is the interaction and how the preservice teachers worked together in an 

attempt to solve the problem (IVC1/IVC3) (CO/8/21/07). 

Faculty instructor:  You have a problem in front of you, how are you going to 
address it? 
Lorin:  This is like Jinga. 
Lydia:  Don’t breathe anyone. 
Kristen: Can we flip the block over? 
Faculty instructor:  That is a good question.  No. but that was a good idea.  It can 
be done without flipping the block over.  
Dub:  I thought about that.  
Beth:  I just do not know what to do. 
Faculty instructor:  What math process are you engaged in right now?  In other 
words, what are you doing if you have to define it?  What are you doing right 
now?  
Dub:  Trial and error. 
Faculty instructor:  That is strategy.  But right now you are problem solving, 
right?  And the strategy you are using is…trial and error.  What is another name 
for trial and error?  Guess and check.  Okay, we have trial and error as the 
strategy, we are problem solving. 
Kristen:  Can you put two on lying next to each other? 
Beth:  You could put the next two in the opposite direction. 
Kristen: Maybe we can put them over each other like an X. 
Faculty instructor: Good job. 
Heather:  Put one on and try to balance them.  
Dub:  What about linking them together? 
Lydia:  That is a good idea. 
Kristen:  There has to be a way to do this.  
 

Through this interaction, the preservice teachers, including Kristen, worked together 

through actions and verbally to try and figure out the problem before them.  Kristen felt 

she had grown in this area of instructional strategies as she reflected with the researcher 

(IVC1/IVC2) (Interview/11/27/07). 

Researcher:  At the beginning of the semester, you usually worked alone. Would 
you say this has changed? 
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Kristen:  Not really, I think I still pretty much work alone, but I am trying to make 
myself branch out and work with others more.  I know my classmates have some 
really good ideas and I should listen to them more often.  Their ideas might save 
me from a headache of trying strategies that would never work.  
 

Kristen interacted with the other preservice teachers to solve many problems presented in 

the course. 

 
Social interactions in the classroom.  When Kristen was teaching in the middle 

school classroom, she expected her students to able to attempt problems working alone.  

When groups were necessary because of subject matter or activity, Kristen would divide 

the students up by proximity to save on time.  Kristen often asked her students to share 

among those in their groups the strategies they used to solve the problem she had given 

them for the day.  She then proceeded to encourage them to also talk about why they 

choose a specific strategy and to see if anyone had ideas for solving the problem 

(IVC2/IVC3).  Kristen expressed the importance of sharing ideas, findings, and strategies 

during class discussions.  The following reflection illustrated a typical message that she 

conveyed for this purpose (IVC1/IVC3) (CO/ 10/14/07).  

Kristen:  I do not think my students would have learned as much as they did, if it 
had not been for the small group discussions.  In these groups, the students were 
able to share ideas and then work together to find a solution to the problem.  I had 
some strong personalities in my class, so I am almost positive that when they 
were in a group together, the strategy tried would have been well discussed and 
debated.  If I were to change anything for next semester, it would be that I would 
include more small group work, as long as discipline was not an issue in the 
classroom. 
 
Students within Kristen’s middle school classroom were strongly encouraged to 

communicate in the class discussions, to grow in assurance in their ideas, and to hear 

others’ ideas.  However, these observations were not captured by the researcher.  

Although, the contents of the discussions and the lesson plans showed that small group 
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discussions were one of the most productive means to introduce a new topic as it brought 

deeper meaning to the students. 

Summary 

  Kristen performed equally well across most of the factors and the subareas within 

them.  The most growth occurred in the subareas of self-regulation, communication and 

connections, thinking skills, and her beliefs about mathematics and teaching 

mathematics.  Kristen was able to take the solid foundation of knowledge and beliefs she 

had concerning mathematics before this course and add the content knowledge she gained 

in the course and in the classroom.  She was able to then take the declarative and 

procedural knowledge she gained and transfer it to her instructional practices in the 

classroom . 

Lorin 

 In the fall of 2007 Lorin was placed at a local middle school with Mrs. Graham, a 

6th grade mathematics teacher.  Her class consisted of all girls who performed in the 

normal range of achievement.  She and Beth had the same classroom teacher, but Beth 

taught first period and Lorin taught second period. 

 
Metacognition 

 

 Self-regulation in the course.  The university course provided the “framework” 

Lorin used to monitor her own progress through the semester.  The faculty instructor 

provided several different examples for Lorin to be able to create a plan and organize her 

thoughts throughout the semester in the university course and in the middle school 

classroom.  The following examples are strategy plans Lorin gained in the faculty 

instructor’s class which helped her monitor her progress (IA2/IA4) (Reflection/10/16/07).  
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Faculty supervisor:  So have you been able to monitor your progress better since 
we spoke in the last reflection?   
Lorin:  No, I mean, I guess if I finished my homework I go back and I check it 
and say good job.  I think I unconsciously am constantly checking my work, but I 
may not always realize it.  Checklists are a great way to monitor progress in any 
kind of problem solving activity.  It can help you think about all the things that 
need to be completed in order to solve the task.  Questions such as: Did I follow 
the directions fully?  What is the problem actually asking me to do?  Have I 
completed all the steps to solve the problem?  Does my answer seem reasonable?  
Is there anything else I should think about/try before I move on?  I am a very 
determined person and if I have a goal set, I will find a way to meet that goal but I 
want to know how I got to the answer and be able to retrace my steps. 
 

In addition to monitoring her progress, Lorin tried to create a plan to solve the problem 

beforehand so that she could “see at what stage I made my mistake” (IA1) 

(Interview/11/29/07).  Lorin also organized her lessons and created plans for solving the 

problem to encouraging metacognition within herself and her students 

(Reflection/10/12/07) (IA1/IA3/IA4).  

Researcher: So tell me why planning and monitoring your progress is important? 
Lorin: Organization of steps can encourage metacognition by causing the student 
to first identify the problem to be solved and then decide a plan of action to solve 
it.  It forces them to think explicitly about their process in solving the problem.  
Hopefully the problem solving steps will also include some reflection on the 
process so the student can evaluate their answers and the methods used to find the 
answers. 
 

Lorin recognized the benefit of proper planning and monitoring in the problem solving 

process (IA4).  

 
 Self-regulation in the classroom.  Lorin modeled how to create a plan by writing 

the agenda for the unit and lesson on the board each day to inform the students about the 

daily class activities (e.g., POD, Trade & Discuss homework).  Lorin also communicated 

goals and the purposes of learning through her messages regarding specific tasks and 

class activities.  Within the course, Lorin was exposed to a variety of strategies for 
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solving problems in the course which she found to be helpful for her own teaching (IA3) 

(Reflection/9/27/07).  

Faculty supervisor:  What has been most helpful from the course into the 
classroom for you? 
Lorin:  The way that the faculty instructor encourages us to always create a plan 
for our teaching and our own learning has been very helpful.  I have been able to 
teach my students how to create a plan which not only gets the correct answer, but 
also give them steps which they can look back at if they do not get the correct 
answer.  I have seen that when my students are given specific step-by-step 
strategies by me, they then have a framework to use.  In the course and the 
classroom I have seen how these are useful in reminding students of the processes 
involved in solving the problem.  Frequently, students forget how to solve various 
problems, but if they have a plan, this will usually trigger them to ask questions to 
help them solve the problem.   
 
Lorin saw that specific monitoring behaviors sometimes influenced the students’ 

choice of strategies and the plans which encompassed them (IA4) (Researcher Notes. 

Sum.23).  Within the classroom, Lorin provided the students with specific steps for 

monitoring their progress (IA2/IA3) (CO/11/1/07).   

Lorin: Okay, today we are going to look at plotting points on graph paper.  I am 
going to give you a few steps to follow when you are problem solving which 
should help you be able to monitor your progress and be able to ask good 
questions.  I want you all to remember the way that we plot points.  First, you 
need to look at the signs and figure out what quadrant of the table you are going 
to be plotting in.  Second, you will locate the number on the x axis, and then if it 
positive you go on the y axis to the second number in the ordered pair and if it is 
negative you go down to the number.  Third, you are going to check it and make 
sure it truly represents the ordered pair.  Then, go onto the next pair.  While you 
are working on this, remember your goal in this assignment: to orient yourself to 
plotting ordered pairs.  If you have any questions, please write them down in the 
margin of your paper and I will be walking around to check on each of you.  Any 
questions before we begin? 
 

 Lorin was consistent in developing a clear plan and articulating the steps she 

wanted her students to follow when problem solving.   

 

 Self-reflection in the course.  Lorin was constantly asking herself questions at her 

desk and was able to incorporate the faculty instructor’s feedback into her learning and 
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notes for the midterm and final.  Some of the questions she asked at her desk were 

(Reflection/9/6/07): 

Lorin: How can I use this with all my students with different needs?  What kind of 
strategy can I use to check for comprehension?  How can I make this lesson more 
age appropriate for my students? 
 

At the start of the semester, Lorin and the other preservice teachers received an early 

lesson on how to incorporate literature into their math lessons.  While reading a book 

about a family reunion dinner, Lorin was able to reflect back and examine the lesson to 

see how it could one be used in her class and how it could be effective (IB3) (CO/9/6/07). 

Faculty instructor: So absolutely.  This applied for your upper elementary and 
middle school too because it is a really cute story.  It is about having a really big 
family event and real life since they had to move the tables around to give 
everyone a seat.  Your perimeter is changing - your area is not.  And again your 
middle school students are mixing up area and perimeter.  Okay, give me 
something else that is effective? What do you think about the color tiles?  Would 
you use them with this? 
Lorin: I think if you actually made them do it, then they could be really effective 
in reinforcing the concepts.  And giving you opportunities to stop and have them 
figure out the perimeter and the area.  
Faculty instructor: Yes, yes…now in your classrooms in reality someone will 
need them and some will not need them.  So, absolutely, what you can do is, Dub 
you were using them throughout, did you find it easier?   
Faculty instructor: Now here is where you have to decide.  What approach do you 
want to use on this?  Cause if you don’t stop and check, and this goes for any 
activity you do, if you don’t stop and check you will have some students who will 
get lost and then just check out and say they are done.  Jessica did a wonderful job 
role playing when she noticed that she had lost it.  But you are right, there are 
places you can get everyone back on the same page and you bring that out as a 
teacher.  All the tables were pushed together in one line, now everyone is back.  
Now that is a standards based approach if you are waiting for that point when 
everyone gets back together. You do not have to do a standards based approach.  
What might you do? Instead of waiting till when you have a checkpoint, what 
could you do?  Any ideas?  Would you keep going or stop and check? 
Lorin: I would say check with each other, your partner. 
 

This interaction allowed Lorin to look back and reflect how this lesson could be effective 

in her classroom and methods she could incorporate to check for understanding.   
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 Later in the semester, Lorin commented about the growth she saw in herself in the 

area of reflection when she looked back over the entire semester (IB1/IB3 

(Reflection/11/1/07). 

Faculty supervisor:  So in what areas do you feel like you grew this semester?  
Lorin:  Like, um, I think that I have developed more, so I have more thoughts and 
actions to do, and I am not as stressed out when making lessons.  I look back and 
see how much I grew in the area of being able to take feedback as helpful and not 
critical.  I think it is easy to forget that this is a learning process and I am not 
going to be perfect at it right away.  I think I also saw how I could ask questions 
of myself and my students which could cause better retention of the lesson for 
future reference.  I guess that is all. 
Faculty supervisor:  That is a good summary. 
 

Lorin developed an awareness of the benefits of constructive feedback as a positive 

learning technique in both the course and the middle school classroom that she taught. 

 
 Self- reflection in the classroom.  Lorin expected her students to share their own 

problem-specific strategies as well as compare and evaluate each other’s strategies during 

group work and whole-class discussions. Lorin modeled this approach in the next 

example.  (IB3) (CO/9/27/07): 

Lorin:  There are many ways to find the distance between points.  Can someone 
list some for the class? 
Shannon:  You can measure it? 
Lorin: Yes, you can measure it.  You can also use the quadratic equation is order 
to find the length of a side.  The quadratic equation is a2 + b2 = c2.  If you know 
two of the sides of a triangle we can find the third by this method.  So today in the 
pairs I have already put you in, you are going to plot points on the graph paper 
and figure out the length of the diagonal side, by plugging the other two numbers 
into the formula.  
 

In addition to modeling solution approaches, Lorin had the students regularly engaged in 

metacognitive behaviors which involved reflecting on the effectiveness and efficiency of 

their decisions and actions.  These reflections were exhibited frequently during each of 

the four problem-solving phases, and they appeared to move the students’ thinking and 

coursework in generally productive directions.  These reflective behaviors included 
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pauses in the executing phase to determine the reasonableness of the constructions (i.e., 

whether the emerging results fit with the mathematicians’ current knowledge and 

understandings) and reflections about whether the approach was productive (e.g., Is this 

strategy getting me anywhere?  What does this tell me?).  Beth’s students tended to act on 

their reflections in ways that moved them forward in the solution process.  The following 

example, displayed this process in the classroom (IB2/IB3) (CO/11/6/07).  

Lorin:  Today we looked at dilations, reflections, and models on the computer and 
then you wrote about them in your journals, as a Sum-It-Up page.  So who can tell 
me about what they learned today?  
Sarah:  We created shapes and then we were able to reflect those shapes on the 
opposite side of the y axis.  The plotted numbers were the same except that they 
were negative instead of positive.   
Lorin:  Good, anyone else? Can anyone tell me how they could have done this 
activity better?  
Sharmeka:  Maybe we could have agreed on points more quickly, not taken so 
much time to do that and then maybe we would have gotten to Part B of the 
worksheet.  Even so, I did learn that reflections would match if you folded the 
axis in half, while, the transposed shape was just all the point moved the same 
distance in one direction.    
Lorin:  That is right.  Overall, I really liked what I saw today in class.  You girls 
did a great job working together and really trying to learn the goals for the day.  
You appeared to be having fun, while learning about symmetry and plotting.  
Good job. 
 

Later that same day, Lorin and the faculty supervisor reflected about the lesson in detail 

for what Lorin did well and ways she could improve (IB2/IB3) (Reflection/11/6/07).   

Faculty supervisor: So, how do you feel the lesson went? 
Lorin: I think that overall it went well.  The main thing I need to work on is 
timing.  Learning how to do the timing within the lesson and classroom times.  I 
think I will learn that once I get more involved.  Um, I felt like the hard part was 
that I could have done a little more assessment in advanced.  I liked the flow of 
the lesson plan better my way, than the way that Beth did it, which is why I 
switched it when it did not work first period.  
Faculty supervisor:  Well, I think the lesson went very well.  Even though the 
students were chatty, they knew what you wanted from them and were trying to 
do it.  You had a good transition between the warm-ups to working on the 
computer.  The use of the Sum-It-Up sheets was a great idea to see what they 
have retained from the lesson.   
Lorin: Thanks.  I feel like I have come a long way from when this semester began.  
Faculty supervisor: I agree. 
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Lorin became effective in evaluating her own actions such as time management and 

identifying ways to improve future lessons. 

 
Meaning making in the course.  At the beginning and end of the semester, Lorin 

and the researcher sat down and had a discussion about the use of metacognitive 

knowledge and strategies within Lorin’s problem solving (IC1) (Interview/8/21/07).   

Researcher:  How will thinking about the prior knowledge you have in an area 
help you solve a problem?  
Lorin:  Yea, I try to use other strategies in trying to solve the problem.  
Everything I already know seems to help me in one way or another.  I am often 
able to take what I have learned in the past and connect with the new knowledge 
and strategies.  
 

Three months later in a final interview Lorin spoke of the importance of connecting new 

knowledge to the old and provide relevant examples (IC1/IC2) (Interview/11/29/07). 

Lorin:  If someone can think about prior knowledge and prior experiences when 
learning new information, then they can learn from those experiences either for 
the positive or the negative.  In the future, someone would know how to handle 
new situations by knowing what had worked best in the past.  I thought it was 
sometimes easier during the semester, when the faculty instructor presented new 
information in the form of an example from her life or our lives, as it seemed to 
be easier to remember and chunk into my head.  Basically, prior knowledge is like 
building blocks.  I will always be building on top of that knowledge. 
 

 Lorin grew in her ability to attach meaning to concepts, by associating a real life 

example with concepts in the course.  Lorin built on her prior learning blocks as new 

information was taught by the faculty instructor.  Within the course, Lorin was able to 

glean new knowledge and create meaning through class activities, for example, the day 

on algebraic expressions and the meaning of an equal sign (IC2/IC3) (CO/11/13/07).  

Faculty instructor:  How many times do you as teachers just tell your students the 
answer?  By saying it all out loud, it forces them to evaluate the meaning of the 
equal sign…What does it make you think of?  You guys said this right off the 
back…equations right?  What is the meaning then of an equal sign? 
Lorin: Both sides are the same in proportion.  Looking at what is in front of us, I 
think of one side balancing the other.  So it is like a seesaw on a play ground.  
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Sometimes you can fit three little kids on one side, in relation to just one adult on 
the other side.  So it is not just an answer, but what makes the equation balanced.  
 

Lorin not only learned what an equal sign truly meant, but also gave meaning to it by 

providing an example of her definition in the real world.  The concept was given clarity 

by using what was relevant to the student. 

 

 Meaning making in the classroom.  Within Lorin’s middle school classroom, 

Lorin promoted students’ understanding by contextualizing mathematics concepts within 

real-life situations (IC3) (CO/9/14/07).   

Lorin: Any questions about today’s lesson on averages. 
Tricia: I am having difficulty understanding why we have to count 0’s in a data 
set in order to find the average.  Can you explain this? 
Lorin: Well, let’s pretend that that zero represented one out of eight homework 
scores of a certain student.  Do you think it would be fair to the other students if 
the teacher did not count the zero and divided the total number of homework 
scores by seven when computing the average score for this student?   
Tricia: No.  Okay, I understand now.   
Lorin:  Okay, now we are going to move on and talk about the difference between 
a raw score and a percentage when finding the average.  For example, if you got 
35 right on a test with 50 questions.  Your raw score would be 30, but your 
percentage would be 70%.  If you got 45 out of 50 right, then your percentage 
right would be 90%.  What you are doing is dividing the number possible into the 
number you got right in order to get your answer.  Does that make sense to 
everyone?  Okay, well I want you to practice converting raw scores to percentages 
and percentages to raw scores on the story practice problems. 
 

Lorin adjusted the scenario to one that was familiar for her and her student.  Through the 

discussion, Tricia and other students came to realize that zero was also a piece of data 

and that they should count it in order to find the average.  In addition, Lorin was able to 

compare and contrast the difference between a raw score and a percentage (IC3).   

 After this lesson, Lorin was reflecting with the faculty supervisor about how she 

thought her kids were doing in relation to connecting new knowledge with prior 

knowledge through Lorin’s real life examples (IC1/IC2) (Reflection/9/14/07).  
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Faculty supervisor:  So, how are you doing?  Tell me what you thought of today’s 
lesson? 
Lorin:  Well, I thought today went well.  I was excited to see that most of the 
students connected multiplication with averages.  I only had the one student who 
got lost and she was easily brought up to speed with a real example from life.  I 
had written the example down in my lesson plan in case someone needed an 
example, so I was glad I had it.  That example has had meaning for me in relation 
to averages since I planned the lesson.  It just makes sense and is easy to explain.  
The example also connects well when we talk about finding percents, as the 
students can find their percent on tests and then find their average, so I feel like it 
can connect many concepts.  I thought the lesson went well. 
 

Lorin realized the value of real life examples for her students when adding new 

information to old knowledge creating connectivity and meaning.  This increased her 

knowledge of the importance of connecting new information with real life examples in 

order for them to have meaning and thus be remembered with time both for her and her 

students.  

 
Reasoning 

 

 Communication and connections in the course.  On the first day of the course, 

Lorin was reluctant to problem solve but shared her ideas with the rest of the class when 

they were given the problem of balancing 16 nails on the top of one nail (IIA1/IIA2) 

(CO/8/21/07). 

Faculty instructor:  You have to be able to step back and all sixteen stay on the 
one nail.  Any other questions?  Okay, you may begin.  
Lorin: I am so not creative.  
Faculty instructor: But you have a problem in front of you, how are you going to 
address it? 
[Multiple students coming up with ideas] 
Lorin: I just do not know what to do. 
Faculty instructor: What math process are you engaged in right now? In other 
words, what are you doing if you have to define it?  What are you doing right 
now?  
Dub: Trial and error 
Faculty instructor: That is strategy.  But right now you are problem solving, right? 
And the strategy you are using is…trial and error.  What is another name for trial 
and error? Guess and check.  
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Lorin: Can you put two on lying next to each other? 
Katie: You could put the next two in the opposite direction. 
Lorin: Could you put them like a log cabin?  Balancing each one in a different 
direction, like Lincoln Logs.  
Tara: I do not know if this will work, but what if the two balanced and the rest of 
them hung from it?  
Dub: That is what I was thinking. 
Faculty instructor: Ya’ll I hate to do it…beep, beep, beep.  Okay, you want the 
answer…For lack of a better phrase, think out of the box.  You are not alone you 
have a partner, you have a math department, you have a team, you have a CI, site 
based coordinators to help you find the answers.  Comments!  Questions?  
 

Throughout the thirty minute discussion above, Lorin voiced new ideas from her seat in 

the back of the classroom, away from the ongoing project.  Lorin’s engagement increased 

during the semester.  For example, in later observation Lorin was the leader in the 

conversation (IIA2) (CO/11/13/07).  

Faculty instructor: Okay, so has anyone every heard of Equal Schmequal? . . . 
Lorin: Yes, you can use the book with balance squares.  So you can use the 
balance to show equal sides and weight by putting pegs on the numbers.  So two 
pegs on the same rod on one side can equal two pegs on the other side on different 
pegs.  They are equal because we can add the numbers together.  So we have 
order of operations and the distributive property being seen for our students.   
Faculty instructor: So how many algebraic expressions look like this?  Lorin you 
have one, which one did you do? 
Lorin: We did balance 25 with consecutive numbers.  
Faculty instructor: Oh, consecutive, very tricky.  So what did you do? 
Lorin: We kind of like tested it out and looked for the answer. 
Faculty instructor: Okay, so by just testing it out, what problem solving strategy is 
that?  
Lorin: Guess and check.  
Faculty instructor: Good, so on your first guess what numbers did you choose? 
Lorin: 7, 6,5,4,3 
Faculty instructor: And does that add up to 25?  Does everyone agree?  Did 
anyone else do this one?  Are there other combinations to equal 25?  These are 
questions to ask your students. 
 

This final observation was very different from the one at the beginning of the semester.  

Lorin increased her communication both with her classmates and the faculty instructor in 

order to share ideas as well as defend them.  
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Communication and connections in the classroom.  Lorin encouraged and 

expected communication between herself and her students and among the students, as the 

students shared their own ideas, listened and discussed each others’ ideas to explore 

possible solutions (IIA2) (CO/10/4/07).  When a student shared an idea or a strategy, 

Lorin usually avoided giving feedback immediately.  She first clarified and elaborated 

upon the student’s idea before fostering discussion by encouraging other students to state 

their agreement or disagreement along with their reasons.  Students first worked 

individually at their table groups and then shared their findings and ideas through whole-

class discussion.  Michael was one of the students who shared his strategy.  He put one 

figure on top of the other in order to compare the width and length of the figures.  While 

he was talking about his strategy, Lorin dissected his explanation by asking questions 

(IIA2) (CO/10/6/07). 

Lorin:  Okay, what are you matching?  What part of the rectangle are we talking 
about?  Show us where the perimeter is?  Okay, then what about this side and this 
side? 
Michael: My initial idea was that the perimeter of the figure was greater when it 
was folded like a hot dog style.  However, when I compared it to the width of the 
figures, I realized that the width of the figure was greater when it was folded 
hamburger style.  Thus, I changed my mind and decided that the perimeters of 
both figures should be the same. 
 

Lorin guided the discussion by asking another student, Nathan, to share his idea because 

he was also thinking that the figure folded hot dog style has the greater perimeter.  Lorin 

referred to Michael’s idea (IIA1) (CO/10/07): 

Lorin: So, you agree that hot dog has longer- these longer sides, so it has more 
perimeter than shorter sides.  But now- what about when you get to the width of 
the both of them.  How can you prove that?  This is when Michael changed his 
mind.  He believed that hot dog has longer sides, over looking at lengthwise this 
way, but then what about the width of these compared to the width of that.  Can 
you prove that they’re not the same?  This one has more perimeter?”  
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Nathan suggested using estimation but he struggled to prove his point.  Lorin took 

it as a learning moment and made it a class discussion (IIA1) (CO/11/6/07). 

Lorin:  Does anybody notice anything about the widths of these?  If I put one 
[figure on] top of the other [figure] - width of the hot dog compared to the width 
of the hamburger.  What is perimeter- just these two sides?  What is the definition 
of perimeter?  
 

For the rest of the activity, students shared their ideas (e.g., folding the papers twice or 

three times, using a pencil to measure the length of the sides) and made comments on 

each other’s strategies (IIA1).  Even though not all the strategies and solutions were 

correct or efficient, students were given opportunities to evaluate their strategies and saw 

why they worked or didn’t work (IIA2).  Most of the observation described demonstrated 

that the class discussion constituted a significant part in supporting students’ 

understanding.  Lorin’s input encouraged the students about their findings, ideas, and 

problem-specific strategies, which impacted their metacognitive strategies.   

 Later in the semester Lorin reflected with the faculty supervisor about the 

communication that went on in the classroom between her and the students (IIA1) 

(Reflection/11/6/07).   

Faculty supervisor:  So what major changes have you seen in your class? 
Lorin:  One of the major changes I have seen is in my deliver of the lessons to the 
students.  I have watched a progression from straight lecture to now trying to 
incorporate more class discussion among the students in order to give the students 
more opportunities to share their thoughts on strategies and solutions with their 
classmates and myself.  This so far has seemed to work quite well, I am pleased.  

 
Lorin effectively guided the students’ classroom discussion encouraging open sharing of 

ideas and solutions to problems. 

 
 Application of thinking skills in the course.  The course provided opportunities for 

Lorin to be able to develop and strengthen her skills of being able to identify what the 

goal was for each strategy and gain knowledge of numerous strategies which could be 
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used for the same problem.  Lorin often used trial and error in solving problems.  In the 

beginning of the course, Lorin was reluctant to try new strategies as seen in the following 

example and continued to use trial and error (IIB4) (CO/9/18/07). 

Faculty instructor: Equivalent fractions, absolutely.  Several of you were working 
with fractions today in your classroom.  You are dealing with uncommon 
denominators.  Even your middle school students will like the magnetic area for 
practicing.  What do we have over here?  Last group. 
Sarah: Fractions, circles and squares.  
Faculty instructor: Okay, what are you going to do with that? 
Lorin: Well, this is something I do; you kind of help them see what you are doing 
when you are finding a common denominator.  Like you can give them a half 
circle and then you trying to add a half plus a third and to find a common 
denominator they can try to place them in the other shapes to fit and find the one 
which fits and matches up the closest. Equivalent fractions.  This is one strategy I 
have used in the classroom and in here which I have found works well for me.  
Just plain old trial and error.  It is always the one strategy I try first before all 
other. 
 

With time though, Lorin enlarged her battery of problem solving strategies.  The 

strategies included logic and reasoning which she connected to prior problems, as seen 

later in the semester (IIB3) (11/6/07): 

Faculty instructor:  The tangrams were created by Chinese educators for their 
puzzle…Logic and reasoning, trial and error, your students struggle with these.  
Okay, does everyone have an outline?  Find a colleague and trade.  Okay, and 
then see if you can figure out what your colleague has challenged you to do.  
Lorin thought she had it, but the question is what the word is.  If there is no word, 
then what does that tell you? 
Lorin: There are other combinations? 
Faculty instructor: So different pieces might fit, but the true challenge is what is 
the word.  
Lorin: The first pieces I tried to put in there fit, but they do not make a word.  
Faculty instructor: So there are other pieces? How could you differentiate this 
activity in a classroom? 
Heather: Smaller and larger words. 
Lorin:  Ugh, I keep getting the same puzzle when I am trying different letters by 
trial and error.  I am going to have to try and think logically.  T Y P N.  Oh, I got 
it. 
Faculty instructor: Lorin bring yours up.  
Lorin: I do not know how you put them back on. 
Faculty instructor: Very good, fits perfectly. What were your letters?  Okay, 
PUNT. Whose was this? Do you remember the letters that you had that fit the 
puzzle?  
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Lorin: Yea, I wrote them down.  
Faculty instructor: Good, good. TLPN fits this as well, but no word, so remember 
that.  The goal is finding the word, not the letters that fit. 
 

Lorin reported finding herself using new math strategies for problem solving at home, in 

the classroom, and in every day life activities.  When Lorin was asked about how she 

believed she had grown over the semester in the area of problem solving her answer 

included the following (IIB1/IIB3/IIB4) (Interview/11/27/07): 

Researcher:  So how do you think you have grown in the area of your application 
of thinking skills? 
Lorin:  Well, I think I was able to apply more strategies within the course when 
we were solving different problems.  I think this came from understanding more 
about what the goal was for each of the strategies, so then I could apply the right 
one to the problem.  During group work, I felt like I could follow a pattern when I 
was trying different strategies.  I would first try solving it by trial and error and 
logical reasoning and then I moved to looking for a simpler problem within the 
original problem.  I look back and am amazed at how much I learned.  
 
 

 Application of thinking skills in the classroom.  Lorin expected her students to be 

able to identify the goals of the strategies and encouraged them to use the different 

strategies she provided in the classroom.  In addition, she prompted them to always 

follow some pattern for solving problems (IIB4).  In order to teach her students about the 

use of many strategies for the same problem, Lorin presented her class with the toothpick 

problem (IIB2/IIB4) (CO/9/16/07). 

Lorin:  As you are coming in you will find a sheet on your desk with toothpick 
puzzles on it.  By the end of the class today, my plan is that you will be able to 
distinguish the different goals amidst the strategies are and see how you can use 
three different strategies to solve the same problem.  First, I want you to try to 
solve the puzzles without physically moving them to begin with; just using logical 
reasoning and any other strategy you can think of and write it down in your 
reflection journals.  You need to write down if all of the puzzles were solvable 
using that strategy.  Second, I want you to solve it by manually moving each of 
the toothpicks into the position they need to be in for the problem to be solved and 
record what it looked like in your journals.  Lastly, I want you to choose from the 
other strategies we have covered so far in class and solve the same problems and 
record it in your journals and then we will discuss it.  Okay, Liz, what did you do?  
Can you think of another way you could have solved the problem?  
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In the following classroom interaction, students were discussing a problem of the day 

(POD), which was about finding an algebraic representation of a given problem situation 

by using the distributive property (IIB3) (CO/ 9/25/07).  Even though they agreed on one 

of the multiple choice answers, Lorin fostered a dialogue so that students could discuss 

various solution strategies and how each of them could be used to solve the problem.   

Lorin: Who will explain that to us?  Why do you think it’s B? [5 × ($9-$.01) =]?  
How does that fit the situation?  How does that use the distributive property?  
 

Jamal explained.  While he was explaining, Lorin asked questions. 

Lorin:  What does nine dollars minus one cent?  Where does the five come from?”   
 

Students answered her questions together.  

Lorin [writing down the equation on the board]: So, how does that equation work?  
What would you do to solve that?  
Roger: Maybe we can do the subtraction first and then multiplying by 5.   
Lorin:  Is there another way to solve the new equation by using the distributive 
property: 5 × ($8.99) =?   
Sam: Maybe we could do (5×$8) + (5×0.99) =?   
 

After they discussed his suggestion, Lorin asked if there was another way to find the 

answer.   

Steve:  Maybe 5 × (8 +0.99) =?   
Anna: (5×9) - (5×0.01) =?   
 

During the discussion Lorin asked students to compare both suggestions.  

Lorin: “How is this equation [(5×9) - (5×0.01) =?] related to this equation [5 × 
($9-0.01) =?] that we chose as the answer here?  How are these two equations 
related?”  
 

She asked students how their classmate found the second equation by using the first 

equation.  

Luke: Like um, and, um- probably like you said, go to, he has to do that, 5 times 9 
then 5 times, um- 1 cent.  
Lorin: Yeah, he used the distributive property… He did, he distributed this.  He 
did five times a nine, minus five times the one cent.  
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Then the students discussed how the equations are related to each other.  

This episode illustrates how Lorin guided the discussion by asking questions that 

stimulated students to use different solution strategies.  Even though they agreed on the 

answer, 5 × ($9-0.01), she created a new problem situation by asking students how they 

could solve 5 × ($8.99) by using the distributive property.  After students suggested 

several ways, including (5×$8) + (5×0.99), 5 × (8 +0.99), and (5×9) - (5×0.01), she 

assisted them in seeing how these findings were related to each other, which could help 

them transfer their solution strategies across different problem situations.  Lorin’s actions 

demonstrated that she transferred the characteristic of presenting numerous strategies for 

solving the same problem learned in the course to her classroom (IIB2).  

 
 Knowledge base in the course.  Lorin began the semester with both a math 

content knowledge and math maturity which helped her be a more effective teacher of 

math.  In addition, Lorin realized early in the course that if she wanted to teach math 

well, she needed math procedural knowledge designed to help her students learn math 

content and gain in their math maturity.  In the 18 lessons observed, this type of increase 

of mathematical knowledge was observed in nine instances with Lorin (Researcher’s 

Notes/ Sum.62).  In an interview with the researcher Lorin described her prior knowledge 

and the effect it had on her learning in the course (IIC1) (Interview/11/29/07). 

Lorin:  I do not think I would have been able to grasp the concepts that I have in 
the course without the prior knowledge of math concepts and strategic knowledge 
I had coming into the course.  I have been able to take my knowledge of concepts 
such as multiplication, statistics and probability, and algebra and I have been able 
to use the strategies the faculty instructor has taught to solve the problems.  If I 
had not had such a good grasp on the concepts, I would not have been able to use 
the strategies as well.   
 

Lorin had a good foundation of prior knowledge and was able to effectively explain 

concepts to her classmates and use procedural knowledge within the course activities.  In 
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the first month of the course, the faculty instructor presented a lesson on estimations 

(IIC3) (CO/9/16/07).  

Faculty instructor:  Okay, so if our estimations are reasonable, fairly accurate, 
then it looks like Jar 1 would hold the most kernels.  But let’s look at the 
strategies. How did you go about figuring the number of kernels in the jar?  Okay, 
so Jar 1, what did ya’ll do?  Explain your procedure, but make sure everyone is 
clear on how you got your answer.  
Lorin: We took a tablespoon and we took, well, we each took a tablespoon full 
and then we averaged how many we counted in the tablespoon.  And then we 
decided that there were 237 kernels and measured out that there were 3 1/2 cups 
in the jar and we know that there are 3 tablespoons per cup and so we multiplied 3 
1/2 by 237 kernels to get our answer of 6,489.  
Faculty instructor: Okay, did everyone hear Lorin?  What do ya’ll think?  Does it 
sound like a good strategy?  Does it sound like a pretty good estimate?  Okay, so 
they counted the average of the tablespoon and then said here is our average, how 
many kernels are in a tablespoon and then filled up the measuring cup and found 
out how many cups were in the jar.  And then multiplied.  Okay, in a nut shell. 
Alright.  What about Jar 2?  What did ya’ll do? 
 

 A later example of Lorin’s prior knowledge was observed when the class was 

describing the use of prediction and statistics (IIC1/IIC4) (CO/11/8/07).   

Faculty instructor:  Today we are going to discuss statistics or probability?  What 
concepts come to mind when you hear statistics and probability?  
Lorin: Percents and pie graphs, as probability is the percentage of time that an 
action will happen and statistics are the number which go along with probability 
and can be represented by pie graphs.  In addition, I think of the other graphs; bar 
and line and then we did predictions of what will happen or how many are in a jar. 
Faculty instructor: So when do you think the different graphs should get 
introduced in the classroom?  
Lorin: Well, I think they can start to be introduced in early elementary grades by 
like graphing birthdays in every month or how many students bring their lunch 
compared to buy their lunch.   
[Other preservice teachers answer too] 
Faculty instructor:  Lorin, you seem to have a good grasp on the math concepts 
associated with statistics and probability, what strategies would you use to solve a 
probability problem? 
Lorin: Well, I think I would use logical reasoning in the beginning to make a 
prediction and then look at the graph even to see what the trend has been in the 
past and see if I can apply the trend to the last figure given. 
Faculty instructor: Sounds good to me. 
 

In the example above Lorin verified not only her prior knowledge of math, but also her 

use of procedural and conditional knowledge in terms of when to use which strategy. 
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 Knowledge base in the classroom.  In an initial interview Lorin commented on her 

preconceived idea of how she wanted to introduce new material in a lesson meant for 

knowledge growth (IIC1/IIC3/IIC4) (Interview/8/21/07). 

Lorin:  I try to emphasize to my students, that while they might not understand the 
problem or might not know how to solve it when they first read the problem, 
using strategies could help them.  They need to try to pull on their prior 
knowledge of mathematical concepts and strategies to solve the problems.  I guess 
when I am presenting something new, I want the students to be able to relate it to 
something and be able to have an idea of why they are learning it. Maybe show it 
and then also show an example of where they can use it, so they can see oh I 
really do need to know it.  I guess the purposes are explicit, I mean, if I am 
explaining it to them or when a lesson is explained to me, I am thinking “what is 
the purpose of this lesson?” and usually it is explained.  I think, definitely now 
that I am teaching classes, they [the faculty] are teaching us to do that and they 
make you think about why you are teaching the lesson in that way, instead of just 
giving us the answers, you have to continue to think, even outside the box…  
 

 Lorin encouraged her students to talk about the declarative and procedural skills 

and knowledge they used while solving the problem.  Without knowledge of the domain 

of mathematics, for instance, her middle school students had difficulty directing their 

thinking about how to solve a mathematical word problem (CO/9/12/07). 

Lorin: Okay, who can tell me the difference between area and perimeter? 
Anyone?   
Julie: Aren’t they the same thing?  
Lorin: No, they are not.  Area is the space within the shape and the perimeter is 
the outline of the shape.  So if this is a foggy concept, how many of you 
understand the story problem worksheet in front of you?  Just a few? Okay, let’s 
have a little review lesson about area and perimeter.  
 

The students were able to integrate new knowledge into their existing knowledge 

structures through concrete experiences with physical materials that they manipulated in 

learning about area and perimeter (IIC1) (Researcher’s Notes/10/26/07/Sum.27).   

In a reflection with the researcher Lorin commented on her strategy she used to 

increase her students’ knowledge in the classroom (IIC3/IIC4) (Reflection/10/14/07). 

Lorin: I tried to not only present the knowledge in my lessons, but also the paired 
strategy of choice to solve those types of problems.  This way the students were 
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able to see how their knowledge could be used to solve problems and gave them 
insight into what strategy to use and when to use it.   
 

Lorin demonstrated an intentional approach to create a learning environment for her 

students which gave opportunities for her students to pair knowledge and strategies. 

Attitudes 

 Beliefs in the course.   Lorin had strong opinions about mathematics which she 

discussed during her interview at the beginning of the semester. (IIIA4)  

(Interview/8/21/07). 

Lorin: I feel that many of my math courses have coincided with my beliefs and 
philosophy about teaching math.  I wish to create a fun and exciting learning 
atmosphere for my students.  I will use many manipulatives, and hands-on 
activities will be incorporated into all of my instruction.  I will use lots of visual 
aids for those students who need to see something in order to understand it.  My 
students will learn many problem-solving strategies because word problems will 
be a part of all of my instruction. 
 

In the course, Lorin often commented about her beliefs and how they had shaped her 

math career so far (IIIA1) (CO/9/30/07). 

Faculty instructor:  Okay, so tell me why you are in this class and why you want 
to teach math?  There are going to be days when you do not know, so why do you 
want to teach? 
Lorin:  Since I have always loved math, I feel like my prior thoughts and feelings 
drive me forward to learn more about math and ways to problem solve.  I really 
just enjoy learning math.  I want to teach, not just the answer to my students, but I 
want them to also understand how they go to that answer, just like I have all these 
years.   Um, I mean if a teacher goes through the things and it teaches them and 
then maybe their able to apply it to something relevant to the student, they can 
appreciate the product they have learned and have been able to use.  
 

In addition, when Lorin was asked how she felt about mathematics at the end of the 

semester, there was only a positive response (IIA3/IIIA4) (Interview/11/29/07).   

Lorin:  I love math.  I am a math nerd.  I like it and I think it is interesting.  I can 
see it everywhere I look.  But if I had to break it down.  As a student I really love 
math and doing math problems as I see math as really important.  As a teacher I 
feel like it is also important and thus I want to show the kids how to use the math.  
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Since math had always and continued to come easy for her, she kept a positive attitude 

even in the midst of difficulty.  Both in the classroom and in the interviews Lorin 

displayed a confident attitude throughout and then transferred those feelings to the 

classroom (IIIA4).  

 

 Beliefs in the classroom.  Lorin had a strong belief that problem solving was 

foundational for any middle school mathematics classroom.  Her enthusiasm for math 

and solving new problems was recognized by her students during her lessons.  As a 

result, they got excited and believed that it was important, too (IIIA4) (CO/9/27/07).   

Lorin:  Katie, you seem to be doing so much better this week with your PODs, 
what happen? 
Katie: Well, everyday you talk about how much you like math, so I thought I 
would try liking it because obviously it is important to you or you would not be 
here teaching. 

 
After a few weeks of her teaching, many students had become better at solving problems 

and began to perceive themselves as good problem solvers.  They began to exert more 

effort to develop strategies and obtained more solutions to problems.  Lorin had 73% of 

her students begin on problems immediately during her lessons because they believed 

they could do it (IIIA4) (Researcher’s Notes.Sum.12).  Consequently, many students 

began to change their perspectives about mathematics.  They began to realize that 

mathematics was far from boring, but rather a subject that could be educational, fun, and 

applicable to everyday life.  This was observed by the researcher, but also reiterated by 

Lorin in her reflection (IIIA3) (Reflection/11/6/07). 

Faculty supervisor:  So tell me how class was today? 
Lorin:  After three months of being in the classroom, I think I have finally broken 
through to the girls and they see how much fun math can be.  Today, when we 
were talking about transposing shapes on the coordinal board, I just saw a huge 
difference in the girls, as they were able to give me examples of how this was 
applicable in their lives.  I think it was one of the most rewarding days, even 
though there was the issue with order of presentation, once it settled down, the 
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lesson seemed to go so well.  I think they finally got the idea that math is more 
than a solution, but a process.  
 

Lorin came into the classroom equipped with strong positive beliefs about herself and 

teaching math which transferred directly to her students.  Her attitude was contagious, 

resulting in her students demonstrating a more positive attitude toward math. 

 
 Confidence and persistence in the course.  Lorin interacted within the university 

course in an effort to make sense of the information in the problems presented and take 

note of how to solve harder problems.  She consistently displayed confidence, general 

curiosity, and reflective behaviors in the class.  She was engaged in solving the harder 

problems in class and then also encouraged her students in her class to at least try to solve 

the harder problems (IIIB1).  In the first interview, Lorin spoke about her confidence she 

had in herself to be able to solve any problem which came up in the course and life 

(IIIB2) (Interview/8/21/07). 

Researcher:  Do you think you are a good problem solver?”   
Lorin:  Um, I think I am okay problem solver. I guess I sometimes just work 
backwards to find the answer, but I pretty much always find the answer.  In 
difficulty, I think I break it down piece by piece.  Think out it, hypothesize a 
strategy, work it out, and then check it.  I always get the answer through.  I am not 
one who gives up when solving math problems.  I attack them and conquer them.  
I am willing to attempt any problem which comes my way as long as I have the 
time to figure it out and can concentrate completely on it.  I even think that I am 
creative in the terms of how I problem solve, as I sometimes do not follow the 
rules, but try to think outside the box.  
 

This confidence was observed both in the interviews and in the university course.  The 

semester was full of different activities which were relatively easy for Lorin to complete 

since they were made for middle schoolers; however, some presented more difficulty 

than others.  One example of a harder problem, were the toothpick puzzles which the 

preservice teachers were given during class to learn alternative strategies (IIIB1) 

(CO/9/11/07). 
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Faculty instructor: Okay, let’s go to toothpicks back there.  Thoughts, comments 
on toothpicks?  
Lorin: I liked it a lot because it gets you moving.  You are thinking and for the 
visual people you can actually see it and move it and manipulate it.  Hands-on for 
sure and um…But it was a definite challenge for me and it took me awhile to get 
the challenge problem about moving three match sticks to make four squares of 
equal size.   
Heather: I think it encourages students to know there is always more than one way 
to solve a problem.  Instead of a certain process.  
Faculty instructor: I have a copy of the possible solutions for those toothpicks, it 
will be interesting to see if you came up with exactly the way that they said to do 
it or did you have another strategy.  So don’t let me forget to give you that before 
you leave. 
Lorin: I do not want the answer yet, as I want to figure it out myself because I 
know I can do it if I just spend some time thinking about it.  I think it is a great 
maybe POD for the students, as it makes them think outside of the box and 
definitely learn trial and error.   
 

Lorin was determined to find the answer to the toothpick problem in class and was not 

going to leave till she got the challenge problem.  Lorin did figure out an answer before 

she left class that day, but it took perseverance and determination to get it. 

 
 Confidence and persistence in the classroom.  After the first three lessons of the 

semester, Lorin reflected with the faculty supervisor about the pros and cons of the 

semester and also gleaned some ideas of ways to improve the lesson.  In the first one of 

these, Lorin reflected about her own willingness to attempt harder problems (IIIB1) 

(Reflection/9/7/07).   

 Faculty supervisor:  So tell me how you thought today’s lesson went? 
Lorin:  I think it went okay.  It could have been better, but it was not bad and I 
will get better, this is just a challenge, a mountain to climb and conquer and I will 
conquer it.  It is just hard at the moment, but I am willing to work with you and 
Mrs. Graham to be better and be a better teacher.  
 

Lorin had an all female class who were very compliant and started on their problems 

quickly in the beginning of class and were able to work independently and in groups well.  

Lorin was constantly encouraging them to try along with building confidence about their 

abilities in math.  Lorin herself was confident in her abilities and thus passed this 
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confidence onto her students.  In the face of difficulty in the university classroom Lorin 

was always up for the challenge and she brought that same mindset to the middle school 

classroom.  Lorin provided students with challenging homework assignments and 

allowed high-achieving students to choose between the regular homework and more 

challenging homework assignments.  The following quotation illustrates Lorin’s 

explanation regarding a challenge assignment (IIIB1) (CO/ 11/6/07).  

Lorin: Now, those of you who I talked to about doing challenge work, the 
challenge problem is on here [showing the worksheet] - 5 through 11.  You may 
do just those or you may take a few from up here and those too.  Those of you, 
who I didn’t talk to about doing challenge work, you need to do these [referring to 
the regular homework assignment], but you may also choose to do the challenge 
problems.  Okay?  And everybody is doing #4, which is a little bit of combining 
problem solving, um, it’s a little bit of a challenge anyway, and so we’ll see if you 
can figure that out.  If you’re good to get # 4, then you’re good to go ahead to do 
the challenge.  So, anybody is welcome to do those because challenge happens to 
be on the same paper today also.  And, some of you, this is introductory for you, 
you haven’t had this before, so let’s ... (inaudible) practice the skill first, then 
everybody would be able to move into doing some more complicated ones, um, 
after you practice the, um, basic ones that we kind of went over.  
 
Even though this differential treatment might be considered as an indication of the 

teacher’s higher expectations for some students, Lorin conveyed her rationale in terms of 

individual differences among students and expressed her high expectations for all of 

them.  That is, some of them had already mastered the skills while others needed further 

practice to master them. 

 
Instructional Process. 

Task difficulty in the course.  Lorin was presented with challenging problem 

solving activities to learn not only how to use different strategies to solve problems, but 

also the use of multiple strategies to solve the same problems.  Lorin followed a plan 
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when she began the task of solving problems which included some of the questions below 

(IVA1) (CO/10/15/07):   

Lorin: How will I get the answer?  Could I come up with a way to solve the 
problem with a different problem solving strategy that might have the 
same/different answer?  Could I come up with a similar problem from your own 
life?  How might a younger student have answered this problem?  How would I 
explain to a younger student how to solve this problem?  Have I ever answered a 
problem like this before?  If so, how did I solve it?  Did I have any strategies that 
I used to solve it?  What do I like/dislike about this problem? 
 

Within the course itself, Lorin was very quick to solve the majority of the problems 

which the faculty instructor distributed to the preservice teachers.  In the face of 

difficulty, Lorin was quick to ask for help from the instructor or the other preservice 

teachers in the class.  Early in the semester, the faculty instructor passed out three riddles, 

one which had no solution.  In her group of the day, Lorin found two which to her did not 

have solutions, thus she had to ask her neighbor for help (IVA3) (CO/10/23/07). 

Lorin: Okay, for Riddle 1, I got a possible by using four yellow and eight red.  As 
a third are yellow and when you flip two over, half are red and half are yellow.  
Okay, what about Riddle 2?  Anyone figure that one out? Riddle 2 and 3 I got not 
possible, I know we only have two minutes left, so Heather can you help me?  
Heather: Well, for Riddle 2 I did six yellows and twelve red?  I am sure that is it.  
And I got not possible for the last one.  
Lorin: Okay let me try that.  Okay, if I have six yellow and 12 red.  A third 
yellow, flip three over, three red, then are half yellow and half red.  Yes.  Okay, 
so it will work.  I wonder if there are any other possible solutions?  Oh Lauren, I 
think I could do two yellow and four red.  If I start with two yellows and four 
reds, 1/3 yellow.  When I flip three over, half are yellow. You have to flip one 
yellow the opposite way.  This would really challenge my students, because they 
would never think to flip two colors.   
 

In this example, Lorin did not get riddle two right away but after she received assistance 

with the first solution she came up with her own solution by herself which was more 

creative and took more thought (IVA4).  Lorin and her group were able to identify more 

than one strategy to find the solution to the riddle.  
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 Task difficulty in the classroom.  Within the middle school classroom, the 

problems Lorin gave to the students were not ones which required more than one problem 

solving strategy, yet the students were still reluctant in attempting certain problems if 

they were not accustomed to the layout or the skills needed to answer them.  When the 

students encountered a difficult problem, Lorin encouraged them to ask her questions 

about the task (IVA1) (CO/10/13/07).  

Lorin: I know you might not think you can do this problem converting fractions to 
decimals and percentages, but I think you can without a calculator.  So if you get 
stuck, just ask me and I will come help you with the problem.  I want you to ask 
questions before we go on to the next part of the unit, so you do not get behind. 
Katie: Okay, I am confused.  I need help with number 14.  I know the fraction is 
3/8, but how do I make a decimal out of it again? 
Lorin:  Well you are going to divide 8 into 3 and get an answer which you will 
then move the decimal over three places to get the percentage. 
Katie: Oh, that is right. I was trying to divide the other way. 
Lorin:  If you have any other questions, please ask me.  I want you to stay up with 
the rest of the class.  
 

Lorin used groups for many student activities, so the pairs always had each other when 

they came to harder problems or if there was confusion.  Some students asked Lorin for 

help with setting up the problem or with technical questions when they were working 

(IVA3).  The students’ questions in the beginning were ones which addressed finding the 

solution, yet at the end of the semester their questions had moved to more of the process 

of how to solve the problem.  

Sarah: So, just what is the answer?  I just need to figure out the answer, who cares 
how I get there.  On the TAKS test, they do not care how you got the answer, just 
that it is right (IVA2) (CO/9/6/07) 
Jenny:  Okay, so you presented all these strategies for solving the distance 
between two points on a coordinate plane, but what way is the best?  What is the 
quickest way to solve the problem, yet it still be strategy and not guessing? 
(IVA2/IVA3) (CO/10/30/07).   
 

Lorin gave assistance on how to solve the problem without giving the answer.  This is a 

skill she learned in the university course.  In her last reflection with the faculty 
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supervisor, Lorin explained where she thought her students’ were in their ability to solve 

difficult problems and how she thought she had transferred skills (IVA1/IVA4) 

(Reflection/11/6/07).  

Faculty Supervisor:  So what do you believe your students do when they come to 
a harder problem?  
Lorin: I think they try to figure it out on their own to begin with, but if they 
cannot get it then I think they would now ask for help.  That is one thing I tried to 
incorporate in this class was asking for help if you were lost, because the first 
couple of weeks I had students who did not ask for help and I had to reteach them 
lessons because they did not get them the first time and then were lost on lessons 
later in the unit.  I would like to believe that I demonstrated numerous ways, just 
like the faculty instructor did in class, to solve each problem, so they could have 
variety in their problem solving and it not be so boring.  For the most part, though 
my students ask me questions if the task is difficult.  I hope that they learned how 
to use multiple strategies to solve the same problem and that during the semester 
they got quicker at solving problems.  
 

Lorin saw improvements in her method of teaching her students and the presentation of 

how to approach difficult problems.  The students benefited from being exposed to 

identifying the goal of the problem and what strategies they could use to solve it.  

 
 Questioning and expert modeling in the course.  Lorin was able to learn how to 

effectively model strategies for her students using the faculty instructors’ example in the 

university course.  Lorin utilized information from prior lessons to build future lessons in 

conjunction with the questions she asked the faculty instructor during the course.  An 

example of how Lorin gained expertise in the course came from a lesson early in the 

semester where she was able to see how a lesson should be modeled (IVB2/IVB3) 

(CO/9/13/07).   

Faculty instructor: We know we have guess and check, right?  These are problem 
solving strategies we can use.  
Lorin: Isn’t there one where you can make a model or something? 
Faculty instructor: Yes, you can model. Illustrate a picture.  Anybody else think of 
one?  Problem solving strategies, what are your kinesthetic learner’s needs? 
Drawings?  What else?  What does it mean act it out?  This is a problem solving 
strategy; your students could act it out.  
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Lorin: You can create a simpler problem, by breaking the original problem into 
pieces or steps or at least a way to logically think of the information.  Maybe as 
teachers we could even try to come up with a way to present information to some 
jingle so the students would remember it more easily.  
Faculty instructor:  Good thinking Lorin.  All those would work and are good 
strategies.  Especially just having a strategy to help organize the information. 
Anybody else have a question?  Okay.  Ya’ll got a diagram, but what about a 
pattern or constructing a table…guess and check…working backwards…solve a 
simpler problem…organized lists…logical reasoning.  What kind of question do 
you think you could ask that could address this strategy?  Does that make sense?  
Now, what do students do?  They work their problem and then say done and move 
on.  Does it make sense?  You have got to teach your students, does it make 
sense?  Is it reasonable?  Any questions on any of these strategies?  When you see 
these, are there any which do not make sense? 
 

Throughout this lesson, the faculty instructor modeled strategies, provided feedback to 

the preservice teachers, and gave examples of questions the preservice teachers could ask 

in order to encourage deeper understanding and thinking.  Lorin valued what the faculty 

instructor taught and utilized the feedback she received about her lessons (IVB2/IVB3) 

(Reflection/10/27/07).   

Faculty supervisor:   I know you have had some hard lessons in the classroom, but 
what have you been able to take from the course and apply to your own learning 
and teaching? 
Lorin: I have been able to see how to modeling multiple strategies and apply them 
to the same or different problems.  This course so far has allowed me the 
opportunity to gain experience with receiving questions and feedback, so that I 
can better understand and execute the same actions in my own class.  I have 
learned that when I understood the strategies, it made the purposes of learning that 
day’s lesson more reasonable.  The coursework has all been very well explained 
and clarified.   
 

Lorin regularly shared and clarified the instructional goals she set for her middle school 

class through the agenda for the unit and her teaching (IVB1).   

 

 Questioning and expert modeling in the classroom.  During Lorin’s first month of 

teaching, she taught a lesson which created an environment where the students could 

discuss multiple strategies to be used on the same problem.  She also built in 

opportunities to provide feedback to her students (IVB1/IVB4).  The following dialogue 
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introducing the distributive property and the goal illustrates Lorin’s questioning and 

modeling skills (IVB2) (CO/9/25/07). 

Lorin:  Who can tell me what the distributive property is?  No one?  Well, it is 
when you do the same thing to everything that is in the parenthesis.  So in this 
first POD problem, most of you did this property and got the answer of B.  Who 
will explain that to the rest of the class?  Why did you think it’s B? [5 × ($9-$.01) 
=]?  How does that fit the situation?  How does that use the distributive property?  
 

Jamal explained.  While he was explaining, Lorin asked questions. 

Lorin:  What does nine dollars minus one cent?  Where does the five come from?”   

Students answered her questions together.  

Lorin [writing down the equation on the board]: So, how does that equation work?  
What would you do to solve that?  
Roger: Maybe we can do the subtraction first and then multiplying by 5.   
Lorin:  Is there another way to solve the new equation by using the distributive 
property: 5 × ($8.99) =?   
Sam: Maybe we could do (5×$8) + (5×0.99) =?   
 

After they discussed his suggestion, Lorin asked if there was another way to find the 

answer. 

Steve:  Maybe 5 × (8 +0.99) =?   
Anna: (5×9) - (5×0.01) =?   
 

During the discussion Lorin asked students to compare both suggestions.  

Lorin: “How is this equation [(5×9) - (5×0.01) =?] related to this equation [5 × 
($9-0.01) =?] that we chose as the answer here?  How are these two equations 
related?”  
 

She asked students how their classmate found the second equation by using the first 

equation.  

Luke: Like um, and, um- probably like you said, go to, he has to do that, 5 times 9 
then 5 times, um- 1 cent.  
Lorin: Yeah, he used the distributive property… He did, he distributed this.  He 
did five times a nine, minus five times the one cent.  
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Throughout the observation, Lorin used questions in order to facilitate a deeper learning 

of the formulas, strategies, and higher order thinking.  The students continued to discuss 

how the equations were related to each other.  

This episode illustrates how Lorin guided the discussion by asking questions that 

stimulated students to use different solution strategies or think more about purposes of 

using each of the strategies.  Even though they agreed on the answer, 5 × ($9-0.01), she 

created a new problem situation by asking students how they could solve 5 × ($8.99) by 

using the distributive property.  After students suggested several ways, including (5×$8) 

+ (5×0.99), 5 × (8 +0.99), and (5×9) - (5×0.01), she assisted them in seeing how these 

findings were related to each other, which could help them transfer their solution 

strategies across different problem situations.  Lorin’s actions potentially demonstrated 

that she transferred the characteristic of presenting numerous strategies for being able to 

model strategies and ask thought provoking questions.  

 In a later example from Lorin’s class on the volume of a rectangular prism is an 

illustration of her messages regarding goals and expectations for students’ learning 

(IVB1/IVB2) (CO/11/05/07).  As this example illustrates, Lorin provided a rationale 

along with the goal, which potentially made the instruction more meaningful for the 

students.  

Lorin: A lot of you already knew that there is a formula [for volume of a 
rectangular prism] - and a lot of you knew what it was; a quicker way to figure 
out the volume of a rectangular prism.  If you didn’t know, you were discovering 
as you did that- most of you figured that out yesterday.  So, in your journal entry 
today, make sure you write the formula for volume of a rectangular prism and 
then even if you already knew that, the next task would be to explain in words. 
Why the formula works? … And it should be based on what you did with the 
activity.  What did you do?  What did you figure out? And then the last one- What 
did you notice?  What did you discuss?  What did you discover?  What came to 
your mind?  
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Lorin transferred the questioning skills into her own classroom and effectively modeled 

them for her own students. 

 
Social interactions in the course.  Lorin and the other preservice teachers were 

given numerous opportunities to work together to solve problems.  The following is an 

example of Lorin and the other preservice teachers working together on an activity in the 

course (IVC1/IVC2) (CO/10/23/07) 

Faculty instructor: Okay, for the last ten minutes I want to focus on the metric 
system and thus I want you to draw something that represents the metric system, 
the length of a centimeter, a decimeter, meter, a decameter, and a hectometer.  I 
want you to work with the person you sit next to and discuss and compare your 
answers and how you thought of your answers.  This might take some problem 
solving to figure out since some of these terms you are going to have to think hard 
to figure out.  Oh, last but not least, what in the real world is the length of a 
millimeter? 
Lorin: The pen tip off of a pen. 
Lydia: Oh, that is good representation of a millimeter.  I had a pencil.  Okay, 
centimeter.  I put down a small button. 
Lorin: Oh, I like that. I put down a tadpole.   
Lydia: A tadpole is bigger than a centimeter.  I do not know if that fits.   
Lorin: Okay, a baby tadpole or the width of my pinkie.  The tip of my pinkie is 
about the length of a centimeter.  What about the decimeter?  What did you put 
down? 
Lydia:  The width of a bowling pin.  
Lorin: Okay, I put my leg down for the length of a meter?  Well, my 
leg…someone else’s leg might not work for that.   
Lydia: Well, I put down an electric guitar.  Okay, the next one was the decameter? 
Lorin: I did the side of a volleyball court.  
Lydia: Okay, that might work.  I did two minivans parked back to back.  Okay, 
which would be pretty close? Okay, what about a hectometer?  I have a football 
field.  
Lorin: Me too.  That is a given.  Lastly, a kilometer could be 10 football fields or 
an airstrip.  
Lydia: That was hard.  
 
Lorin referred to the above activity and the social interaction proponent in her 

reflection later after class (IVC1/IVC2) (Reflection/10/23/07). 

Faculty supervisor:  What was one thing you took away with from today’s class? 
Lorin:  I was able to work with Lydia today and we were trying to come up with 
examples of real things which match up with the metric system.  It was actually 
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hard  to find some of the last ones, so I was glad I had a partner.  I had to defend a 
few of my answers because we disagreed on whether or not they were the correct 
length, it truly felt like we were problem solving, just with lengths.  I really 
enjoyed being able to compare and contrast our ideas for strategies to use in order 
to solve the problem.  I realized that this is where my middle schoolers would 
really struggle because they cannot visualize.  However, the faculty instructor had 
a good idea of just drawing the object since middle schoolers love to draw.  I 
think the problem solving came in a lot more during our conversation because we 
were talking about how you would be able to measure large objects or even small 
ones.  For many large objects you would have to break the distance down into 
smaller pieces, just like we do for problem solving.  We could actually use this 
lead in when introducing the strategy of finding a smaller problem within the big 
one as a problem solving strategy.   

 
Lorin demonstrated her ability to effectively interact with fellow preservice 

teachers working problems by brainstorming ideas and strategies to reach a solution. 

 

Social interactions in the classroom.  In her middle school class, Lorin focused on 

promoting shared understandings of goals, concepts, problem situations, and strategies to 

increase the opportunities for students to actively engage in tasks and activities with each 

other.  Lorin’s students required assistance in building competence in using 

metacognitive strategic learning.  While one student analyzed the task, another selected 

and implemented a problem-specific strategy, and yet another student suggested an 

alternative strategy.  These group learning activities enabled students to go through the 

phases of regulation with the teacher and peers to facilitate metacognitive strategic 

learning opportunity.  An example of this would be when Lorin was teaching about 

finding distance between two points early in the semester (IVC1/IVC3) (CO/9/27/07).  

Lorin:  Okay, so today we are going to learn about finding a distance between two 
points.  I am going to divide you into groups of three and give you a worksheet 
which has numerous points on it for plotting on the coordinate plane.  Then you 
are going to discuss the multiple ways that you can figure out the distance.  If you 
begin to have trouble, please raise your hand and I will come over and give you 
hints to strategies.  I want you guys to work together to solve these problems and 
try to listen to one another for what may be the best strategy to solve the distance 
problems.  Some of the problems will be straight forward with listing out the 
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additional distances and some are in the form of a story problem.  Any questions?  
Okay, go. 
 

After this explanation, the students worked in their groups to figure out the distances.  

The class had a discussion about each group’s individual and collective solutions and 

then determined the best overall solution.   

Lorin usually dialogued with the students to analyze the tasks by asking questions 

with the purpose of understanding the problem situations (IVC1) (CO/11/6/07).  

Lorin: What information was given? What is the unknown in this situation? What 
kind of shape is that? 
 

She also asked questions focusing on students’ thinking processes as they analyzed the 

tasks in group discussions. 

Lorin: Okay, in your groups I want you to discuss with your peers what the 
problem is asking you to do and where you are looking for it in that problem.  In 
addition, think about in your groups, these questions too: What are you basing 
your decision upon?  What are some things that need to be true in order to solve 
it?  How did you know that they are referring to the perimeter?  What in there 
tells you that it is the perimeter, not the area? 
 

Summary 

  Lorin also demonstrated a continual growth during the semester across many of 

the factors.  However, her strongest area of growth was in the subarea of creating 

meaning by connecting new knowledge to previous knowledge both in the course and the 

classroom for her students.  She did this by using real life examples when explaining 

concepts and also connecting the concepts with familiar ideas which had been discussed 

before.  Lorin’s beliefs about mathematics and teaching mathematics also grew within the 

course, which were then transferred to the classroom, as her confidence grew.  Lastly, as 

the faculty instructor modeled the different strategies in the course, Lorin was able to not 
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only model them in her own problem solving, but also model them for her students within 

the classroom.   

Dub 

 Dub was a third year education student who was the only male in the math 

pedagogy course.  In his earlier undergraduate years, Dub had taken three other math 

pedagogy courses and a few math curriculum courses.  In the fall of 2007 he was placed 

at the middle school with Mrs. Jones a 6th grade mathematics teacher.  He and Kristen 

had the same classroom teacher, but Dub taught first period and Kristen taught the second 

period. 

 
Metacognition 

 

 Self-regulation in the course.  Dub’s self-regulatory skills of creating a plan and  

organizing steps to follow were demonstrated in data from several measures resulting in 

him monitoring his progress as a student and a preservice teacher while working through 

problems (1A4) (Interview/8/21/07): 

 
Researcher:  How do you think monitoring your progress affects your success in 
problem solving? 
Dub: As a student, if it is a guess and check work, I definitely monitor my 
thinking a lot or maybe if there is a way to find the answer and then work 
backwards.  It is definitely helpful no matter what.  As a teacher, I try to establish 
goals, besides just the TAKS, as it is good because there is more to teaching then 
just the subject you have the role model and see how you can deliver or run your 
class basically.  And then, I just want my students to think of me as more than just 
a teacher but more of a role model. 
 

At the end of the semester, Dub reported a similar yet stronger response about his 

organizational skills when problem solving (1A4) (Interview/11/29/07): 

Dub:  I try to break down the bigger problems into smaller parts so that I can see 
my progress which encourages me to keep working.  By monitoring my progress 
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along the way, I can stay on track during the time allotted for the problem solving 
and be efficient with my work.  
 

In the course, Dub constantly wrote down his plan and organized the problem solving 

steps in the margin of his paper.  On the final exam, Dub gave himself clues to what 

strategies would help him in solving the problem (IA1) (CO/10/15/07).   

Dub:  Okay, so it is problem one which can be represented by a picture or needs 
to broken down to smaller pieces?  Do I need manipulatives to solve this?  I need 
to identify what the goal of the problem is and figure out the steps needed to solve 
the problem. 
 
 

 Self-regulation in the classroom.  In all the classes observed, Dub reminded the 

students in his class of the importance of writing down a plan and to be purposeful when 

organizing their steps for problem solving (IA1/IA3) (CO/9/16/07). 

Dub: Remember me talking about the importance of writing down the steps you 
are going to follow?  Who knows why this is important to problem solving?  
Peter? 
Peter:  So you can see at what step we messed up? 
Dub:  Somewhat, it is because you can better stay on track and be able to ask 
questions if something goes wrong.  Okay, so get out your foldables and let’s 
begin the lesson. 
 

As the students began to write down their steps of problem solving, they were then able 

to watch for mistakes as they reached the correct solution. 

 Later in the semester, Dub introduced more strategies through hands-on exercises 

in which he wanted the students to create a plan for solving the problem and write down 

the questions they were asking about the problem solving process (CO/11/7/07).  

Dub:  Okay, we are going to try one on our own.  Instead of 5 sharing 4 brownies, 
we are going to have 12 people share 9 brownies.  Just concentrate on what 
strategy you would use to share the brownies.  I want you to create a plan in the 
margins of your paper and then leave room for any questions you have about your 
process as you are solving it.  
Paul:  Do we do it in our groups? 
Dub:  Do this independently.  
John:  Does it matter what kind of strategy? 
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Dub:  Your choice, pick a strategy. Now don’t worry about the questions yet, just 
your strategy. 
 

In the above example, Dub helped the students see the importance of planning with 

strategies and allowed them to discover the questions which flow out of using those 

strategies with written plans and questions (IA4).  During the three observed lessons, Dub 

communicated with his class about the criteria for the evaluation in nine instances (IA1).   

Dub frequently conveyed the evaluation criteria through class discussions shown in the 

following early example related to graphs (CO/9/22/07).  

Dub:  So one of the things that you will be expected to do as a sixth grader is to 
look at the table or data and decide what your low and high number would be and 
what will be the good amount to count by [referring to interval].  OK?  
Susie:  I have a question. 
Dub:  Yes. 
Susie:  Are you going to teach us different ways to do this? 
Dub:  Yes. 
 

 In a latter observation, Dub was teaching about area and perimeter.  In order to 

demonstrate this concept, Dub passed out pentominos to all the students and then had the 

students measure the perimeter and the area of each shape.  Dub demonstrated and 

created an atmosphere where the students could ask questions about future and past 

actions in the following conversation (IIB1) (CO/10/25/07). 

Dub:  Okay, today we are going to work with Geoboards?  What do you think we 
could learn with these?  Shout out an idea when you have it?  
Chase:  Area 
Paul:  Perimeter 
Melvin:  Shapes 
Dub:  Good answers, but we are going to use the geoboards to analyze area and 
perimeter.  So what you are going to need is another clean sheet of paper, 
pentominos, and the geoboard.  And what I want you to do is make a little running 
list of the 12 pentomino pieces and you are all going to get a clean sheet of this 
for your records, but make a list of your pentomino pieces, a second column for 
area, and a third column for perimeter.  The first one we are going to do is our 
“L”.  How do you think you can do it?  
Melvin:  It is hard.  I picked a starting point, so I have 1…5…11, 12.  So my 
perimeter is 12. 
Dub:  What is the area?  
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Melvin:  5.  
Dub:  Good, so what I want you to do is measure all the areas and the perimeters.  
Some letters are going to be harder than others, which could cause you to think.  
Dub:  Okay, what did everyone’s area end up? 
Students:  5  
Dub:  Good.  What about the perimeter?  Did anyone have a perimeter that was 
different than 12?  
Dale:  10.  P was different. 
Dub:  Why is P the only pentomino with a different perimeter?  Everyone else had 
twelve, right?  Okay, why is “P” the only one whose perimeter is 10, not 12?  
Dale:  It shares more sides.  
Dub:  That’s right. If you notice, they lose two sides.  So think about that and that 
is why we drive home that perimeter can change, area stays the same.  So this is a 
great example to show how area can stay the same while perimeter can change. P 
is the only one.  Questions?  Comments?  Okay, the bell is about to ring, but I 
want you to think about how the area can stay the same and the perimeter change.  
In your journals I want you to write down contexts where you use area and 
perimeter. 
 

 In the example above, Dub was able to discuss and emphasize the contexts in 

which area and perimeter can be seen.  This example using the perimeter was first 

modeled by the faculty instructor and then transferred to the classroom by Dub (IIB2).  

The students were able to see, hear, and work with the problem hands-on which made it a 

memorable lesson.   

 
Self-reflection within the course.  Dub was very intentional in the way he reflected 

on past strategies used and common mistakes.  During class discussions, Dub often 

realized he had made mistakes and quickly tried to recalculate for the correct answer.  

Dub learned, through his own self-reflection, about common mistakes in statistics and 

incorporated feedback given by the faculty instructor that helped him monitor his 

problem solving processes.  In the following class discussion, Dub was sharing his 

findings for the mean of a data set (IB2) (CO/10/15/07). 

Faculty instructor:  Dub, why don’t you share what you did and what strategy you 
used in order to get the answer. 
Dub:  I think I made a mistake in the adding up of the columns, as my answer 
does not match yours on the overhead. 



 

184 

Faculty instructor:  That’s one of the things that you need to be careful about.  
Sometimes, when you’re doing statistics, it’s really easy just to make an error 
because you count wrong.  When you’re totaling the columns of numbers on your 
calculator in front of the class, you might hit more than one number.  You should 
always count and do that twice, because a lot of your students think that if they 
use a calculator, it’s automatically right, and you need to emphasize to your 
students to be very careful because we could make [a] mistake like counting the 
piece of data wrong.  Count twice or check your total twice.   
Dub:  Well, this is a lesson learned.   
 

In one of Dub’s reflections, he wrote how he could avoid the mistake in the future and 

use his experience in his classroom to prevent his students from making the same mistake 

(IB3)(Dub Notes.Sum.34). 

Dub:  What distracted me in today’s lesson to the extent that I made a mistake just 
adding simple numbers together?  How could I have avoided this mistake?  This 
is middle school math and I made a mistake.  Next time, I will check it twice and I 
will incorporate the step of checking your answer into the plan for problem 
solving that I present to my students.  
 

 In later class observations, Dub was the first in his group to encourage other 

preservice teachers to reflect on what they did and how the problem could have been 

approached better before presenting it to the class for discussion (IB3) (CO/11/17/07): 

Dub:  Okay, now that we have solved this problem, what is another strategy we 
could have used in order to either solve it differently or quicker? 
Beth:  Well, maybe we could have used a diagram or drawn a table. 
Dub:  Yea, but you do not always have time to draw something.  Maybe we could 
assimilate it to an easier problem that we or our students have done. 
Christen:  Um, that seems like a good idea, but we have to remember the different 
learning styles of the students. 
Dub:  Well, at least we can have in mind other strategies we could have used in 
case we need to describe more in the discussion in a few minutes. 
 

 Dub instinctively looked back on his work, trying to ensure he did not have 

mistakes or ways to improve his methods (IB3).  He not only personally thought about 

this, but also engaged his group in similar practices.  Dub was systematic in the manner 

by which he reflected with the faculty supervisor and the researcher, regularly reflecting 
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after every activity in class and looking for ways that they could incorporate the feedback 

into improving his skills (IB2). 

 
 Self-reflection within the classroom.  Dub often encouraged his middle school 

students to evaluate their performances with regard to their problem solving criteria.  Dub 

reflected about how he could have taught the class better and he incorporated changes 

into his classroom, (IB2) (Reflection/9/22/07). 

Dub:  It is important for the students to know the criteria for the problem when 
they look back to see what they did well and in what areas they could have 
improved concerning their own performances. 
 

After this reflection, Dub began to convey more of the evaluation criteria for students’ 

explanations and presentations of their work (IB2).  The first example is from a lesson in 

which students were discussing area (IB1) (CO/11/14/07). 

John: [described area] stuff in the middle of perimeter. 
Dub: Remember to use mathematical terms when speaking about your processes.  
This is something which is important to remember to do as we all want to 
understand what you are actually asking.  
Students: [murmuring] 
Dub: …the number of square units in a closed figure.  You have to say- you can’t 
say “stuff in the middle.”  Because we know what you mean by or stuff inside but 
you have to say the number of square units.  
Dub:  Make sure for your problem of the day that you show neatly and clearly 
your steps.  This problem was on the last practice proficiency and it’s a 4-point 
problem on a grading rubric and I would say the majority of you missed it.  So, 
it’s really important that you show your steps, show each step, and do each thing 
that it asks you to do on your own.  So, when we discuss it, you’re ready to share 
that and everyone, each and every one of you has an understanding of how to 
solve the problem like this. 
 

Dub emphasized the importance of giving feedback with the intention of the students 

being able to incorporate his feedback into their future mathematical discussions and 

problem solving (IB2) (CO/11/1/07). 

Dub:  I have a few comments about today’s POD class work which I want you to 
remember, so in the future you will not make the same mistakes.  First, you need 
to remember to watch the signs in front of the numbers when adding integers.  If 



 

186 

it is a negative number, then you need to see whether you are adding the negative 
integer or subtracting it.  If subtracting, the negative will become positive and you 
will be adding the two integers together.  And second, when drawing your number 
lines; draw a new one for every problem.  When you use the same one for all the 
problems, then you seem to get confused with where you started and what your 
solution is going to be.  Okay, those are just my quick pointers.  Onto the lesson 
of the day. 
 
Dub reviewed the lesson giving examples of where the students needed to give 

more attention in working the problems to avoid similar mistakes in the future. 

 
 Meaning making in the course.  Dub often stated how he connected new 

knowledge to previous knowledge and spoke about this in his interview (IC1) 

(Interview/8/21/07). 

Dub:  I still have such a passion, but umm…now learning the background of it all 
helps me understand why I memorized all the formulas and such when I was in 
high school.  So it helps me understand it and I hopefully will help my students 
understand it more, though I am okay with learning that way, I want them to have 
more of a background of what they are learning and so I am kind of building a 
stronger foundation by learning the background of adding and subtracting, and all 
the geometry stuff…umm...it’s helping me have a deeper understanding of what I 
already knew.  I try to find topics which the students are interested in and then 
incorporate those into the lessons.  I remember being in calculus and not having 
any idea of how to solve it, but once I did solve it, I could use it in further 
problem solving on harder problems, so like just coming from it at different 
angles.  If I find if I use the processes in the beginning and I accidentally find a 
quicker way, then I would use that in the future. 
 

Dub mentioned in his interview that he knew the importance of connecting old 

information with new; along with being able to give real life examples to match the 

concepts (IC1/IC3) (Reflection/9/22/07). 

Faculty supervisor:  One thing that I noticed during your lesson is that you did not 
create a background for the new lesson.  You are new to these students and do not 
know where they are in their learning.  Some of your students were so far behind 
you that they started to be distractive to the other students.  You need to 
remember that these students need to be able to connect A and B so that it has 
meaning.  Otherwise it is just this lesson out there floating in their minds without 
a connection.  Make sense? 
Dub:  Yes, it is just so much easier for me to create meaning for myself.  I am 
having trouble relaying this idea to the students, but I know it is important.  
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In this example, Dub not only needed to know the day’s lesson plan in the middle school 

classroom, but he also needed to know and be able to teach what came before it in case 

the students needed a review.  Dub recognized this need to establish a knowledge base 

during a conversation about fractions in the university course as he was able to see the 

connections of fractions to early learning (IC1) (CO/10/18/07).  

Faculty instructor:  I hear first.  Third…Give me an example…how does the 
concept of fractions begin with our younger ones?  
Dub:  Sharing?  
Faculty instructor:  There we go…So how do you think your students feel about 
fractions now? 
All:  They hate it. 
Faculty instructor:  You’re kidding…they do not like fractions…why do they not 
like fractions? 
Dub:  They do not understand it. 
Faculty instructor:  They do not understand it…I am going to put down some 
manipulatives and I want you to think what you could do with your students with 
these?  So just explore and then brainstorm some ideas and then we are going to 
share.  
 

In this example, Dub saw that he needed to always remember that the lesson had to tie 

back to information which already had meaning for his students.  Dub continued to 

connect old information with new information in manner which was meaningful to him 

(IC1).   

 
 Meaning making in the classroom.  Dub transferred what he had learned in the 

course into the classroom.  Often Dub’s assistance to his students came in the form of 

contrasting the common features between concepts and helping students make 

connections between new concepts and prior knowledge.  The following is an example of 

Dub creating meaning for his students regarding to a new topic (IC1) (CO/10/25/07):  

Dub:  Okay, now remember, in order to go onto the next topic we have to 
understand the past unit.  I am going to try and create simple segments for you to 
remember, so that you can build on it later.  I want you to say the terminology 
after me, see it in this class, playing with it using the manipulatives, and then do it 
for homework correctly.  We are going to talk about adding and subtracting 
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fractions today.  Now, yesterday we talked about how fractions are all around us 
in the world.  Can anyone give me an example of where they have seen fractions 
outside of the classroom? 
James:  Well, when Joe and I go out for pizza, then we split the cost and the pizza 
fifty/fifty.  
Dub: Good example.  Anyone else? 
Peter:  Well, when you go to the store and the chocolate bars are 25% percent off, 
which would be 1/4 off of original price. 
Dub:  Great segue Peter.  We are going to talk about converting fractions to 
percentages today.  So while we are here, what percentage would 1/2 be? 
Students:  50% 
Dub: What about 1/3? 
Students: 33% 
Dub: 3/5’s? 
Peter:  60%  
Dub:  Good job, Peter.  Well, we are going to work on these more later, but before 
we get to that, I want to talk about how we add fractions together.  Can someone 
think of when you would do that?  No, well, what about when you are baking a 
cake?  If you double the recipe, you will have to add the fractions together like so: 
1/4 cup milk + 1/4 cup milk to get what class? 
Students: 1/2 cup of milk. 
Dub: Right, so you see adding fractions are important, as we would not want to 
have soggy cakes or brownies.   
Dub:  Now, I want you to create your own story problem which you have to add 
fractions together.  Any questions? 
 

In this lesson, Dub brought in what the students already knew about fractions from the 

day before and connected it to percentages and story problems giving meaning to 

fractions (IC1).  In Dub’s last interview with the researcher, he commented about 

personal growth he had seen in relation to meaning making (IC2/IC3) 

(Interview/11/27/07). 

Dub:  I finally realized that in order for me to create meaning with new topics for 
my students I had to already have that meaning for myself as a learner.  I believe I 
got this about halfway through the semester.  After that point I had no trouble at 
all creating real life examples to go with the concepts, ones which were applicable 
to my students.  It just seemed natural to connect the concepts they had learned 
previously with the unit I was teaching. 

 
Dub connected concepts to real life experiences to make them meaningful to the students.  
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Reasoning 

Communication and connections in the course.  Dub found ways to communicate 

with his classmates during classroom discussions concerning their strategies and 

solutions for mathematical processes.  For example, Dub was often required to articulate 

his thoughts about his actions in an activity, such as the Chessboard problem.  In this 

problem, Dub and his group had to figure out how many pieces of rice fit on the entire 

chessboard (IIA2) (CO/9/11/07). 

Sarah:  I remember doing this problem earlier.  It was like about a king and 
whether you got a piece of rice added to you every day when you started with 
only one or whether with time you would make more just starting at a set amount.  
Dub:  It is one of those questions of would you rather take 10 million dollars or 
get a penny to begin with and then each day it is doubled.  
Sarah:  That is what it was. 

Dub:  A penny double ended up being so much more.  We did that in 3rd or 4th 
grade. 
Amy:  Let’s just pour the rice in the squares and look at the difference. 
Dub:  You will not be able to tell how many are there. 
Amy:  Just stuff the squares full of rice…laughter. 
Faculty instructor:  Once ya’ll work through it and talk through it, how would you 
modify it if you were doing it with your students.  How do you think your 
students would solve this problem?  What skills do they have to solve it?  
Amy:  So is this right? 
Dub:  Yes, it is doubling every day.  So they would need to know exponents, 
algebra, subtraction, and addition.  
Sarah:  Exponential growth. 
Dub:  It goes here… 
Amy:  They would need to know integers too…adding and subtracting 
Dub:  It is amazing how much they do not understand, you know.  I tried to teach 
them, draw a line and switch the sign.  
Faculty instructor:  Ya’ll have done it.  Right? So, once you figure out how you 
do it you can think about how your students would solve it.  So Dub, you are 
doing this in a sixth grade setting.  How could this work?  What would you expect 
out of your students when solving this problem?  Amy you have eighth graders, 
how would they solve this problem.  How would this work? 
 

Throughout the activity Dub not only worked on the activity by himself, but he also 

explained his actions to both the faculty instructor and the other preservice teachers 

(IIA1).  Similarly, in a later discussion Dub demonstrated his communicative skill when 
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the class was discussing the use of pentominos and the letters which they can represent 

(IIA1) (CO/11/1/07).  

Faculty instructor:  Okay, we have agreed upon the letters that are being 
represented by the pentominos.  So looking at your key, we are going to do a little 
brainstorming.  We are going to think of actual words that we can make using our 
pentomino letters.  Let’s start off with one letter word.  Can anyone find a one 
letter word? 
Amy:  I. 
Faculty instructor: Ohh, very good Amy.  I.  Anybody else think of a one letter 
one word?  Okay, so let’s challenge ourselves, what are the two letter words? 
[Others say various two letter words: up, on, it, if] 
Dub:  Of? 
Faculty instructor:  Hey, ya’ll are good.  What else? Look for a two letter word.  
Anyone else with a two letter word. 
Beth:  Win  
Faculty instructor:  That is three letters, but I will give it to you.  Okay, that might 
be it.  Let’s move on.  We have win.  
Dub:  Tip 
[Others say various three letter words: fit, tin, put, pin, pit, fin, zip] 
Dub:  Lip 
Faculty instructor:  Very good, ya’ll are good at this.  Okay, four letter words? 
Anybody?  Oh, I heard it.  
Christen:  Flip 
[Others say various four letter words: lift, punt,] 
Dub:  Lint 
Faculty instructor:  Okay, what about a five letter word?  
Charlie: Flint 
 

Throughout this activity, Dub was able to gain experience communicating with those 

around him as he worked with his classmates to create words with the pentominos (IIA1).  

Dub built on his already strong communication skills he brought to the course. 

 
 Communications and connections in the classroom.  Dub often led the class in 

discussions when introducing a new idea in order to get the students to interact and pay 

attention.  While these discussions themselves might not have been sufficient to facilitate 

student understanding, it was the Dub’s recasting and rephrasing of students’ statements 

that made peer modeling an effective way to establish shared understandings.  The 

following passage illustrates a typical episode highlighting Dub’s role in communicative 

practices (CO/ 10/22/07).  In this example, Michael was sharing his solution for a 
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homework assignment.  The problem was about finding the function rule for the input 

and output numbers given (IIA2). 

Dub:  He started with the output number and worked backwards.  He took the 
output number, divided by the input number, so he worked with the number that 
was given there and when he did that- what did you get, Michael?  
Michael:  500. 
Dub:  You got 500.  And you took the output number 32 and divided by .064, 
what did you get?  
Michael:  500.  
Dub:  And was that consistent throughout?  
Michael:  Yeah.  
Dub:  So, if you take output and divide by the input to get 500, what does that tell 
you about going from the “in” number to get the “out” number?  What does that 
tell you if you use that strategy?  
Another student explained.  
Dub [paraphrased the student’s explanation]:  So, he worked backwards and did 
the opposite operation and found out that you were multiplying by 500.  Because 
[sic] if you go backwards, work backwards, 25 the output number, divided by the 
input number to get 500, then we know 500 times the input will give you the 
output.  So, a good strategy was working backwards on that- taking the numbers 
that you knew, and particularly on that one because some of you had a trouble 
doing [it] in your head.   
 
Discussions in both the course and the classroom were the main source of 

communication in the classrooms.  Within the classroom, Dub had his students work both 

in groups and individually like the faculty instructor had demonstrated in the course, 

suggesting a transfer of strategy from the course to the classroom (IIA2) (Lesson 

Plan/11/1/07).  

  

 Application of thinking skills in the course.  The faculty instructor’s lesson always 

included a goal for the day and outlined an overview of the skills needed for the 

completion of the problem that day.  Dub clearly saw and commented often on the issue 

of contexts within the course in relation to these goals (IIB1) (CO/9/6/07): 

Faculty Instructor:  Why do we learn strategies? 
Dub:  We learn strategies which can be applied to various problems, since 
problems can be changed to adjust for varying levels of complexity or difficulty 
by adapting: the context, the numbers, the number of conditions, reversing given 
information, or changing some combination of the latter suggestions.  We need to 
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be able to have strategies which can also be adapted to fit the needs of the 
problem.  
 

This was the beginning of Dub learning different strategies to use in the course.  In 

addition, Dub emphasized the importance of planning and use of goals as it was what he 

himself did.  The following is an excerpt of a lesson taught by the faculty instructor in 

which Dub demonstrated his method of applying multiple strategies to the same problem 

(IIB3/IIB4) (CO/9/11/07). 

Faculty instructor:  Popcorn estimation is where we ended last week and I gave 
you an actual rubric that was created with the activity for popcorn estimation.  
Ya’ll remember this?  You might want to get it out.  If you remember, I asked you 
to look this over and to kind of give an assessment of the assessment.  And you 
had actual student work which gave example, so if it was a level one, then this is 
what the students would be turning in.  Do you think the rubric communicated 
what this teacher had in mind?  And is there another way, you guys actually did 
the activity, when it comes to problem solving that would have been actually 
more effective in measuring the problem solving abilities of the students?  Do did 
you have other ideas in assessing your students?  So let me give you a second to 
refresh your memories and glace over it.  
Dub:  Well, I actually did this activity on my own and I remember thinking a 
different form of assessment would be to give each of the groups the similar jars 
with the same amount in them and then giving them the amount.  And then have 
them try to figure the best strategies for estimating the amount of kernels and then 
be able to discuss this all in the class to see which method actually did work 
better.  If they had trouble I would give them ideas of using guess and check?  
 

Dub considered not only the problem itself but also the environment in which the activity 

could occur.  Dub realized the goal of the lesson was to learn estimation, but found a 

different way to approach the lesson (IIB2).  He took the strategies discussed in the 

course regarding the students’ work and then challenged himself to develop lessons that 

allowed students to discern patterns and relationships between strands of mathematical 

content that were once dealt with as discrete, separate entities. 
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 Application of thinking skills in the classroom.  Dub transferred many number 

strategies from the course to the classroom.  At the beginning of the semester, the 

students were only aware of two strategies to solving problems (IIB1/IB3) (CO/9/14/07). 

Dub:  Okay, who can tell me what strategies you guys have learned already? 
Sam:  We use graphs and we have been able to relate the problems to simpler 
problems. 
Dub:  Good, well this semester we are going to learn about some other strategies 
which are available.  One of these is by using manipulatives and drawing 
diagrams.  So who in here likes to draw?  
Students:  [hands go up all over] 
Dub:  Well, now it is going to be okay to draw in class, but in your foldables and 
on task.  So today we are going to be working on line graphs today.  If you guys 
have your books, then turn to page 97.  The graph we are going to use is going to 
be up here on the board and in your books.  The manipulative that we are going to 
use are M&M’s.   
 

Dub was able to introduce a new strategy through an activity which had been taught by 

the faculty instructor in the university course.  In the above example, the students were 

able to see another way of solving problems and at the same time were able to do a fun 

activity (IA1). 

 Later in the semester, Dub also introduced more strategies through hands-on 

exercises in the classroom (CO/11/7/07).  

Dub:  Now if you are finished with the strategy, here is my challenge. Can you 
think of a different strategy? Don’t share your strategies yet with anyone.  
Paul:  Do we need to draw it?  
Dub:  Whatever is your strategy? 
Chris:  Do we need to write it all down, like our thoughts? 
Dub:  Did you come up with two? Does everyone have at least one strategy 
written down?  If you wrote your strategy on the paper I gave you turn that in or 
the scratch paper.  We are going to do is a little role playing.  We are going to 
switch papers with someone else at your table and you are going to ask each other 
question.  Okay?  And at the bottom where it says name, I want you to put your 
name on the paper you got and be thinking about what questions you want to ask 
your partner.  If they did a second strategy is there something you want to ask 
them about that one too.  Now trade papers and think about what questions you 
might want to ask them.  Once you have the question down for one, start asking 
questions and talk to them.  
Dub:  Okay, let’s discuss our strategies. 
Aaron:  I took the numbers and…and then I divided. 
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Dub:  Anybody else take that approach?  Everyone else?  
 

Dub not only told them new strategies, but he also allowed them to either discover the 

strategy or he suggested strategies to try.  Through the semester, Dub worked on 

identifying the goal of the strategy used and demonstrated the pattern to following when 

using this same strategy.   

 In the following episode, students were discussing a POD, about converting 

fractions to percentages to decimals (CO/ 10/25/07).  Even though they agreed on one of 

the multiple choice answers, Dub fostered a conversation so that students could discuss 

various contexts where the students would need to do conversions (IIB1/IIB3). 

Dub:  Okay, first of all what is the goal in this problem? 
Sam:  To figure out what decimals equal what fractions and percentages. 
Dub:  Good, now who will tell me what they got for the first one?  Why do you 
think it’s C?   What different contexts would you find this?  
James:  Well, 40% is equal to 2/5 which is equal to .4.  I think I might need to 
convert when like cutting a piece of cake if there are three of us, my parents and 
me.  My parents might each get 2/5 each and I would get 1/5?   
Dub:  What were some of the strategies that were especially useful in figuring this 
out? 
Sam:  Making a list of all the matching fractions and percentages and creating a 
table. 
Joe:  Drawing a diagram and simplifying the fractions down. 
Evan:  Looking for the pattern and using the manipulatives you gave us.  
Dub:  Those are all good examples.  Now in using all of those strategies did the 
goal change?  
Students:  No. 
Dub:  Why not?  
George:  No matter what the context is, the problem can be put into a similar 
format and solved.  The goal is the same…to solve the problem correctly. 
 

After they discussed all of the strategies for solving fractional and percentage problems 

Dub moved onto explaining their homework for the night in which they had to use more 

than one strategy to solve each problem (IIB3).  
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 In a latter observation, Dub was working on teaching about area and perimeter.  In 

order to demonstrate this concept, Dub passed out pentominos to all the students and then 

had them measure the perimeter and the area of each shape (IIB1) (CO/10/25/07).  

Dub:  Okay, today we are going to work with Geoboards?  What do you think we 
could learn with these?  Shout out an idea when you have it?  
Chase:  Area 
Paul:  Perimeter 
Melvin:  Shapes 
Dub:  Good answers, but we are going to use the geoboards to analyze area and 
perimeter.  So what you are going to need is another clean sheet of paper, 
pentominos, and the geoboard.  And what I want you to do is make a little running 
list of the 12 pentomino pieces and you are all going to get a clean sheet of this 
for your records, but make a list of your pentomino pieces, a second column for 
area, and a third column for perimeter.  Okay, once you have your list, I want you 
to challenge yourself to build a pentomino piece on your board.  The first one we 
are going to do is our “L”.  How do you think you can do it?  
Melvin:  It is hard.  I picked a starting point, so I have 1…5…11, 12.  So my 
perimeter is 12. 
Dub:  What is the area?  
Melvin:  5.  
Dub:  Good, so what I want you to do is measure all the areas and the perimeters.  
Some letters are going to be harder than others, which could cause you to think.  
Dub:  Okay, what did everyone’s area end up? 
Students:  5  
Dub:  Good.  What about the perimeter?  Did anyone have a perimeter that was 
different than 12?  
Dale:  10.  P was different. 
Dub:  Why is P the only pentomino with a different perimeter?  Everyone else had 
twelve, right?  Okay, why is “P” the only one whose perimeter is 10, not 12?  
Dale:  It shares more sides.  
Dub:  That’s right. If you notice, they lose two sides.  So think about that and that 
is why we drive home that perimeter can change, area stays the same.  So this is a 
great example to show how area can stay the same while perimeter can change. P 
is the only one.  Questions?  Comments?  Okay, the bell is about to ring, but I 
want you to think about how the area can stay the same and the perimeter change.  
In your journals I want you to write down contexts where you use area and 
perimeter. 
 

In the example above, Dub was able to discuss and emphasize the contexts in which area 

and perimeter can be seen.  These skills using the perimeter was first modeled by the 

faculty instructor and then transferred to the classroom by Dub. (IIB2)  The students were 
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able to see, hear, and work with the problem hands-on creating a quality learning 

experience.  

 
 Knowledge base in the course.  Dub’s preexisting knowledge about mathematics 

gave him a foundation to build upon throughout the course.  In Dub’s first interview, he 

was asked about his knowledge base and reported (IIC1) (Interview/8/21/07): 

Dub:  Well, just the classes we have taken have given me knowledge and I can 
really relate a lot to math and like I think in the real world you come across you 
do not come across a lot of math problems, but there are a lot of math concepts 
that you learned that you can use in every day life, well at least I do [i.e., 
declarative knowledge].  Like building stuff or balancing checkbook and just stuff 
like that [procedural knowledge].  And I have noticed too that I will be like 
walking around and I will see things that remind me of math for it has become 
such a part of me.  My dad and granddad were mathematicians, so they have 
taught me different methods or tricks of the trades  to help me solve problems 
easier, stuff like that you could pass on and help people be able to solve problems 
faster [i. e., procedural knowledge]. 
 

Dub was able to draw upon his declarative and procedural knowledge of mathematical 

concepts at the beginning of the semester.  Dub’s preexisting knowledge about 

mathematics was an influencing factor in what he could learn in the course.  In his final 

interview Dub spoke on the knowledge he had gained (IIC2) (Interview/11/29/07). 

Dub:  This semester my knowledge of mathematical terms, concepts [declarative 

knowledge], and teaching methods grew more than I thought it could have in one 
semester.  I learned new ways I could present lessons [procedural knowledge] and 
what manipulatives might be better for certain lessons [conditional knowledge].  
Through trial and error I learned the importance of teaching the students the 
concepts [declarative knowledge] on many different levels for they all came into 
the classroom with different knowledge bases.  I was able to take what I learned 
in the faculty instructor’s class and transfer those skills and knowledge into the 
classes I was teaching. 
 

Overall, Dub’s declarative, procedural, and conditional knowledge base developed over 

the semester and could be seen both in his interviews and in his answers on the final.  

Dub’s vast previous knowledge base of both concepts and procedures gave him a firm 

foundation to build on during the semester.  He was able to use the terminology to 
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describe concepts and how to solve problems using new and different strategies 

(IIC1/IIB3). 

 
 Knowledge base in the classroom.  In Dub’s classroom, each lesson encompassed 

declarative knowledge to analyze the tasks such as rereading, underlining, and using 

context clues and prior knowledge to understand the problem requirements.  Dub’s 

students in the classroom were given multiple opportunities to grow in their declarative 

and procedural knowledge base.  In a reflection during the semester, Dub commented on 

the growth of the knowledge base of his students (IIC1) (Reflection/10/4/07).   

Faculty Supervisor: What do you think was the most important concept your kids 
took away from today’s lesson? 
Dub:  Math knowledge is important, yet in my class, I cannot see them using prior 
knowledge, just their own short cuts.  This is a hard reality to see occurring in the 
class and as the testing has encouraged some students to just find the shortcuts in 
order to pass.  I feel as if I am always trying to encourage them to learn the 
concepts and the strategies in addition to the shortcuts which help them in crunch 
time.  I want them to know both the concepts and how and when to use them, for 
when they move onto more complex mathematical processes.  They will need 
them.  I feel as if the students can know the strategies, but not know when to use 
them which is very important.  
 

Dub’s explanations and encouragements about the use of knowledge and need for 

knowledge of facts and strategy use potentially impacted the students’ knowledge and the 

use of metacognitive strategies in a variety of ways.  First, talking about strategies made 

his students aware of these strategies, thus increasing the possibility to use the strategies 

as they were then in the students’ knowledge base.  The following classroom observation 

led to the confirmation of the importance of a mathematical foundation for the 

development and transfer of metacognitive strategies from the course to the classroom.  

Students were to discover for themselves about borrowing using base ten sticks in the 

following example (IIC2/IIC3) (CO/10/26/07): 
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Dub:  What is this called?  
Dan:  A rod. 
Dub:  A rod. And this is called?  Anybody have an idea?  
James:  A flat.  
Dub:  And this? 
Peter:  A unit.  
Dub:  I hope everyone now has the names of these objects.  So, John, how many 
units would you have to have to get one rod?  If you want one rod, how many 
units would you have to give me? 
John:  Ten. 
Dub:  I hear ten, prove it.  So if I wanted to trade some rods for a flat, how many 
would I have to have? 
Class:  Ten. 
Dub:  And ten times ten is? 
Class:  100. 
Dub:  Now, I want you to think of three different ways you could represent 234 
using units, rods, and flats.  What are three different ways you could represent 
234?  So you can sketch your three ways out.  What are three different ways you 
can represent 234?  234.  Somebody share with the class what one way that you 
represented 234. 
Paul:  2 flats, 3 longs, and 4 units.  
Dub:  Okay.  If you had that check it off.  Paul said 2 flats, 3 longs, and 4 units. 
How many had that as a model?  Anybody come up with another way?  Peter. 
Peter:  23 rods and 4 units 
Dub:  23 rods and 4 units, how many had that one?  Okay.  What is a third way? 
Sam. 
Sam:  1 flat, 12 longs, and 14 units.  
Dub:  1 flat, 12 longs, and 14 units.  Anybody agree?  Good. 
 

In this example, if students did not know the terminology, then they would have been 

behind, as they would have not just been trying to learn the words to match the objects, 

but also be following along (IIC2).  Students were given opportunities to develop 

knowledge to analyze the tasks as well as to select, compare, and evaluate problem-

specific strategies (IIC3/IIC4) (Researcher’s Notes.Sum.51). 

 
Attitudes 

 Beliefs in the course.  Dub was exposed to some adults in his life who spoke 

positively about math and thus influenced his beliefs.  During his first interview, Dub 

 spoke about his beliefs about math and teaching math (IIIA1/IIIA2) (Interview/8/21/07): 
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Dub:  I have always had really great math teachers.  My dad and granddad were 
mathematicians.  So they have taught me different methods or tricks of the trades 
to help me solve problems easier, stuff like that you could pass on and help people 
be able to solve problems faster.  The math classes that I enjoyed and learned the 
most from used a lot of hands-on activities.  I learn better when I can physically 
see the math problem modeled with manipulatives.  I will use small groups and 
discussion because the math classes that I became most frustrated in were the 
ones that were mainly lecture.  I would sit and listen and have no idea what he or 
she was talking about.  The worst part would be when they gave an assignment 
that I had no idea how to do.  I will make sure that my classes have lots of 
manipulatives, lots of hands-on activities, and lots of discussion.  I want my 
student to enjoy math and have fun while learning.  
 

At the beginning of the course, Dub had a very positive attitude about teaching 

mathematics in the middle schools and as a problem solver.  Throughout the course 

Dub’s positive feelings about teaching math did not waiver, but instead grew as seen in 

his last interview (IIIA3/IIIA4) (Interview/11/29/07). 

Researcher:  So how do you believe your feelings and attitudes about math have 
changed over the semester? 
Dub:  I think they have only grown stronger as I have been able to see the “light 
bulbs” go off in my student’s heads as concepts have come to life for them.  I 
have enjoyed being able to teach some of the foundational concepts needed for 
their high school math classes.  I tried to ensure that my enthusiasm was passed 
along to my students and that I was able to encourage them in their future math 
classes to keep a positive attitude.  I am looking forward to next semester and 
what experiences are to come.  
 

 Dub’s belief in himself as a problem solver and as a teacher became more defined 

as the semester continued and then transferred to the classroom. 

 
 Beliefs in the classroom.  The way students in Dub’s middle school class viewed 

themselves dramatically influenced how they approached their middle school 

mathematics class.  Those who had a lower self-confidence in their mathematical abilities 

were less likely to take risks, explore new ideas, or critique their own work (IIIA3).  In a 

reflection session after teaching Dub stated (Reflection/10/28/07). 

Dub:  The low confidence in my students’ own abilities resulted from previous 
failures, which lead to a learned helplessness behavior. 
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In addition, many of Dub’s students perceived that they would fail before they even tried 

(IIIA1/IIIA3) (Reflection/10/28/07). 

Dub:  If they did try, they thought the outcome was out of their control.  
Consequently, my students performed poorly in problem solving because of 
misperceptions about themselves, even though they may have strong 
mathematical abilities.  
 

Dub tried to create opportunities for students to succeed to address low self-confidence 

(IIIA4) (CO/10/26/07).  Dub believed that as his students experienced small successes, 

their confidence in their own problem solving abilities grew (Written Reflection/12/9/07).   

Dub:  I can only hope that when my students were successful in their problem 
solving that, their confidence in themselves as problem solvers grew.  I think I 
observed this after the teaching of the Hershey bar lesson on fractions and 
percentages. 
 

An example of the small successes in the classroom was found when Dub was teaching 

on fractions using the Hershey Bar book (IIIA2) (CO/11/1/07).  

Dub:  Okay, does everyone have their Hershey bar? 
Class:  Good. 
Dub:  Now, who can tell me what percentage this Hershey bar is currently?  
Class:  100% 
Dub:  Good.  Now, what if we break it in half?  Paul? 
Paul:  50% 
Dub:  Great. Now, we are going to get tricky.  Who can show me what 1/12 of the 
bar would look like?  That’s right, John.   
 

As the class period continued, Dub continued to encourage them to answer out loud and 

try to figure out the fractions and percentages.  At the beginning of the semester, Dub was 

only able to get about 17 of his students trying new problems on their own, yet by the end 

of the semester, Dub had all 23 of his students at least trying the problems he gave them, 

whether they got them right or wrong, but at least they were trying (IIIA4).   

 
 Confidence and perseverance in the course.  Dub’s determination to find an 

answer played a major role in his development and transfer of metacognitive strategies.  
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When the faculty instructor was teaching a lesson about tangrams, Dub had trouble 

finding the solution to his combination of pentomino letters created for him by another 

preservice teacher (IIIB1) (CO/11/6/07). 

Faculty instructor:  The tangrams were created by Chinese educators for their 
puzzle.  Like when our kids go and get a puzzle they are scored, they have this 
lined framework.  Okay, does everyone have an outline?  Very good.  Find a 
colleague and trade.  You can trade twice; just make sure you do not have your 
own.  Okay, and then see if you can figure out what your colleague has 
challenged you to do.  Okay, so now make sure they have the right word.  You are 
going to check it by saying the word is…  
Dub:  There have to be other combinations? 
Faculty instructor: So different pieces might fit, but the true challenge is what is 
the word.  
Dub:  The first pieces I put in there fit, but they do not make a word.  
Faculty instructor:  So there are other pieces?  How could you differentiate this 
activity in a classroom? 
Dub:  I just cannot figure this out.  Maybe if I move it this way. 
Faculty instructor:  Everyone did build their puzzle based on a word right?  Let’s 
just double check, let’s not be cruel to your colleagues.  
Dub:  Ugh, I keep getting the same puzzle.  Oh, I got it. 
Faculty instructor:  Good, good. TLPN fits this as well, but no word.  So 
remember to solve the puzzle they must be able to tell you the word.  Okay, you 
have to decide whether you want your colleagues to tell you the answer, cause we 
are moving on.  Okay, you guys had the same puzzle pieces. Look at this, using 
the same word yet doing different pattern.  
 

In the prior course activity, Dub had trouble finding the answer, but by trial and error and 

determination, he understood it.  In the face of difficulty, Dub himself met it head-on 

working at the problem till he found the solution.  He persevered through any difficult 

math problem and used the correct strategy to find the correct solution.  More examples 

from the course were observed, but not recorded, such as estimating the number of pieces 

of rice in the jar (IIIB2) (10/24/07).  These activities were completed without personal 

comments from the preservice teachers about their feelings, but were discussed in terms 

of strategy within the class discussion.  Dub demonstrated a level of perseverance needed 

to find the answer (IIIB2). 
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 Confidence and perseverance in the classroom.  Dub’s middle school class lacked 

confidence since the majority of the students did not have the mathematics background 

Dub had and did not believe in themselves or their ability to do math.  The idea of 

persevering through a difficult problem was not of interest of them unless Dub could 

make it relevant to their daily lives.  Early in the semester Dub recognized this and began 

to create problems which were in familiar contexts to the students so they could relate.  In 

a one on one dialogue between Dub and his student John, the transferred perseverance 

from Dub to the student could be seen (IIIB2) (CO/10/24/07). 

Dub:  So what seems to be the trouble John? 
John:  I just cannot do this.  I have never been able to find the greatest common 
factor because I am not good at multiplication.  
Dub:  Well, why don’t we do one together and see.  I know you can do this if you 
try long enough.   
John:  Okay.  [working silently] 
Dub:  Did you get it?  
John:  Yes, I drew a diagram like we did on the computer and it worked. 
Dub:  Good.  If you have any other questions about this, just ask, but I am sure 
you can do it.  
 

By the end of the semester, Dub had “inspired” most of his students to at least try more 

difficult problems and they were laughing while completely assignments as “they finally 

had seen math as a game and not a punishment” (IIIB1) (Interview/11/29/07).  An 

example in the classroom was a conversation observed by the researcher between Dub 

and John.   

Dub:  So John, you seem to be doing better in math and really getting into it. 
John:  Yea, I guess so.  You always were talking about how much fun math could 
be and I guess you were right somewhat.  I at least try the problems in class and 
on the homework now, as who knows, I may get lucky and know how to do it. 
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Instructional Strategies 

 

 Task difficulties in the course.  Data collected both from the e-portfolio, 

observations, and interviews demonstrated Dub was fully able to solve problems of any 

kind and rarely had to ask questions regarding a problem.  Dub was able to solve these 

problems because of his past experience and knowledge of strategies.  When he came to a 

harder question, he simple would ask these questions (IVA1) (CO/10/3/07). 

Dub:  What is the goal of the problem?  What strategies are needed?  What are 
other ways that this problem can be read?  Do I need manipulatives in order to 
solve it?  Did I get the right answer? 
 

These questions were consistently seen in his work and in the lesson plans that he was 

teaching and questions he encouraged his students to answer for themselves.  Dub 

himself was always quick to begin on problems given in the faculty instructor’s class, yet 

his students were not as eager to begin on them as Dub himself.  When Dub was asked 

about his reaction to being given harder problems he said (IVA3) (Interview/8/21/07): 

Dub:  I guess I would try it myself.  But as a teacher I realize there is no problem 
in asking others around you if you need help in an area.  I really do not work with 
others in solving a problem.  I have not really gone to them thus far…but I would 
not have a problem going to them if I needed to.   
 

Dub was quick to attempt to solve problems by himself before asking for help from the 

other preservice teachers.   

 
Task difficulties in the classroom.  Dub’s positive attitude and his enthusiasm for 

math transferred to the middle school students and changed the demeanor of the class.  

During the classroom observations, when students needed help with the task he had 

presented they simply would ask Dub or one of the other teachers in the class for help  

(IVA3) (CO/10/24/07). 

 



 

204 

Dub:  Peter, what did you struggle with? 
Peter:  About the same size… 
Dub:  Same size, you too James?  What did you end up finding? 
Peter:  The poster over there and Paul’s arm. 
Dub:  Okay, why do you think that was challenging for you?  
Peter:  Because I could not take down the door and measure it against things.  
Dub:  You are right; we did not see Paul over there with a screwdriver taking the 
door off.  That was challenging because you could not carry that unit with you 
and do comparisons.  What about you James, why do you think it was difficult?  
James:  Cause everything seemed to be taller or shorter.  So I had to like go 
around and try everything and I ended up with the cabinet handle.  I had to try a 
lot of things. 
Dub:  Say that again, you had to what? 
James:  Try a lot of things. 
 

By the third classroom observation, 19 of the 23 students in Dub’s class were either 

attempting to solve or able to solve the problems Dub presented in front of them.  Most of 

the lessons Dub presented only required one type of strategy to solve them, which was 

usually using a diagram or logic and reasoning, but he encouraged his students to try 

different strategies.  Finally, in a reflection with the faculty supervisor, Dub explained the 

progress of his class (IVA4) (Reflection/11/6/07).  

Faculty Supervisor: So what happens when your students come to a harder 
problem? 
Dub:  In general, I like to put out the questions and see how they [the students] 
reacted to it and start solving it and then guide them through it…but if you let 
them work it out on their own, then they have made it a part of their learning and 
they will learn it a lot better.  But definitely guide them because you do not want 
them to be confused for that long. 
 

Throughout the semester, Dub saw that when difficulty came in solving a problem he 

needed to ask questions until the students understood what the goal was and what strategy 

could be use to solve it.  

 
Questioning and expert modeling in the course.  Dub often participated in the 

discussions within the course and asked questions about areas that he was unsure or felt 

he could provide insight for his classmates.  Data from the last interview, demonstrated 
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what important concepts Dub valued from the faculty instructor’s teaching (IVB3) 

(Interview/11/29/07). 

Researcher:  So what would you say was what you learned about your own 
teaching from the course?  
Dub:  This course gave me ideas of how to teach certain subjects like 
manipulatives.  I was able to see how much easier problem solving was when I 
knew the purpose of the problem, like what I was supposed to learn from it.  In 
addition, I was able to see how vital modeling different strategies were for 
learning how to problem solve in different contexts.  The faculty instructor was 
constantly mentioning different strategies and manipulatives which could be used 
to solve math problems.   
 

Dub learned from the faculty instructor’s modeling different questioning strategies 

(IVB2/IVB3) (CO/9/6/07).  

Faculty instructor:  We know we have guess and check, right?  These are problem 
solving strategies we can use.  What else?  
Dub:  Working backwards. 
Faculty instructor:  Ohhh, working backwards.  What is another one? 
Lorin:  Isn’t there one where you can make a model or something? 
Faculty instructor:  Yes, you can model.  Illustrate a picture.  Anybody else think 
of one?  Problem solving strategies.  What are your kinesthetic learner’s needs? 
Drawings?  What else?  What does it mean act it out?  This is a problem solving 
strategy; your students could act it out.  
Dub:  Use manipulative to play with it. 
Faculty instructor:  Right, what we just did.  Act it out using the color tiles to act 
it out by moving them and changing with the story.  Okay.  Ya’ll got a diagram, 
but what about a pattern?...  Construct a table, I see that a lot.  You got guess and 
check or you might see trial and error, same thing.  Work backwards.  This one is 
very effective…solve a simpler problem…  Organize lists.  And this is a big one 
and a weak skill for students…logical reasoning…  Any questions on any of these 
strategies?  Any of these unclear?  When you see these, are there any which do 
not make sense? 
Dub:  Is an organized list just a list of steps to go by? 
 

Throughout this excerpt from a course observation, the faculty instructor and Dub were 

able to interplay and describe strategies to use through modeling and feedback.  Another 

example from the course was about multiplication (IVB3/4) (CO/10/2/07). 

Faculty instructor:  Okay, today we are going to learn about multiplication and I 
want to show you ways that you can teach multiplication to your students.  Let’s 
just start simple. What is multiplication? What does it mean? 
Lydia:  Repeated addition 
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Faculty instructor:  Repeated addition okay.  Anything else?  Would you describe 
it differently?  If you had three times four, what does that mean?  What does three 
times four mean?  
Dub:  It means four three times. 
Faculty instructor:  It means four three times, okay, or repeated addition.  Is there 
another way to maybe word that?  
Dub:  Maybe groups. 
Faculty instructor: Give me some more Dub, where are you going with that?  
Dub:  Maybe three groups of four?  
Faculty instructor:  Okay. It could be three groups of four.  Four groups of three, 
which reinforces our communitive property, right?  So you see it as grouping or 
repeated addition.  Okay, so how would you teach a two by two multiplication 
problem?  If I wanted 16 by 47, how would you teach that?  What would you do?  
Somebody tell me.  
Heather:  Our lesson that we teach on Thursday is where we multiplied two by 
three digits in a way I had never heard of.  They used a strategy called the lattice 
model.  
Faculty instructor:  Oh, perfect lead in.  Who else is teaching that?  Alright, how 
many have heard of that?  So that is exactly what we are going to do today.  So 
let’s go over this.  Let me just tell you right now that this is a method, it is a 
procedure.  What most of you are probably used to seeing is 47 in columns and 
then multiplied by 16 below it.  The lattice model is just how it sounds, it is a 
procedure it teaches conceptual modeling and a different way of multiplying.  
Where you see this model often is in your SPED classes.  Because when the first 
method does not work, this is a backup plan.  So let’s take this problem and work 
it out using the lattice model.  So because it is a two by two problem, it is going to 
guide the size of our box.  This case, I am just going to make a two by two area 
box.  It is 47 times 16.  Each square will get a digit.  Now for every square I am 
going to form a diagonal.  Everyone has diagonal right?  Now, what do I multiply, 
remember they are single digits.  Most books will suggest that you start on the 
right side and move over.  So 6 times 4 is 24 and for each primal you can only put 
one digit.  So with the lattice model is going to kind of run off and make a sum.  
So I have 8 plus 7 which is 15 and so on. So my product is 752.  Now check that 
our traditional way and it just a different method.  Now I want you to try one on 
your own, let’s do 165 times 23. So 165 times 23.  Now think about how you need 
to set up your area.  Now Dub will you bring your paper so everyone can see how 
you did this?  Okay, anybody set it up differently from Dub?  Okay, it just looks 
like 3 by 2, not 2 by 3.  So it does not matter what number you do first.  It is just a 
procedure, it is not conceptual understanding.  It is just another way to multiple.  
What do you think may be helpful compared to the other way we are used to 
multiplying? 
Faculty instructor:  Right.  How can we describe this to the kids?  Dub. 
Dub: Just follow the line of where the decimal is and move it down.  
Faculty instructor:  Dub, that was great.  Where they collide on the diagonal, is 
where the decimal needs to be.  And you can randomly create example and let the 
students see the differences.  Any questions?  Lorin? 
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In both of the course examples, the faculty instructor was able to model what Dub should 

be doing in the classroom and then also ask questions to make Dub and the other 

preservice teachers think more deeply about the lesson and how they could use the 

strategies in their middle school classroom (IVB2/3)   

 
Questioning and expert modeling in the classroom.  Classroom practices 

promoted shared understandings of goals, concepts, strategies, and problem situations 

constituted a significant portion of Dub’s instruction.  Dub would often model for his 

students multiple strategies to use manipulatives (IVB2/3) (CO/11/4/07).  In a reflection 

after that class, Dub commented: 

Dub:  I present different methods in different and a variety of activities which 
keep it interesting to the kids…there is so much to learn from the teachers who 
have been around the kids longer than I have [speaking of his classroom teacher].  
I feel as if I am able to model for the students how to use strategies to solve 
problems and ask them questions in order to be able to encourage them to think 
more about their own thinking. 
 

Two months into the semester, Dub read the story Make room for Spaghetti and 

demonstrated how to model ideas for his students and provided a concrete example and 

feedback (IVB1/3).  Dub not only made his students problem solve by figuring out how 

the area and perimeter had changed with the addition of new people coming into the 

story.  The students had to listen and use manipulatives in front of them to solve what 

was happening in the story being read to them.  On the overhead in the front of the 

classroom, Dub modeled or had a student model with manipulatives what was happening 

in the story (IVB1/3) (CO/10/14/07). 

Dub:  Each table had places for four people.  So in your first diagram, draw what 
you imagine to be the table arrangement from what I just read.  
Jake:  Can you repeat it? 
Dub:  Four place settings, 8 vases, and 32 chairs.  Diagram the tables.  Based on 
your arrangement, how many people could seat in your party?  John, how many 
tables do you have? 
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John:  I have 8 tables, so I can seat 32.  
Dub:  Show your pictures.  So, here is the thing, make sure all students start this 
thing off correctly.  Moving on.  
…STORY… 
Dub:  Okay, so what happened?  On your second frame, how many people can 
now be seated?  Think about it. 
…STORY… 
Dub:  What happen in frame 3?  Are they sitting on the table, around the table, 
where are they sitting?  Area or perimeter? 
James:  Perimeter? 
 

In addition, in the example, Dub asked his students questions in order to encourage their 

thinking about the problem at hand.  On Dub’s lesson plans, there was always a note 

about what the purpose of the lesson was for the day and how he was going to make it 

clear to the students through activities and his own explanation.  Dub was consistent to 

tell his class the plan for the day, what they were going to learn, and how it fit into the 

larger scope of the unit (IVB1) (Lesson plan/10/24/07). 

 
Social interactions in the course.  Within the course, Dub observed how he and 

other preservice teachers worked together to solve problems (IVC1) (Reflection/9/6/07):  

Faculty supervisor:  What was one thing you took away with from today’s class? 
Dub:  The many different ways in which the faculty instructor divided us into groups 
today and before too.  She has used playing cards, proximity, and then also given us 
the choice of who we wanted to work with.  In general, it has allowed me the 
opportunity to see the positives and negatives of each method and then be able to 
think of ways to use them in my class.  
 

The course was consistently full of discussion and opportunities for participation.  On the 

first day of the course, the faculty instructor had Dub and the rest of the preservice 

teachers try to balance 16 nails on one nail which was nailed to a board.  The following is 

the interaction and how the preservice teachers worked together in an attempt to solve the 

problem (IVC1/3) (CO/8/21/07). 

Faculty instructor:  You have a problem in front of you, how are you going to 
address it? 
Lorin:  This is like Jinga. 
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Lydia:  Don’t breathe anyone. 
Christen: Can we flip the block over? 
Faculty instructor:  That is a good question.  No. but that was a good idea.  It can 
be done without flipping the block over.  
Dub:  I thought about that.  
Beth:  I just do not know what to do. 
Faculty instructor:  What math process are you engaged in right now?  In other 
words, what are you doing if you have to define it?  What are you doing right 
now?  
Dub:  Trial and error. 
Faculty instructor:  That is strategy.  But right now you are problem solving, 
right?  And the strategy you are using is…trial and error.  What is another name 
for trial and error?  Guess and check.  Okay, we have trial and error as the 
strategy, we are problem solving. 
Heather:  Can you put two on lying next to each other? 
Beth:  You could put the next two in the opposite direction. 
Dub:  Like a cross? 
Faculty instructor: Good job. 
Heather:  Put one on and try to balance them.  
Dub:  What about linking them together? 
Lydia:  That is a good idea. 
Dub:  That is what I was thinking. 

Through this dialogue, the preservice teachers, including Dub, worked together through 

actions and verbally to try and figure out the problem before them.  Dub reported he had 

grown in this area of instructional strategies as he reflected with the researcher in his final 

interview (IVC1/2) (Interview/11/27/07). 

Researcher:  At the beginning of the semester, you usually worked alone. Would 
you say this has changed? 
Dub:  I have seen the importance of working with the other preservice teachers in 
the course as we are able to apply each others ideas and solutions to problems.  In 
addition, when we discuss the reasons why we want to try certain methods, we 
have to defend our answers and be able to say why we chose that method.  
 

Dub increased his social interaction throughout the course as noted both through the 

researcher’s observations and Dub’s reflections. 

 
Social interactions in the classroom.  Dub’s style of teaching in the classroom 

was through group learning with hands-on activities.  After groups were established in his 

class, the goals were then communicated to impact the students’ use of metacognitive 
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strategies and confidence through having the students work together to solve the 

problems.  An example was when Dub was presenting the lesson on the Hershey bar with 

fractions and percentages.  Dub encouraged his students to work together to solve the 

percentage problems and defend their answers to each other as to the order of solving the 

problems so that all the problems were answered using the same Hershey bar 

(Researcher’s Notes, Sum. 37, from CO/11/1/07).  

Having the students work together to solve problems and empowering his 

students in their groups was important to Dub (IVC1) (Reflection/9/30/07).  

Dub:  Communicating clear and specific goals made the problems more 
manageable for my students to discuss the possibilities in a group setting which 
helped them to be able to compare and contrast one another’s’ ideas.  I think they 
have gotten the idea that I would rather them work together, then get the right 
answer, as collaboration is a good skill to have later in their educational career.  It 
has to be relevant and fun and it is usually in groups. 
 
In this way, such classroom practices conveyed information regarding students’ 

capabilities as they gained confidence while defending their answers to their classmates 

(IVC2).  Similar to the course, Dub had the students work in groups to solve problems 

(IVC1/IVC3) (CO/9/18/07).   

Dub:  Today I want you to divide into groups of twos and threes as we are going 
to work on finding the least common factor.  I am going to give you a list of 
numbers and I want you to work with those around you and find the least 
common factor.  Try to take turns in figuring the answer out and then when you 
are done raise you hand. 
James:  Hey, Paul you want to be my partner? 
Paul:  Okay. 
James:  Why don’t you do the even ones and I will do the odd numbered ones. 
Paul:  Okay, then let’s compare and check them.  The least is the smallest number 
they both can be divided by, right? 
James:  Yes. 

Students within Dub’s class were strongly encouraged to communicate in the 

class discussions, to grow in their confidence to defend their ideas and to hear others’ 

ideas.  However, the number, length, and the contents of the discussion postings showed 
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that the discussions were one of the most productive means to introduce a new topic as it 

brought deeper meaning to the students.   

Summary 

  Dub overall did not demonstrate a large percentage of growth since he already 

was exhibiting many of the characteristics of the factors which influenced metacognitive 

strategies.  He did demonstrate growth in the area of self-reflection by examining his past 

lessons, seeing where they could be improved, and incorporating the faculty instructor’s 

feedback into his lesson plans and problem solving strategies.  In addition, Dub 

transferred many of the characteristics to his classroom, especially in the subarea of self-

reflection and all types of knowledge.      

 

Lydia 

 

 Lydia was a third year education student who enjoyed teaching the younger 

grades more as they “still need nurturing and are shorter than me”.  In the fall of 2007 she 

was placed at a local middle school with Mrs. Smith, a 7th grade mathematics teacher.  

She and Heather had the same classroom teacher, but Heather taught first period and 

Lydia taught second period. 

 
Metacognition 

 

  Self-regulation in the course.  Lydia grew during the course in her ability to create 

a plan for problem solving within her own learning environment (IA4) (CO/9/6/07): 

Faculty instructor:  Yea, yea…absolutely.  Your strategy would be kind of like the 
fill in the blank kind of questions that you often see in books.  One word answers 
from your students.  Anything wrong with it, no, it works for some students, 
right?  Lydia, what would your plan be if you were going to plan a lesson with a 
constructivist feel to it?  
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Lydia:  I just do not plan it really, just however it flows.  However, I would need 
to have a plan, which meets the needs of my students where they are and a back 
up plan in case the first fizzles.  So if I had a student come in and say they are 
lost, help me.  I would put everything else aside and we would work on perimeter.  
I would be at the board giving a model example.  My role would be to model for 
my students.  
 

  In the above example, Lydia explained the importance of having a plan A and B 

for her lesson plans.  Lydia recognized the importance of having a plan and monitoring 

how she was following it.  She began to set goals concerning her own learning and 

problem solving (IA1/IA4) (Reflection/10/24/07): 

Faculty Supervisor: How would you say creating a plan helps with problem 
solving in your current lessons? 
Lydia:  Establishing a plan when solving a problem created a desire to just stick 
with the problem till I get it or think of other alternatives or use different 
strategies.  I think when I am trying to solve like a math problem I think what I 
usually do is just play around with it and see what I come up with and so just 
going step by step by step.  If it is something I do not know how to do then I’ll 
just keep guessing till I figure out how to do it or ask someone else.  If it is for a 
very specific problem like algebra, then I will try and follow a step process…it 
kind of just depends on what the problem is.  Well, I do not know if I mentally 
monitor a problem while I am solving it, but I do follow those steps, so maybe 
subconsciously I am monitoring it.  I am a very logic person and I have to follow 
steps so maybe that is a way I am monitoring. 
 

Lydia determined a plan was needed to evaluate which strategy would solve each 

problem.  She used a mental step process to monitor her problem solving. 

 
  Self-regulation in the classroom.  Lydia encouraged her middle school students to 

make a mental plan for each problem (IA1/3) (CO/10/8/07). 

Lydia:  Always create a plan whether it is in writing so that you think about the 
plan and goals of the strategies before acting on what you are doing.  In this way 
you will avoid mistakes and usually complete a task with the best strategy. 
 

Organizing the process of problem solving allowed Lydia and in turn her students to be 

more purposeful in seeing what steps they needed in order not to make mistakes.  The 
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steps of the plan also gave opportunity for the students to ask questions concerning how 

the strategies could be used in different contexts as seen below (IA2/3) (CO/9/18/07).   

 
Lydia:  Okay, so today we are going to discuss area and perimeter.  First, we are 
going to review the differences between area and perimeter.  Next, we are going 
to do some examples together.  Finally, we are going to begin our homework for 
the night and discuss where we are going from here in the unit.  Any questions, so 
far?  Okay.  So who can tell me what area is?  Perimeter? 
James:  Area is the space in an object and perimeter is the added length of the 
lines which give the object shape. 
Lydia:  Good.  So, what steps do you think our plan should encompass? 
Wes:  First, we should measure all four of the sides of the shape. 
Lydia:  Good, then what? 
Chris:  Then, for area we will take two of the sides and multiply them together 
and that will be our answer. 
Lydia:  Yes and what do we do with the other two sides? 
Kenny:  We will add all four sides together to get the perimeter. 
Lydia:  I hope everyone understood the difference between area and perimeter.  I 
now want you to work on the practice problems alone. 
[Students working on the problems independently] 
Lydia:  Looks like everyone has got the hang of this.  Okay, what questions are 
you asking about the future of finding area and perimeter in relation to the 
contexts we see area and perimeter?  
 

  In the above example, Lydia’s students were able to create the plan and follow it 

until completion.  By the end of the class, all of her students were completing problems 

of both perimeter and area without any trouble (IA1).   

 One draw back of Lydia’s teaching was even though Lydia conveyed the criteria 

for evaluation; her students rarely evaluated their own performances during learning 

activities (IA4).  In fact, it was implicit that classroom practices were related to 

evaluation.  For instance, students were required to keep a record for their homework 

assignments (e.g., page number, due date) and write down their grades for homework 

assignments and quizzes.  While this tool could have been used to monitor progress and 

evaluate performance, it was mainly used to help students organize and remember their 

homework assignments (IC1) (Researchers notes/10/12/07). 
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 Self-reflection in the course.  Lydia was constantly asking herself questions both 

out loud and at her seat on the reflection sheet.  Some of the repetitive questions she 

recorded during the university course are as follows (IB1) (Reflection/9/14/07):  

• How will student responses show development in understanding math 
units? 

• How can I determine the most stimulating activity for student 
comprehension of math ideas?  

• After time I will be able to understand how my class best comprehends 
math skills? 

• Does the classroom environment support each student’s math 
development? 

• Should I go over math vocabulary before introducing a concept or as we 
learn the concept? 

• What level of sophistication do I expect my students to achieve in 
answering questions? 

• What follow-up, practice do I need to do each day in order for math 
concepts to stick? 

• When are students ready to go from simple math to multi-step 
mathematical procedures? 

• What if students don’t even know simple math? 

• Does the teacher have the responsibility to teach both traditional and 
lattice methods if the student already understands one way? 

 
 Lydia received feedback from the faculty instructor during daily discussions 

(IB2).  The following is an excerpt from one of Lydia’s early reflections in which the 

faculty instructor gave feedback on a PowerPoint presentation Lydia gave about creating 

variables in an equation with dice (IB2/IB3) (Reflection/9/15/07). 

Lydia:  I was very impressed that they grasped the word problems so well.  There 
were times where I had to tell the classroom to be quiet.  To give myself some 
credit, I did work very hard to prepare this lesson plan and PowerPoint.  I feel that 
the students grasp the basic concepts and can now evaluate algebraic equations.  
They also seemed to enjoy participating in the game with their partners.   
Faculty instructor:  It showed that you had spent a lot of time on the PowerPoint.  
It looked really good!  One way that you could have cut down on the amount of 
time spent partnering them up is by just passing out numbers before hand or do it 
by proximity.  Always have a back up copy slide for our PowerPoint in case 
anything ever goes wrong with the PowerPoint or the computer.  You did a great 
job!  I look forward to reading about your next lesson.   
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 In later lesson plans and in the actually teaching of those lessons Lydia utilized all 

the suggestions from the faculty instructor (IB2).  An excerpt from one of her lessons 

plans and a classroom observation is below: 

Social Interaction:  Divide the students by use of playing cards on their desks with 
either one or two matches (IB2) (Lesson Plan/10/1/07). 
Lydia:  Okay, as you walked in today you should have found on your desk a 
playing card.  The person who has the matching playing card will be your partner 
today for the class activities on problem solving.  Now, you have thirty seconds to 
get up and find your partner and then sit down together.  One person will work on 
the computer at a time and then you will switch for the first activity (IB2) 
(CO/10/5/07).   
Lydia’s continual internal questioning she recorded throughout the beginning of 

the course as well as the faculty instructor’s feedback aided her in developing insight 

when teaching future lessons. 

 
 Self-reflection in the classroom.  Lydia provided opportunities for her students to 

reflect back on the lesson to see what they remembered and how they thought they could 

have more effectively worked problems.  This reflection was beneficial for the students 

as they were able to actually think of why they were solving problems with a particular 

method (IB3) (CO/9/25/07). 

Lydia:  Can I have all eyes up here?  Now, I want you guys to tell me what you 
thought of the activity and how you think you could have worked the problems 
with less effort.  Does anyone have an idea?    
Calvin:  Well, I used just a guess and check method to solve the problems, as it 
seemed the quickest way, yet when I guessed way off then I had trouble getting 
back on track and finding the correct solution.  I think a better method would have 
been if I had tried to relate it to a simpler problem, like you suggested last week, 
and then maybe begin the guess and check method.  Just a thought. 
Lydia:  That is good.  I am glad you are thinking about it at least, as it will only 
make you a better problem solver.  Anyone else? 
Jake:  Well, I just drew pictures of see-saws and plugged numbers in till the two 
sides in my mind were equal.  
Jennifer:  Did it work for you? 
Jake:  For the most part…it was fun though to be able to draw the see-saws. 
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After their reflections, Lydia provided feedback to the students.  In the following 

statement Lydia provided feedback to students regarding their problem-specific strategies 

(IB2) (CO/ 9/25/07).  Lydia asked her students to find the problem solution that matched 

with the given algebraic equation.  The students had found the correct equation by 

solving for each of the given choices and using process of elimination till all the solutions 

and equations were matched up with their respective match. 

Lydia:  Basically what you’re doing, put your number in and see if it equals 400.  
Now, in this particular problem, and that’s great, but you didn’t even have to 
solve it through, did you?  You just need to pick which one matched the correct 
answer. 
 

The feedback related to their success worked as persuasory efficacy information and 

potentially impacted students’ future ability to find the correct solution the next time 

(IB2). 

 
 Meaning making in the course.  The faculty instructor and Lydia created shared 

understandings by discussing meaning within the lessons in the course.  Lydia discussed 

the process by which she gained meaning in class in a reflection session (IC1) 

(Reflection/10/23/07). 

Faculty supervisor:  What do you feel like you have gained from the course, 
which you have been able to use in your classroom? 
Lydia:  I have gained a lot from the class already.  The faculty instructor has 
clarified and elaborated meaning on new and old terms, concepts, procedures, and 
story problems within each class period.  This has given me new knowledge and 
meaning to what we are learning, but what I have gained is how to contextualize 
new concepts within real-life situations which gives them meaning.   
 

Within the course Lydia frequently asked questions to make sure that she knew the terms 

and notations being discussed and sought clarifications whenever needed. (IC1) 

(CO/10/12/07) 

Lydia:  [to the faculty instructor] can you expand on the idea of the integer 
highway?  I am really confused and need it explained again?   
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Faculty instructor:  No problem.  It is the idea of having students move forward 
and backward, facing either the right direction or not.  In addition it… 
Lydia:  I am confused.  Could you please explain how the lattice method would be 
used with decimals? 
 
Lydia committed herself to thoroughly understanding the math terms and 

concepts before teaching her middle school class so she was able to explain the concepts 

to her students.  Lydia recognized if her students understood the terms they had a better 

chance of comprehending the strategies. 

 
 Meaning making in the classroom.  Lydia frequently asked questions to ensure 

her students knew the terms and notations being discussed and provided clarifications 

whenever needed, as in the following example.  Lydia had the students discuss what they 

thought the definitions of area and perimeter were and then had them give real life 

examples to clarify (IC1/IC2) (CO/10/6/07). 

Lydia:  Okay, who can tell me the definition of what area and perimeter are? 
Jake:  Area is the space within an object, which is found by multiplying the length 
by the width.  
Lydia:  Good.  And what about perimeter?  
Sarah:  Perimeter is the area around an object, so you add all the side lengths 
together. 
Lydia:  Right, now who can give me a real life example of when you might see 
these used?  
Mark:  Maybe when building a fence, you would use perimeter, because that is 
going to go all around the yard.  You would need to know the distance, so you 
could buy the right amount of wood. 
Lydia: Good example.  Everyone see how that is perimeter?  Good.  Okay, what 
about an example for area. 
Mary:  If you were going to put new carpet in your room, you would need to 
know the area of the room. 
Lydia: Okay, does everyone understand the difference between the two?  Then, 
let’s go on.   
 
One of the most common ways that Lydia supported shared understandings was to 

clarify and elaborate upon concepts, procedures, and problem situations.  In some 
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instances, this type of support included making connections between two different 

representations of the same concept as in the following example (IC1/3) (CO/ 10/16/07). 

Lydia:  What’s another name for 5 out of 30 in simplest form? 
Students:  One-sixth.  
Lydia:  How would you represent that in a percentage? 
Paul:  around 16 percent? 
Lydia: Yes 
 
Lydia often emphasized the similarities and differences between concepts to help 

students make connections between new concepts and prior knowledge.  She did this by 

encouraging students to share their ideas related to a new topic and then adjusting her 

instruction based upon students’ initial understandings (IC1).  Often Lydia would bring in 

manipulatives in an attempt to add meaning to what the students saw on paper.  The 

following episode illustrates a typical example by Lydia.  She brought in two color 

counters for her lesson on adding and subtracting integers and the students were able to 

use them to gain visual sense of the worksheet problems (IC2) (CO/ 9/16/07).  

Lydia:  So, today we are going to review adding and subtracting integers.  In 
order to try and give more meaning to the positive and negative numbers you see 
on your worksheets.  So take out your two color counters.  The reds are going to 
represent the positive numbers and the yellows will represent negative numbers.  
You can line them up on your desk reds on top and yellows below.  Let’s do the 
first one together.  So our problem is 4 – (-6) = ?  Okay, so we are going to get out 
four red color counters and then what? 
Scott:  We are going to add another six reds because it is minus a negative number 
and the two minuses become a plus.  So the answer is 10. 
Lydia: That’s right.  Any questions? 
Lori:  No, but I like these color counters.  I like being able to see the answer in 
front of me. 
 

Lydia’s teacher support for meaning making appeared to be particularly important at 

early stages of learning metacognitive strategies because students had limited 

understandings of terms, concepts, and problem situations.  Her support, focusing on 

negotiations of meanings, formed a common ground for communication supporting 

students’ participation in joint learning activities through which they could build 
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competence in strategic learning (IC1).  In this way, Lydia had the potential to impact 

student strategic learning, as well as their confidence through its potential impact on their 

performance. 

 

Reasoning 

 

 Communication and connections in the course.  When working on the chessboard 

and rice problem in class, Lydia, the other preservice teachers, and the faculty instructor 

shared solutions and ideas with one another (IIA1/IIA2) (CO/9/11/07).  

Faculty instructor:  Think about how you would solve it? How your students 
would solve it? This has been qualified for upper elementary and ranges from 
advanced elementary student all the way to high school students.  
Beth:  How did you get that?  
Lydia:  I just took 2 and multiplied it to itself and did that for every box.  
Beth:  Every two to the nth? 
Lydia:  Is it just adding two to every number?  Ugh, this is hard.  
Lorin:  So it is nine point two… 
Lydia:  So they could just be like how many hours do you have?  You could just 
start it off with that one piece of rice and then each day it would multiply. It is a 
great concept for the students. 
Faculty instructor:  Ya’ll have done it.  Right?  So, once you figure out how you 
do it you can think about how your students would solve it.  So Lydia, you are 
doing this in a sixth grade setting.  How could this work?  What would you expect 
out of your students when solving this problem?  
 

Lydia worked with her classmates to find the solutions by talking though the strategies 

and possible solutions for the problem.  Later on in another lesson, Lydia led the 

conversation among the preservice teachers (IIA2) (CO/11/6/07). 

Faculty instructor: Okay, dilations. What else could you use Geoboards for? Play 
with them. What do you think they might help see or understand? Shout out an 
idea when you have it?  
Dub: Area 
Lorin: Shapes 
Lydia: This doesn’t just pertain to shapes, just that they see some commonalities.  
Perimeter, maybe, since basic understanding of geometry pertains not just to 
shapes, but they have to connect to shapes first.  Think of it this way, if you are 
given a shape, can you identify it little, big, straight, or does it look like an L?   
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Faculty instructor:  Area, perimeter, shapes.  It could work well with certain levels 
of the Van Hiele theory.  You can see characteristics of the shapes.  What else? 
Okay, we are going to use the geoboards to analyze area and perimeter.  
 

In this example, Lydia and her classmates communicated by sharing different lessons 

which could be made out of the same manipulatives. 

 
 Communication and connections in the classroom.  The joint learning activities 

described in this section potentially supported the students’ likelihood to communicate in 

the future.  Through these activities, Lydia’s students were given opportunities to 

communicate with one another through sharing how they analyzed the task, what 

problem-specific strategies they used, and solutions found with one another and Lydia.  

In the following example, Lydia was teaching on integers and her students were 

beginning to have discussions about how to have integer wars (IIA1) (CO/9/14/07). 

Lydia:  Okay, who can tell me what strategies we use with integers? 
Wes:  Well, I think we could draw a picture of the number line. 
Lydia:  Good, that sounds right.  What else? 
Kenny:  I try to think of the integers in terms of food, either more food or less 
food or negative food. 
Lydia:  That is an interesting concept.  Does anyone else have ideas?  The ones 
we have are good so far.  Well, today we are going to do integer wars with 
playing cards.  You are going to flip a card and the first person’s number will be 
positive and the second number will be negative.  I want you to figure out the 
answer and share it with your partner.  If they do not understand how you did it, I 
want you to show them.  Everyone understand?  Okay, go. 
 

Lydia led the class discussion and then allowed the students opportunity to share both 

solutions and procedures with one another in the classroom time.  In the next example, 

Lydia discussed plot and coordinates with her students in a discussion, in which she 

involved most of the class.  Lydia was able to create an atmosphere where the students 

were able to discuss the topic without judgment (IIA1) (CO/9/20/07). 

Lydia:  Okay, what is this (picture of the White House)? 
Students:  The White House 
Lydia:  Who lives there?  Raise your hand… 
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Student 4:  The President 
Lydia:  Good…Okay, does anyone know where it is?  Yes, ma’m. 
Student 5:  Washington D.C. 
Lydia:  Good, good…Okay, that is the White House right?  We are going to talk 

more about that in a minute.  But first, do you remember that from 6th grade 
(talking about coordinate board)? 
Students:  Yes 
Lydia:  Okay, what do you know about coordinate boards from last year?  You 
can discuss as a class, but take turns talking.  Steve you start.  
Steve:  The x line goes across and the y line goes up and down.  One looks like 
this and other looks like this (putting his arms up like an addition sign).  
Seth:  The coordinate plane has numbers on it.  
Blaine:  The numbers are called integers and you plot ordered pairs on the plane.  
Lydia:  Good job guys.  Can anyone else think of anything?  Okay, well today we 
are going to plot ordered pairs on the planes and create a picture.   
 

 Through this activity, students were able to discuss what they knew about 

coordinate planes and ordered pairs under the guidance of Lydia, who could interject if 

misinformation was stated in the class discussion. 

 
 Applications of thinking skills in the course.  Lydia commonly used visual 

prompts to reinforce a concept (IIB2) (Interview/8/21/07). 

Lydia: Well, I would say it is easier for me to do, to figure out things, like lessons 
that are being taught, when they put a big picture up, so I would put the big 
picture up on the board and review the lesson.  I try to just go through it… 
 

Lydia choose to mainly use diagrams and guess and check when solving problems, even 

though the faculty instructor presented numerous strategies to use in the classroom 

(Researcher’s notes, Sum.64) (IIB3) (CO/10/20/07). 

Faculty instructor:  Okay, let’s look at a few whole class wise.  If you had this 
problem, what would your plan be and what questions would you ask?  What 
strategy would you use?  What do you think?  
Lydia:  I would begin my plan by figuring out how many brownies were available 
and how many people are in the class.  Then, I think I would begin by giving one 
and a half brownie to each person to see if I would have enough for everyone to 
have that much.  If it did not work, I would try to give them less.  
Faculty instructor:  So what questions might you ask yourself about your plan?  
Lydia:  Based on this, where am I going from here?  But the initial question 
would be, “What is the total amount of brownie that you are going to give each 
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person if you only have 9 brownies to begin with?”  I think I would ask myself, 
“Is it really necessary to draw the picture if you know the math?” 
Faculty instructor:  So you know what is going on from the picture?  What’s the 
answer?  Okay, what is the total amount the students will get?  Anything else?  
Anybody else take that approach?  Everyone else. 
 

In this example, Lydia first created and voiced her plan, and then she talked through what 

worked and what did not work when solving it.  Since Lydia mainly used two different 

strategies; guess and check and drawing a diagram, in the beginning of the semester, 

there was room for her to learn new strategies.   

 
 Applications of thinking skills in the classroom.  Lydia taught her students all the 

phases of the problem solving process (orientating, planning, executing, and verifying) in 

order to reinforce having a plan.  When Lydia was introducing the Lattice method to her 

class, she gave them the opportunity to use either the old fashion method or the lattice 

method of multiplying (IIB2/IIB3) (CO/10/24/07). 

Lydia:  Has everyone had a chance to finish the practice problems?  Good.  So, 
what were some of the strategies you used in order to solve these multiplication 
problems? 
Jake:  Well, I used the old fashion way of putting the two numbers on top of each 
other and then multiplying through. 
Lydia:  Good, and what answer did you get? 
Jake:  688. 
Lydia:  Okay, what is another strategy that someone used? 
Halley:  Well, I used the new lattice method that you just taught us today and got 
the same answer of 688. 
Lydia: Good job. And why did you choose to use the lattice method? 
Halley:  Well, I think it is easier and I like the simple plan of just making a box 
and multiplying, then adding all the single products.  
Lydia:  Good, did anyone else use a different strategy? Ashley? 
Ashley:  Well, I drew a picture and had each circle represent 52 pieces and then 
just counted the pieces and multiplied. 
Lydia:  Well, that works too. Good job. 
 

Lydia expounded more in her reflection about the thinking processes of her students.  
 
(IIB1/4) (Reflection/10/24/07).  
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Lydia:  To reinforce the process of making a plan and carrying it out, I used the 
following technique.  I divided a sheet of notebook paper into two columns.  On 
the left side of the page, I had the students solve the problem.  On the right side of 
the page, I had the students write about what is going on in his/her mind 
concerning the problem.  Asking such questions as: Is the problem hard?  How 
can you get started?  What strategy might work?  How did you feel about the 
problem?  I found this to work quite well.  
 

 Lydia took the variety of strategies which the faculty instructor taught in the 

university course and applied them in the classroom in many different contexts.  Lydia’s 

goal, both as the preservice teacher in the course and as the teacher in her classroom, was 

always to solve the problem; the difference was the strategy used and whether it was the 

best one for that problem (IIB1).  As an example, after teaching a lesson using the 

Geometer's Sketchpad, Lydia reflected and concluded how to be a successful problem 

solver (IIB3) (Reflection/11/6/07) 

Lydia:  In order to be successful problem solvers, students need to become 
familiar with a variety of strategies that are used in making a plan for solving 
problems.  Some of the strategies that were especially useful were making a list, 
making a chart or a table, drawing a diagram, making a model, simplifying the 
problem, looking for a pattern, using manipulatives, working backwards, 
eliminating possibilities, using a formula or equation, acting out the problem, 
using logic, using guess and check, using a spreadsheet, and, like I learned today, 
using a computer sketching program like Geometer's Sketchpad.   
 

Throughout the semester in the classroom, Lydia developed the ability to identify the best 

strategy to use for solving a problem not only for her own use, but she also transferred 

this skill into her classroom (IIB2).  She was able to present numerous strategies for the 

students to use when solving problems and created a freedom in the classroom to use 

what they felt most comfortable to solve the problems. 

 
 Knowledge base in the course.  The faculty instructor promoted shared 

understandings of the knowledge of metacognitive strategies.  In return, Lydia developed 
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a yearning to learn more and then emphasized the importance of knowledge to her 

students (IIC3) (Reflection/10/16/07). 

Faculty supervisor:  What is one of your goals for the semester? 
Lydia:  Well, I would like to see both my knowledge of math and problem solving 
and the knowledge of my students to grow during the semester.  Without a deeper 
knowledge of the concepts, my students are never going to be able to pass TAKS 
or be able to survive in math classes after they leave middle school.  In addition, I 
want to understand problems that are presented to me, so I can better solve them 
and teach the solutions to my students.  I might not understand the problem 
presented or might not know how to solve it when I first read it, but my 
knowledge of different strategies has helped me to be able to figure out how to 
solve the problems.  But I still want to understand the problem more. 
 
Lydia grew in her own knowledge and saw how she needed to develop procedural 

knowledge in order to control the execution of her problem-solving strategies.  An 

example of this was observed in the course during a discussion (IIC1/IIC4) 

(CO/10/23/07). 

Faculty instructor:  Who remembers when they learned about statistics or 
probability?  Have you begun now teaching it in the schools yet?  
Lydia:  I do remember statistics, but not fondly.  They were hard concepts for me 
to do in middle school.  I did enjoy predictions though.  I remember having to 
predict the number of jelly beans and time for trains to move.  I used to draw 
pictures to figure the problems out and then I would guess if I had trouble after 
that.  In my middle school classroom, we are working on making the graphs 
which represent the data.  We made every graph; bar, line and then we did 
predictions. 
Faculty instructor:  Good, good; I am glad you are doing the predicting based on 
the data…Did they come with prior knowledge?  
Lydia:  Some did, at least the majority knew the line graph, but not the others.  So 
we worked on connecting what they knew about line graphs and connected to 
introducing the other graphs and having them use them so they would know how 
to use them in the future.   
Faculty instructor:  That was my next question would have been my next 
question, when do the different graphs get introduced?  And that is something we 
want to look at too.  
 

 By the end of the semester, Lydia was able to efficiently recall prior mathematical 

and problem solving knowledge and apply it to new problems (IIC1, IIC2).  She grew in 
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her declarative and procedural knowledge base, which she transferred to her middle 

school students.   

 
Knowledge base in the classroom.  Lydia encouraged her students to develop a 

greater procedural knowledge through giving explanations and whole-class discussions.  

First, talking about strategies made the students aware of these strategies, thus increasing 

the possibility to use them (IIC2).  Then, providing declarative knowledge regarding 

exposure to new terms and concepts increased the possibility of effective use of these 

strategies (IIC4) (Interview/11/27/07). 

Researcher:  So tell me how you think your knowledge level changed over the 
semester in this course?  How did this affect your students?  
Lydia:  During the semester, I think my knowledge of concepts changed and grew 
to strengthen the strategies which I also learned.  The faculty instructor presented 
strategies in ways which I had not previous thought they could be used.  My 
growth in turn I hope was reflected into the class I was teaching, as I tried to also 
grow their knowledge, by presenting old concepts in new ways and new concepts 
and strategies within the context of real world examples.  At least in my 
estimation, I think they grew.  I know I did.  
 

 Lydia offered to her students strategies and explained how and when to use them 

and encouraged her students to talk about their own strategies (IIC1) 

(Interview/11/27/07): 

Lydia:  I believe that most mathematical concepts are added onto as a student 
goes through kindergarten till 12th grade.  For example, when students originally 
learn long division they had to go through the process.  Then when they learned to 
do long division with the addition of decimal numbers, they again needed to go 
through the process to allow for integration of the new knowledge.  The process is 
made more difficult and had to be repeated when the students did not reach 
mastery of the concept they were to learn. 
 

Lydia’s knowledge base evolved throughout the semester to be more refined as she saw 

the importance of a stronger knowledge base within her students when learning a new 

concept.  She encouraged her students to learn the foundational concepts (IIC1) 

(Researchers Notes/Sum.31). 



 

226 

Attitude  

 Beliefs in the course.  During the first interview of the semester, Lydia described 

her beliefs about math and her problem solving skills (IIIA1/IIIA3) (Interview/8/21/07).  

Lydia:  I love math because there is always a correct answer and an answer.  
Sometimes it is really frustrating when you cannot find the answer, but at least 
you know there is one. And when you find the answer, it is like the most amazing 
thing ever. As a teacher you are going to have to help the students get to that point 
without giving them the answer.  I think I am a good problem solver.  I can 
problem solve more than I can think of a new quadratic equation. So yes, I think 
so.  The problem solving path, thinking about it first, what you are trying to 
accomplish, come up with a solution, and checking it. 
Researcher: Sounds like you really like math. 
Lydia: I guess, but it has not always been this way. 
 

Lydia encouraged herself and the other preservice teachers to read and gain as much they 

could from the faculty instructor.  In the final interview, Lydia spoke about her increased 

understanding of better teaching methods (IIIA3) (Interview/11/27/07).  

Researcher:  How have your beliefs about teaching changed since you have been 
in this course? 
Lydia:  I would say that my eyes were opened to better ways of teaching the 
students. I guess, the faculty instructor exposed us to different problem solving 
strategies that we could use, but exposed us to more of that.  I think they are 
similar to what they were when the semester began.  I still really like math and I 
now enjoy teaching it.  

 
By the end of the semester, not much had changed in the way of Lydia’s prior thoughts 

about the concept of math, but now she was beginning to enjoy teaching it more as she 

had gained more experience. 

 

 Beliefs in the classroom.   Lydia created a mathematical learning environment for 

the students based on her own beliefs (IIIA3) (Reflection/9/16/07):  

Lydia:  Most of my mathematics experiences in middle and high school were 
negative; my teachers used direct instruction, memorization of facts, and 
worksheets.  The focus was always to get the right answer.  I do not remember 
learning very many problem-solving strategies, the activities we did do were not 
very meaningful to me.  I want to create a classroom community that promotes 
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positive feelings about mathematics.  I want to use discovery, cooperative 
learning, discussion, and hands-on activities in my classroom.  I want my students 
to learn many problem solving strategies.  I want them to understand that making 
a mistake can be a great learning experience and not the end of the world.  I want 
to integrate math with other subject areas making learning more meaningful for 
my students.  I believe that using this type of instruction will help students 
develop their own ‘Math Power”.  

 

Lydia’s reflections and interviews shows she was determined to give her students what 

she did not have in middle school; fueling her teaching throughout the semester (IIIA4). 

 Lydia worked with the classroom teacher, Mrs. Smith, to mold the students’ 

beliefs about mathematics and problem solving.  According to Lydia’s classroom teacher 

(IIIA1) (Interview/10/21/07): 

Classroom teacher:  Math knowledge is important, yet in my class, I cannot see 
them using prior knowledge, just their own short cuts.  They are not interested in 
math since they cannot see how it relates to them in daily life, even though it does 
for all of them.  As a teacher, I try to mold my students to see math as fun and a 
challenge, so they can have a positive attitude about it.  I encourage my interns to 
do the same thing, as these kids truly respect what they say.  

 
Data gathered from Lydia’s e-portfolio, reflections, and observations embodied how 

Lydia attempted to make math fun for her students so they would continue to be excited 

about math and see it as something fun.  In a reflection with the faculty supervisor, Lydia 

commented more about how her beliefs about problem solving had changed over the 

semester (IIIA1/IIIA4) (Reflection/11/7/07).  

Lydia:  I believe an important difference between successful and unsuccessful 
problem solvers lies in their beliefs about problem-solving, about themselves as 
problem solvers, and about ways to teach problems.  During the semester, I tried 
to demonstrate how math could be fun, how it was not something to be scared of, 
but to enjoy.  Since I enjoy math and teaching math, I hope that my students saw 
that and began to see some of the reasons why I like math.   
 

By the end of the semester, both Lydia and her students had developed a more positive 

view of math and its applications in the real world, this appeared to have been in part due 
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to Lydia’s improved view of mathematics and teaching mathematics, which was 

transferred to the students (IIIA4) (Researcher Notes/Sum.27). 

 
 Confidence and perseverance in the course.  Lydia possessed low confidence in 

her mathematical ability.  The faculty instructor attempted to correct such a 

misconception by providing Lydia and the other preservice teachers with opportunities 

for success during the beginning stages of problem solving.  This opened the door for the 

preservice teachers to be more apt to attempt harder problems (IIIB1) (CO/10/30/07). 

Faculty instructor:  Okay, we are going to begin today by talking about your fifth 
grade experiences.  I want to first tell you how proud I was of all of you, as I saw 
some really good teaching when I walked around.  I saw Lydia, Heather, and 
Kristen teach the lattice method with ease and with real life examples that drew 
the students into the lesson.  I have seen all three of you grow the past two months 
in your confidence in yourselves and your teaching ability by your reflections and 
in the course.  In addition, you have begun to use different strategies too.  Well, 
those are just my thoughts, what are yours? 
Lydia:  For our first reflection, we did pre-assessing for the lattice method, and it 
ended up they knew what they were doing which made our job easier, so we could 
make it a little more complex.  That is one thing which I thought was really good 
that we did, so we knew their levels.  Fifth grade for me was a challenge, as I had 
a few students who misbehaved and it was a place where we had to problem solve 
in order to come up with reasons of how we could involve them in the lesson to 
give the attention they were looking for incorrectly.  And like we also had kids 
who were really eager to learn too.  Like we would give them a very basic 
problem and they would want to do something else and make it more challenging.  
That could be on account of the teacher and how she just encourages them to do 
that or maybe it is the grade level.  But I really enjoyed it.  
 

As Lydia was told of her small successes, her confidence increased.  A healthy self-

confidence was found to be critical for Lydia to take the steps needed to grow in her 

problem solving skills.  In a final reflection, Lydia spoke about her views of successful 

problem solving (IIIB1/IIIB2) (Reflection/11/8/07). 

Lydia:  I believe that effective teachers of problem solving must themselves have 
the knowledge and dispositions of problem-solvers.  They must be able to persist 
through and find the answer even when the problem is hard.  Even if a teacher is 
not confident if they can solve a problem, discipline or math related, they need to 
always try at least and attempt to instill the same commitment to problem solving 
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in their own students.  Each time I persisted through a problem and got the right 
answer I know I felt more confident about solving the next problem.  Why would 
my students not be the same way? 
 

When Lydia first began the course, she did not start on all problems quickly as they were 

intimidating, yet with the faculty instructor’s help through the semester her confidence 

grew.  As her confidence increased, so did her willingness to take risks and experiment 

with strategies to solve new problems. 

 

 Confidence and perseverance in the classroom.  Lydia’s self-confidence in her 

ability predicted the level of mindful effort and perseverance that she applied to solving 

problems as seen during reflection sessions and observations in the classroom.  Lydia 

would often persevere until she found the solution to the problem, although that was not 

what Lydia saw in her own classroom (IIIB2) (Reflection/10/2/07): 

Lydia: In my classroom, I see my students acting under the beliefs that if a math 
problem can not been solved in a few minutes, then the problem is perhaps 
unsolvable and there is no point in continuing to try. 
 

Lydia encouraged her students to be flexible and have the ability to respond to 

unexpected situations or situations that do not have an immediate solution in order to 

show them how to develop perseverance in the face of failure.  In a reflection session 

Lydia asked the faculty supervisor (IIIB2) (Reflection/10/12/07):  

Lydia:  When should you abandon one strategy to try another?  When is 
perseverance a virtue, and when is flexibility?  Sometimes dogged persistence in 
the use of a single strategy yields a solution: despite frustration and fatigue.  It 
may be the wrong strategy.  When staying with one strategy pays off, we call it 
"perseverance"; when it does not, we call it "stubborn inflexibility”.  Perseverance 
and flexibility are opposites that together form an important unity.  Can you shed 
some light on this? 
 

Lydia was trying to develop a better sense of when to give up and try a new strategy so 

she could help her students with the same paradox.  Although Lydia did not figure out the 

paradox, she encouraged her students to always persevere till they found a solution, 
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whether you have to change strategies or not, it is worth it and will get easier with time 

(IIIB2). 

 
Instructional Processes 

 

  Task difficulties in the course.  Lydia tried to complete all the problems within the 

course.  Sometimes it may have taken longer, but Lydia worked the problems till she was 

familiar with the strategies.  When Lydia came to a harder problem, she would 

immediately ask the faculty instructor for help as in the example below (IVA1/IVA3) 

(CO/9/14/07): 

Lydia:  Okay, I understand how you got to a perimeter of 18 people on the last 
page, but my square diagram does not look like yours now at 24.  Can you help 
me see where I missed the way they divided the tables in the book? 
 

Lydia was quick to ask for help in the moment and tried to stay on top of the lessons in 

the course.  When Lydia was reflecting about her learning, she referred back to how 

important she thought asking questions and asking for assistance was when problem 

solving (IVA1/3) (CO/9/21/07); 

Lydia:  Okay. I realize how important asking questions when I do not understand 
is, but I still feel as if I cannot get my students to do the same thing when they are 
confused.  I think next time I am just going to be more demanding that they write 
questions down and ask for questions more throughout the lesson.  It was just so 
frustrating because I gave them those notes and plenty of opportunities to ask 
questions, yet at the end I still had a group who were very far behind.  I just want 
to really make sure they know it, like even be able to use multiple strategies to 
solve the same problem.  I know how important those things are, because the 
faculty instructor is modeling them for us all the time by encouraging us to do 
them. 
 

In the face of a difficult problem Lydia both demonstrated and commented how she 

would seek assistance (IVA3) (Interview/8/21/07): 

Lydia:  I’ll try it myself usually, and then if that does not work I will try and ask 
someone else. 
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By the end of the semester, Lydia was solving problems more quickly but still seeking 

out help from the faculty instructor and the other preservice teachers. (IVA2/IVA3) 

(Interview/11/27/07): 

Lydia:  I am definitely quicker to find the answers when solving problems.  In the 
past, I would just pass it off to someone else, but now I will try it and keep 
working on it till I get it.  If I cannot get the answer to the problem with a couple 
of tries, I usually then ask the faculty instructor or one of my peers for help.  
 

Lydia began to solve problems in the classroom on her own with the use of multiple 

strategies (Researcher notes, 9/21/-11/16).  

 
  Task difficulties in the classroom.  Lydia’s students were not consistent in 

working through problems or asking questions.  Lydia had her own suspicions of why 

this was so in her class (IVA1/IVA2) (Reflection/9/21/07). 

Lydia:  I believe my students gave up on problems before they had even begun 
them was that they had learned from their [previous] teachers the product was 
more important than the process and they had not learned the process. 
 

When the researcher questioned Lydia about this she expounded on her thoughts, (IVA2) 

(Interview/11/29/07): 

Lydia:  I feel like within my class, my students have not had good experiences 
with math in the past and do not even try.  They have not been exposed to 
manipulatives as much and do not know about the tools which are out there to 
help them problem solve.  In my classroom, because there are so many discipline 
issues to, groups work is sometimes not encouraged, so that we can keep the class 
under control.  I think tasks appear more difficult because of these things.   

Lydia wanted her students to use all the steps of the problem solving model, thus 

breaking down the larger problem into smaller problems and not being as overwhelmed 

by the work that needed to be done.  This was the conclusion Lydia wrote on her final 

when she stated (IVA4) (Final/12/6/07): 

Lydia:  During the semester, I was able to instill some good skill and habits of 
asking for help and trying different strategies in the classroom.  I just hope that 
the kids were listening to me sometimes and will take these skills and use them in 



 

232 

their classes, as it will make them better students and the work will probably not 
look so difficult.  
 

She continued to teach her students to use all the steps of the problem solving model 

(IVA4) (CO/10/24/07- Researcher’s notes). 

 
Questioning and expert modeling in the course.  The teacher instructional support 

observed in the university classroom and the middle school classroom served two 

purposes: making the purposes of learning clear and supporting the use of metacognitive 

strategies.  The faculty instructor presented a model for Lydia to learn how to make the 

purpose of the lesson explicit and modeled key strategies and thought provoking 

questions as seen below (IVB1/IVB3) (CO/9/4/07): 

Faculty instructor:  In front of you, you have a teddy bear house, you have some 
teddy bears and what we are going to do, is that I am going to read a story and 
you are going to model the story with your teddy bears.  Middle school is a huge 
transition, as they go from hands-on to all of a sudden very abstract. 
Lydia:  How do we transition that?  It seems that my middle school students often 
do not get as many manipulatives to work with.  And they are asked to think even 
more abstractly.  It seems that right now, most of what we are doing is concrete 
thinking, but by the end of the unit it is very abstract. 
Faculty instructor:  You are right Lydia.  Most of what they are doing is abstract, 
which is why we have to find ways to provide a concrete example, which they can 
then think of when their thinking has to be abstract.  Okay, back to the bears.  
First of all, how many rooms do you see in the house?  Four.  Everyone see four 
rooms?  Thumbs up if you see four rooms?  How many stairs do you see Beth?  
Lydia:  5 or 6. 
Faculty instructor:  Five bears downstairs.  Lydia, can you come and count out the 
five bears for me?  Come model the counting for me for the class?  Two bears in 
the kitchen.  Three bears in the living room.  
 

In this example, Lydia was able to participate in how a lesson should be presented to a 

class.  The faculty instructor modeled, made the goal for the day known, and then 

presented a lesson with questions to encourage the thinking of the preservice teachers 

(IVB2/3) (Interview/9/6/07). 
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Lydia:  This lesson was the first one I had seen which I could specifically pick out 
the sections of the lesson and was able to experience how to model strategies and 
what kind of questions to ask in a lesson to make my students think. 
 
Lydia gained in her knowledge of modeling strategies and asking questions.  Data 

from the last interview demonstrated what important concepts Lydia valued from the 

faculty instructor (IVB3) (Interview/11/29/07). 

Researcher:  So what would you say was what you learned about your own 
teaching from the course?  
Lydia:  Yes, I guess I can use other ways of problem solving and not just the ones 
I knew before I came into the class.  I know more about how to connect literature 
to the math problems and such.  Without the teaching of the faculty instructor I 
would not be the teacher I am, as I believe I would not have learned these skills or 
would I have been as enthused about teaching math.  The faculty instructor made 
learning and teaching math fun for both the teacher and the student.  
 

Lydia credited her successes to the faculty instructor’s teaching and was excited about 

her growth during the semester in using various problem solving techniques. 

 
Questioning and expert modeling in the classroom.  Lydia often modeled 

strategies for her students and then encouraged her students to think about why they 

would use a certain strategy to solve a problem.  After these discussions, Lydia would 

give feedback to the class or just certain students as to why certain strategies would be 

best for the problem (Researcher’s notes. Sum. 17).  The following example is from 

Lydia’s e-folio, where Lydia was presenting a new lesson and discussing strategy options 

(IVB1/IVB4) (E-folio/10/17/07): 

Lydia:  The theme for my unit this semester was “Math is Everywhere.”  During 
the unit, I was responsible for teaching the students how to write mathematical 
equations, and solve linear equations involving addition, subtraction, and 
multiplication.  I aligned the theme to the concepts that were to be taught so the 
students would be able to make a connection between linear equations and 
everyday life.  I taught linear multiplication equations on the last day of the unit.  
I started the lesson by introducing how to solve the equations, and then I broke the 
class into three groups.  Each group went to a different station that had a different 
focus; the groups switched stations about every ten to fifteen minutes.  
Throughout the lesson I was able to vary the learning opportunities and strategies 
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learned by facilitating different activities at each of the three stations.  I was able 
to give individual feedback to the students in the groups about their learning and 
model strategies for my students when they were stuck.  I also was able to relate 
the knowledge to student characteristics by choosing subjects that the students 
were interested in; each station showed the students how math is used in their 
everyday lives.  I was also able to use a unique method of discipline throughout 
the lesson.  To match the theme of the unit, at each station, the students had a 
chance to earn money for getting problems right.  The group with the most money 
won a free homework pass.  The money system worked wonderfully.  The lesson 
plan shows a detailed description of the varied learning opportunities.   
 

Lydia constantly asked her students questions in an attempt to get them to think about the 

process of solving problems (IVB2).  Some of these questions included: 

Lydia:  What do you think you need to do to solve the problem?  Where do you 
need to start to solve the problem?  Is there a better strategy suited for that 
problem? (IVB4) (CO/10/4/07): 

 
Lydia knew question asking was a key factor in understanding math concepts learned by 

her students. 

 
 Social interactions in the course.  The social aspect of solving math problems was 

considered important by both the faculty instructor and Lydia.  The following is an 

interaction between the preservice teachers working together in an attempt to solve a 

problem (IVC1/IVC3) (CO/9/18/07). 

Faculty instructor:  Okay, now we are going to get back into our groups and I am 
going to pass out some manipulatives to each group.  Now, when do kids start 
working with fractions?  What age?  Take a guess. 
Lydia:  First? 
Faculty instructor: I hear first.  Third.  Think anyone even deals with fractions 
before they come to school?  Toddlers?  Give me an example…how does the 
concept of fractions begin with our younger ones?  
Heather:  Sharing?  
Faculty instructor:  There we go.  Sharing, right…so little ones begin to share.  
We teach that concept…So what I want us to do at your table…I am going to put 
down some manipulative and I want you to think what you could do with your 
students with these?  So just explore and then brain storm some ideas and then we 
are going to share.  
Lorin:  We are supposed to think of an activity to do with these. 
Lydia:  This is the something as this…they equal each other.  
Heather:  We can use them for adding fractions. 
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Lydia:  This half, plus this half equal a whole…explaining how two fourths equal 
a half by showing them these.  We did adding fractions today with common 
denominators.  My problem was that they did not know them conceptually and 
thus I had to backtrack.  
Heather:  We were thinking like everyone gets an orange and we are splitting it 
evenly.  So we can take it apart or they could see that 2/4s equal one half.  
Faculty instructor:  Do not say that a cut is half to the kids, because it might 
always be that. Very basic foundation and a critical representation. 
Lydia:  One thing we could do is relate it to as pizza; something to relate it to…so 
you have this many pieces of pizza.   
Faculty instructor:  Oh, I like that.  
 
As with the above example, Lydia worked constantly throughout the course with 

other preservice teachers to solve different problems.  She shared her ideas and had to 

defend what she thought would and would not work in the classroom.  In the class 

discussions all ideas were given to the class and then discussion followed about the pros 

and cons of each example (IVC2).  In the final interview, Lydia described her growth that 

she had seen over the semester (IVC1/IVC3) (Interview/11/27/07). 

Researcher:  When you come to a harder problem, are you now quick to start on it 
or do you seek others’ assistance in solving the problem? 
Lydia:  I think I still attack a problem when I see it. I am more confident now in 
my abilities to solve problems both in and out of the classroom.  I really think I 
grew in this area over the semester.  In the beginning, I would not have wanted to 
ask for help or get it, but now I am open to any help I can get from those around 
me, as they usually have great ideas.  As an example, I worked with my partner a 
lot and the high of the semester was probably the unit.  My partner and I worked 
really hard on it to make it both fun for the kids to learn, but then also very well 
presented.  We learned a lot about what to do and what not to do.  The low was 
the lesson on coordinate planes because I did not know the students well then and 
it was hard to gauge what they understood and what was not sinking in. 
 

Lydia’s desire to work with others increased in both actions and verbally to try and figure 

out the problem before them (IVC1). 

 
Social interactions in the classroom.  Lydia frequently asked students to share the 

problem-specific strategies they used to solve the problem, explain how they came up 

with the strategy, and justify why the strategy worked with the whole class (IVC2).  Even 
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though she encouraged students to explain their ideas clearly, she did not expect that their 

ideas to be perfect, complete, or even correct.  Through her teaching, she expressed the 

importance of sharing ideas, findings, and strategies during class discussions.  The 

following quotation illustrates a typical message that she conveyed for this purpose 

(IVC1/IVC3) (CO/ 10/27/07).  

Lydia:  We are going to discuss today graphs.  I have already gone over the 
different graphs you will see this year in this class and now we are going to do an 
activity.  I have put some manipulatives on your desk for you to use.  I want you 
to sort what is on your table however you want and then represent them in a 
graph.  Then we are going to discuss what kind of graph you used and why.  
Lydia: Okay, let’s share how you sorted your buttons and the graphs you decided 
to use to represent your data.  Okay, Sarah start us off. 
Sarah: By size.  So I had small buttons, medium buttons, and large buttons.   
Lydia:  So what kind of graph did you think would best represent the way you 
sorted?  
Sarah: The bar graph because it was easiest to show the three groups. 
Lydia: Okay, ya’ll agree.  Okay, John, how did you sort your buttons? 
John: By color.  I thought I would use the bar graph too, but I did mine sideways.  
Lydia: Okay, Sarah, hold yours up again.  So one is horizontal and one is vertical. 
Are they both bar graphs?  
Students: Yes 
Lydia: You’re right.  Shawn, how did you sort yours?  
Shawn: Shiny and not shiny and I used a line graph since I put the buttons in 
order of their shininess.  . 
Lydia: Okay, very good.  That is different and original.  Does everyone agree with 
what Shawn did?  Did you all create graphs which you think best communicates 
the information about your buttons?  
Peter: Yes, but what other graphs could we have used? 
Lydia: Well, probably, a pictograph or line graph or maybe even a Venn diagram?  
Now I want you guys to get in your small groups and we are going to make a 
bigger graph as a group.  In your groups I want you to discuss the different graphs 
we have learned about and pick the graph that will best fit the data.  The best 
graph will not always be a bar graph, so choose wisely. 
 

 Most of the students picked to use a bar graph because that is what they were 

most experienced with but when Lydia asked why they choose the bar graph they did not 

know why.  Some students would just pick a graph and make it work for the data.  In the 

prescribed groups, Lydia expected her students to work together as a team and complete 

the activity identifying the best possible graph (IVC1).  In this activity and other 
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activities which were not captured through observations, the discussions presumably 

assisted students in sharing knowledge and the accompanying interactions often lead to 

new strategies, and generating solutions.  Both in the university course and in Lydia’s 

classroom, the students needed to be able to discuss their ideas with the group and then 

defend their responses (IVC2).  Therefore, if students were not actively engaged in 

discussion activities such as questioning, explaining, elaborating, and constructing 

arguments, they may not be able to benefit much from the collaboration process (IVC1) 

(Researcher Notes. Sum. 85). 

Summary 

  Lydia’s knowledge base grew in all the characteristics within that subarea.  She 

constantly was building on her prior knowledge in the course, which influenced the 

transfer of those skills into the classroom.  In addition, to the knowledge base being 

transferred to the classroom, Lydia also consistently transferred most of the 62 out of 72 

characteristics across to the classroom. She grew the most in her ability to transfer over 

positive beliefs about math and learning mathematics to her students.   

Heather 

 Heather was a third year education student who admitted in an initial interview at 

the beginning of the semester that she was extremely nervous about teaching a whole 

lesson and was not confident in herself.  In the Fall of 2007 she was placed at a local 

middle school with Mrs. Smith, a 7th grade mathematics teacher.  She and Lydia had the 

same classroom teacher, but Heather taught first period and Lydia taught second period.   
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Metacognition 

 

 

 Self-regulation in the course.  Data from several measures demonstrated the 

development and growth of Heather’s self-regulatory skills of creating a plan, organize 

the steps to follow, and monitor her progress as she solved problems.  In her first 

interview, Heather commented about her ability to solve problems by following certain 

steps (IA3) (Interview/8/21/07).  

Researcher:  How do you think monitoring your progress along the way will help 
you to solve a problem?  
Heather: I think when I am trying to solve like a math problem I think what I 
usually do is just play around with it and see what I come up with and so just 
going step by step by step. If it is something I do not know how to do then I’ll just 
keep guessing till I figure out how to do it or ask someone else.  If it is for a very 
specific problem like algebra, then I will try and follow a step process…it kind of 
just depends on what the problem is.  
 

Within her first interview, Heather was not sure of how to monitor her progress or be able 

to ask questions about future actions (IA2/IA4).   

 The course itself was a laboratory for growth for Heather in terms of her self-

regulatory skills.  She was able to monitor her progress when working through numerous 

problems given in the class as examples, including the fraction riddles with the two color 

counters (IA1/IA4) (CO/9/18/07).   

Faculty instructor: I put a few two color counters on your desk. Partner up and 
share your counters.  So you have three little riddles and you will notice one has 
no solutions.  Once you figure out the riddle kind of record what you did so you 
can remember it.  
Faculty instructor: Okay, let’s share.  Riddle one, any groups figure out riddle 
one.  Heather, how did you do it? 
Heather:  Well, first, I wrote down each of the different combinations I could do 
in order to get 1/3 yellow, 2/3 red.  I started at the lowest number of 1 and 2, but if 
you flipped them, all would be yellow, not half and half.  So I tried two yellows 
and four reds, but this did not work either.  Finally, we did four yellows and eight 
reds.  And when we tested it we saw that a third were yellow and when you 
flipped two over; half are red and half are yellow.   
Faculty instructor: Good job following a plan. 
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In this example, Heather appeared to demonstrate a plan in her problem solving process 

and being able to monitor her progress to finding the answer to the riddle.  Similarly, in 

the second interview Heather explained her development in using strategies and her 

problem solving process (IA1/IA2) (Interview/11/27/07).   

Researcher:  So how do you think you have grown this semester? 
Heather: I think I grew in a lot of ways.  I guess having confidence in front of the 
class and making lessons more age appropriate.  I have learned how to effectively 
create plans when I am problem solving and then be able to monitor my progress 
through problem solving to better ask the questions which will help me problem 
solve in the future.  I think I have learned to use different problem solving 
strategies and I am able to diversify more the curriculum for each of the students.  
I cannot think of an example off hand.  I can use other ways of problem solving 
and not just the ones I knew before I came into the class.  I know more about how 
to connect literature to the math problems and such.  I do not know if I mentally 
monitor a problem while I am solving it, but I do follow those steps, so maybe 
subconsciously I am monitoring it. I am a very logic person and I have to follow 
steps so maybe that is a way I am monitoring. 
 
 

 Self-regulation in the classroom.  Heather’s success in the course was attributed 

to the amount of time she spent reading the textbooks and paying attention in the course 

to learn how to create a sound lesson plan (IA1/IA4) (Reflection/10/4/07).   

Heather: Both in the textbooks and in the course, the importance of having a 
sound lesson plan with plan B’s built in for when things go wrong was 
emphasized.  Also, I saw how I needed to start monitoring not only my own 
learning processes, but the learning processes of my students.  I had students who 
were still at a basic understanding of a concept, but I was teaching above their 
heads.   
 

  At the beginning of every class period, Heather began the lesson by encouraging 

students to remember to always create a plan when problem solving and to be purposeful 

when setting the goal of the problem and to be looking for places where mistakes might 

easily occur.  The students’ plans also gave opportunities for students to ask questions of 

Heather on how the strategies could be used in the future. (IA2/IA3) (CO/10/18/07).   

Heather:  Today we are going to discuss adding and subtracting fractions.  First, 
we are going to review least common factor and greatest common denominator.  
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Next, we are going to do some examples together.  Finally, we are going to begin 
our homework for the night and discuss where we are going from here in the unit.  
Any questions, so far?   
[Time elapsed] 
Heather: Now, that we are done with our review of the LCF and GCD, we can 
work on some sample problems together.  I have given you a sheet with four 
problems on it.  I want you to work them out and write to the right what your plan 
is and the steps you are taking to work the problem out.  When you are done raise 
you hand and I will come by and check them and you can begin on your 
homework. 
 

Throughout this class period, Heather continually reminded the students about the 

importance of creating a plan and monitoring their learning throughout the problem 

solving processes.  

 Lastly, on Heather’s final she spoke about what she has learned and applied in her 

classroom (IA3/IA4) (Final/12/9/07).   

Heather:  I learned how to incorporate technology into the classroom.  During the 
semester, I was able to use the computers as a way to teach the students how to 
monitor their learning and organize their steps, as the computer program did it for 
them to begin with and then they had to do it on their practice problems. 
 

 
Overall, there was an increase in the methods by which Heather monitored her learning  
 
and the learning of her students.  She grew in the strength of her lesson plans and the  
 
presentation of the lessons too.   
 
 
 Self-reflection in the course.  Heather was very intentional in the manner she 

asked herself questions about past strategies used and ways she could improve in the 

future.  These were not verbally recorded, but on her reflections sheet.  When the class 

was looking at their own e-book presentation, Heather had the following comments about 

her own performance (IB1/IB3) (Reflection/10/16/07) 

Heather:  I think I could have inserted more graphics which would interest the 
students more into the lesson.  In addition, I know that I could have made it so the 
problems were not able to be done through the short cuts which my students are 
always showing me in relation to the fractions and decimals.  I now wish I had 
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chosen a book which was more on a middle school level, instead of elementary 
level.  I think the lesson would have been stronger if the problems had been more 
difficult.  I liked including literature into the lesson and of course the class liked 
the candy, who wouldn’t? 
 

 Twice during the semester, Heather sat down to reflect with the researcher for an 

interview.  In their first interview Heather was able to say how she was beginning to be 

more open to receiving feedback and asking questions when not successful (IB3) 

(Reflection/11/29/07).  

Researcher: How would you say your problem solving strategies have changed as 
you have gone through this class?  
Heather: I think I am a lot more mature with the solutions that I come up with and 
I don’t automatically jump to my first instinct, I usually think about it more. I am 
more willing to seek the advice of other people instead of just trying to do it 
myself.   Overall, I would say that I have been more encouraged to follow through 
on problems. It might seem a little challenging to begin with, but if I stick with it 
then I can figure it out.   
Researcher: How will evaluating your successful completion of the task and what 
you have learned from it help you in your future learning?  
Heather: I think I can look back at where I made the mistakes and fix them for 
when I come to a similar problem in the future.  
 

By the end of the semester Heather was reflecting consistently after every lesson and 

discussing how the lesson could be changed and incorporated into her lesson plans for her 

classroom.  She was able to ask questions of the faculty instructor concerning ways 

which she could improve her problem solving skills (IB1/IB2) (CO/11/1/07). 

Heather: I know class has not begun yet, but I was wondering if you could give 
me some feedback on this reflection I have already done for one of my five 
reflections on the instructional events?  I know these are not due for a month, but 
I want to make sure I have done this one correctly so I can do the rest right.  
Faculty instructor:  Well, for one thing, you need to focus on you in these 
reflections of your students.  I know that your focus is them, but for these, I want 
you to focus on how you think the lessons could have gone better.  Also, it can 
almost be like a conversation, so you can even pose questions.  When I read these, 
I can at least jot down some ideas of answers.  Lastly, you might want to choose 
five different days you taught, you will get more out of the activity. 
 

Four weeks later when Heather turned her reflections on her five instructional events,  
 
all three of the faculty instructor’s suggestions had been incorporated.   
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 Self-reflection in the classroom.  During all of the reflection sessions, Heather had 

opportunities to reflect and gain perspective and then in return use that feedback back 

into her teaching.  Though the course was facilitated by the faculty supervisor, Heather 

was able to hear where she could have taught better and she worked on those areas (IB3) 

(Reflection/9/21/07).  

Faculty supervisor: Okay, so tell me how you think the lesson went? 
Heather:  I think it went okay?  I wanted to do so much more with the 
PowerPoint, but the kids just could not be quiet.  It was just very hard, very 
frustrating.  Um, there were some things that happen which I did not see happen 
when I went over it in my head.  Um, but I think.  I really was shocked because I 
thought they hadn’t had negative numbers in 6th grade, so I was really shocked to 
figure that out.  So it kind of changed things and second I think maybe the 
plotting points were too difficult.  I thought it was hard for me to gauge where 
they are.  
Faculty supervisor: Um, so if you were going to have to go back and teach the 
lesson all over again, what would you change?  
Heather: I would start differently.  I know that Mrs. Smith always starts things 
with putting the main concept on the overhead.  And I would have started maybe 
with the street idea and then moved to the large graph paper because they had a 
hard time coming in and just diving into it so quickly.  And not take so much time 
to warm up, but set a timer and then go on from there.  Like, if I did not do a 
PowerPoint I do not know what I would do.  Um, like for my next lesson, I do not 
want to do a PowerPoint, but I really do not have the subject of the next lesson.  
Like do you have any ideas of how to teach the lesson, because you have done 
this before?  
Faculty supervisor: I thought it actually started out really well, but I think the one 
thing that would have really helped if you had gone back to your street and 
address analogy, because it was a good one…Okay, okay…um, start with some 
quick little pre-assessment.  Give them just the one quadrant and three ordered 
pairs and let them try it.   
Heather:  They just cannot sit still. 
Faculty supervisor: They have got to be active.  Put practice problems on the 
board and have different kids come up and work them.  They cannot be still that 
long.  They need structured movement.  
 

After this conversation, Heather’s classes went smoothly with practice problems at the 

beginning which the students were able to work on and then she worked on having 

activities where the students were able to move some or talk as long as they were 

working on the in-class assignment.  Heather required her students to journal questions 
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and reflect on how they could have improved on the class activities. (IB1) (Researcher’s 

Notes/10/15/07).  

 

 Meaning making in the course.  By the end of the semester, Heather’s  
 
appreciation of the importance of pairing prior knowledge with newly presented 

knowledge had grown.  This growth can be seen in the difference between Heather’s first 

and second interview with the researcher (IC1).  

Researcher: How do you think your own thinking about the prior knowledge you 
have in an area will help you solve a problem?  
Heather (First interview, 8/21/07): Just the classes we have taken have given us 
knowledge and you can really relate a lot to math and like I think in the real world 
you come across you do not come across a lot of math problems, but there are a 
lot of math concepts that you learned that you can use in every day life, well at 
least I do. Like building stuff or balancing checkbook and just stuff like that. 
 
Heather (Second interview, 11/29/07): Like with your experiences that you have 
had, whether it is math or not, if you have experienced it before that you can take 
what you learned from it and apply it to the problem.  You are able to connect it 
with prior knowledge and hopefully be able to mentally compare different 
concepts and strategies and then apply them to problems.  And I have noticed too 
that I will be like walking around and I will see things that remind me of math for 
it has become such a part of me.  
 

Additionally, she was able to create real life examples for herself and her classmates 

when they were discussing the concepts of algebraic expressions (IC2/IC3) 

(CO/11/16/07). 

Faculty instructor:  So when does algebraic thinking actually begin.  Do you think 
that you guys have done anything in your classes that might relate to algebraic 
thinking? Anybody?  
Heather: We are still working on counting in our class.  
Carlie: I do not think so.  We really have only done time and money…maybe 
recognition of numbers.  
Heather: Well, what I was going to say about algebraic thinking, was that I have 
created like real life word problems in my classes.  But in elementary school you 
can give the example that if you have 6 balls and two people, how many balls 
does each person get?  These stories have meaning for the students and you are 
creating connections between adding numbers to subtracting.  This also would be 
a good time to contrast division and subtraction, as they might see them as the 
same because the number they receive is going down with both. Just a thought. 
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Faculty instructor: Okay. Heather you said you guys are doing something like 
that.  
Heather: We also have told the students stories and then they had to write out the 
equation.  
 

In this example, Heather was not only able to create an example which had meaning, but 

also was able to explain the knowledge which she would need to make sure her students 

understood before teaching certain lessons. 

 
Meaning making in the classroom.  When looking at the classroom interaction 

during the observations in the classroom, Heather grew in the number of hands-on 

activities she used in her middle school classroom.  In her reflection sessions afterwards 

and in her interview she spoke about how her mind was enriched in the university course 

to how many simple manipulatives are out there and the ways to apply all concepts to real 

life experiences and make them meaningful to the students (IC1) (Reflection/9/16/07).   

Faculty supervisor:  So do you feel like you are able to connect past and present 
knowledge together in the course?  Are these concepts having meaning for you? 
Heather:  I really feel like my knowledge level and the knowledge level of the 
students I teach has been expanded through my teaching this semester, as I have 
found new ways for past knowledge to be built on with new knowledge in 
methods I never would have thought of.  One simple way in the classroom has 
been with the use of manipulatives which I have built into so many lessons, along 
with literature which has brought meaning to new concepts for the students.  I just 
want these concepts to make sense and have meaning to my students, so they will 
remember them.  
 
One of the most common ways that Heather supported shared understandings was 

to clarify and elaborate upon concepts, procedures, and problem situations.  Frequently, 

her support included contrasting the common features between concepts and helping 

students make connections between new concepts and prior knowledge.  She did this by 

encouraging students to share their ideas related to a new topic and then adjusting her 

instruction based upon students’ initial understandings.  In the following example, 

Heather introduced the exploration of the area of a rectangle by having students make 
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connections with the calculation of the perimeter of a rectangle, which they had already 

worked on (IC3) (CO/ 11/6/07).  She then highlighted the unit of measurement as the 

contrasting feature between the two concepts.  First, she asked students to outline a 

rectangle of any size on a sheet of a graph paper and find its dimensions and perimeter.  

After students discussed the figures, Heather reminded them about the formulas for the 

perimeter of a rectangle: P = 2×l+2×w or P = 2× (l+w).  Then she helped students make 

connections between perimeter and area by emphasizing the unit of measurement used to 

find the perimeter and area of a rectangle.  

Heather:  What is the most simplistic way to get the perimeter besides adding up 
the sides or using the formula?  What can you do that’s really simplistic?  It may 
not be the quickest way, really basic way.  
 

Daniel replied that they could count the squares all the way around.  Another student 

indicated that he found different answers when he counted the squares inside the border 

and when he used the formula.  Heather suggested counting the squares outside the 

border and then asked the following question while referring to the student’s statement 

(IC3) (CO/10/15/07).  

Heather:  If perimeter is the distance around the outside, what is area?  What is 
the area of the rectangle that you drew?  Or what is the definition of area?  How 
do you find it?  What do you know about area?  
Students responded:  “inside the figure,” “inside the perimeter of the figure,” “the 
surface of the figure inside.”  
Heather:  He counted inside the squares.  That’s a key word squares of the 
definition of area…this is crucial, right here, the number of square units.  Then 
she asked if any of the students knew what square units meant.  
Daniel: The number of units.  
 

The discussion followed by Heather’s clarification of unit of measurement and the  
 
illustration of the difference between linear and square units through examples.  
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Reasoning 

 

 

 Communication and connections in the course.  Heather found opportunities to  
 
share strategies and solutions during her participation in group discussions.  During a  
 
lengthy conversation from a class period early in the semester, Heather and her  
 
classmates were discussing and sharing ideas about how to use non standard units of  
 
measurement within their classrooms successfully (IIA1/IIA2) (CO/9/23/07).   

 

Faculty instructor: Okay, of 8th graders only 62% could answer this question. 
Okay, so keeping this in mind, how do we start with non-standard?  Let’s share 
some more types of activities.  Just to make sure you are following along, we 
have talked about the challenges of informal types of measurement with using the 
standard.   
Heather: We need informal or non standard units of measurement.  
Faculty instructor: Why?  
Heather: Well, we use non-standard unit of measurement so you get to focus more 
on the activity. 
Faculty instructor:  If it is non standard, like here is my straw and I want to 
measure something, what does it mean that you get to focus more on the activity?  
Like let’s say I want to measure Lorin’s foot. Okay, I want to measure it with my 
straw. What does that bullet mean, focus on the action? Why would the straw be 
easier than a ruler?  
Heather: Because you are using an object they are used to and not one with 
numbers.  This is not intimidating 
Faculty instructor: You are right.  All I have to focus on is the length of Lorin’s 
foot.  Okay, there we go, I can focus on the concept of length, I do not have to be 
worried about reading the ruler…So again, so if you are using the non standard 
you are focusing on the unit only. You are not worrying about all these other 
issues that come into play? Does that make sense? The use of non standard units, 
leads to the need to use formal units of measurement. And what is key is that they 
use these non standard units of measurement frequently.  
[Following the activity] 
Heather: Instead of using inches you are using a standard object to represent your 
unit.  
Faculty instructor: I am making you do it right now.  
Heather: Problem solving. 
Lydia: Communication. 
Faculty instructor: Oh, I hear them both. Problem solving. How is it problem 
solving?  
Heather: Because you have to try a whole bunch of things and like she said, you 
had to just try until one worked.  
Faculty instructor: And what problem solving strategy is that? Trying a bunch of 
different things? 
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Lorin: Guess and check 
Dub.: Trial and error. 
Faculty instructor: Trial and error…guess and check. How is it communication?  
Heather: You talk about it afterwards. Like what was harder or more difficult, like 
we did a few minutes ago.  
 

In this example, Heather was able to communicate with the other preservice teachers in 

order to measure Lorin’s foot without using standard units of measure.  Heather was able 

to share a solution with her classmates which helped in the process of solving the 

problem. 

 A few weeks later, there was a discussion in the course about patterns and how 

patterns can be the introduction to so many different lessons from probability and 

creating graphs to algebra.  In the lesson itself, the faculty instructor had brought in a 

literary character named Spookley, who was the model for each of the preservice teachers 

to create their own using the shapes provided.  The students had to record where they put 

their shapes on a chart and then the class discussed methods to use this activity in their 

classrooms. (IIA1) (CO/10/30/07). 

Faculty instructor: Okay, patterns. Did you not see a pattern when filling out the 
chart?  Patterns lead to what content area?  
Heather: Algebra 
Faculty instructor: Algebra. Remember, we have already talked a little about 
when do we start teaching algebra.  This activity right here starts them thinking in 
terms of algebra, in patterns.  Okay, what else?  What other content?  We have 
geometry, we have patterns, and we have algebra…what other content areas jump 
out to you?  Is there another way you can bring in a content area?  
Lorin: Problem solving 
Faculty instructor: Okay, that is process.  What about data and probability? 
Statistics. Is there any way we can bring this into the activity?  
Lydia: Like compare with the class how many students used an object for eyes, 
nose, mouth, and hair?  
Faculty instructor: There you go. Who made their eyes out of what particular 
shape and start gathering data on the shapes?  So yea we can bring this into charts 
and graphs.  Okay, so out of five content areas, this has four that you can bring 
into this simple, simple, simple, activity.  The only one we are missing is 
measurement.  Is there any way we can bring measurement into this activity?  Is 
there anyway we could bring in measurement?  
Heather:  You could have them measure the shapes?  
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Faculty instructor: They could measure the shapes or we could use the shapes as 
maybe non-standard like we did last week.  If you pick some objects in the room, 
how many rhombi or squares does it take to measure the object? How could you 
bring in problem solving?  
Heather: Well, you have to figure out what shape you are going to use for each 
feature because if you use one shape for their eyes, then you cannot use it for the 
other features.  
Faculty instructor: Okay, alright.  What is another one? 
Dub: Representation. 
Faculty instructor: Representation, absolutely.  Representation would go to 
algebra.  Can you write the pattern using algebraic expressions?  Or just the 
shapes just representing the objects.  So we have representation, problem solving, 
what else?  Heather.  
Heather:  Connections and communication, like you are writing the story and like 
connecting the shapes with meaning.  We are communicating the different 
thoughts.   
 

 In both of these examples from the course, Heather gave evidence that she was 

participated in group discussions which were focused on sharing strategies and solutions 

to problems, big and small.  

 Communication and connections in the classroom.  Heather attempted to bring an 

aspect of communication between the students and herself, and then the students with 

each other in the class.  In the following example, students were sharing their solutions 

for a problem of the day (POD) (IIA2) (CO/ 10/13/07).  The problem required students to 

write an equation and find the length of one side of a square pen, when the perimeter of 

64 feet was given.  Nick shared his equation, P = 64/4, which was not correct.  Heather 

wrote down the equation he suggested on the board and asked him to explain what each 

part represented.  Through the discourse facilitated by Heather, Nick was able to find the 

correct answer, while other students observed how he overcame the problem by finding a 

solution.   

Nick: Perimeter is 64 feet, and that’s the 64, and the square has like four sides, so 
that’s four, so 64 divided by four.  And all the sides are equal in square.   
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After Nick’s explanation, Heather showed the formula on the board and told him that he 

said perimeter equals 64 but then he also used the symbol for perimeter “P” in the 

formula.  In other words, they have “perimeter” twice in the formula.  

Nick: Perimeter is 64.  
Heather: Ok, so what should it equal?  When you divided perimeter, which is 64, 
divided by four, what do you find?  
Nick: 16  
Heather: 16.  What does that represent?  
Nick: Like how long the side is.  
Heather [showing “P” on the formula]: So, instead of P, what should we put?  
Nick and other students replied altogether: S  
Heather wrote “S” instead of “P” in the formula: S=64/4.  

While the nature of information conveyed by modeling could lead to social comparison 

among students, Heather emphasized the instructive function of modeling and avoided its 

evaluative functioning.  She focused on students’ ideas, strategies, and reasoning instead 

of comparing their abilities and performances.  This example, along with the following 

excerpt from an interview, provided data which led the researcher to believe that Heather 

had transferred skills learned in the course to the classroom by leading the students in 

effective communication in which they discussed strategies and solutions (IIA2) 

(CO/10/25/07). 

Faculty supervisor:  So what do you feel like the kids learned today in the lesson 
about perimeter and area? 
Heather:  Well, I feel like the class discussion we had about perimeter and area, 
not only provided solutions for the students to write down, but also a platform in 
which the students were able to swap ideas of how to measure the area and 
perimeter.  
 
 

 Application of thinking skills in the course.  The faculty instructor’s lesson always 

included a goal for the day and outlined an overview of the skills needed for the 

completion of the problems that day (IIB1) (CO/11/4/07).  In the following example, 
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Heather was able to gain experience in presenting the goal for the lesson and using graph 

drawings discussed in the course that day, to solve the problem. 

Faculty instructor: Okay, so getting this experience of creating their own graphs 
will get them the experience they need in the later grades. And this is much more 
guided, but again these are the kind of experiences they are going to need to have 
as they progress to the older grades. Can they interpret it?  Make predictions?  
What would the goal be? 
Heather:  The goal is for students; the goal is for them to understand the graphs 
and what kind of information that it is telling us.  They need to be able to follow a 
pattern while trying different graphs for the same information.  They need to look 
at what the graph means?  It is all about if you can create a graph to represent the 
data.  The details come much later.  Not that they are not important. But they are 
certainly not, as important when they are just beginning.  
Faculty instructor: Okay?  And of course, think of the buttons, make the graphs 
that make sense to them, ones that they think best communicates the information.  
And the bank that they draw the different graphs from will be much more limited 
the younger they are.  So that is why to begin with you have to bring in books like 
the Lemonade Stand so they can learn about the bar graphs and such.  What is our 
goal as teachers? 
Heather:  Our goal is for them to realize what graphs would best represent that 
information, instead of us telling them, now you are going to graph using a bar 
graph.  
Faculty instructor:  Okay?  We mentioned up here that in eighth grade, the 
difference between theoretical probability and experimental?  Anybody have an 
idea?  What is theoretical? 
Heather:  It is like thinking about it and how it would happen without actually 
doing it.  
Faculty instructor: Good working.  Theoretically, if I wanted to make a prediction 
of the chances of me flipping a quarter and getting heads. 50/50 based on what I 
already know.  Then, what is experimental?  
Heather: Actually, flipping the quarter. 
Faculty instructor: Yes, let’s say I flip my quarter 20 times and I keep track of 
how many times I get heads.  So theoretical is predicting based on the information 
I already know and experimental is doing it. Your kids have to have both. What 
grade do we need to make sure our kids are experiencing probability experiments?  
Lydia: 5th grade 
Faculty instructor: Yea.  Absolutely by fifth grade.  Really before.  But that is 
where you are going to see it in your TEKS.  I am going to give this to you for 
your TEKS.  Grab one for your resources.  This is a great way to set up centers in 
your classroom for them to have experiences.  They absolutely need to be also 
predicting on each one.  
 

Through this example, Heather was able to gain experience in how to set up a classroom 

enable the students to discover the many strategies available for the same problem.  By 
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setting up a classroom this way, Heather felt it presented an opportunity for the students 

to have goals in the classroom to be able to reach (IIB2/IIB3) (Reflection/11/4/07).  

Heather: It allows the students to be to have a goal to reach and conquer.  

When the class was working on the problem of how to divide nine brownies twelve ways 

with only two cuts, all the preservice teachers were trying to think of as many strategies 

as they could to represent the process of dividing the brownie and Heather followed a 

distinct pattern (IIB2/IIB4) (CO/9/20/07). 

Heather:  I think in the midst of trying to figure this out, we forgot that the pieces 
do not have to be the same size.  The goal is just for everyone to have a piece, but 
not equal.  That is an important piece of the information needed.  I drew a picture 
of the brownies and then just drew lines to divide the pieces.  I know if we set it 
up as an equation like Dub suggested we would know what every person should 
get, but it is unrealistic because of the limitation of only two cuts, so I think a 
picture is the best way.  In the end, the answer is that the first eight people get a 
whole brownie and the last four have to split the last brownie.  It is not equal but 
it answers all the requirements.  
Faculty instructor:  Good job, you are right.  We had a lot of strategies at our 
fingertips, but only one would really work for this problem. 
 

Through this activity, Heather was able to pinpoint the goal to her group and then  
 
summarize why her strategy would work while the others would not, even through many 

were presented (IIB1/IIB2).  All the preservice teachers, including Heather, used the 

strategies that had been presented in the course by the faculty instructor.  

 
 Application of thinking skills in the classroom.  In the same format as the course, 

Heather worked on presenting the goal for the day to her class and the strategies they 

would be using to achieve that goal, so that both she and students knew what to expect 

(IIB1/IIB3/IIB4) (CO/10/15/07)  

Heather: This overview allowed the students to have a take away main theme for 
the day and be able to begin thinking about what strategies may be used that day 
that had not been mentioned.   
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When Heather asked where students saw math in their world 90% of the students replied 

with money.  The students did not report to be aware of the math all around them 

(IIB2/IIB3) (Heather/9/20/07).  

Heather: What do you see in this picture?  Write it down.  Did everyone get these 
answered?  What did ya’ll write down? 
Sam: A square…a spiral circle thing 
Heather: Good job.  Who else? 
Brian: A map 
Heather: Good.  Next? 
Callie:  Dinner plate with percentages of food? 
Heather:  Good.  Does anyone see any math in these?  
Students: No 
Heather: Well, math is everywhere.  We can find the area and perimeter of the 
square, the spiral is the Fibonacci pattern which is in on flowers and is a pattern of 
numbers, with the map we can calculate distance or put it on a grid and transpose 
shapes, and the dinner plate we can calculate proportions of how much of each 
object is on the plate.  Do you all see now how math is everywhere?  Now we are 
going to talk about the strategies we could use or are used to measure these 
objects you mentioned.  What are some of the strategies we could use? 
Chris:  Well, we could relate the measurement to something we know, like our 
fingers, so count how many fingers it is across the map? 
Heather: Good, what else? The goal would be to measure using non standard 
measurement.  
Fred:  We could always draw a picture or a table to describe what we see, like 
how many peas are on our plate? 
Heather: That is a good one.  Why don’t you all try to create three ways you could 
represent how much food is on a plate. 
 

The activity was a culmination of a few lessons the faculty instructor had taught them in 

their university course.  Heather took these and created an activity which had the 

potential of changing the contexts by which the students use math and presenting them 

with multiple strategies to use for the same problem.  Throughout the semester Heather 

grew in the strength of her presentation of the application of new concepts and provided 

the class with new strategies (drawing a diagram, making it simpler problems, logic and 

reasoning, etc.) to solve most problems.  In her last reflection, Heather referred to this 

growth. 
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Heather: The growth I saw in my middle school class was on account of the 
faculty instructor and her enthusiasm for math and finding new ways to approach 
and solve math problems. 
 
 

 Knowledge base in the course.  Heather’s prior experiences and pre-existing 

knowledge certainly impacted the outcomes of her growth and transfer of skills in this 

study.  In the university course, she, along with the other preservice teachers brought 

their individual experiences and knowledge together and the potential then existed for the 

group to accomplish a task perhaps unattainable by the individual participants.  Heather’s 

preexisting knowledge about mathematics was an influencing factor in what she could 

accomplish in class and her teaching in her classroom.  In the observation, it was 

apparent that at least three times; Heather was unaware of the effect of her contribution.  

For example, often it was a rather casual comment or question by Heather in her small 

group that determined the approach the group would take (IIC1) (Researcher’s 

Notes/9/12-10/13-11/6/07).  In the university course the most development occurred as 

Heather in the beginning put her ideas on hold while other suggestions were explored.  

Throughout the data sources, some common uses of resources (knowledge, facts, 

procedures) and heuristics (constructing a diagram, attempting a parallel problem, etc.) 

doubled with the passing of time.  Within the course, Heather used her prior declarative 

and procedural knowledge to help her in terms of solving probability problems 

(IIC2/IIC3) (CO/11/8/07).  The following example is an extension of an example spoken 

about in application of thinking skills in the course. 

Faculty instructor:  So what is required of 8th grade in terms of central tendencies?  
Heather: Students apply concepts of theoretical and experimental probability.  
They use appropriate representation of the data and those are line plot, line graph, 
bar graph, stem and leaf plot, circle graphs, box and whisker plots, and Venn 
diagrams and they do these with and without technology.  
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Faculty instructor:  8th grade talks about bar graphs and histographs.  What is the 
difference in how they look between a bar graph and a histograph?  What is the 
comparison? 
Kristen: They are touching. 
Faculty instructor: Okay, so to describe a histograph to use Kristen’s words, they 
are touching.  This is a histograph?  So what is a bar graph? 
Heather: The data is displayed in open spaces.  
Faculty instructor: So what is the difference in the information they display?  This 
is how they look differently, but how do they display information differently.  
Heather: They show the range of data points.  
Faculty instructor: You are dealing with a range compared to specifics…Okay? 
We mentioned up here that in eighth grade, the difference between theoretical 
probability and experimental?  Anybody have an idea?  What is theoretical? 
 

In this past example, Heather was able to describe the concepts [declarative knowledge] 

and then tell how she would solve problems [procedural knowledge].   

 
 Knowledge base in the classroom.  As Heather’s procedural knowledge grew over 

the semester, so did her flexibility and ability to teach different strategies in the 

classroom.  The interactions observed among these attributes led to the confirmation of 

the importance of a mathematical foundation for the development and transfer of 

metacognitive strategies from one classroom to another as seen in the following example 

in which the students were to discover for themselves a mysterious object by drawing a 

figure, according to the ordered pairs.  This lesson was differentiated as the gifted 

students could work quickly and move on to creating their own picture and correctly 

write down their ordered pairs without disrupting the other students (IIC1/IIC2) 

(CO/9/14/07).   

Heather:  So tell me what you know about coordinate planes? 
James:  Well, they are what we use to plot ordered pairs. 
Heather:  So then what are ordered pairs? 
Beth:  Ordered pairs are the numbers which represent where the coordinate for the 
y and the x axis’s meet.  I think they kind of look like stars and we connect them 
like we do for like the little dipper.  
Heather: Good job with the explanation and the example.  Now, can someone 
show us on the board? Ryan? Oh, that looks good.  Now, I want you to write 
down the procedure of finding an ordered pair in you notes for the day, as it is on 
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the PowerPoint.  After you are done, I will review it and do one with you.  Next, I 
want you to try one on your own and see how you do.   
 

In this example, the students’ procedural and declarative knowledge grew, as Heather 

presented this new lesson on coordinate planes and plotting.  

 In Heather’s end of the semester reflection, she commented on growth and 

transfer of her declarative and procedural skills in the classroom (IIC1/IIC3) 

(Reflection/11/6/07).   

Faculty supervisor:  So tell me, how you think the knowledge base of your 
students changed over the semester? 
Heather:  Well, I have seen their actual knowledge base change as they have 
learned new concepts and I have been able to teach them how to use those 
consistently in their daily assignments.  I feel like most of the strategies we 
learned in the faculty instructor’s class, I was able to convey to the students in my 
class and show them, how important their prior knowledge was and how they 
could build on it with these new strategies.  I also created riddles to go along with 
the types of  problems and strategies, so they could remember which one was the 
best to use for certain kinds of problems.  So, overall, I think we all grew together. 
 
 

Attitudes 

 

 

 Beliefs in the course.  Heather was very serious about how she felt in relation to 

math and her ability.  During her first interview, Heather spoke about her beliefs about  

math and teaching math in the middle school (IIA2/IIA4) (CO/8/21/07). 

Researcher: Describe your general feelings/beliefs about mathematics following 
your classroom experience.  As a teacher? As a student? 
Heather: I just think it is really important, especially in mathematics, just to be 
able to relate outside the classroom.  For I just know for me growing up when I 
was in middle school I was never explained why things are the way they are in the 
math classroom.  But in the math classes at this university, teachers have been 
really good in explaining why things are the way they are and that is something I 
definitely want to do with my students.  I want for them to be eager to learn math 
and math not to be so scary, because I know math is seen as a four letter bad 
word, no one wants to take math.  When I think about my past experiences in the 
math class room during my freshman and sophomore years, I am so thankful that 
I have grown and changed to be more secure in myself and my ability as a teacher 
so that I can pass these onto my students.  I know I have grown since then and 
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believe I will grow this semester too.  So basically in the end, I want to get my 
students excited about math.  
 

In her second interview, Heather commented about how she felt and grew in her positive 

feelings about math (IIIA3) (Interview/11/27/07).  

Heather:  In general, I am an advocate of teaching math more and I think it not 
just important to learn the math but also the problem solving skills for use in other 
areas of your life.  I guess, [the faculty instructor] exposed us to different problem 
solving strategies that we could use, but exposed us to more of that.  I think my 
feelings about math only grew and I am now more passionate about math and 
teaching math than I was before.  Well as far as the students and teachers at this 
university, the students are more willing to learn and they have a lot more 
resources than the public schools have sometimes.  Like I have just noticed that 
the teachers in this school are not as eager to teach because of the challenges of 
the school district. I know sometimes they might get discouraged, which in turn 
discourages the students.  But I think this university has a little more positive 
outlook on learning, but of course you do have teachers in this school system that 
are also very willing to learn.  
 

Heather’s belief in herself as a problem solver and as a teacher became more defined as 

the semester continued.  She focused on the process, more than the product within the 

course and grew in positive beliefs about herself through focusing on getting the process 

correct.  Within the course, Heather also demonstrated her beliefs by intentionality to 

focus on the process more than the product (IIIA2/IIIA3) (CO/9/11/07). 

Faculty instructor: You are right, just by glancing you can tell that there are 
different levels of portraying the thoughts.  Okay, so here’s a question.  Broadcast 
question, open to anyone.  Let’s say that it is not an estimated task, so you know a 
specific answer and you want the students to come up with the exact answer.  So 
as a teacher, what is more important: are you looking for the exact answer or how 
can they communicate, how many strategies are they using…what is important 
when it comes to problem solving?  Is it coming up with the exact answer? Okay, 
Heather. 
Heather: I think the process is more important, than the product.  I think like, one 
reason why…I had my first lesson today and I told them to show their work, 
because if they have the right processes and the right steps then the algebraic stuff 
you can go back and fix, as long as they are thinking the right way and they have 
that process down then you can help the silly mistakes made.  Just as much as it 
has been emphasized in class before, the process has to be learned, so it can be 
transferred to other problems and built upon in the future.  
Faculty instructor: Okay, can I ask you other questions.  How can you see the 
student’s thinking processes? 
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Heather: I asked a lot of questions today.  Okay what is the next step that I do?  
Asking lots of questions…and it is important to have the right answer, because it 
shows that they understand the whole process.  Having the student brainstorm and 
write what they did and be able to explain to their teacher is important.  
Faculty instructor: Anyone wants to add to that or have a different opinion.  No 
bias.  Okay, what we are going to do is continue with three problems solving 
activities and let me tell you the three activities, two are absolutely appropriate for 
middle and high school students.  
 

Throughout this class period Heather stayed strong on her beliefs that the process was 

more important than the product.  It was a turning point, not only for her, but also for her 

classmates, as their beliefs were influenced by this discussion. 

 Beliefs in the classroom.  Heather’s beliefs about teaching and the practices 

characterized in her specific classroom context were found to be an important factor to be 

taken into account in the formation and transfer of metacognitive strategies and positive 

beliefs about math into the classroom.  More than her beliefs about the specific classroom 

context as such, it appeared to be the closeness of fit between her more general beliefs 

about mathematics teaching, learning, and herself, on the one hand, and the perceived 

practices typical for their classroom, on the other hand, that enabled the researcher to 

explain some of Heather’s motivational reactions (IIIA1/IIIA2) (Reflection/11/4/07).   

Heather:  Often my beliefs about mathematics determined how I choose to 
approach a problem, which techniques to use or avoid, how long and how hard 
she would work on it, and so on.   
 

In the end, Heather’s beliefs established the context within which resources, heuristics, 

and task control operated.  Data from the classroom, gave the impression that Heather’s 

positive outlook on math and teaching seemed to have been transferred into the 

classroom (IIA4) (CO/10/21/07). 

Heather: Okay, who can tell me what I always say about math? 
Jake: That math is fun and exciting…and that we should try every problem we 
encounter. 
Heather: Right, and do you believe me. 
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Jake: I am beginning to see more of why you believe it, because you have made 
math more fun for me.  The activities we do are fun and you definitely are excited 
about teaching us, so I guess that makes me more excited about math. 
Julie:  I like your excitement.  When you are excited about a lesson, I think I get 
excited about what is to come. 
Mattie: Me too!  I liked the Hershey bar day, can we do that again? 
 

Throughout the observations, the outlook and attitudes of the students changed to be  
 
more positive in relation to learning math and doing the activities Heather brought into  
 
the class.  Even though Heather had 1/3 of her class being SPED kids, she continued to  
 
keep positive attitudes, even though some lessons were harder to teach than others. 
 
 
 Confidence and persistence in the course.  Heather initially engaged in intense 

efforts to make sense of the information in the problems presented in the faculty 

instructor’s class.  She displayed confidence, general curiosity, reflective behaviors (e.g., 

How should I represent this?  What does this mean?), and high mathematical integrity; 

these qualities were all evident as she went about constructing logical representations of 

the problem situation using diagrams, charts, tables, and so on.  The researcher also 

observed that although she displayed frustration and anxiety, her high confidence and 

effective coping mechanisms kept Heather engaged and focused.  The analysis revealed 

that her frequent displays of self-talk of confidence included verbalizations of 

conjectures, questions, and comments contributing to her efficient movement toward a 

solution plan (IIIB1) (CO/9/27/07).  

Heather:  I am so lost in how to evaluate this student’s sample work.  I do not 
even know where to start.  But I know I can do this, if I just think and start small.  
If I look at one aspect of the student’s work and then grow out from there, I can 
do this.  I know the way that the student is suppose to be problem solving, thus I 
should be able to evaluate the student’s work and give his strengths and 
weaknesses.  I can do this, I just have to think and apply what I know I know to 
this.  
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Observed in this university course on multiple occasions, Heather’s strong determination 

with the problem coincided with her strong affective responses (e.g., frustration, anxiety, 

elation, joy).  Her effective management of these affective responses, using a variety of 

defense and coping mechanisms, was instrumental in her persisting toward a solution to 

the problem.  In retrospect, the data sources supported that Heather held beliefs that doing 

mathematics required sorting out information on one’s own, being persistent, and being 

willing to tolerate many false attempts to finally attain a correct solution.  This was 

demonstrated on the very first day of class, when the faculty instructor had them work on 

balancing 16 nails on one nail (IIIB2) (CO/8/21/07).  Heather was willing to try anything, 

as she was determined to get the solution to the problem set before the class. 

Beth: Put one on and try to balance them.  
Heather: What can we try? 
Dub: What about linking them together? 
Faculty instructor: Don’t let me interrupt, but just things to think about.  The other 
thing that is so challenging as a teacher is how much do you give away hint wise 
without giving away the answer?  What do we want to do as teachers? We would 
not be teachers, if we did not want to nurture them and give them the answer.  But 
we have to step back, and just let them figure it out.  
Lorin: You think we can stack them all off of the nail and then balancing them? 
Heather: I do not know.  We can try.  Maybe we can work on the table and maybe 
transitioning from the table to the nail.   
Lydia: I do not know if this will work, but what if the two balanced and the rest of 
them hung from it?  
Dub: That is what I was thinking. 
Heather: That is a good idea. 
Faculty instructor: That is a really good idea. 
Heather: Could you do that and then to the other two like this and then sandwich 
them together?  I mean make it like that?  
Lydia: What if we just pile them all on one at a time? Like we have two like that 
and then we start to pile them on, balancing them in the middle.  
Faculty instructor: Ya’ll I hate to do it…beep, beep, beep.  Okay, you want the 
answer.  Let’s see, and as a teacher, can you do it.  You are not alone you have a 
partner, you have a math department, you have a team, you have a CI, site based 
coordinators to help you find the answers.  Comments!  Questions?  
 

Through this activity, Heather tried and tried some more in order to find the answer, yet 

the class ran out of time.  But she never stopped throwing out ideas of ways that could 
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work in solving the dilemma in front of her.  Heather had some highly confident days in 

the course and others which were not so confident, yet she still persevered through all of 

the challenges.  In later reflections written and spoken, Heather accounted this to her 

“high confidence [in herself] to be able to find solutions through strategies used in the  

past or new ones found along the way” (IIIB2) (Reflection/10/3/07).   
 
 
 Confidence and persistence in the classroom.  Since Heather had both regular and 

special education students in her class, she had the challenge before her of trying to 

increase the confidence of students capable of grasping the lesson versus those who 

found it more of a challenge.  In one of the lessons which was observed by the researcher, 

Heather presented a lesson on coordinate planes and attempted to get an idea of where 

her students were in the area of confidence of their skills (IIB1) (CO/9/16/07). 

Heather:  Who knows how we find this first ordered pair location? 
Jane: Move five to the right and then eight up. 
Heather:  Good. Do you want to come up and show? Okay, does anyone want to 
come up here and show us how to do (-5, 8)? 
 

Steve comes up and shows.  Students talk among themselves and teacher walks around. 

Heather:  Good.  Right, so you would keep going up till you reach 8.  Does 
everyone understand that? Is anyone having trouble?  Okay. Moving on…the 
origin has the coordinate of (0, 0) and is in the middle of the coordinate plane. Is 
right here, and is where the x axis crosses the y axis. Hush!  
Heather:  Okay, today we are going to be going over this in more detail and 
plotting coordinates.  
Jane: I do not know how to do this?  
Sam: I cannot draw 
Heather: That’s okay, we are going to practice.  It does not matter as much if you 
can draw well or if you do not understand it at the moment that is why I am 
teaching it, so you can understand it.  Plus, we use graph paper, so you do not 
have to really draw, just trace the lines.  Okay, I am going to give you a point and 
we are going to practice plotting the ordered pairs.  
Beth: I cannot remember all that. 
Heather:  Yes, you can, just try.  And the directions are up on the screen if you 
forget them.  The first point is going to be (12, -15).  Everyone put it on your 
paper.  Okay, go along with me.  
Shawn: I am stupid…can I leave. 
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Heather:  You are doing okay…sit down.  Alright. We are going to plot point (12, 
-15)…Okay, what are we going to do first?  
Sarah: First we find 12 on the right side and then we go down 15 point.  
Heather:  Good. On your graph, you will notice that I have labeled your lines by 
multiples of five.  Every line up here represents a unit. The x and the y axes are 
labeled along with the origin. Okay? So like Sarah said, we are going to go over 
on the x axis all the way over till the 12 and put our finger right here. And the 
next number is a negative, so we are going to move down on the y axis till 
negative 15. There we go. Now, our next number we are going to plot is (12, 2). 
So we are going to go over on the x axis to the right 12 units, right? And then go 
up two on the y axis. You guys are supposed to be following along. Okay, what 
do we do next? 
 

In this example, Heather had her hands full of students who thought they were stupid and 

could not do the practice problems.  Throughout the semester, the confidence of her 

students did grow with some intentional teaching from Heather and the help of the 

instructional specialist in the room for the inclusion students.  By the end of the semester, 

all but three of Heather’s 21 students were talking as if they were confident in their skills. 

In both groups Heather saw that when either set of students felt like an activity was too 

difficult for them, they just gave up.  This was described in a reflection after one of 

Heather’s lessons (IIIB1) (Reflection/10/18/07): 

Faculty supervisor:  So tell me, how do you think today’s lesson went?  
Heather:  I think it went okay, but the students were not as motivated to try new 
problems today and they just sat there like we had never talked about coordinate 
planes before.   
Faculty supervisor: It’s because the inclusion kids were there.  I know that it 
might seem really bizarre, but they had an extra element and the other kids know 
how to play it.  
Heather: So how can you know the difference between giving up and the effect of 
the inclusion kids? 
Faculty supervisor: You can’t.  Um, how about the lesson itself?  Outside of the 
classroom management itself.  
Heather: I think it went okay?  Um, there were some things that happen which I 
did not see happen when I went over it in my head.  Um, but I think. I really was 

shocked because I thought they hadn’t had negative numbers in 6th grade, so I 
was really shocked to figure that out.  So it kind of changed things and second I 
think maybe the plotting points were too difficult.  I thought it was hard for me to 
gauge where they are.  I just feel like the students know how to do some of this, 
but just give up so easily.  But I am going to try and create some lessons which 
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feed into their confidence and give them some boosts of excitement and 
confidence in their ability.  Even my inclusion kids I think can do these things.   
Faculty supervisor: Um, and it is going to be difficult cause they are going to be at 
different places, different days.  
Heather:  But I can do it.  I am determined. 
  

In her reflection, Heather mentioned the effect of the inclusion students, but also was  
 
determined to grow their confidence.  This boost of confidence from Heather would  
 
presumably come from her confidence also growing throughout the semester in her  
 
ability to teach.   
 
 
Instructional Processes 

 

 

 Task difficulty in the course.  Data collected both from the e-portfolio, 

observations, and interviews demonstrated Heather’s experience with solving a 

mathematics problem in a group situation was especially influential.  When in the face of 

difficult problem, Heather pressed through following the steps of problem solving till she 

found a solution to the problem or she would ask for help from the faculty instructor or 

another preservice teacher.  In a class discussion, Heather said (IVA2/IVA3) 

(CO/9/8/07):  

Heather:  We all bring something to this course, some kind of area that we are 
better at than another.  And I think it is a good thing, because when I am stuck on 
a problem I know I have ten other teachers I can ask for help from, and a course 
instructor and a classroom teacher.  I am so encouraged to know that I am not 
alone when I come to a difficult activity in here or in the classroom.  
 

By the end of the semester, Heather had improved greatly in her ability to solve problems 

and to use multiple strategies.  In her final interview, Heather described the way she had 

grown (IVA4) (Interview/11/29/07). 

Heather:  Yes, I’m more quick. Usually I would just pass it off to someone else, 
but now I will try it and keep working on it till I get it.  If I really cannot get it, 
then I ask for help, but it is not as often, nor as soon as it used to be.  I also have 
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learned to use more strategies in my problem solving and in some unique ways 
too.  I feel like I have grown a ton in this area. 
 

When Heather came to a more difficult problem or activity in class, she often would ask 

certain questions regarding the task in order to help her be able to think about it more. 

(IVA1) (CO/10/12/07). 

Heather:  How can I make my students feel confident about math when I had a 
tough time with it?  How should I organize my solving process?  Do I need help 
yet?  What is the goal of this problem?  What concepts is this problem asking for 
me to use? 
 

Within the course, Heather was able to overcome many of the difficult tasks given.  One 

of these was about the idea of non standard uses of measurement.  Heather and her 

classmates had to pick an object and then find something in the room smaller, the same 

size, and bigger than their object which proved harder than she thought (IVA1/IVA3) 

(CO/10/23/07).  

Faculty instructor: You are right.  All I have to focus on is the length of Lorin’s 
foot.  Okay, there we go, I can focus on the concept of length, I do not have to be 
worried about reading the ruler…So again, so if you are using the non standard 
you are focusing on the unit only.  Does that make sense? The use of non standard 
units, leads to the need to use formal units of measurement. And what is key is 
that they use these non standard units of measurement frequently.  So find your 
object. 
Heather: Does it have to be something on the table? 
Faculty instructor: Oh, good question. If you have another idea other than the 
table, that is fine, but it have to be a non standard unit of measurement.  
Faculty instructor: Okay, everyone have something. Kristen, name me your unit. 
Kristen: Pencil. 
Faculty instructor: Okay, Kristen went with a pencil, and what was one thing that 
was shorter than your pencil?  
Kristen: The handles on the cabinet doors. 
Faculty instructor: There you go, the hardware on the cabinets were shorter than 
Kristen’s pencil.  Alright, did one of the tasks cause you to exert a little more 
effort?  Did you find one a little more challenging than the rest?  Heather, which 
one did you find a little more challenging?  
Heather: To one shorter 
Faculty instructor: What was your unit?  
Heather: The dice. 
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Faculty instructor: Ohhh, so just a dice was hard to find something shorter.  Did 
anyone else struggle with finding something shorter?  What did you end up 
finding that was shorter? 
Heather: The width of my hair. 
Faculty instructor:  Okay, ya’ll how creative was that. I love it.  You were forced 
to try many different options. What do you think?   
 

Although this was a challenging task, Heather solved the problem after asking her  
 
partner for some help.   
 
 
 Task difficulty in the classroom.   In addition, Heather believed (then reflected on 

it with the faculty supervisor) some of the students’ difficulty with math may not be with 

the skills, but may indicate a lack of self-regulation with the problem solving process.  To 

help the students avoid trying non-applicable strategies, Heather asked the students to 

estimate the answer before they became bogged down by rules and computations 

(IVA3/IVA4) (CO/10/16/07).   

Heather:  Okay, so today we are going to talk about probability and estimation, 
but before we even start on the computations, I want us first to just use the logical 
minds that we all have and try to estimate how many jelly beans you think are in 
this jar.  Any ideas? 
Jane: Maybe 200. 
Sam: I think it is more like 431. 
Heather: That is an interesting guess.  Anyone else? 
Steve:  285 
Heather: Okay, now that we have made some guesses, I want you all to try and 
come up with a more educated guess by using some strategies to measure the 
contents without taking them all out.  So turn to two or three people and let’s get 
to work. 
[Time elapsed] 
Heather:  I heard some really good ideas while I was walking around and I saw 
some groups using many of the strategies we have covered so far.  I liked how 
you were asking each other for help and ideas too.  You did an excellent job.  
 

Heather was able to encourage her students in the way that they handled the difficult task 

by asking other group members and herself when they were stumped.  Heather reported 

seeing her students use multiple strategies to solve the problem at hand.  This feedback 

may point to the transfer of skills Heather used in the university course to her students in 
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the middle school classroom.  In addition, the researcher noticed how often Heather 

began her class by encouraging her students to ask questions (IVA1) (CO/10/16/07):  

Heather:  Does anyone have any questions before we go on to the next part of the 
unit?  If you do, please ask now.  
 

Lastly, in Heather’s instructional strategies reflection for class, Heather reported the 

growth she had seen in her students during the semester, in the quickness that they began 

and finished tasks in class (IVA1/IVA2) (Reflection/11/6/07). 

Heather:  Overall, I was very impressed with my students with how quickly they 
grasped onto concepts at the end of the semester and would start on the practice 
problems right away.  There were times where I had to tell the classroom to be 
quiet and stay on task, but those became fewer as the semester went on.  I feel like 
the students grasped the basic concepts and can now evaluate their own work and 
ask questions and for help without my prompts.   
 
 

 Questioning and expert modeling in the course.  Heather often took advantage of 

when the faculty instructor gave opportunities for discussion in the classroom and asked 

questions about areas that she was unsure of or for ideas of how to model a strategy in her 

classroom (IVB2) (CO/10/3/07).   

Heather:  Could you model please and maybe even explain how you would 
introduce a lesson on algebraic expression and what kind of manipulative you 
would use to give a concrete component to the lesson? 
Faculty instructor:  Well, first off, I think I would introduce the lesson by using 
the balance squares.  Give them time to play with it before class begins and have 
them partner up.  They come with weights in it which can be hung on the pegs.  
You can have them use the balance squares with the equations, so if it is X + 2 = 
8, then they can put 2 on one side and 8 on the other and see what numbers makes 
the sides equal.  Does that make sense?  They will love it and they will be 
learning how to build equations in a unique way which hopefully will build 
meaning too.  
Heather: Thanks, that helps.  

In addition to before hand, the often the faculty instructor would model how lessons 

could be presented during the days lesson in the course, with higher order questions and 

methods of presenting the purposes in unique ways (IVB2/IVB3) (CO/10/5/07).  
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Faculty instructor: What age do you think this might be appropriate?  Any ideas?    
Heather: A younger age, first grade.  
Faculty instructor: Absolutely, first grade? 
Heather: Maybe even younger, cause they are just doing comparisons.  Which one 
is smaller or bigger…longer or shorter. 
Faculty instructor: Right, even kindergarteners can do this.  How many process 
skills did you use in this activity?  Name me some that you used.  
Heather: Connections. 
Faculty instructor: Connections, how is it connections? 
Heather: Because you are connecting it to real life things.  You are using the kind 
of knowledge you already have. 
Faculty instructor: You are right, connections, because you are measuring things 
in the real world.  Um, Lydia, name another process skill you used with this 
activity. 
Lydia: Representation 
Faculty instructor: Representation, absolutely.  How is it representation?  
Lydia: Connecting it to the real world objects. 
Faculty instructor: No that would be more connections.  Heather help her out. 
Heather: Instead of using inches you are using a standard object to represent your 
unit. 
Faculty instructor: Strategies…Trial and error…guess and check.  How is it 
communication?  
Heather: You talk about it afterwards.  Like what was harder or more difficult, 
like we did a few minutes ago.  
Faculty instructor: Yes, you had to do it.  Okay, ya’ll think about this if you ever 
want to assess if you have a fluff activity or a process standard rich activity is to 
do is to see how many process standards are used during your activity or lesson.  
 

Through this activity, Heather learned how to model lessons and make them rich 

activities, while also asking the right questions of her students, just like the faculty  

instructor had modeled for her. 
 
 
 Questioning and expert modeling in the classroom.  During the first week of the 

semester, Heather described the classroom she wanted to create and then demonstrated it 

throughout the semester (IVB1/IVB3) (Interview/8/21/07).  

Heather:  I want my classes to be similar to this course taught by the faculty 
instructor.  I want my students to be able to connect their prior knowledge to new 
content and ideas.  I will use hands-on methods whenever possible and 
appropriate to help my students visualize the concepts.  I want to use what I have 
learned about using partners and group collaboration in my classes with the 
faculty instructor and another professor.  I will also use lots of manipulatives and 
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inquiry based problem solving.  I value all of the teaching strategies and methods 
that I have learned and I will use them in my classroom. 
 

The data demonstrated that this is the kind of classroom she created for her students.  

When teaching a lesson, Heather ensured that the purposes of the lesson were explained 

thoroughly and then the expected outcome emphasized.  She encouraged her students to 

suggest how to start, without worrying too much about whether they were right or wrong, 

similar to creative brainstorming.  She also had them list all the proposed approaches on 

the board (IVB2) (CO/10/2/07).  Heather would ask the class to decide on one of the 

approaches to work on and why it has been chosen.  After the class had worked on the 

problem for a few minutes, she would stop the class and ask whether they think things are 

going in the right direction or not.  If so, the work continued; if not, the class discussed 

new strategies and changed course (IVB4).  Heather focused on monitoring the progress 

of the problem solving process of her students and asked questions in order to make sure 

they were on task or to see if she needed to model the lesson in a different manner.  This 

was clearly demonstrated in the following interaction at the middle school (IVB2/IVB3) 

(CO/9/20/07). 

Heather:  Do you remember coordinate boards from last year.  Where the x line 
goes across and the y line goes up and down.   
Heather: Good, so the one that looks like this is the y line right?  And the x line 
looks like this?  Well, we are going to talk more about coordinates later.  Okay? 
Do you guys know how to plot points on a coordinate board?   
Steve: The one on the left goes on the x line and the one on the right goes on the y 
line. 
Heather: Right.  Okay, I am going to pass out some graph paper, pass them back. 
Does everyone have a sheet of notes and graph paper?  Alright, we are going to 
plot this line.  Good, x…y…x…y…y….x.  Does everyone understand the 
difference?  Good.  Have you guys seen negative numbers?  Good.  Everyone 
writing down the first order pair down?  Do you guys remember what an ordered 
pair is?  The pair of numbers which are used to locate the address of a point.  The 
x coordinate is the first number in an ordered pair.  So this four here is our x 
coordinate.  The y coordinate is the second number which is our two.  So if I were 
to plot this, I would first go over four on the x axis and then up two.  Okay, so for 
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this next pair what will we do?  Who knows how we find this first ordered pair 
location?  Anyone have any questions?  
 

Heather demonstrated the strategy and then asked questions in order to encourage and 

support students to think about what they already knew and how they could connect the 

past with the present.  As the semester went on, Heather got more confident in her 

teaching and got to know the students better which gave opportunities for her to support  

their learning more.  
 
 
 Social interactions in the course.  The faculty instructor’s University class was 

consistently full of discussions and participation.  The proceeding is an exchange 

between the preservice teachers as they worked together in an attempt to solve a problem 

(IVC1/IVC3) (CO/9/18/07). 

Faculty instructor:  Okay, now we are going to get back into our groups and I am 
going to pass out some manipulatives to each group.  Now, when do kids start 
working with fractions?  What age?  Take a guess. 
Lydia:  First? 
Faculty instructor: I hear first.  Third.  Think anyone even deals with fractions 
before they come to school?  Toddlers?  Give me an example…how does the 
concept of fractions begin with our younger ones?  
Heather:  Sharing? Like when they are growing up and they have to share with 
their siblings or friends in preschool.   
Faculty instructor:  There we go.  Sharing, right…so little ones begin to share.  
We teach that concept…So what I want us to do at your table…I am going to put 
down some manipulatives and I want you to think what you could do with your 
students with these?  So just explore and then brain storm some ideas and then we 
are going to share.  
Lorin:  We are supposed to think of an activity to do with these. 
Lydia:  This is the something as this…they equal each other.  
Heather:  We can use them for adding fractions and after that we can use them for 
probability and statistics when you like chocolate got one-third of the votes for 
favorite snack compared to fruit roll ups which may have gotten the other 66 
percent.   
Lydia:  This half, plus this half equal a whole…explaining how two fourths equal 
a half by showing them these.  We did adding fractions today with common 
denominators.  My problem was that they did not know them conceptually and 
thus I had to backtrack.  
Heather:  We were thinking like everyone gets an orange and we are splitting it 
evenly.  So we can take it apart or they could see that 2/4s equal one half.  
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Faculty instructor:  Do not say that a cut is half to the kids, because it might 
always be that.  Very basic foundation and a critical representation. 
Heather:  Or we could even show how one-third of this ball does not look like 
one-third of the square we have here.  So just because it is the same percent or 
fraction does not mean they are equal.  
Faculty instructor:  Oh, I like that.  
 
As with the above example, within the course Heather worked constantly with 

other preservice teachers to solve different problems.  She threw out her ideas and had to 

defend what she thought would work and what would not in the classroom.  In the course 

discussions, though, all ideas were given to the class and then discussion followed about 

the pros and cons of each example.  In the final interview, Heather described her growth 

that she had seen over the semester (IVC1) (Interview/11/29/07). 

Researcher:  When you come to a harder problem, are you now quick to start on it 
or do you seek others’ assistance in solving the problem? 
Heather:  I think I am a lot more mature with the solutions that I come up with 
and I don’t automatically jump to my first instinct, I usually think about it more.  I 
am more willing to work with a group instead of just trying to do it myself; I think 
I actually prefer it more.  I like working with my friends to try and figure out 
problems as I get to see how they think and a lot of times the way we solved a 
problem was a combination of a couple of our ideas put together.  Yes, I worked 
with Lydia a lot to finalize our lessons and make them ones which are helpful to 
the kids. So we solved a lot of problems together. 
 

Through this section, Heather appeared to have increased in her ability and desire to work 

with others in actions and verbally to try and figure out the problem in a group setting.   

 
 Social interactions in the classroom.  On account of the large amount of  
 
discussion in the course Heather was exposed to, Heather thought it would work in the  
 
classroom (IVC1) (CO/9/21/07). 
 

Heather:  If class discussions and small groups work well in my class, it might 
work here too. 
 

So, while students explained their ideas and strategies in small groups, Heather often 

guided them to use one another’s ideas and to listen to each other when problem solving 
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by asking questions.  This kind of support helped students focus on generating ideas and 

strategies as a group, instead of one person doing the whole activity.  Furthermore, her 

assistance made students’ ideas and strategies explicit to each other and hence increase 

other students’ participation in the discussion.  As an example, in the following episode, 

the class was discussing a problem of the day (POD), which was about finding all the 

dimensions (length and width) of rectangles that have an area of 36 square units (IVC2) 

(CO/ 10/16/07).  This episode illustrates Heather’s support for Ted’s discussion of his 

response and strategy as well as how he came up with the strategy.  In this way, other 

students were also able to participate in the discussion and then they completed the task 

altogether.  

Heather: How did you know what rectangles to draw, Ted?  
Ted replied that he divided 36 by 2, 3, and 4.  
Heather: By 2 or 3 or 4.  Is that your strategy?  OK, so if you divide 36 by 2, what 
did you get?  
Larry: 18  
Heather: 18.  If you divide 36 by 3, what did you get?  
Ted: 12  
Heather: So, what’s true about 18 and 2, or 12 and 3?  They’re what?  
Larry: They’re multiples of 36.  
Heather: 36 is a multiple of them.  What are those numbers to 36?  They’re not 
multiples.  What do you do with those numbers to get 36, Melissa?  
Melissa: Multiplying.  
Heather: You multiply them.  So, numbers are going to multiply together are 
called what?  
Tricia: Factors.  
Heather: Factors.  So, you're on the right track, Larry-- factors.  So, when you 
multiply 2 times 18, you get 36.  When you multiply 3 times 12 you also get 36.  
How do you get area of a rectangle, Tricia?  
Tricia: Length times width.  
Heather: Length times width.  So, if area equals length times width for a 
rectangle, then, you have to have two numbers that you said what factors of 36, 
such as 2 times 18.  So, dimensions- when you multiply- are actually factors of 
36.  So, let’s list all the possible length and width we have.  
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 In a final reflection with the faculty supervisor, Heather spoke about the growth 

she had seen in herself and her students in the area of social interactions (IVC1/IVC3) 

(Reflection/10/8/07).  

Faculty supervisor:  So do you feel like your students are working together more? 
Heather: I am amazed at how much more my students have begun to work more 
as a group when we are in class discussions and in small groups.  At the 
beginning of the semester, the groups would have one person who did all the 
work, while the others goofed off, but now they have begun to work as a team.  
They listen more to each other and even apply one another’s ideas to solve the 
problem of the day, when before it was all “me” centered on one person. 
 

Summary 

   Heather grew equally across most of the factors and the subareas within them.  

She not only demonstrated growth in the areas of confidence and knowledge of 

mathematical strategies in the faculty instructor’s class at the university, but she 

transferred that knowledge into the middle school classroom.  Heather was able to 

transfer at least one of the characteristics from each of the subareas into the classroom.  

Her strongest areas were self-regulation, self-reflection, and meaning making where she 

grew in 100 percent of the characteristics, and transferred 80 percent of the characteristics 

to her classroom.  

   After reviewing all six of the case studies, there were some common themes 

which arose across all of the cases which will discussed in the following cross case 

analysis section. 

Cross-case Analysis 

 While data analyzed within each case (i.e., preservice teacher) provided insight 

into their use of metacognitive strategies, beliefs, reasoning practices, and instructional 

strategies, analyzing data across the cases allowed the researcher to generate explanations 

regarding the interplay between these areas.  Cross-case analyses are used to build 
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general explanations that work for each of the cases, even though they show some 

differences (Yin, 1994). The focus is given to understanding the processes and outcomes 

occurring across the cases within specific contexts (Miles & Huberman, 1994).   

 Findings from within and across case analysis showed that each preservice 

teacher engaged with and interacted within the classroom context differently.  Their 

course and classroom practices showed differences in terms of the ways they (a) ways the 

preservice teachers learned and applied the mathematical problem solving, (b) grew 

positively in their attitude about mathematics and teaching, (c) how the preservice 

teachers taught mathematics in the classroom, and (d) the transfer of their knowledge and 

their metacognitive skills into the classroom.   

 These differences brought about diverse opportunities and challenges for each 

preservice teacher, which may have affected his or her development, growth, and transfer 

of metacognition and procedural learning in distinctive ways.  Analyzing preservice 

teachers’ growth in and transfer of course activities in relation to their classroom 

practices across six cases supports this argument.  Furthermore, these analyses support 

the argument that preservice teachers’ participation in course practices, in part, is the 

result of complex interactions including their mathematical beliefs and prior knowledge.  

As the cases were compared, comments set out by Miles and Huberman (1994) were 

recognized to avoid a superficial reading across the individual cases.  Perhaps the most 

important of these suggestions is the admonition to respect the complex and contextual 

nature of each case while still finding a way to reduce the data to examine any important 

developments that may have emerged.  In other words, it is important to examine both the 

forest and the trees, by both honoring the diversity and multitude of areas peculiar to each 
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case while also seeing the whole picture.  With these cautions, a general explanation of 

the emergent trends ensues. 

 The results for each case were written from time-ordered displays that had been 

created for each case.  As the process of writing and reflecting on the individual cases 

evolved, themes emerged from the analysis.  Themes that had guided the within-case 

findings for each case provided a useful framework for comparing across the cases.  The 

breakdown of the preservice teachers’ growth, lack of growth, and lack of observation in 

the course and classroom was initially combined into combined Table 4.3.  Tables 4.4-7 

further summarized and elaborated the results of the observations and were placed at the 

end of the chapter to better facilitate flow.  In this study, analysis across the cases 

involved comparison of preservice teachers’ development, growth, and transfer of 

metacognitive strategies use in order to identify the patterns that explain the interplay 

among these areas.   

Metacognition 

 Preservice teachers’ self-reported and observed metacognitive behaviors as 

assessed through the data illustrated some similarities as well as differences (see 

Appendix E).  Preservice teachers’ participation in classroom practices that reflected their 

transition from self-regulation to their students’ self-regulation were also different.  There 

was a 67 percent growth in the area of self-reflection activities during the course, 

followed by a 61 percent growth in the area of meaning making (Table 4.6).  All of the 

candidates grew in the area of metacognition, yet at different levels.  For example, 

Heather’s competence in mathematics enabled her to frequently contribute to the 

construction of shared understandings without much assistance.  Heather grew the



 

 

Table 4.4 
 

Cross-case analysis Chart of Individual Growth 

Cases Metacognition Reasoning Attitudes Instructional Processes 

 Self-
reg 

Self-
ref 

Meaning 
Making 

Comm/ 
conn 

Thinkin 
Skills 

Knowledge Belief Confid Task 
Diff 

Ques/ 
Modeling 

Social 

Lydia Course 1. + 1. + 1. + 1. - 1. no 1. + 1. - 1. + 1. +  1. + 1. + 
  2. no 2. + 2. no 2. + 2. + 2. + 2. no 2. + 2. + 2. + 2. + 
  3. no 3. - 3. no  3. + 3. + 3. +  3. + 3. + 3. + 
      4. no 4. + 4. no  4. no 4. no  
             
 Class 1. + 1. no 1. + 1. + 1. + 1. + 1. + 1. no 1. -  1. + 1. + 
  2. no 2. + 2. + 2. no 2. + 2. + 2. no 2. + 2. - 2. + 2. - 
  3. + 3. + 3. +  3. + 3. no 3. +  3. no 3. no 3. - 
      4. + 4. - 4. +  4. + 4. +  

Dub Course 1. - 1. no 1. + 1. + 1. - 1. + 1. - 1. no 1. - 1. + 1. + 
  2. no 2. + 2. no 2. - 2. + 2. - 2. - 2. + 2. no 2. - 2. - 
  3. no 3. + 3. -  3. - 3. no 3. -  3. + 3. + 3. - 
      4. - 4. - 4. -  4. no 4. -  
             
 Class 1. + 1. + 1. + 1. no 1. + 1. - 1. - 1. - 1. + 1. + 1. + 
  2. no 2. + 2. - 2. + 2. - 2. + 2. - 2. - 2. no 2. no 2. - 
  3. - 3. no 3. -  3. + 3. + 3. -  3. - 3. + 3. + 
      4. no 4. + 4. +  4. + 4. no  

Beth Course 1. - 1. no 1. + 1. + 1. no 1. + 1. + 1. + 1. - 1. no 1. + 
  2. - 2. - 2. - 2. no 2. - 2. no 2. no 2. + 2. + 2. - 2. + 
  3. no 3. + 3. no  3. + 3. no 3. no  3. no 3. no 3. - 
      4. + 4. - 4. no  4. no 4. -  
             
 Class 1. + 1. + 1. + 1. + 1. - 1. + 1. + 1. - 1. + 1. no 1. no 
  2. no 2. + 2. no 2. no 2. no 2. no 2. no 2. no 2. no 2. - 2. no 
  3. - 3. no 3. no  3. no 3. no 3. no  3. no 3. - 3. no 
      4. + 4. + 4. no  4. + 4. no  

          
 

(table continues) 
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Cases Metacognition Reasoning Attitudes Instructional Processes 

 Self-
reg 

Self-
ref 

Meaning 
Making 

Comm/ 
conn 

Thinkin 
Skills 

Knowledge Belief Confid Task 
Diff 

Ques/ 
Modeling 

Social 

Kristen Course 1. + 1. + 1. + 1. + 1. + 1. + 1. + 1. + 1. +  1. + 1. - 
  2. + 2. + 2. no 2. + 2. + 2. + 2. + 2. no 2. no 2. + 2. - 
  3. + 3. no 3. +  3. + 3. no 3. +  3. + 3. + 3. no 
      4. no 4. + 4. +  4. no 4. no  
             
 Class 1. + 1. no 1. no 1. + 1. + 1. + 1. no 1. + 1. + 1. no 1. + 
  2. + 2. + 2. + 2. + 2. + 2. + 2. + 2. no 2. no 2. no 2. no 
  3. + 3. + 3. no  3. no 3. no 3. +  3. + 3. + 3. + 
      4. + 4. no 4. +  4. + 4. no  

Heather Course 1. + 1. + 1. + 1. + 1. + 1. + 1. + 1. + 1. +  1. no 1. + 
  2. + 2. + 2. + 2. + 2. + 2. + 2. + 2. - 2. - 2. + 2. no 
  3. + 3. + 3. +  3. + 3. + 3. +  3. + 3. + 3. no 
      4. no 4. no 4. +  4. + 4. no  
             
 Class 1. + 1. + 1. + 1. no 1. + 1. + 1. + 1. - 1. + 1. + 1. + 
  2. + 2. no 2. no 2. + 2. - 2. + 2. + 2. no 2. + 2. + 2. - 
  3. + 3. + 3. +  3. + 3. + 3. no  3. + 3. + 3. + 
      4. + 4. no 4. +  4. + 4. +  

Lorin Course 1. + 1. + 1. + 1. + 1. + 1. + 1. + 1. + 1. -  1. + 1. + 
  2. no 2. no 2. + 2. + 2. no 2. no 2. no 2. + 2. no 2. + 2. + 
  3. + 3. + 3. +  3. + 3. - 3. +  3. + 3. + 3. no 
      4. + 4. + 4. +  4. + 4. no  
             
 Class 1. no 1. no 1. + 1. no 1. no 1. no 1. no 1. + 1. + 1. + 1. + 
  2. + 2. + 2. + 2. + 2. + 2. no 2. no 2. no 2. + 2. + 2. no 
  3. + 3. + 3. +  3. + 3. + 3. +  3. + 3. no 3. - 
      4. + 4. + 4. +  4. + 4. -  

2
7
9
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most in the area of metacognition with almost a 90 percent growth across all the 

characteristics of metacognition combined course and classroom observations (Table 

4.5).  Within the course, Heather had 100 percent growth in the area of metacognition and 

its subareas (self-regulation, self-reflection, and meaning making).  Within the classroom, 

she transferred about 78 percent of what she had learned into the classroom to her 

students. While Dub grew in only 38.9 percent of the metacognitive areas, he was already 

demonstrating the characteristics in the areas that showed no growth (40.2%), 

demonstrating proficiency in over 80 percent of the areas. Kristen and Lydia both 

demonstrated growth in two-thirds of the areas of metacognition over the entire semester.  

The data collected on Lydia demonstrated more than a 60 percent growth for the areas of 

metacognition and instructional strategies (Table 4.5).  Within the course, Lydia 

demonstrated a 44 percent growth, yet in the classroom there was recorded to be a 78 

percent transfer of skills. Consequently, he has less room to grow than some of the other 

candidates. Kristen demonstrated a growth of almost 78 percent for the area of 

metacognition in the course, of which 67 percent of those skills were transferred into the 

classroom.  She was able to create a plan in the course and then teach her students to do 

the same with built in reflection checkpoints.  Even though Kristen was not as proficient 

as Dub in mathematics, she also participated in these types of activities but to a lesser 

extent, and her participation created contexts in which she received assistance from the 

faculty instructor. In this way, she found opportunities to develop knowledge and skills 

that may have helped build her competence.  She demonstrated better understandings of 

the concepts later on in the semester, which could be related to her teaching of these in 

her classroom practices.  The data revealed that Lorin grew 70.8 percent during the 

semester in the area of metacognition and its application with less than 7 percent lack of



 

 

Table 4.5 
 

The Percentage of Growth for Each Factor 
 

Cases Metacognition Reasoning Attitudes Instructional Processes 

Heather Growth 
Already possessed 

No growth 
No observation 

88.8% 
- 
- 

11.1% 

75.0% 
- 

5% 
20.0% 

75.0% 
11.4 
3.6% 

10.0% 

72.8% 
- 
- 

18.2% 

Kristen Growth 
Already possessed 

No growth 
No observation 

72.2% 
- 
- 

27.7% 

75.0% 
- 
- 

25.0% 

75.0% 
- 
- 

25.0% 

50.0% 
6.2 

2.9% 
40.9% 

Lydia Growth 
Already possessed 

No growth 
No observation 

61.1% 
3.1% 
2.5% 

33.4% 

70.0% 
5.0% 
5.0% 

20.0% 

58.3% 
5.1% 
3.2% 

33.4% 

63.6% 
7.8% 

10.4% 
18.2% 

Dub Growth  
Already possessed 

No growth 
No observation 

38.9% 
33.5% 
4.3% 

23.4% 

45.0% 
25.0% 
15.0% 
15.0% 

16.7% 
66.7% 
8.3% 
8.3% 

55.0% 
13.6% 
8.2% 

22.7% 

Beth Growth 
Already possessed 

No growth 
No observation 

33.3% 
5.1% 

23.5% 
40.1% 

40.0% 
5.0% 

10.0% 
45.0% 

33.4% 
- 

8.3% 
58.3% 

22.7% 
13.6% 
13.6% 
50.0% 

Lorin Growth 
Already possessed 

No growth 
No observation 

77.8% 
- 
- 

22.2% 

65.0% 
- 

5.0% 
30.0% 

66.7% 
- 
- 

33.4% 

63.6% 
5.1% 
8.5% 

22.7% 

All cases Growth 
Already possessed 

No growth 
No observation 

62.0% 
5.3% 
4.9% 

27.7% 

61.7% 
5.8% 

12.5% 
25.8% 

54.2% 
13.8% 
17.6% 
28.1% 

54.6% 
7.7% 
7.3% 

28.7% 

2
8
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Table 4.6 
 

The Percentage of Growth for Each Subarea 
 

Cases Metacognition Reasoning skills Attitudes Instructional Processes 
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Course 
Growth 

Already possessed 

 
50% 
9% 

 
67% 
8% 

 
61% 
5% 

 
75% 
10% 

 
58% 
7% 

 
58% 
11% 

 
54% 
16% 

 
75% 
5% 

 
50% 
13% 

 
54% 
4% 

 
38% 
11% 

No growth 8% 3% 6% 7% 10% 6% 5% 3% 5% 13% 10% 
No observation 33% 22% 28% 8% 25% 25% 25% 17% 34% 29% 17% 

            
Classroom 

Growth 
Already possessed 

 
67% 
6% 

 
67% 

- 

 
61% 
7% 

 
58% 

- 

 
63% 
8% 

 
58% 
5% 

 
54% 
9% 

 
25% 
21% 

 
63% 
4% 

 
46% 
5% 

 
44% 
17% 

No growth 5% - 4% - 5% 3% 4% 13% 9% 8% 11% 
No observation 22% 33% 28% 42% 24% 34% 33% 41% 21% 38% 28% 

            
Overall 

Growth 
Already possessed 

 
59% 
9% 

 
67% 

- 

 
61% 
3% 

 
66% 
4% 

 
60% 
6% 

 
58% 
7% 

 
54% 
15% 

 
50% 
17% 

 
57% 
5% 

 
50% 
9% 

 
42% 
16% 

No growth 5% 6% 8% 5% 9% 6% 2% 4% 15% 6% 8% 
No observation 27% 27% 28% 25% 24% 29% 29% 29% 27% 35% 23% 
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growth in the area of metacognition. (See Table 4.5).  With the exception of Beth, all of 

the candidates either showed growth or demonstrated the characteristics in the majority of 

the areas of metacognition.  Beth grew only about 22 percent in the area of metacognition 

and her ability to self-reflect, yet within the classroom there was a 44 percent transfer of 

skills to the classroom as her students reflected and were able to connect past and present 

knowledge.   

 Across cases, the most growth was apparent in the metacognition subareas of self-

regulation and self-reflection with growth rates of 67 percent in both subareas.  These 

were closely followed by a 61 percent growth in meaning making which was also a 

subarea of metacognition.  Within the cases, as they created a plan, they took 

opportunities to look back and reflect on how the process could have been better and then 

brought in real life examples to create meaning so the students remembered the process 

(See Table 4.6).  In both the course and the classroom, the cases also showed growth in 

the subarea of self-reflection; being able to look back and see where mistakes had been 

made and then teach their students to do the same thing on their own.  However, in the 

classroom, there was a greater growth of metacognition, than in the course, 65 percent 

and 59 percent respectively (See Table 4.7).  In order to facilitate this growth, the faculty 

instructor, faculty supervisor, and their classroom teacher frequently provided the 

preservice teachers with feedback regarding their learning and teaching giving helpful 

suggestions.  Thus, the preservice teachers’ lessons and reflections were almost always 

accompanied by teacher feedback related to their success which they could later 

incorporate into their planning and teaching.  The central feature of all of the classroom 

practices was that meaning was negotiated rather than simply provided by the teacher.   
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Reasoning  

 All six preservice teachers attempted to apply the characteristics of the application 

of thinking skills using their procedural and conditional knowledge.  Overall, when the 

course and classroom results were combined across all cases, the results were similar.  

There was a greater percentage of growth compared to no growth in all the subareas and 

areas.  The most growth still occurred in the area of communication as the candidates 

were able to share strategies and solutions with one another in the course with growth 

across all cases of 75 percent growth (Table 4.5).  There was a 58 percent growth in the 

subareas of thinking skills and knowledge base demonstrated by all the cases in the 

course and 63 percent in the subareas of thinking skills and the manner in which the 

difficulty of the tasks were approached by students in the classroom.  The majority of the 

candidates grew over 60 percent in their knowledge base during the semester as they used 

their prior knowledge of mathematical concepts within the classroom to help the growth 

of their students.  The exceptions were Dub who already had a strong knowledge base 

and Beth, who did not exhibit the characteristics. In addition, Heather and Kristen 

demonstrated the most growth within the area of reasoning (80%) and then transferred 70 

percent of what they learned into the classroom.  Dub demonstrated the least amount of 

growth, only 30 percent, in the course for his reasoning skills, yet within the classroom, 

Dub showed a 60 percent growth and transfer of skills, especially in the area of 

knowledge base and presentation of multiple strategies (Table 4.7).  

Preservice teachers’ procedural behaviors as observed during the problem-solving 

course sessions revealed more differences.  In particular, three of the preservice teachers 

demonstrated procedural efforts to analyze the tasks.  Breaking down the tasks into parts 

and creating a diagram were the most common strategies observed.  In addition to these 



 

 

Table 4.7 
The Percentage of Growth Within the Course and Classroom 

 

Cases Metacognition Reasoning Attitudes Instructional Processes Cases 

 Course   Classroom Course  Classroom Course   Classroom Course       Classroom Course  Classroom 

Heather Growth 
Already possessed 

No growth 
No observation 

100% 
- 
- 
- 

77.8% 
- 
- 

22.2% 

80% 
- 
- 

20% 

70% 
5% 
5% 

20% 

83.3% 
12.3% 
4.3% 

- 

50% 
14.2% 
2.5% 

33.3% 

54.5% 
6% 
3% 

36.4% 

90.9% 
7.1% 
2% 

- 

79.4% 
3.5% 

1.75% 
14.1% 

72.3% 
6.5% 
2.5% 

18.8% 

Kristen Growth 
Already possessed 

No growth 
No observation 

77.8% 
- 
- 

22.2% 

66.7% 
- 
- 

33.3% 

80% 
- 
- 

20% 

70% 
- 
- 

30% 

83.3% 
- 
- 

16.6% 

66.7% 
- 
- 

33.3% 

45.5% 
12.4% 
6.7% 

36.4% 

54.5% 
- 
- 

45.5% 

71.8% 
3.1% 
1.3% 

23.8% 

64.8% 
- 
- 

35.5% 

Lydia Growth 
Already possessed 

No growth 
No observation 

44.4% 
11.1% 

- 
44.4% 

77.7% 
- 
- 

22.2% 

70% 
5% 
5% 

20% 

70% 
10% 

- 
20% 

50% 
7.2% 
9.4% 

33.4% 

66.6% 
- 
- 

33.4% 

81.8% 
- 
- 

18.8% 

36.4% 
25.1% 
11.3% 
18.2% 

61.5% 
5.8% 
3.5% 
29% 

62.8% 
8.8% 
2.8% 

23.3% 

Dub Growth 
Already possessed 

No growth 
No observation 

33.3% 
11.1% 
11.1% 
44.4% 

44.4% 
22.2% 
11.1% 
22.2% 

30% 
30% 
20% 
20% 

60% 
10% 
10% 
20% 

16.7% 
33.4% 
33.3% 
16.7% 

83.3% 
8.4% 
8.4% 

- 

36.4% 
32.3% 
13.2% 
18.1% 

54.5% 
13.7% 
4.5% 

27.3% 

29% 
26.5% 
19.3% 
24.8% 

60.3% 
13.5% 

8.5% 
17.3% 

Beth Growth 
Already possessed 

No growth 
No observation 

22.2% 
11.1% 
33.3% 
33.4% 

44.4% 
- 

11.1% 
44.4% 

40% 
10% 
10% 
40% 

40% 
- 

10% 
50% 

50% 
- 
- 

50% 

16.6% 
- 

16.6% 
66.7% 

27.2% 
18.1% 
18.1% 
36.4% 

18.2% 
- 

18.2% 
63.6% 

34.8% 
9.8% 

15.3% 
39.8% 

29.5% 
- 

14% 
56.3% 

Lorin Growth 
Already possessed 

No growth 
No observation 

77.8% 
- 
- 

22.2% 

77.8% 
- 
- 

22.2% 

70% 
- 

10% 
20% 

60% 
- 
- 

40% 

83.3% 
- 
- 

16.6% 

66.7% 
- 
- 

33.3% 

63.6% 
- 

9% 
27.3% 

63.6% 
18.2% 

- 
18.2% 

73.5% 
- 

4.8% 
28.3% 

67.3% 
4.3% 

- 
28.3% 

All 
cases 

Growth 
Already possessed 

No growth 
No observation 

59.3% 
6.5% 
12.9% 
27.5% 

64.8% 
3.4% 

7.36% 
27.5% 

61.6% 
7.3% 
15% 

23.3% 

61.6% 
4.1% 
8.3% 
30% 

61.1% 
9.1% 

16.6% 
22.3% 

58.5% 
3.4% 
8.5% 

33.6% 

51.5% 
11.2% 
19.5% 
28.5% 

53.2% 
12.7% 
16.5% 
28.7% 

58.5% 
8.1% 
8.1% 

25.3% 

59.8% 
6.1% 
4.2% 

29.9% 

2
8
5
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strategies, Beth paraphrased the problems and Dub wrote down the given information to 

help him analyze the tasks.  Four of the preservice teachers demonstrated procedural 

efforts in terms of selecting and implementing problem-specific strategies and monitoring 

their solution procedures to some extent.  Whereas Heather articulated a range of 

problem-specific strategies from which she selected those that she found most efficient 

and demonstrated procedural behaviors to execute her solution procedures, Lydia and 

Kristen demonstrated some difficulties in selecting and implementing problem-specific 

strategies.  Even though Lorin usually was successful selecting an appropriate problem-

specific strategy, her lack of skills in mathematics constrained the execution of these 

strategies.  She was aware of her difficulties, however, and demonstrated procedural 

effort to control and regulate her solution procedures.  

Unlike Heather and Lorin, Lydia participated in fewer course and classroom 

practices related to the construction of shared understandings.  In this sense, her struggle 

with the same concepts during both problem-solving sessions might be related to her lack 

of participation in this type of classroom practices. During the course lessons, Beth’s 

procedural behaviors did not show any major differences, whereas the rest did.  Even 

though Dub was still struggling with the concepts with which he had difficulty during the 

first problem-solving session, he demonstrated more procedural efforts in terms of 

analyzing tasks and monitoring.  In particular, he focused on understanding the problem 

situation for more problems. Furthermore, he demonstrated more procedural effort to 

monitor the execution of problem-specific strategies (Table 4.7).  He was more aware of 

his difficulties and able to articulate how to overcome these difficulties. He also 

demonstrated better understandings of mathematical concepts that might have impacted 

his procedural efforts. Dub and Heather participated in more whole-class discussions than 
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Beth.  It should be noted that even though the faculty instructor called on each preservice 

teacher least once during almost every lesson, preservice teachers who volunteered had a 

greater occurrence of social interactions.   

Attitudes 

Beth usually needed encouragement from the faculty instructor to share her ideas 

within whole-class discussions.  Taken into account her low confidence relative to Dub 

and Lorin, Beth’s unwillingness to participate in whole class-discussions might be 

expected because preservice teachers may avoid engaging in tasks in which they do not 

feel confident (Pajares, 1997).  Supporting this finding, Kristen, the lower-achieving 

preservice teacher who was confident in her capabilities, participated in more class 

discussions than Beth. While Kristen’s high confidence relative to Beth may be one 

reason for this behavior, the role of classroom context supporting his participation should 

not be disregarded.  

 While the candidates showed growth in confidence in the course (83%), only 33 

percent of the preservice teachers grew in their confidence in the classroom (Table 4.8).  

For example, Heather’s beliefs about math and her confidence in the course grew more 

than 80 percent; however she was only able to transfer these attitudes to her classroom at 

a rate 50 percent.  On the other hand, while Lorin and Kristen’s area of most growth 

(83%) was their attitudes in the classroom, they were observed transferring their positive 

attitudes to the classroom 66 percent of the time during the semester. Lydia and Beth’s 

positive beliefs about themselves and math grew only 50 percent during the semester in 

the course, yet Lydia’s students’ positive attitudes grew more than 66 percent in the 

classroom; Beth’s only 17 percent.  Dub, who already exhibited positive beliefs and 

confidence in his mathematical abilities, encouraged an 83 percent growth in his students  



 

 

Table 4.8 
 

The Growth of Characteristics within the Course and Classroom 
Cases Metacognition Reasoning Attitudes Instructional Processes 

 Self-regul Self-ref Meaning 
making 

Comm/ 
conn 

Thinking 
skills 

Knowledge Belief Confid Task 
diff 

Question/ 
modeling 

Social 

Growth Course 1. 67% 1. 67% 1. 100% 1. 83% 1. 50% 1. 100% 1. 67% 1. 83% 1. 50% 1. 67% 1. 83% 
  2. 33% 2. 67% 2. 33% 2. 67% 2. 67% 2. 50% 2. 33% 2. 67% 2. 33% 2. 67% 2. 50% 
  3. 50% 3. 67% 3. 50%  3. 83% 3. 33% 3. 67%  3. 83% 3. 83% 3. 17% 
       4. 50% 4. 50%  4. 33% 4.  --  
 Class 1. 83% 1. 50% 1. 83% 1. 50% 1. 67% 1. 67% 1. 50% 1. 33% 1. 83% 1. 67% 1. 83% 
  2. 50% 2. 83% 2. 50% 2. 67% 2. 50% 2. 50% 2. 33% 2. 17% 2. 33% 2. 50% 2.  -- 
  3. 67% 3. 67% 3. 50%  3. 67% 3. 50% 3. 50%  3. 50% 3. 50% 3. 50% 
       4. 50% 4. 83%  4.100% 4. 33%  

No Course 1. 17% 1.  -- 1.  -- 1.  -- 1. 17% 1.  -- 1. 17% 1.  -- 1. 25% 1.  -- 1.  -- 
Growth  2.  -- 2.  -- 2.  -- 2.  -- 2. 17% 2. 17% 2.  -- 2.  -- 2.  -- 2. 17% 2. 17% 
  3.  -- 3.  -- 3.  --  3.  -- 3.  -- 3.  --  3.  -- 3.  -- 3. 17% 
       4. 17% 4.  --  4.  -- 4. 17%  
 Class 1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 1. 17% 1. 17% 1. 50% 1. 17% 1.  -- 1.  -- 
  2.  -- 2.  -- 2. 17% 2.  -- 2. 17% 2.  -- 2. 17% 2. 17% 2. 17% 2. 17% 2. 50% 
  3.  -- 3.  -- 3. 17%  3.  -- 3.  -- 3. 17%  3. 17% 3. 17% 3. 33% 
       4.  -- 4.  --  4.  -- 4. 17%  

Not Course 1.  -- 1. 33% 1.  -- 1.  -- 1. 33% 1.  -- 1.  -- 1. 17% 1.  -- 1. 33% 1.  -- 
Obsrvd  2. 50% 2. 17% 2. 50% 2. 17% 2. 17% 2. 33% 2. 50% 2. 17% 2. 50% 2.  -- 2. 17% 
  3. 50% 3. 17% 3. 33%  3.  -- 3. 50% 3. 17%  3. 17% 3. 17% 3. 50% 
       4. 17% 4. 33%  4. 67% 4. 67%  
 Class 1. 17% 1. 50% 1. 17% 1. 50% 1. 33% 1. 17% 1. 33% 1. 17% 1.  -- 1. 33% 1. 17% 
  2. 50% 2. 17% 2. 33% 2. 33% 2. 17% 2. 50% 2. 50% 2. 67% 2. 50% 2. 33% 2. 17% 
  3.  -- 3. 33% 3. 33%  3. 33% 3. 50% 3. 33%  3. 33% 3. 33% 3. 17% 
       4. 50% 4. 17%  4.  -- 4. 50%  

Already  Course 1. 17% 1.  -- 1.  -- 1. 17% 1.  -- 1.  -- 1. 17% 1.  -- 1. 25% 1.  -- 1. 17% 
possessed  2. 17% 2. 17% 2. 17% 2. 17% 2.  -- 2.  2. 17% 2. 17% 2. 17% 2. 17% 2. 17% 
  3.  -- 3. 17% 3. 17%  3. 17% 3. 17% 3. 17%  3.  -- 3.  -- 3. 17% 
       4. 17% 4. 17%  4.  -- 4. 17%  
  1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 1.  -- 
 Class 2.  -- 2.  -- 2.  -- 2.  -- 2. 17% 2.  -- 2.  -- 2.  -- 2.  -- 2.  -- 2.  -- 
  3. 33% 3.  -- 3.  --  3.  -- 3.  -- 3.  --  3.  -- 3.  -- 3.  -- 
       4.  -- 4.  --  4.  -- 4.  --  

2
8
8
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(Table 4.7). These differences in outcomes may have resulted from prior differences in 

the candidates and students’ educational experiences.  

 In addition, peer modeling activities accompanied by the teacher’s recasting and 

rephrasing enhanced the preservice teachers’ confidence and procedural learning.  

Modeling successful performance was basically a mastery experience for the preservice 

teachers and their students.  In addition, they provided the middle school students with 

opportunities to observe their accomplishments and information about their abilities.  

Beliefs and confidence reflect future-oriented judgments rather than actual level of 

competence (Woolfolk Hoy, 2004); preservice teachers may have underestimated their 

actual abilities leading to low confidence.  Modeling a successful performance enhanced 

their experiences of success.  Such activities increased the preservice teachers’ awareness 

of their thinking processes and procedural behaviors.  Even though Kristen, Lydia, and 

Beth would have benefited more from peer modeling practices, relatively few instances 

were observed in relation to their modeling a successful performance when compared to 

Heather, Dub, and Lorin.  

 There were a number of patterns that emerged from examining the teachers’ 

beliefs about learning and teaching math.  The overall pattern for the participants’ beliefs 

about teaching start with a teacher-centered orientation, then shifted toward a more 

preservice teacher-centered perspective by the coursework phase, and finally, sharply 

returned toward a traditional teacher-centered status by the teaching phase in the 

classroom. Within the classroom, every preservice teacher showed a strong trend toward 

a traditional teacher-centered perspective when asked how they decided what to teach in 

the classroom. The observations and interviews from the study indicated that the 

preservice teachers’ beliefs about learning math in the course were generally more 
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teacher-centered than beliefs about teaching which were student-centered.  Further more, 

these observations demonstrated that the preservice teachers’ beliefs about teaching were 

derived from their experience, while beliefs about learning were influenced more by 

coursework related to their own learning.  This trend also indicated a gap between theory-

driven beliefs about learning and the teachers’ actual practice in the classroom.  One 

initial assumption that was made by the researcher was that beliefs about learning would 

fall into the same categories (traditional and instructive) as beliefs about teaching.  The 

responses to questions that were focused on beliefs about math demonstrated a 

perspective that was more preservice teacher-centered throughout the study when 

compared to the beliefs about teaching. What was especially interesting was the 

persistence of the responses about these beliefs into the teaching phase. Even after the 

beliefs about teaching have returned to a traditional perspective, the beliefs about 

learning remain transitional for most of the participants. 

Individual beliefs about teaching and learning were stable throughout the study or 

fluctuated as the teachers progressed.  This process varied by individual, but the common 

feature of all stable beliefs is that they are rooted in important experiences held by the 

participant in the past.  By the end of the study, beliefs about teaching and learning were 

either clustered in one belief category or they become bi-modal, indicating beliefs that 

were strongly traditional and were spread equally among traditional, instructive, and 

transitional categories. Preservice teachers’ confidence levels as drawn from the 

interviews and observations illustrated some differences with regard to these preservice 

teachers’ existing and evolving confidence over the course of the study.  In the initial 

interviews Dub, Lydia, and Heather reported higher confidence, whereas Kristen, Lorin, 

and Beth’s confidences were lower compared to the other three preservice teachers.  All 
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six preservice teachers reported high confidence in relation to specific mathematical 

tasks; however, only Dub and Heather were able to complete all the tasks successfully 

(Table 4.7). The rest of the preservice teachers were less successful with regard to solving 

the problems on which they reported high confidence.   

 Specifically, in Beth’s reflections, she reported lower confidence in relation to 

accomplishing complex and difficult tasks in the course and teaching them in the 

classroom.  Interestingly, even though Lydia and Lorin reported lower confidence with 

regard to solving parallel mathematical tasks during the last month of the course, they 

successfully completed more problems than they did during the first month of problem-

solving within the course.  The decrease in these preservice teachers’ reported confidence 

may indicate some calibration of their judgments.  These preservice teachers were simply 

more realistic about their performances in relation to accomplishing the tasks in the 

second interview.   

Instructional Processes 

 Analyses of preservice teachers’ classroom practices revealed some differences in 

terms of their engagement with the tasks and activities as well as their interaction with 

the faculty instructor and the other preservice teachers.  Overall, across all the cases there 

was a growth close to fifty-five percent over the semester with marginally more growth 

being in the classroom, then in the course (Table 4.5).  As the teachers applied different 

strategies within the classroom, there was an increase in the amount of questions being 

asked and multiple strategies being used to solve the problems.  However, there was 

slightly more than a fifty percent growth in expert questioning, modeling and the social 

interaction areas within the classroom (Table 4.7).  Expert questioning and developing 

the conditions for social interactions may take more time to develop and better classroom 
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management skills. Moreover, since only three classes per case were observed in the 

schools, all the cases reported larger percentages of the transfer of areas not being 

observed in the classroom, yet they still might have occurred.  There were not major 

differences between the course and the classroom in terms of growth, as both were 

around 52 percent.  Across all data for instructional processes 29 percent of the 

characteristics were not observed in both the course and the classroom (Table 4.6).  No 

growth demonstrated in the course and classroom at 20 percent and 17 percent, 

respectfully.   

 Overall, the preservice teachers grew 5.5 percent in their instructional processes 

and transferred 53.2 percent to the classroom. Lydia grew the most in the course (81%) 

followed by Lorin (63.6%), Heather (54.5%), and Kristen (45.4%). Beth grew the least in 

her instructional processes (27.2%). While Dub grew only 36.4 percent, he already had a 

range of instructional processes prior to enrolling in the course which were discussed in 

the interviews and reflection sessions. Transfer to the classroom did not follow the same 

pattern. While Lydia grew the most in the course, she transferred only 36.4 percent to the 

classroom. On the other hand, Heather who grew 54.5 percent in the course transferred 

90.9 percent to the classroom (Table 4.7). These differences may result from a number of 

influences, including the opportunities for challenging tasks, experiences with challenge, 

independence as a learner, social support, expert modeling, and amount of positive 

feedback, prior experiences, and school climate. 

As already discussed within each case, the course lessons had the potential to 

impact the preservice teachers’ willingness to attempt harder problems and interact with 

their peers.  In order to better understand the ways they supported or constrained 

preservice teachers’ social interactions and problem solving ability, these course practices 



 

293 

were examined across the cases by taking into account preservice teachers’ ability and 

metacognitive learning assessed over the course of the study.  Even though they were 

related to each other, each area was discussed separately for the sake of clarity.   

All the preservice teachers and in turn their students demonstrated differences in 

terms of the opportunities they took to challenge themselves.  Beth and Heather found 

opportunities to challenge themselves by completing and assigning challenging tasks.  

Mastering these tasks provided a greater sense of accomplishment than mastering regular 

assignments, which nurtured a sense of confidence.  Furthermore, engaging with more 

difficult tasks provided opportunities to improve her knowledge and skills.  Some of the 

students in Heather and Dub’s classes pointed out that they did not have adequate 

experience to complete challenging assignments; therefore, they did not choose to do 

these tasks.  Classroom observations also revealed that Dub and Kristen frequently 

avoided giving challenging tasks and relied on the classroom teacher’ assistance, which 

was expected considering Kristen’s low confidence relative to other preservice teachers 

in the class. 

One of the major differences observed among the six cases was the way they 

participated in course and the classroom.  While preservice teachers usually worked in 

small groups in the course, their teaching in the classroom was done individually and 

differed during among the cases.  For example, whereas Beth and Lorin planned less 

small group interactions between the preservice teachers, Heather and Lydia found more 

opportunities for their students to share ideas within small groups.   

Another major difference observed among the three cases was the number of 

times the preservice teachers experienced success and learned expert modeling through 

their participation in the classroom.  Heather and Lorin experienced mastery more than 
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Lydia. Moreover, Heather usually experienced success without any assistance, whereas 

Beth and Kristen needed teacher guidance to accomplish tasks and activities.  Lydia also 

received assistance from the other preservice teachers in her group, especially when she 

struggled with tasks and activities.  However, she experienced expert modeling through 

others’ guidance more than Beth and Kristen did.  While expert modeling experiences 

might have helped Beth to develop skills that she had not mastered, these experiences 

could have conveyed limited information regarding her capabilities because she needed 

assistance in accomplishing the tasks.  

The nature of each preservice teacher’s participation in course activities also 

showed differences.  It appeared from the data that the more that preservice teachers 

participated in the course activities, lead to a greater growth and transfer to the classroom.  

While all three preservice teachers found opportunities to exercise procedural behaviors 

by sharing their findings, ideas, and strategies, Beth and Kristen needed more assistance 

to employ the strategies.  In other words, the faculty instructor often guided their 

procedural efforts.  On the other hand, Lorin and Heather needed relatively little guidance 

to exercise procedural behaviors.  The faculty instructor supported their procedural 

efforts by providing feedback related to their successes.  All six of the preservice teachers 

found varying levels of opportunity to compare and evaluate their own and others’ ideas 

and strategies, but Dub was able to take more opportunities since he was more competent 

in mathematics than the others.  

Preservice teachers’ participation in classroom practices also differed in terms of 

the information they were given regarding their capabilities and procedural behaviors.  

Lydia, who often experienced mastery within whole-class discussions, received more 

teacher feedback regarding her success than the others, who experienced mastery in 
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relatively fewer instances.  This positive feedback may have resulted in Lydia’s 

consistently high confidence.  While the focus on the preservice teachers’ strengths did 

not differ among the six cases, the amount of recognition they received differed.  The 

number of instances observed as evidence of two forms of teacher recognition (i.e., 

acknowledging preservice teachers’ ideas and indicating praise) varied.  As can be seen, 

Beth, Kristen, and Lydia received more teacher recognition when compared to the other 

preservice teachers.   

 Context. The prior personal and professional experiences of the participants also 

played a role in establishing beliefs of teaching.  Heather and Lorin had divergent beliefs 

about their roles as teacher.  Kristen began the course with transitional beliefs about both 

teaching and learning but steadily moved toward a more traditional perspective by the 

end of the study.  Interview and observation data indicated that Dub held foundational 

beliefs about teaching that were formed from his own schooling and past experiences.  

These ideas contrasted sharply with his expressed ideas at the beginning of the program, 

but became more apparent after time in the field.  Beth’s own experience as a younger 

preservice teacher revealed the roots of her persistence when working.   

 In addition, the climate of the individual school may have influenced the practice 

of the teachers.  Lydia and Heather were placed in a supportive environment with a 

classroom teacher who let them teach and valued their contributions.  Dub and Kristen, 

on the other hand, struggled in the classroom to get opportunities to teach in the 

classroom with a classroom teacher who was overbearing.  These relationships and the 

culture of the school were important to consider when trying to understand the forces that 

affect the preservice teachers’ beliefs and practices. 
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 Summary of course and classroom.  Within the course, there was 100 percent 

growth across all the cases for two of the thirty-six characteristics which both had to do 

with prior knowledge; connecting prior knowledge to new knowledge (metacognition -

meaning making) and using prior knowledge of a concept to solve a problem (reasoning – 

knowledge base). In another six of the characteristics, five out of the six teachers grew 

during the semester.  These included: communicating with other preservice teachers and 

with the instructor to problem solve, following a pattern when trying new strategies, their 

willingness to work till they got the right answer, seeking the instructor and other 

preservice teachers assistance in solving problems, modeling strategies, and having their 

own students work together to solve problems.   

 During observations of the course, at least four out of six of the teachers across 

the cases grew in eleven different characteristics.  Within the area of metacognition these 

included the characteristics of creating a plan and setting goals when problem solving, an 

increase of the teachers asking questions about their past actions, incorporating feedback 

into the work and revising, and examining past lessons and reflecting how they could 

have improved.  When looking at the area of reasoning skills the characteristics of 

sharing their strategies and solutions with other classmates and presenting numerous 

strategies to solve the same problem were found to be areas of growth.  The attitudes of 

teachers grew positively in the areas of reflecting on prior thoughts about teaching math 

and increasing their positive attitudes about themselves as mathematicians.  About half of 

the teachers grew in their ability to transfer those attitudes to their students.  Within the 

area of instructional processes teachers grew in their ability to make the purposes of 

learning explicit and use questions to encourage and support their own thinking.   
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 In the course, at least half the teachers grew in eight additional characteristics.  

For the subarea of self-regulation the teachers were able to organize their problem 

solving steps in a manner which could then transfer to the classroom.  Within meaning 

making, teachers grew in their ability to compare and contrast characteristics and then 

apply their thinking skills and identify the goal of the problem using the strategies.  The 

knowledge, both declarative and conditional, also grew over the semester which 

prompted the teachers to ask questions regarding a task when the task was difficult.  

During social interactions in the course, teachers were able to defend their strategies and 

solutions to their peers.  The final nine characteristics were not reported to have grown in 

more than one student on account as many of the other teachers were already 

demonstrating a firm grasp on the characteristics.  Thus, either the teachers demonstrated 

these skills from the beginning of the course or there were not observed suggesting they 

never exhibited the characteristic in the course.  This occurrence was greater in the 

course, than in the classroom.   

 Many of the characteristics of the subareas transferred to the classroom where 

both the preservice teachers and their students benefited from the growth of the 

preservice teachers.  Within the class, at least 80 percent of the preservice teachers were 

able to get their students to create a plan for problem-solving using the knowledge of 

setting goals and following setting patterns in the applying of various strategies.  Growth 

was seen in the classroom for the area of self-reflection by the students incorporating 

feedback into work and revising plans and steps based on this information.  The 

preservice teachers advanced the meaning making for their students by connecting new 

knowledge to previous knowledge.  This growth was seen in 83 percent of the classroom.  

In the area of instructional processes growth of 83 percent was observed in both the areas 
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of asking questions regarding the task and having the students work together to solve 

problems.  The greatest growth was seen in the area of using multiple strategies to solve 

problems which showed 100 percent achievement in this area.  At least two-thirds of the 

preservice teachers across the cases grew in seven different characteristics.  These 

included all four of the main areas and the sub-areas which included the following: 

organizing steps, examining the past lesson and reflecting on how it could be improved, 

sharing strategies and solutions with one another, identifying the goal in using a strategy, 

following a pattern in trying strategies, using prior knowledge of mathematical concepts 

and making the purpose of learning explicit.  These sub-areas occurred mainly in the area 

of metacognition and reasoning with the most growth in the subarea thinking skills.  At 

lease half of the preservice teachers grew in fifteen of the subareas with growth seen in 

all areas evenly.  The following subareas showed fifty percent of the students understood 

and profited from the use of asking questions about past and future actions, using real life 

examples to comprehend actions, communicating with the teacher to problem solve, 

using declarative, procedural and conditional thinking skills and knowledge, possessing 

positive ideas about math and themselves, forming modeling strategies and questions in 

student thinks and applying others’ ideas to solve problems.  The least growth, one out of 

two preservice teachers, occurred in the areas of confidence and social interaction in the 

students’ willingness to attempt and solve harder problems and then defend their response 

in the classroom.  One-third of the students had difficulty organizing steps, using the 

course strategies and applying others’ ideas to solve the problem.  In thirteen of the 

subareas only one-fifth of the students had no growth.  The least amount of growth 

occurred in the areas of attitude and instructional process.  In the subarea of beliefs the 

classroom had 17 percent growth in reflecting on prior thoughts about teaching math, 
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focusing on the process and product of teaching, and having positive or negative ideas 

about self.  The subarea of task difficult had three of the four elements with 17 percent 

growth.  These were asking questions regarding the task, solving math problems quickly 

and seeking the instructor for assistance in solving problems.  In addition the area of 

questioning and expert modeling had three out of four elements with a 17 percent growth 

rate.  The elements were using questions to encourage and support students thinking, 

modeling strategies and feedback to students.  The subarea of meaning making under the 

area metacognition had 17 percent growth in the areas of using real life examples and 

comparing and contrasting concept characteristics.  The subarea knowledge base in the 

area of reasoning had the most elements of not observed particularly in the use of 

declarative, procedural and conditional skills and knowledge.   

 Some of the classroom teachers were not receptive to the preservice teachers 

having complete control over how the lesson was taught and thus the preservice teachers 

in that classroom were not always free to teach the lesson they way had planned.  There 

were a few differences between the course and classroom in relation to the characteristics 

of the subareas.  First, in the area of self-regulation, there was considerably more growth 

seen in the classroom than in the course in all of the characteristics.  More than two thirds 

of the preservice teachers grew in the area of creating a plan and setting goals for 

themselves in the course and in their lesson plans which the faculty supervisor helped 

them.  However, in the classroom, there was an 83 percent growth in the transfer of those 

skills.  The preservice teachers may have already possessed the skill, and they transferred 

it to their students.  In addition, the preservice teachers transferred the skills more than 

they grew in the classroom in the areas of asking questions of their students’ actions and 

teaching their students to organize their own steps.  Both in the course and in the 
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classroom, the preservice teachers showed tremendous growth and transfer in the area of 

self-reflection as they looked at their past actions, asked questions of themselves and 

others of how they could improve, and then implemented the feedback.  The preservice 

teachers grew (67%) in their determination and action of sharing strategies and solutions 

within the course, and also instilled the same trait in their students in the classroom where 

there was also a 67 percent transfer of the growth.  In respect to the area of instructional 

processes, within the course more than half of the preservice teachers were not seen 

exhibiting using multiple strategies when problem solving, yet all of them transferred the 

skill into their classrooms.  In addition, under attitudes and beliefs, half of the preservice 

teachers were not observed gaining positive thoughts from the course itself, yet in the 

classroom 83 percent of the teachers were observed transferring positive thoughts to their 

students in the classroom.   

 A few of the differences in growth between and within the course and classroom 

were related to the preservice teachers’ prior experiences and their classroom teacher.  

The prior personal and professional experiences of the participants also played a role in 

establishing beliefs of teaching.  Heather and Lorin had divergent beliefs about their roles 

as teacher.  Kristen began the course with beliefs about both teaching and learning but 

steadily moved toward a more perspective by the end of the study.  Interview and 

observation data indicated that Dub held foundational beliefs about teaching that were 

formed from his own schooling and past experiences.  These ideas contrasted sharply 

with his expressed ideas at the beginning of the program, but became more apparent after 

time in the field.  Beth’s own experience as a younger preservice teacher revealed the 

roots of her persistence when working.   



 

301 

 In addition, the climate of the individual school may have influenced the practice 

of the teachers.  Lydia and Heather were placed in a supportive environment with a 

classroom teacher who gave them freedom in their teaching style and valued their 

contributions.  Dub and Kristen on the other hand, struggled to get opportunities to teach 

in the classroom because the classroom teacher was overbearing.  These relationships and 

the culture of the school were important to consider when trying to understand the forces 

that affect the preservice teachers’ beliefs and practices. 

 Summary.  This study was designed to explore the evolving beliefs and practices 

of prospective math teachers as they move through a university course.  After careful 

examination of the individual cases, a number of trends and patterns emerged.  In 

summary, the cross-case analysis revealed the following general trends.  First, there 

appears to be general growth toward preservice teacher-centered beliefs by participants as 

they move through the program, but this progression abruptly reverses to a teacher-

centered perspective by the time preservice teachers have reached the classroom.  

Additionally, the participants’ observed practices tend to fall within the beginning or 

limited levels of inquiry-based practice at the beginning of the program, and do not 

appreciably change throughout the study. Finally, the contextual areas that influence the 

teachers’ growth once in the schools clearly affect their practice and override any gains 

made toward contemporary math teaching in the program.
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CHAPTER FIVE 

Conclusions 

In the area of educational psychology, classroom context has been recognized as 

an important contributor to preservice teachers’ problem solving ability for the last two 

decades (Hickey, 1997; Paris & Paris, 2001; Paris & Turner; 1994; Pintrich, 2003; Turner 

& Meyer, 2000).  Researchers have identified several aspects of courses (e.g., course 

goals, strategy instruction, preservice teacher attitudes, faculty support, and reflective 

practices) and examined their impact on preservice teacher problem solving (Ames, 

1992b; Blumenfeld et al., 1992; Butler, 1998a, b; Palincsar & Brown, 1984; Pape et al., 

2003; Perry, 1998; Pintrich et al., 1994; Verschaffel et al., 1999).  While the role 

attributed to these factors varies according to the theoretical perspective in which each 

study is situated, these studies revealed promising findings in understanding how these 

factors could support or constrain the growth and transfer of problem solving.  However, 

classrooms are complex and dynamic settings, and we still know little about the factors 

which function to support the development of successful mathematical problem solving.  

 This study is motivated by the reciprocal interactions between individual and 

contextual factors in an effort to understand the development of mathematical problem 

solving.  Therefore, the focus was not merely on “preservice teachers” but “preservice 

teachers’ interactions in a course and classroom context.”  For this reason, the first goal 

was to examine the factors which influence the development of metacognitive strategies 

in middle school preservice teachers within a college math pedagogy course while 

problem solving.  Next, six preservice teachers’ transfer of those metacognitive strategies 



from the course to their middle school math classroom was explored over the course of

the study. Then cross-case analyses were conducted to examine preservice teacher

development of problem solving strategies and metacognitive procedural learning in

terms of the reciprocal interactions formed between individual teachers and teaching in

the classroom. In the following sections, the results drawn from analyses of course and

classroom contexts and preservice teachers are discussed. Finally, implications for

theory and practice and recommendations for future research are presented.

The focus of the study was to examine what factors influenced the development

of metacognitive strategies in middle school preservice teachers within a college math

pedagogy course and the transfer of those metacognitive strategies from the preservice

teacher to the student in the middle school math classroom. The Venn diagram in the

earlier chapters provided a framework to structure the analysis of which factors and

characteristics had the most impact on the growth and transfer of the metacognitive

strategies.

Metacognition

Summary ofResults

Within the area of metacognition, all of the subfactors were viewed by the

preservice teachers and observed to be highly influential in the process of problem

solving. More specifically, the characteristics ofthe subfactors resulted in large

percentages of growth. Concerning the characteristic of knowing how to create an

organized plan and setting goals within the course; four out of six of the preservice

teachers grew in this characteristic, although five out of six of the preservice teachers

transferred these characteristics to the classroom (Table 4.7). These results were very
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similar to research conducted by Artz and Armour-Thomas (1998) who investigated 

teachers’ metacognition behind mathematics instruction.  They also concluded after 

drawing on observations, lesson plans, and video/audio tapes of structured interviews, 

that preservice teachers’ metacognition had an effect on the students ability to problem 

solve.  Furthermore, Davidson and Sternberg (1998) also reported that when these self-

regulated characteristics were found to grow and be transferred into the classroom, the 

teachers, and students alike were able to procedurally encode the nature of the problem, 

form a mental model or representation of its elements, select appropriate plans and 

strategies for reaching the goal, and identify and overcome obstacles that could have 

impeded progress.   

 Next, under the subfactor of self-reflection, there was a growth of four out of six 

of the preservice teachers in all of the characteristics in the course; asking questions about 

their past actions, incorporating feedback into work and revising their current plan, and 

examining the past lesson and reflecting how it could be improved.  This high growth 

was a result of the preservice teachers’ need to complete these steps in their own problem 

solving tasks, which then influenced the development of their metacognitive strategies.  

The preservice teachers were then able to teach and encourage their students to think in a 

similar manner with transfer of the following observed in the classroom: asking questions 

about their past actions (50%), incorporating feedback into work, revising their current 

plan (83%), examining their past work and reflecting how it could be improved (67%).  

Incorporating feedback into their work was the characteristic with the highest growth due 

to the preservice teachers constantly giving students feedback on their work in class and 

on their homework.  Through these actions, the preservice teachers created positive 

thoughts about feedback, not negative, so the students would apply it in their learning.    
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The results of this study were similar to what Hmelo and Ferrari (1999) noted in 

their study.  The characteristics that comprised the self-reflection process were extremely 

important in promoting successful problem solving.  In the case of the preservice 

teachers, the efficient transfer of skills and strategies into the classroom helped students 

understand how specific strategies might be reapplied in novel tasks and understand the 

thinking and learning strategies they used.   

 Lastly, for the subfactor of meaning making, there was an overall growth of 61 

percent, yet when the growth was broken down by characteristic there was a 100 percent 

growth in the connection between new knowledge and previous knowledge.  In addition, 

about five out of six of the preservice teachers then transferred all of the characteristics to 

their classrooms.  The preservice teachers were able to take this model and insert it into 

their plans and transfer the growth to their own classrooms.  The preservice teachers’ use 

of real life examples was evident in only two out of six of the preservice teachers, yet half 

of the preservice teachers transferred and used this characteristic in their classrooms to 

encourage the use of metacognitive strategies in their students’ problem solving.  Lastly, 

there was equal amount of growth in both the classroom and the course in the 

characteristic of contrasting concept characteristics among the preservice teachers.  

However, the central feature of all of the course and classroom practices was that 

meaning was negotiated rather than simply provided by the teacher.  One of the reasons 

why the transfer rate in the course was lower than what was transferred into the class was 

that some of the preservice teachers came into the course with a prior knowledge so they 

did not grow as much, yet still could transfer the skills (17%) (Table 4.7)  In addition, the 

transfer of these skills was encouraged and influenced by the faculty instructor and the 



faculty supervisor as they assisted them on their lesson plans and helped them transfer

these characteristics into their students.

Meaning making was important in the course and the classroom for the growth

and transfer of metacognitive strategies. The results of this study are parallel with what

Lochhead (1986) and Foong (1990) found in their studies that meaningful cognitive

processing is important. At the end of the semester, the characteristic of meaning making

had been instilled into the minds of five out of six of the preservice teachers as an

important facet of learning and thus was a part of every lesson.

Discussion

While the preservice teachers exhibited all three subfactors related to

metacognition, the transfer to their students' self-regulation, the amount, and the nature

of support varied (see Table 4.3 and Table 4.4). For instance, preservice teacher support

directed to the construction of shared understandings constituted a significant portion of

instruction. Dub, Heather, and Lorin supported students' understandings in several ways,

including communicating classroom goals, affording multiple ways for students to

express their ideas, and cultivating contexts for the negotiation of meaning. While

promoting shared understandings may not have directly impacted metacognitive learning,

it fostered a climate and context in which students participated in small group learning.

During activities, preservice teachers' support mainly involved prompting students to

create a plan, setting goals for their problem solving, reflecting and evaluating the

problem-specific strategies, and providing feedback and assistance when needed. The

preservice teachers focused on two characteristics related to the growth and transfer of

metacognition (i.e., developing meaning for the concepts and having students reflect back

on their work) that influenced students' use of procedural knowledge. For the level of
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use of metacognitive strategies evidenced in the middle school classrooms, the preservice 

teachers’ support mainly focused on recognizing students’ procedural efforts to 

strengthen their organization of their strategies and to increase the meaning they 

associated with them.   

By talking through and referring to students’ ideas, the preservice teachers 

assisted the students in building understanding based on their existing knowledge and 

skills.  During these discussions, the preservice teachers clarified and elaborated upon the 

students’ ideas without providing feedback immediately.  These findings support 

previous research that investigated preservice teacher communication in classroom 

contexts.  In a series of studies, Meyer, Turner, and their colleagues (Meyer & Turner, 

2002; Turner et al., 2002, 2003) examined the relationships between use of self-

regulation and self-reflection, and the students reported use of metacognitive strategies in 

the middle school mathematics classrooms.  These researchers found that teachers who 

focused on negotiating meaning in their own lives gradually transferred reflection skills 

to the classroom where the students reported higher use of metacognitive strategies.  

Preservice teachers’ use of meaning making was also found to be a significant 

instructional practice supporting student self-regulated learning through a teaching 

experiment in a seventh-grade mathematics classroom (Pape et al., 2003).  

Parallel with these findings, cross-case analyses revealed differences in preservice 

teachers’ classroom participation.  The feedback each preservice teacher received from 

the faculty instructor varied, along with how the preservice teachers gave feedback to 

their students.  For example, Dub, the most proficient preservice teacher, often 

contributed to the development of shared understandings and exercised procedural 

learning without much faculty instructor feedback. The faculty instructor’s support for 



Dub's problem solving and lesson planning in the course typically involved providing

feedback related to his success and commenting on ways his lesson plans could be

improved. On the other hand, both Beth and Kristen needed more faculty instructor

assistance in order to develop understanding and exercise metacognition.

Reasoning

Summary ofResults

The most growth occurred in the subfactor of communication and connections as

the preservice teachers were able to share strategies and solutions with one another in the

course with 75 percent growth (See Table 4.7). Five out of six of the preservice teachers

grew in their communication with each other and the faculty instructor and transferred

these characteristics to the classroom. This important characteristic was easy to transfer

since middle school students are talkative and just need guidance in their interactions

when discussing problem solving strategies. This middle school characteristic could have

been the reason why equal growth (67%) was seen in both the course and the classroom

in the area of sharing strategies and solutions. Communication helped the students learn

to express their thoughts more clearly and think about their strategies more thoroughly.

In addition, four of six of the preservice teachers grew in the subfactor of

application of thinking skills in the course. More specifically, more than half of the

preservice teachers grew in their ability to identify the goal of the strategies, with four out

of the six preservice teachers were able to transfer this characteristic to their classrooms.

One of the most influential characteristics for encouraging the growth of metacognitive

strategies was the presentation of multiple strategies in the course and the classroom.

Within the course, more than 5 out of 6 of the preservice teachers grew in this
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characteristic alone, and then 4 out of the 6 teachers transferred it to their classrooms.  

This characteristic encouraged the preservice teachers to reflect back on what strategies 

worked the best in the past and how the different strategies could be used with the same 

problem.  Within the classroom, this was extremely important, as it helped in the 

diversification of the curriculum to meet the needs of the students.      

Finally, the growth of the knowledge base of the preservice teachers grew about 

58 percent during the semester, as they used their prior knowledge of mathematical 

concepts within the classroom to help in the growth of their students.  However, one of 

the key characteristics found to be influential in the growth of metacognitive strategies 

was the use of prior knowledge of mathematical concepts.  All of the preservice teachers 

grew in this characteristic.  This growth may have resulted from the instructional 

strategies used in the course since the instructor prepared lessons and activities that 

commonly referred back to the preservice teachers’ prior knowledge.  Four out of six of 

the preservice teachers transferred these lessons directly to the classroom setting during 

the semester.  About half of the preservice teachers grew and transferred other types of 

knowledge (declarative, procedural, and conditional). Since a few of the preservice 

teachers who came into the course had high levels of knowledge already (17%), the 

growth rate appeared to be low.   

In the middle school mathematics classrooms, Heather, Lorin, and Lydia created 

contexts in which students were able to discuss strategies and solutions.  They were given 

opportunities to participate in the discussion by sharing their ideas.  Butler (1998) 

described this form of reasoning as “emphasizing the mediating influence of students’ 

cognitive processing on the quality of their knowledge structures and allows for 

construction of unique structures by students exposed to the same information” (p. 381). 



In this study, variations observed in preservice teachers' constructions of knowledge and

understandings as well as their metacognitive thinking supported this active role played

by students during class activities. The type of support for student autonomy observed in

this classroom is also aligned with what has been termed "cognitive autonomy support"

(Stefanou et al., 2004, p. 101). This form of support encourages student empowerment

over their learning processes by providing them with opportunities to generate, explain,

and justify their ideas; to discuss multiple solutions and approaches; and to evaluate their

own and others' ideas. In addition, the results of this study also paralleled results found

by Schoenfeld (2005), who emphasized how when preservice teachers could identify the

goal of the problem and then find numerous strategies to solve the same problem, they

were better problem solvers and were more apt to use metacognitive strategies in their

problem solving. Similarly, Talton (1988) discussed how preservice teachers not only

need to know how to work math problems, but the application of these skills has to be

paired with the knowledge base, which the results of this study demonstrated. The

preservice teachers who were successful themselves and whose students were successful

were the ones who grew in their knowledge bases and in their application of the problem

solving skills by communicating with their peers and the course instructor.

Discussion

Preservice teacher facilitation of class discussion was the key feature noticed in

many of these classroom practices. During whole-class discussions, the preservice

teachers encouraged students to share their ideas and adjusted their instruction according

to students' existing understandings. Class discussions in which students completed tasks

together were another aspect of classroom context where preservice teacher facilitation of

discussion played a critical role. During these collaborative problem-solving activities,
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the preservice teachers guided students' engagement and participation by asking

questions that stimulated the students' procedural learning. Each student carried out one

aspect of the task such as analyzing the problem or selecting, implementing, and

evaluating problem-specific strategies. Hence, the responsibility for completing the task

was distributed among students. The preservice teachers asked other students whether

they agreed or disagreed with their peers' ideas. In this way, other students were given

opportunities to participate in discussions by making comments on peers' ideas and

suggesting alternative ideas. Without preservice teacher facilitation of discussion, student

engagement and participation would not have been as effectively structured as they were

in the classroom.

Another striking feature observed in the classrooms was the communication

among the preservice teacher and their students. This was achieved in several ways. The

preservice teachers expected and encouraged students to share their ideas and

understandings related to the concepts being discussed. Students were given control and

responsibility for the selection of strategies and the finding of solutions. Similarly,

during class discussions, students took active roles in exercising procedural behaviors to

complete tasks. In the classrooms, students' participation and engagement were

supported through tasks and activities that allowed multiple ways of thinking and sharing

ideas.

Attitudes

Summary ofResults

Individual beliefs about teaching and learning were stable throughout the study.

This process varied by individual, but the common feature of all stable beliefs is that they
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are rooted in important experiences held by the participant in the past.  Preservice 

teachers’ confidence levels as drawn from the interviews and observations illustrated 

some differences with regard to these preservice teachers’ existing and evolving 

confidence over the course of the study.  However, overall more than half of the 

preservice teachers grew in the area of their beliefs in themselves and in their teaching.  

More specifically, more than two thirds of the preservice teachers grew in their 

reflections about teaching math and their positive thoughts about themselves (See Table 

4.7).  As interns the preservice teachers still were growing in focusing on more process 

than the product, as only a third of the preservice teachers could complete this action.  

However, it was observed in 5 out of six of the preservice teachers the transfer of positive 

thoughts from themselves to their students.  This subfactor was influential for the growth 

and transfer of metacognitive strategies. If preservice teachers or students did not possess 

positive thoughts about math or themselves, they would not place value on learning or on 

being successful in problem solving.   

Along with their beliefs, the confidence level of the preservice teachers was 

important to the growth and transfer of metacognitive strategies.  Five out of six of the 

preservice teachers grew in the characteristic of their willingness to attempt and solve 

harder problems within the course, which was needed for growth in problem solving (See 

Table 4.7). Growth in this persistence characteristic was observed in four out of six of the 

preservice teachers in the study.  Within the course, this growth could have been due to 

the faculty instructor constantly calling out the abilities of the preservice teachers and 

encouraging them to always try different strategies and ideas until they achieved the 

correct answer. These two characteristics were successfully transferred to the classroom, 

in that the preservice teachers encouraged their students to try and create an atmosphere 
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in the classroom where math was fun.  However, the growth of the students in these areas 

was only 33 percent in attempting use different strategies in solving more difficult 

problems and 17 percent in persistence.  This limited transfer could have resulted from 

the students’ previous negative thoughts about mathematics.  

 Initial assumptions were that beliefs and attitudes of the preservice teachers would 

develop and be transferred to the classroom. The delineations of the nature of belief 

structures set forth by Clark and Peterson (1986), Nespor (1996), Pajares (1992), and 

Richardson (1996) are useful in helping to understand the findings that emerged in this 

study.  First, those studies agreed that core beliefs are formed early and are well-

established by the time future teachers begin their training. Second, they recognized that 

these core beliefs are resistant to change. Finally, their collective research and reviews of 

other work indicated that newly formed belief systems (peripheral beliefs) are subject to 

change more readily than those belief systems formed early in life.  The results from the 

current study both confirm and challenge these three principles. For instance, the 

participants in the study entered the program with established beliefs about teaching that 

were grounded in many years of traditional teacher-centered instruction. When 

examining the responses closely, an interesting distribution of beliefs emerges.  When 

asked these questions during later interviews, the preservice teachers reported that their 

choices were limited by the district curriculum and testing calendar. Another valuable 

contribution from this work is the recognition that teaching is a deeply personal activity 

in which the preservice teacher must confront prior beliefs about teaching as they relate 

to expectations from a variety of sources, from course to classroom expectations, as well 

as relate to the context of the students and overall school setting, which may be of the 

most importance (Wideen, Mayer-Smith, & Moon, 1998). In other words, making clear 



the complex and changing nature of influences that affect the teachers' instructional

choices may be of prime importance. These factors include the participants' personal and

professional background, the nature of the preparation program and their pathway

through it, and the political, social, and demographical nature of their eventual placement

in the schools as a beginning teacher.

There have been a number of studies that share similar results to those found in

this study. Simmons et al. (1999) conducted a three-year study on the relationship

between beliefs and practices of beginning teachers, and one assertion reported indicated

that the professed student-centered beliefs about their teaching practice were incongruent

with their observed practice, which had a strong teacher-centered focus. Overall, the

dichotomy between the participants' ideas of their teaching and their observed practice

again reflects the importance of context when studying prospective preservice teacher

belief systems and their relation to the actual work in the field.

Discussion

Classroom contexts contribute to students' perceptions of their academic

capabilities by conveying information about how confident they are, how well other

preservice teachers similar to them are performing, and whether the faculty instructor

believes in their capabilities to achieve (i.e., forms of verbal persuasion) (Gaskill &

Woolfolk Hoy, 2002; Schunk, 1985). Preservice teachers in this study used these forms

of information as they appraise problem solving strategies in relation to specific tasks and

activities (See Table 4.7). Successful performances are assumed to be the most

influential source of confidence and attitudes as they provide the most authentic evidence

regarding one's accomplishments (Bandura, 1986, 1997; Pajares, 1996; Pintrich &

Schunk, 2002). In contrast, failure undermines preservice teachers and students'
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confidence, especially if it occurs early in the learning experience.  Observing others’ 

attainments also enhances preservice teachers’ belief that they are capable of 

accomplishing a task (Schunk, 1989, 1991). Positive forms of feedback and recognition 

through preservice teacher/faculty instructor constitute another source of confidence 

information that could impact preservice teachers/students’ judgments about their 

capabilities (Pajares, 1996; Pintrich & Schunk, 2002).  

In the middle school mathematics classrooms, the preservice teachers and the 

faculty instructor supported confidence for solving harder problems in a variety of ways 

so that the middle school students experienced success.  For instance, preservice teachers 

were engaged in tasks using multiple strategies within small group activities during the 

semester.  This flexibility allowed for potentially increased levels of success and 

decreased the potential impact of early failures.  Through the faculty instructor’s focus on 

the process of learning embedded within group activities, teachers were also given 

opportunities to develop metacognitive strategies on their own.  

 The findings from this study seem to support the findings by Joram and Gabriele 

(1998) who studied the beliefs about teaching and learning of 53 prospective teachers 

enrolled in an introductory educational psychology course. One of the central beliefs 

shared by preservice teachers from this study was that university coursework had little to 

offer, and that the most valuable experience for professional development came from 

field experience (p. 179).  In part, this perspective may be driven by the concerns the 

teachers have about teaching.  Preservice teachers often focus on survival, and this may 

fuel their perception that practical knowledge trumps theory. 

 Fang’s (1996) synthesis of literature on the relationship between teachers’ beliefs 

and practice provides evidence from previous research that there is often a reported 
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inconsistency in what the teachers report in their interviews and the instructional 

decisions they make in the classroom. Fang listed a number of constraints that may 

impede teachers’ enacting their vision of teaching. These constraints included issues of 

classroom management, differentiating instruction to meet the needs of all learners, 

school and classroom culture conflicts, and district evaluation.  In a study related 

specifically to beginning secondary teachers, Roehrig and Luft (2004) explored 

constraints experienced by teachers on implementing reform based lessons.  Results from 

this study found five constraints that prevented inquiry-based practice. These were 

knowledge of the nature of science and science as inquiry, content knowledge, 

pedagogical content knowledge, teaching beliefs, and classroom management.  Perhaps 

the greatest impediment to the teaching with an inquiry framework is the lack of control 

over the curricula present in all of the classroom settings.  

 This is most apparent in Heather’s responses. Heather was more advanced in her 

understanding of contemporary teaching from her previous experiences.  Her beliefs 

about teaching and learning quickly aligned with a responsive perspective as she began 

her program coursework. Heather’s early intern experiences and student-teaching 

observations reflect a beginning/proficient teaching orientation with inquiry.  However, 

her practice abruptly changed when she entered the classroom. Suddenly, the constraints 

of time, the calendar, and pressure from her supervisor to conform to a pre-established 

textbook driven curriculum left Heather frustrated with how she believed she should 

teach and how she ended up teaching. It may be that Heather was not prepared well 

enough to deal with the typical day-to-day tasks of teaching. Heather and the other 

participants may leave the program with a good understanding of general teaching 

strategies, but may lack the skills and support to work within the context of their 



individual school. The attention participants must pay to covering a wide array of content

and following a strict calendar timeline appears to be a major constraint for the successful

implementation of contemporary teaching in their classrooms.

Instructional Processes

Summary ofResults

Overall, four out of six of the preservice teachers grew in the area of instructional

processes over the semester with marginally more growth being in the classroom than in

the course Specifically, within the subfactor of task difficulty, the most growth (83%)

among the preservice teachers appeared in the characteristic of their growth in seeking

assistance from the faculty instructor when solving problems (See Table 4.7). More than

half of the preservice teachers transferred this characteristic to the classroom and were

observed creating question opportunities for the students who grew in asking questions

83 percent during the semester. One interesting development was in the characteristic of

using multiple strategies to solve a problem. Within the course, only about a third of the

preservice teachers did this, yet 100 percent of the preservice teachers transferred this

characteristic into their classrooms. This was because the 4 out of 6 of the preservice

teachers already were demonstrating this characteristic of asking questions in the course,

yet all of them used this characteristic in their lesson plans and in their classroom

teaching.

Next, within the subfactor of expert questioning and modeling, four out of six of

the preservice teachers grew in their questioning and modeling, especially in the

characteristic of modeling strategies (83%) (See Table 4.7). In addition, four out of six of

the teachers experienced and then created an atmosphere where the purpose of the
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learning for the day was explicit through questions and modeling different strategies.  

The transfer though of some of the characteristics within expert questioning were difficult 

as the preservice teachers were still learning pedagogy themselves.  

Lastly, the characteristics within the subfactor of social interaction were filled 

with mixed results.  In both the course and the classroom, five out of six of the preservice 

teachers grew in the area of how they themselves worked together to solve problems in 

the class, and then they transferred the same characteristic to their classrooms.  This 

could be on account of the preservice teachers realizing what a positive effect working in 

groups had on problem solving and thus wanted to instill the characteristic in their 

students.  In addition, half of the preservice teachers grew in defending their own answers 

in small group settings, yet this did not transfer to the classroom.  The reason for the lack 

of transfer was because many of the students did not have the knowledge base yet to be 

able to give reasons of why they did what they did other than the fact that it was the 

assignment and they followed the steps of the strategy or chose the right strategy the first 

time.  Finally, within the course, only 17 percent of the preservice teachers grew in the 

characteristic of applying others’ ideas and strategies to solve a problem since many of 

them knew how to solve problems, but more than half of the preservice teachers had their 

students applying others’ ideas within the classroom.  This was a positive result, as it 

opened conversation for students to learn from one another within the classroom while 

problem solving.  This is consistent with a study conducted by Davidson, Deuser and 

Sternberg (1994) as the task of identifying, defining, and the use of the problem solving 

strategy in a group was found to be important in the metacognitive process.  The research 

of Whimbey and Lochhead (1986) and Foong (1990) agreed that meaningful cognitive 

processing in small groups was important.  Similar to this study, unsuccessful problem 
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solvers tended to compute numbers (blindly, without considering their significance to 

solving the problem successfully), or make wild guesses.  These results also supported 

King’s (1991, 1994, 2002) studies as in both studies students were taught to use specific, 

guided questioning strategies while working together to solve problems.  Both results 

indicated that when students used these questioning strategies, they asked more 

procedural and thought-provoking questions and engaged in more awareness of their 

problem solving.  These behaviors led to better problem solving performance on the 

original problems and on transfer problems for the preservice teachers.  Lastly, this study 

found that preservice teachers and students who worked collaboratively and were 

provided with metacognitive questions while working on a mathematics lesson were able 

solve problems more quickly than students who worked individually with metacognitive 

training and those who worked collaboratively without metacognitive training in 

mathematics, which is similar to what Kramarski and Mevarech (2003) found.   

 
Discussion 

 The preservice teacher supported students by recognizing their procedural efforts 

by making the purposes of learning explicit and modeling strategies.  In the course, 

learning experiences were typically in the form of expert and peer modeling.  Preservice 

teachers were expected to demonstrate and articulate their thinking and problem 

solutions.  Through the faculty instructor’s and then the preservice teacher’s recasting 

and rephrasing of others’ actions and statements, these classroom practices served as 

expert modeling.  Compared to preservice teacher’s modeling, expert modeling may have 

provided more valid information because of perceived model similarity (Schunk, 1989).  

Supporting this argument, Schunk and Hanson (1985) found that observation of peers’ 

solving problems with regrouping problems increased students’ problem solving 
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strategies more than observations of the teacher.  While observing expert modeling may 

increase preservice teachers’ problem solving strategies, some teachers may benefit from 

observing models that initially demonstrate difficulties but overcome through their 

perseverance (Schunk, 1989).  In this course and the classrooms, the collaborative nature 

of classroom practices provided opportunities for preservice teachers and students alike 

to observe how a peer overcame his or her difficulty with a classmate’s assistance.  

The faculty instructor and preservice teachers’ role in cultivating modeling 

practices was critical since modeling activities also revealed social comparative 

information regarding abilities.  Such comparative evaluation may be hazardous for those 

who demonstrate slower progress than others.  In order to strengthen the use of 

metacognitive problem solving strategies through modeling while avoiding the cost of 

adverse social comparison, Bandura (1997) suggests emphasizing the instructive function 

of modeling while minimizing its comparative evaluative function.  In this course and 

classrooms, the preservice teacher focused on the instructional functioning of the 

modeling by emphasizing the students’ ideas and strategies while avoiding making 

comparisons between students.  Verbal persuasion observed in the classrooms was 

typically in the form of preservice teacher feedback related to success, recognition of 

students’ ideas and procedural efforts, and attributions to students’ success and failure.  

That is, a student’s expert experience was usually accompanied by the preservice 

teacher’s feedback and/or recognition related to successful performance.   

While analyses of course and classroom contexts provided insights into the 

opportunities for preservice teachers’ development and transfer of metacognitive problem 

solving strategies, analyses of data across the six preservice teachers supported the 

understandings of the ways preservice teachers’ existing and evolving problem solving 
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strategies may be related to their classroom practices.  As an example, Dub, Heather, 

Lydia, and Lorin; who reported higher levels of use of metacognitive problem solving 

strategies, participated in more whole-class discussions than Beth, who reported 

relatively lower levels of use of problem solving strategies.  Furthermore, unlike Dub, 

Heather, Lydia, and Lorin; Beth and Kristen often relied on other teachers’ assistance 

when they struggled with tasks and activities.  These findings are consistent with current 

literature suggesting that problem solving strategy beliefs influence the choices students 

make, the effort they expend on the activities, and the amount of perseverance they show 

when they encounter a difficulty (e.g., Pajares, 2002; Pintrich & Schunk, 2002; Schunk, 

1985).   In addition, this study’s findings parallel those in studies conducted by Webb, 

Moses and Kerr (1977) and Fong (1990), as in both the task difficulty and the students’ 

persistence were found to play a vital role in the success of their problem solving.  

Successful problem solvers persevered in the face of difficulties, whereas unsuccessful 

problem solvers tended to give up easily.   

While preservice teachers’ problem solving strategies may influence their 

instructional processes and courses of action related to metacognitive activities, these 

learning experiences may in turn impact their ability to solve math problems quickly and 

seek out help depending upon the amount and type of information they reveal and how 

teachers value this information.  For instance, Heather’s classroom practices conveyed 

strong and consistent information regarding her accomplishments that might have helped 

her maintain high problem solving strategies.  She often experienced success through her 

participation in course and the faculty instructor frequently recognized her metacognitive 

strategy choice.  She also found opportunities to challenge herself within activities. Since 

she had already mastered the declarative knowledge, mastering these more challenging 
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tasks may have provided a greater sense of accomplishment than simply mastering 

regular tasks.  

Beth’s course observations, on the other hand, conveyed weaker strong 

information regarding her accomplishments when compared to Heather.  She experienced 

success in fewer instances.  Because she participated in fewer whole-class discussions, 

she received relatively less feedback and recognition related to her accomplishments.  

The faculty instructor provided feedback to her during small group activities and 

encouraged her participation in whole-class discussions so that she experienced success.  

However, Beth’s problem solving strategies remained low over the course of the study, 

particularly for the tasks she perceived as difficult.  This may be related to her over-

reliance on peer assistance when she struggled with tasks and activities.  Because she 

experienced mastery through others’ guidance, these experiences may have provided only 

limited information regarding her capabilities.  

Kristen, one of the least proficient preservice teachers, was confident about her 

capabilities early in the semester.  She was not able to accomplish, however, most of the 

problems for which she reported high problem solving strategies during the first problem-

solving session.  Like Beth, her classroom practices conveyed relatively less strong 

efficacy information regarding her accomplishments.  She participated in more whole-

class discussions, however, and received more feedback and assistance when compared 

to Beth.  Even though Kristen reported lower problem solving strategies related to 

solving problems in November, she was more aware of her difficulties.  She 

demonstrated better understandings and more procedural effort.  In this sense, the 

decrease observed in her problem solving strategies may have indicated a calibration of 

her judgments about her capabilities.  That is, her assessments of competence may have 



been calibrated due to her increased competence in mathematics, resulting in more

accurate and realistic estimates of her capabilities.

These findings are consistent with literature arguing that preservice teachers may

overestimate or underestimate their actual abilities, and that lower achieving teachers

may be less accurate in judgments of their capabilities compared to high achievers (Chen,

2003; Hackett & Betz, 1989; Pajares, 1996c; Pajares & Graham, 1999; Pajares & Miller,

1994). Even though optimistic judgments of capability may motivate students to learn

even though their performance is poor, unrealistically high problem solving strategies

may lead to maladaptive learning behaviors because teacher and students may not need to

change their learning behaviors (Pajares, 1997). Hence, the most functional problem

solving strategies judgments are those that slightly exceed what one can actually

accomplish (Bandura, 1986). It is a challenging task for faculty instructors and

preservice teachers to assist in developing adaptive problem solving strategies. In the

course and classrooms, several aspects of preservice teacher support served this purpose.

For example, the preservice teacher assisted students in observing their performance and

progress by communicating clear and specific classroom goals. The preservice teachers

also recognized students' successful performances and provided feedback regarding areas

they needed to improve. This form of preservice teacher support helped students to be

more aware of their strengths and weaknesses, which may assist them in making more

accurate judgments about their capabilities.

Implications for Theory and Practice,

The present study's findings have important implications for both theory and

practice. With regard to the theoretical implications, the findings of this study provide

support for the conceptualization of classroom context and its role on preservice teachers'
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problem solving skills.  In this study, course and classroom context was defined as a 

dynamic, interactive, and reciprocal context in which individual preservice teacher 

factors functioned to create different opportunities for developing problem solving 

strategies and metacognitive procedural learning.  Accordingly, focus was given to the 

reciprocal interactions between individual preservice teacher factors (i.e., problem 

solving strategies, prior content knowledge, and prior procedural knowledge) and 

classroom teaching practices.  

Findings of the study showed that each of the preservice teachers engaged with 

and interacted within the course and classroom context differently.  For example, even 

though each preservice teacher experienced mastery through the course, the frequency 

and nature of these experiences varied.  As a consequence of this differential 

engagement, the amount and nature of support they received was different.  These 

differences brought about diverse opportunities and challenges for each teacher, which 

may have affected his or her growth and transfer of problem solving strategies and 

metacognitive procedural learning in distinctive ways.  The study provides support, 

therefore, for the conceptualization of the course as dynamic, interactive, and reciprocal 

in nature.  

In this study several aspects of instructional practices were described and 

examined (e.g., the nature of tasks, modeling practices, preservice teacher support) in 

terms of the way they may support or constrain students’ problem solving.  Hence, 

findings could guide teachers in their attempts to develop and improve their own 

instruction to enhance their students’ problem solving strategies and metacognitive 

procedural learning.  The roles of the preservice teacher and students situated within 

these classroom practices provide further implications for practice.  Within this context, 
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teachers need to guide students’ participation in problem solving activities for the 

responsibility of regulation to be gradually transferred to the student.  

 Math preservice teacher preparation programs should explicitly address and 

challenge preservice teacher beliefs about teaching and learning. Effective math 

preservice teacher programs recognize that future teachers come to the program with 

firmly entrenched beliefs and values about teaching.  Feiman-Nemser (2001) remarked 

that “[e]xemplary preservice programs support continuity in preservice students’ learning 

by providing a dynamic culture and a coherent curriculum, by monitoring students’ 

personal responses to new ideas and experiences, and by offering an appropriate mixture 

of support and challenge in response to students’ changing knowledge, skills and beliefs” 

(p. 1025).  In addition, in a review of Darling-Hammond’s (2000) research on successful 

preservice teacher preparation programs, Feiman-Nemser (2001) found that clear guiding 

values and beliefs gave the successful programs a directed purpose and an integrated 

sequence of courses. A strong conceptual framework provides a shared vision among 

university staff, faculty, and students, along with cooperating teachers and other 

community members. This framework can provide structure for the design and 

integration of coursework and the inclusion of meaningful field experiences. At the 

program level, staff must craft a shared vision that can be used to build the sequence and 

framework of courses and other experiences. The theoretical framework of the program 

should then be shared repeatedly with participants and others involved. 

Preservice teachers’ development of problem solving strategies and procedural 

learning is a dynamic process that involves individual as well as contextual factors.  In 

order to support this development, teachers need to modify their instructional practices 

according to the particular needs and experiences of the whole class as well as for the 
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individual students.  In this study, individualized support was found to be an essential 

component of classroom context that enhance student problem solving strategies and 

procedural learning. In order for preservice teachers to transfer effective problem solving 

skills, preservice teachers needed to know about students’ knowledge, skills, and beliefs 

(e.g., problem solving strategies).  Classroom discussion was a significant tool to create 

and maintain contexts that supported problem solving strategies and the use of 

metacognitive learning. Carefully structured discussions, as observed within social 

interactions and communication activities in this classroom, could enhance the 

effectiveness of instructional practices.  Preservice teachers need to state their 

expectations for student participation in class discussion, while providing necessary 

support.  

 
Limitations of the Study 

 The primary limitation of the current study relating to reliability, internal validity 

and external validity will be discussed the following sections.  

 
Reliability 

 Reliability in this qualitative study referred to whether or not the results reported 

from the data were reliable and consistent.  Distinct from quantitative research where 

similar results are expected when studies are replicated, qualitative researchers desire 

their results to make sense to other researchers given the data they collected (Merriam, 

1998).  For this study, the subsequent techniques were used to insure the dependability 

and credibility of the results.  In addition, all of the data was kept for reanalysis by others. 

 
 Triangulation.  Multiple methods of data collection were used for triangulation.  

Besides, the audio-taped interviews and reflections, video-taped course observations, 
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reflection sheets, and electronic portfolios; observation notes were taken during the 

classroom observations in each classroom.  The reflections and observational notes were 

made available for viewing to the course instructor throughout the semester.  Finally, 

transcripts were discussed with all the participants for verification of what was said in 

each of the interviews during the final interview before the final.   

 
 Limitations of reliability in the current study.  Although the researcher stated all 

known bias in advance, it is unrealistic to suppose that the current study was completely 

free of researcher bias.  Even the most responsible researcher has personal areas which 

are unbeknownst personal presuppositions.  Triangulation offsets this bias to a point, but 

could not eradicate it completely.  Also, due to personal constraints, the researcher was 

unable to attend more than three classroom observations with the participants to assure 

greater reliability through multiple observations.  Several observations across several 

months would have strengthened the reliability of the current study.   

 
Internal Validity 

 In qualitative research this refers to whether the findings seem credible or 

believable (Miles & Huberman, 1994).  Merriam (1998), further elaborates by asking, 

how congruent are the findings with reality?  Do the findings capture what is truly there? 

The following techniques were used to address issues of internal validity in the current 

study. 

 Triangulation.  As stated in the previous section on reliability, the researcher of 

the current study incorporated multiple methods of data collection in order to triangulate 

the results. 
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 Report of researcher bias.  As was stated previously in the section on reliability, 

the researcher stated all known bias before the study began. 

 
 Limitations of internal validity in the current study.  Multiple classroom 

observations during the semester or longer would have strengthened the internal validity 

of the current study.  In addition, piloting and then adjusting certain interview questions 

would have assisted in strengthening the credibility of what was being reported.   

 
External Validity  

 External validity speaks to generaliziability and is always limited in qualitative 

research.  Merriam (1998) explains that one way to improve external validity is to use 

many cases to study the same phenomenon.  In a multicase or cross-case analysis, the use 

of predetermined questions and specific procedures of coding and analysis enhanced the 

generaliziability of the findings in the traditional sense.  Miles and Huberman (1994), 

also state that generaliziability can be enhanced through rich thick description of the 

participants, settings, and processes so that readers can assess potential transferability to 

other settings.  Both of these strategies, employing a multiple-case design and providing 

rich thick description of the subjects, settings and processes for collecting and analyzing 

data, were used in the current study to enhance external validity.  

 
 Limitations of external validity in the current study.  The current study contained 

a sample size of six.  Because of the small sample size, the findings of the current study 

cannot be used to generalize to other preservice teachers’ pedagogy courses.  Context was 

a limitation as well.  All of the classrooms were at the same middle school.  Observations 

of classroom teaching along with the expressed views of how they implemented the 

lessons learning in the course informed the researcher of the preservice teacher’s growth 
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and transfer of skills.  These categories and data from the general interviews were used to 

generate the following patterns.  The expressed views by preservice teachers on their 

teaching practice were generally more advanced than the documents and videotaped 

segments of observed classroom practice.  In other words, participants believe that they 

practice teaching math as inquiry at a higher level than the observations indicate.  Despite 

the strong inquiry focus from the program, observed practice in the field did not reach 

beyond a limited level for participants by the time they entered the classroom.  Other 

constraints, including classroom management, pressure to conform to more teacher-

centered department guidelines, and/or a lack of school/district support for implementing 

inquiry-based lessons, took precedence over instruction.  The inquiry focus of teaching 

was seen as separate from the practical realities of teaching on a daily basis.  Inquiry-

based teaching was viewed as too time consuming, difficult to implement, or theory-

based by many of the classroom teachers, especially in the high-stakes testing 

environment in which participants envision themselves.  Dub and Kristen saw themselves 

implementing inquiry after they had mastered classroom management and procedural 

skills as well as becoming acclimated to the school culture.  Beth and Lorin continued to 

struggle with implementing inquiry-based lessons in their classroom and have yet to be 

successful. 

Recommendations for Future Research  

In an attempt to understand the ways classroom context support teacher’s problem 

solving strategies and metacognitive procedural learning, this study examined the 

problem solving activities and instructional practices of six preservice teachers in a 

university course and in their middle school mathematics classrooms.  The selection of 

students was based upon criteria of being in the university course and at the same middle 
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school.  As such, both the instructional context in which the study took place and the 

participants are unique.  Furthermore, the results of the study are limited to the events 

that were available to be recorded in this specific classroom.  Different instructional 

contexts and preservice teacher characteristics must be examined for better 

understandings of the role of classroom practices play in preservice teachers’ 

development, growth, and transfer of problem solving strategies.  

In this study, teachers’ course and classroom practices were analyzed based upon 

observational methods.  Current research also emphasizes the role of preservice teachers’ 

perceptions about teaching in the classroom.  For instance, Dorman (2001) found positive 

relationships between preservice teachers’ problem solving and their use of 

metacognitive strategies of several aspects of the context.  In future studies, observational 

methods could be supported with teacher’ self-reported perceptions and observations.  

This study is an exploratory case study examining potential factors which 

influenced the development, growth, and transfer of metacognitive problem solving 

strategies.  Even though cross-case analyses provided support for the ways teachers’ 

practices may be related to their development of problem solving strategies and 

metacognitive procedural learning, they do not offer any correlational explanations 

regarding this relationship.  Hence, the changes observed in teachers’ problem solving 

strategies could not be attributed to classroom practices in any direct way.  Future 

research could examine this relationship through several methodologies such as “design 

experiments” (Cobb et al., 2003; Shavelson et al., 2003). 

 
Conclusion 

 Initially, the researcher set out to explore what factors influenced the development 

of metacognitive strategies in middle school preservice teachers within a college math 
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pedagogy course and then the transfer of those metacognitive strategies from the 

preservice teacher to the students in the middle school math classroom.  The current 

study provided new information on these factors and supported the results found by other 

studies. One of the contributions of this multiple case study approach was the model of 

the factors that influenced the development, growth, and transfer of these metacognitive 

strategies.  Additional findings could provide the foundation for future studies were also 

presented and discussed. 
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APPENDIX A 
 
 

MATHEMATICS PROGRAM (GRADES 4-8) FOUR YEAR PLAN 

 
FRESHMAN-FALL     FRESHMAN-SPRING  
ENG 1302 Thinking and Writing   ENG 1304 Thinking, Writing, and Research  
REL 1310 The Christian Scriptures   REL 1350 The Christian Heritage  
SPA 1401 Elementary Spanish    SPA 1402 Elementary Spanish  
MTH 1315 Patterns, Relationships, & Number  MTH 1316 Geometry and Measurement  
      Concepts     HP 1134 Fitness Theory and Practice  
TED 1312 Introduction to Teaching   Art 1300 Introduction to Art  
HED 1145 Health and Human Behavior   Chapel (CR)  
Chapel (CR)      Total: 17 s.h.  
Total: 17 s.h.  
 
SOPHOMORE-FALL     SOPHOMORE-SPRING 
PSC 2302 American Constitutional Development TED 2381 American Educational Thought  
HP 11__ Human Performance Science (4) MTH 2317 Functions and the Mathematics of  
SPA 2311 Spanish for Teachers                       Change           
MTH 3318 Data and Chance    MUS 1220 Introduction to Music 
TED 2330 Teaching in the Middle Grades HP 11__ Human Performance 
MTH 2316 Algebra and Functions   Total: 16 s.h.   
Total: 17 s.h.        
 
SUMMER:  
HIS 2365 History of the United States to 1877  
Total: 3 s.h.  
 
JUNIOR-FALL     JUNIOR-SPRING 
TED 3630 Teaching Ass. Middle Grades Pt I  TED 3631 Teaching Ass. Middle Grades Pt II  
TED 3380 Social Issues in Education   MTH 3374 Intro to Mathematical Modeling  
  or  
TED 2380 Educational Thought in the  MTH 4343 Topics in Math for Prospective         
      Western World          Teachers  
MTH 3350 Structure of Modern Geometry TED 4337 Mathematics in the Middle Grades  
TED 4326 Mathematics in the Early Grades  
Total: 15 s.h.      Total: 15 s.h. 
 
 
SENIOR-FALL     SENIOR-SPRING 
TED 4630 Internship Middle Grades Part I  TED 4632 Internship Middle Grades Part III  
TED 4631 Internship Middle Grades Part II  TED 4633 Internship Middle Grades Part IV  
MTH 3340 Mathematics Through Technology  TED 4349 Critical Issues in Mathematics  
      Education  
Total: 15 s.h.      Total: 15 s.h.  
 

TOTAL SEMESTER HOURS: 130. 
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APPENDIX B 
 

SCHOOL OF EDUCATION  

MATHEMATICS IN THE ELEMENTARY GRADES  
Fall 2007 

 

SYLLABUS 

Course Texts:  
Van de Walle, J. A. (2007). Elementary and middle school mathematics:  Teaching 

developmentally, Sixth Edition. Boston, MA: Pearson Education Inc. & Allyn & Bacon. 
 

Ameis, J., Jazlin E. (2006). Mathematics on the Internet: Resource for K-12 teacher, 
Third Edition, Boston, MA: Pearson Education Inc. & Allyn & Bacon.  
 
National Council of Teachers of Mathematics (2000).  Principles and standards for 

school mathematics. Reston, VA: Author. 
 
Bender, William N. (2005). Differentiating math instruction: Strategies that work for K-8 

classrooms. Thousand Oaks, CA:  Corwin Press 
   
Course Description:  The course offers candidates a constructivist approach to helping 
students develop a knowledge of mathematics in grades K-5. Teaching strategies are 
presented with developmental activities that can be used with elementary grade students. 
Students will reflect on what it means to teach mathematics and explore the factors that 
influence teaching.  The NCTM Principles and Standards 2000 for grades K-5 will be 
emphasized.  Includes laboratory experiences in teaching mathematics in the elementary 
grades. 
 
COURSE GOALS:  This course is designed to develop reflective teaching practices in 
mathematics.  The student will be exposed to a wide range of issues and theories in 
mathematics curriculum, and encouraged to relate these to his/her own teaching practices.  
Opportunities for teaching and observation of teaching will be provided in order to 
analyze and reflect on teaching practices in mathematics.  The course encourages 
students to make meaningful connections between theory and practice through a variety 
of experiences. 
 
COURSE OBJECTIVES: 

1.  To introduce the students to current perspectives in elementary level 
 mathematics curriculum. 

2.  To have students begin reflection on the practices of teaching that has 
influenced them as well as the influences of their practices on students. 
3.  To develop appropriate assessment techniques that informs instructional 

 practice and supports student learning.
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4.  To engender skills of effectively implementing elementary level mathematics 
 curriculum. 

5.  To acquaint students with various types of manipulatives and other concrete 
materials available for modeling and developing concepts in elementary level 
mathematics. 
6.  To develop facility with a variety of calculator and computer applications 
appropriate for the elementary level mathematics classroom. 
7.  To introduce students to a variety of teaching approaches for elementary level 

 school mathematics. 
8.  To become acquainted with mathematics in a broader cultural context. 

CONTENT AND METHODOLOGY 

The content of the class integrates recent research and theories to investigate the nature of 
and how students in grades K-5 learn mathematics. The strategies for teaching 
mathematics developmentally will be modeled. Candidates will become familiar with 
planning and teaching mathematics by actively engaging in the developmental process. 
 
PROFICIENCIES FOR TEACHERS IN LEARNER-CENTERED SCHOOLS AND 
COURSE OBJECTIVES: 

1.  Learner- Centered Knowledge - The teacher possesses and draws on a rich knowledge 
base of content, pedagogy, and technology to provide relevant and meaningful learning 
experiences for all students. Candidates will communicate a knowledge of the NCTM 
Principles and Standards 2000 for Grades 4-8.  Explore ways to facilitate learners' 
construction of their own knowledge of mathematics.  Engage in strategies and 
techniques for teaching the mathematical topics of numbers, computation, patterns, 
functions, statistics, probability, geometry, measurement and fundamental concepts of 
algebra.   
2.  Learner-Centered Instruction - To create a learner-centered community, the teacher 
collaboratively identifies needs; and plans, implements, and assesses instruction using 
technology and other resources. Candidates will analyze the practice of effectively 
teaching mathematics through the following four categories:  selecting worthwhile 
mathematical tasks; using a variety of tools including calculators, computers, physical 
and pictorial models to enhance discourse; creating a learning environment; and assessing 
teaching and learning. Candidates will design and implement instruction and assess 
effectiveness during field experiences. 

3. Equity in Excellence for All Learners - The teacher responds appropriately to diverse 
groups of learners. Candidates will explore the range of ways that diverse students at this 
age level learn mathematics.  Observe during field experiences the NCTM vision that all 
students can learn to think mathematically as lessons are designed and implemented for a 
diverse group of students. 
4. Learner-Centered Communication - While acting as an advocate for all students and 
the school, the teacher demonstrates effective professional and interpersonal 
communication skills. Candidates will communicate mathematically in written and oral 
form during class and field experiences. Candidates will communicate and demonstrate a 
positive attitude toward students and mathematics.   
5. Learner-Centered Professional Development - The teacher, as a reflective practitioner 
dedicated to all students' success demonstrates a commitment to learn, to improve the 
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profession, and to maintain professional ethics and personal integrity. Candidates will 
collaborate with teachers and peers in planning, teaching, and assessing lessons for 
students during field experiences.  Analyze and evaluate the appropriateness and 
effectiveness of their teaching.  Research, discuss, and reflect on practices and ideas in 
professional publications. 

Conceptual Framework 

The conceptual framework is based on these seven principles (Borko & Putnam, 1996; 
Bransford, Brown, & Cocking, 1999; Darling-Hammond, 1998; Feiman-Menser & 
Remillard, 1996; Shulman, 1990): 
1. Classrooms and schools must be learner-centered, creating a positive environment for 
learning. 
2. Formative assessment provides information about the student and assists in designing 
and adapting instruction. 
3. A deep foundation of factual knowledge must be organized conceptually to facilitate 
its retrieval, application, and transfer. 
4. Strategies are important in learning to solve problems and in becoming an independent, 
effective teacher. 
5. Learning is developmental and influenced by the context in which it takes place. 
6. Collaboration is important in creating a diverse learning community.  
7. Reflection deepens the understanding of effective instructional practices 

 
Key Benchmarks: 
Professional Studies Strand:  Creating a Positive Classroom Environment 
1. established expectations 
2. arranges space for safety and effective learning 
3. establishes small group procedures and routines and managing transitions 
4.  prepares and manages materials for effective learning 
5.  keeps progress records to match and adapt the curriculum to the characteristics of each 
student 
6. uses reinforcement and correction that increases learning and shows respect for 
students 
7.  paces lessons and activities to engage students 
Professional Studies Strand: Assessment 
8.  assessment method matches knowledge and student characteristics 
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9.  formative assessment provides information regarding student(s) achievement level 
10.  assessment information is communicated to students, parents, and other professionals 
Professional Studies Strand:  Curriculum Planning and Instruction 
11.  focuses attention on the information 
12.  organizes the knowledge when planning instruction 
13.  presents information for instruction that is related to assessment 
14.  guides students’ application of knowledge 
15.  provides opportunities for student to use information independently 
Professional Studies Strand:  Professional development and Communication 
16.  participates in professional development 
17.  is proficient in communication with students, parents, and other professionals 
18.  collaborates with parents and other caregivers 

COURSE ASSIGNMENTS 

1.  ARTICLE REVIEWS 
Three article reviews will be due during the semester. Two articles from the professional 
journal, Teaching Children Mathematics and one article from the Journal for Research in 

Mathematics Education should be used.  Each review should be typed, include a copy of 
the article, and the following: (2 pages or more)   

1.  bibliographical information for the article (APA format) 
2.  rationale for selection and identification of the grade level appropriate 
Texas Essential Skills and Knowledge (TEKS) addressed 

  3.  summary of the article 
4.  Identification of both process and content standards from NCTM 
Principles and Standards 2000 and explain how the goals and 
expectations for the chosen standards were met by giving examples.  
5.  your reactions to the article  

 
2.  INSTRUCTIONAL EVENTS 
"Instructional Event" Performance Assignment--Select, design, and implement a 
minimum of two instructional event in the following domains: manipulatives, technology, 
strategies/approaches, resources, assessment, and differentiated instruction. In addition, 
each candidate will submit 5 write-ups/reflections along with a copy of the activity, 
student work, and NCTM content/process standards. Chart and rubric will be provided. 
 
3.  ELEMENTARY FIELD EXPERIENCE 
Due dates will correspond with the field experience 

It is essential to connect theory and practice within the teaching of elementary 
level mathematics.  Thus you will be asked to observe, assist in implementing, leading, 
and/or planning for activities and lessons within the elementary level classrooms for the 
classes you are assigned using Standards based resources, district curriculum, input from 
your Clinical Instructor and this course instructor. Lesson plan format will be provided 
and lesson approved prior to implementation. Each candidate will then submit a one-page 
reflection on the elementary teaching experience. Rubric will be provided. 

 
4. READING AND LAB EXPERIENCES 
A question, lab, problem, or outside field assignment will be given approximately once a 
week (10 or less times) during the semester to support your readings and field 
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experiences with elementary and middle level students.  These will be brief but essential 
assignments. Due dates will be given by the instructor. These will be used with our class 
discussions.  (Examples include but are not limited to text reading questions, Internet 
activities, software evaluation, book reviews, and class data collection) 
 
5. PROFESSIONAL DEVELOPMENT SESSIONS 
You are to attend and participate in at least 2 different professional development sessions 
related to elementary level (K-5) mathematics during the fall semester.  A minimum of 4 
hours total is expected.  Remember that as a professional and respect for the presenter 
you are to be in attendance for the entire session.  Usually sessions run 1-3 hours. 
Documentation (such as a handout or agenda) of attendance along with a typed one-page 
reflection of the benefits and learning derived from the experience are to be turned in to 
the instructor within one week of the event. All must be completed by November 20, 
2007.  Sessions may be selected from the list below or from others with prior approval 
from the instructor. Please note there are restrictions and requirements related to some of 
these events. Dates & times are subject to change!  Others may be added. 
  
6. and 7.  EXAMS 
Midterm and a final exam will be given covering text readings, notes, class discussions 
and activities. 
 
8. E-FOLIO 
It is important to continuously assess your own progress toward reaching the appropriate 
levels of the SOE Benchmarks. During this course you are to submit documentation via 
your e-Portfolio evidence and reflection of at least one benchmark for 3 of the 4 domains 
specific to your growth and development in teaching 4-8 level mathematics.  The course 
instructor will evaluate the e-folio evidence based on the rubrics identified for the 
benchmarks.  While it will constitute 75 points of your grade in this course it is an 
“unofficial” evaluation of your portfolio intended to give you feedback for your future 
formal evaluations. 

 
9. INTERACTIVE E-BOOK PROJECT 
Select a book (book must be approved by instructor) appropriate for elementary school 
students involving mathematics concepts. Read the book and prepare an interactive e-
book to be used with the selected book. Make a Power Point presentation and at least one 
supporting math activity appropriate for elementary school students to be presented in 
class to share with your classmates. The Power Point must have at least 10 slides with 
appropriate use of text, digital images, clip art, and audio that demonstrate your 
understanding of both the technology and the math concept appropriate for children in 
mathematics. Turn in to the instructor an electronic copy (sent as an attachment), a slide 
printout using the 6 per page feature, copy of the activities, and a one-page, double-
spaced typed reflection of the experience which includes how your topic is related to the 
NCTM Standards. Individual presentations will be made as noted in the syllabus 
calendar. 
 
10.   CLASS PARTICIPATION 
Each candidate is expected to be actively involved during the class period.  Many 
activities require you to put yourself in the place of an elementary school student. You 
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will be asked to manipulate concrete materials to gain insight and understanding of 
mathematical concepts.  You are also expected to have completed all reading assignments 
prior to each class as assigned. You will be assessed on your level of participation during 
class discussions. 
 
All papers turned in for evaluation should be typed demonstrating neatness and 
appropriateness in grammar, punctuation, capitalization, and spelling.  Points will be 
deducted for multiple errors.  Assignments must be turned in on time with a penalty of 
1/5 of the total points deducted for lateness. 
 
Attendance: To earn credit for the course the student must be in attendance at least 75% 
of the class meetings, but attendance at every class period is expected.  Many in-class 
activities cannot be duplicated on an individual basis.  Since roll is taken at the beginning 
of class, candidates arriving late should notify the instructor of their presence.   
 
Conferences: These may be scheduled either at the instructor or student's request. 
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APPENDIX C 
 

CLASSROOM OBSERVATION ANALYSIS FORM  

(COPYRIGHT 2002 NANCY PERRY) 

Teacher _______________________ Date _____________________ 

Activity   ________________________ 

Beginning Time ___________________ Ending Time ______________ 

Description of Activity (what's going on) 
 

 

Attribute of the Activity Descriptions/Examples 

____ Metacognition 

 ____ Self-regulation 

 1. How does the organization of the steps in solving the problem encourage  

  metacognition?  

 2. Is a plan evident? 

 3. How do the strategies help them solve the problem? 

 3a. How do the students/preservice teachers monitor their progress?   

 ____ Self-reflection 

 4. What kinds of questions are the preservice teachers asking themselves? 

 5. Are there other strategies the students/preservice teachers use in thinking about  

  their problem solving?    

 6. What kinds of opportunities do students/preservice teachers have to incorporate 

  feedback into their work and revise it accordingly? 

 ____ Meaning Making
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 7. Does the student/preservice teacher connect new knowledge to previous  

 information? 

____ Reasoning 

 ____ Communication with teacher and classmates 

 9. How are the students/preservice teachers communicating with each other and/ 

 or the instructor to problem solve? 

 10. Do students/preservice teachers share strategies and solutions with each other? 

 ____ Task Skills  

 11. What kinds of declarative thinking skills and knowledge does the activity 

 require? 

 12. What kinds of procedural thinking skills and knowledge does the activity 

 require? 

 ____ Applications and Heuristics  

 13. What is the goal in using a strategy? 

 14. What are some of the strategies the students use? 

 15. In what contexts do the students use the strategies?  

____ Attitudes 

 8. How is the process of learning valued in the classroom as well as the products?  

 ____ Confidence  

 16. How integrated are they in solving harder problems than others? 

 17. How quickly are students to begin on the problems? 

 17a. How often do they seek others’ assistance in solving problems? 

 20. Do the students have the confidence to pursue the right answer using the 

 correct strategy? 
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 ____ Control over challenge  

 18. What do the students do in the face of difficulty?  

 19. Do they continue through all the stages of the problem solving process?  

____ Instructional Process 

 ____ Social interactions 

 21. How do the students work together to solve the problems? 

 22. How do students/preservice teachers use one another’s’ ideas to solve the  

  problem? 

 23. How does the instructor establish groups to solve the problem?   

 ____ Teacher support (questioning/expertise)  

 24. Were the purposes of learning explicit? 

 25. What questions does the teacher use to encourage and support students to  

  think about their own thinking? 

 26. What kinds of opportunities do participants have to exchange and think about  

  ideas? 

 ____ Task difficulty 

 27. What questions do the students ask regarding the task? 

 28. How quickly are the students able to solve the problem? 

 29. In what ways to the students seek assistance in solving the problem? 

 30. Are multiple strategies needed to solve the problem?
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APPENDIX D 

 
Interview (Copyright 2000, 2002: Nancy Perry, University of British Columbia) 

 
 
Student _________________________  Date ____________________ 
 
Teacher _________________________  School __________________ 
 
 
Spend some time thinking about how some of the activities you did today in class which could 
also be useful for you to do in future learning experiences. Think of upcoming problems that you 
might be asked to solve or upcoming academic assignments that you have to complete, and 
answer the following questions.  
 

1. Do you think you are a good problem solver?”  Responses are probed.  (e.g. How 

integrated are they in solving harder problems than others? Quickness to begin the 

problem? Seeking others’ assistance? Action in the face of difficulty? Stages of the 

problem solving process?)  
 
 
 
2. What do you envision for your future mathematics classroom practice? 
 
 
 
 
3. If you wanted to explain metacognition to a friend, what would you say? (Follow-up: 

How do you use it?) 

 
 
 

4. Do you use the same kinds of thinking in different situations? Please give an example.  
 
 
 

5. Did you learn some things about metacognition from your classmates? Please give some 
examples. 

 
 
 
6. What did you use that problem solving strategy in ___________? (Follow-up: What did 

you think about while solving the problem? What strategy did you use?) 
 
 
 
7. How would you say your problem solving strategies have changed as you have gone 

through this class?
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8. Describe your general feelings/beliefs about mathematics following your classroom 
experience. As a teacher? As a student? 

 
 
 
 
9. How will setting goals for your learning (or establishing a plan) help you solve a problem 

or complete an upcoming assignment? 
 
 
 

10. How will thinking about the prior knowledge you have in an area help you solve a 
problem or complete an upcoming assignment?  

 
 
 

11. How will monitoring your progress along the way help you to solve a problem or 
complete an upcoming assignment?  

 
 
 
 

12.  How will evaluating your successful completion of the task and what you have learned 
from it help you in your future learning?  

 
 
 
 
13. How do you feel the process of learning is valued in the classroom as well as the 

products?  
 
 
 
 
14. When you come to a harder problem, are you quick to start on it or do you seek others’ 

assistance in solving the problem? 
 
 
 

15. Do you work with other preservice teachers to solve the problems? 
 
 
 

16. Can you describe new lessons are presented? (Follow-up: purposes of learning explicit? 
Does the instructor ask questions which cause you to reflect?)   

  
 

 
“Thank you for talking with me about your problem solving.  You have helped me with my 
research, and (If appropriate) you have helped me make my interview better”.  
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