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 Recent research on teachers’ achievement goals suggests that the teacher with a 

mastery goal is more likely to retain a high degree of interest in teaching, more willing to 

seek help with their teaching, and less likely to report professional ‘burnout.’  Section one 

of this study extends this line of research by testing the hypothesis that teachers with 

mastery goals toward teaching are more likely to display the traits of the adaptive expert. 

Achievement goals and adaptive expertise are measured for a sample of secondary school 

mathematics teachers who have attained National Board Teacher Certification. A 

multiple regression model is used with score on the adaptive expertise measure as the 

dependent variable and four independent variables. 

 The second part of this study proposes the development and evaluation of a 

challenge-based model of professional development. The Legacy Cycle has been used 

extensively to teach transfer and adaptive expertise to college students. It has not been 

used, however, in the professional development of teachers.  A professional development 

program using the Legacy Cycle for teaching high school Algebra teachers how to 
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implement a new conceptually-based Algebra 1 curriculum is proposed.  Its 

accompanying evaluation plan will enable further exploration of the role teacher goal 

orientation and school climate play in a teacher’s willingness and ability to innovate; and 

if having an adaptive expert in the classroom can improve student learning. 
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Section One: Teacher’s Goal Orientation As A Predictor Of Adaptive 

Expertise 

Chapter One: Introduction 

 The current reform movement in Mathematics education dates back to the early 

1980s with the National Council of Teacher’s of Mathematics (NCTM, 1980) report, An 

Agenda for Action. This report called for more emphasis in mathematics instruction on 

problem solving and the development of a deep understanding of mathematical concepts. 

In the early 1990s, NCTM followed up with the Principles and Standards for School 

Mathematics (NCTM, 1991) that promoted five research-based process standards for 

teaching mathematics that include: giving students frequent opportunities to engage in 

problem solving; helping students learn to evaluate mathematical arguments and thus 

develop deep understanding of mathematical concepts and reasoning; teaching students 

how to communicate mathematical concepts and ideas; and finally, teaching students how 

to understand and create representations of mathematical concepts.  

 Changes in the practice of teaching mathematics, however, have not automatically 

followed. More than twenty years after the release of An Agenda for Action these 

innovations are still far from ubiquitous. The teaching of mathematics as the application 

of routine procedures continues to persist in the mainstream classroom. As Tunk (2009) 

has observed, many teachers still approach algebra as a set of rules for manipulating 

variables, rather than as a reasoning activity.  

 Why is it so difficult for educational innovations to diffuse across the academy? 

The diffusion of innovations literature is the first place to turn for an answer to this 
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question. In his seminal work, Diffusion of Innovations, Rogers (2003) identifies 

categories of individuals within a social system who spur and then disseminate an 

innovation. Regardless of the type of change we are talking about, anyone engaged in 

promoting change will observe that there is always a small group of individuals who are 

innovators; another small group of early adopters; a much larger group that are in the 

majority and a smaller, but definite group who react to change as laggards or luddites – 

resisting it at every step of the way (Rogers, 2003).
1
  Thus, professional developers 

constantly struggle with the question of how to move innovations in education from the 

innovators and early adopters into the majority or mainstream.  

 The principle questions that plague us are what is different about these  

innovators and early adopters that leads them to embrace change; and how do we foster 

this quality in others? Rogers (2003) examines three types of characteristics that 

distinguish the individuals who fall in each of the adopter categories: socioeconomic, 

personality, and communication behavior. For this study, I am principally interested in 

the role of the personality variables.  

  Since innovation moves most easily through groups of similar individuals 

(homophilly), especially in the case of professional innovations such as in education, we 

can assume that innovators and early adopters are experts defined loosely as experienced 

professionals within the field. We know, however, that not all experts when defined this 

way will become early adopters, so there must be more to openness to innovate than 

                                                 
1
 Rogers calls persons who resist change laggards. However, in the technology 

community this category of individuals is frequently referred to as luddites, in reference 

to the anti-technology, labor movement of the early 1800s. 
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experience. Rogers speculates about a number of personality traits that may characterize 

the earlier adopters. Two of them stand out for my purposes: having a more favorable 

attitude toward change; and being better able to cope with uncertainty.  

 These characteristics loosely parallel traits of the type of expert Hatano and 

Inagaki (1984) call an adaptive expert. An adaptive expert is someone who isn’t content 

to simply perform routine tasks well. Through experimentation the adaptive expert 

develops a deep understanding about why and how things work, enabling him to respond 

to new situations. Thus, the adaptive expert is both comfortable with change and able to 

cope effectively with uncertainty making him a likely candidate for the role of innovator 

or early adopter. 

 Hatano and Inagaki (1984) proposed three conditions that encourage a person to 

become an adaptive expert. The first is the nature of the task. If there is a high level of 

importance given to the outcome of a task, the individual is likely to engage in safety 

practices and will be less willing to be playful and engage in creative problem solving. 

Second is the support for exploration in the organizational culture. Is creative problem 

solving modeled, and expected within the school or work team? Finally, and most 

important to this inquiry, is the goal structure of the activity. Hatano and Inagaki (1984) 

argue from research on the negative effect of rewards on motivation and performance, 

that if participants are aware they will be rewarded for a successful outcome, they are 

likely to adopt a success or efficiency orientation rather than a heuristic or problem 

solving orientation. It is this latter point that is of interest here. 
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 If Hatano and Inagaki (1984) are correct that a mastery goal structure encourages 

adaptive expertise, than it is also reasonable to conjecture that the individual’s goal 

orientation will either predispose her to approach tasks from a success or efficiency 

orientation (performance) or a heuristic/problem solving orientation (mastery). If this is 

the case, there may be a way to foster the traits of the adaptive expert. The literature on 

achievement goals has demonstrated that a mastery goal orientation to learning can be 

taught or at least encouraged (Ames, 1992). Therefore, if mastery goal orientation is 

predictive of adaptive expertise, we may be able to design professional development that 

also encourages adaptive expertise, and schools and other educational settings may be 

structured to encourage teachers to pursue expert careers (Bereiter and Scardamalia, 

1993). 

 With these things in mind, this study examines the association between the goal 

orientation and adaptive expertise of a sample of mathematics teachers who have high 

degrees of pedagogical and subject matter content knowledge as measured by the 

National Board for Professional Teaching Standards (NBPTS) Certification Exam. The 

principal research question posed here is: all other things being equal, can an instructor’s 

degree of adaptive expertise be predicted from their goal orientation toward teaching? 

The researcher then proposes a professional development model for teaching high school 

mathematics teachers to become adaptive experts. The professional development session 

uses a challenge-based method to teach the instructors how to teach a new mathematics 

curriculum.  The evaluation of the program explores the role of goal orientation and 

school climate on adaptive expertise in more depth. 
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Chapter Two: Integrative Analysis 

 What is expertise? At its most basic, expertise is defined as outstanding 

performance by an individual on a task or set of tasks. The study of expertise seeks to 

identify the characteristics of the expert and of expertise, and understand how expertise is 

created or developed.  

 In Towards a Theory of Expertise, Ericsson and Smith (1991) propose a 

taxonomy of expertise research. They organize expertise research into four categories 

defined by the focus placed on each of two dimensions. The first dimension deals with 

the origin of expertise: heredity versus acquired. To what extent are expert traits 

genetically inherited and to what extent are they the product of experience and training? 

The second dimension has to do with whether the traits being studied are thought to apply 

to all experts regardless of domain, or whether the traits under study are specific to a 

given domain. While both dimensions are important to understanding expertise research 

as a whole, it is the heredity versus acquisition, or nature versus nurture distinction that 

truly separates scholars. 

 At one end of this spectrum are studies that assume that expertise is primarily 

hereditary in origin. This Grand Master approach to expertise research is characterized 

by the identification of experts through enduring reputation. The best known of the 

hereditary theorists, Sir Francis Galton (1869, p. 2) stated outright that he believed high 

reputation was an accurate measure of high ability. In his study of genius he selected as 

his sample eminent men of his time — judges and statesmen. Finding that these eminent 
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men are frequently interrelated, he concludes that their genius or expertise is a function of 

innate talent. His goal was to demonstrate that genius was limited by natural selection.  

 While Galton’s methods and hereditary theories no longer hold sway, the notion 

that giftedness or expertise is primarily genetic still has its advocates (Simonton, 1999; 

Brand, 1996; Jensen, 1998). Simonton (1999), like Galton, defines genius in terms of 

enduring reputation and argues that one- to two-thirds of individual talent is genetically 

determined. He bases his conclusions on behavioral genetic studies of identical twins. 

While he concedes that experience has some bearing on genius, he turns the idea of 

nurture on its head by arguing that the types of experiences a child receives are directed 

as much by the child himself as by the environment. Even the best efforts of a parent to 

expose a child to learning experiences will fail if the child doesn’t have the inclination to 

attend to that experience. Thus, Simonton gives heredity primary standing in the 

development of genius. 

 There are a number of problems with this conception of genius and its 

applicability to the study of how expertise is developed. First, Simonton (1999) argues 

that the fact that reputation can be capricious does not invalidate its usefulness. He also 

claims that unrecognized genius is an oxymoron. Ericsson (1991) disagrees. He argues 

that the fact that reputation can be attained with out actual accomplishment makes it a 

poor operational definition for scientific inquiry. Moreover, in a large complex society 

such as ours, persons with expertise in areas that receive little public recognition may 

well be unrecognized geniuses. Simonton fails to take into account the inherent social 

biases in what is attended to by the public.  
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 Even more important is the fact that identifying genius by reputation is by 

definition backward looking. Inquiry starts with the outcome — reputation — and then 

proceeds backward from that point in an attempt to discover the characteristics of the 

genius that explains why she is exceptional. As such, it lacks scientific rigor in explaining 

how and why exceptional performance is achieved. 

 At the other end of the spectrum are those scholars (Ericsson and Smith, 1991;  

Ericsson, Krampe and Tesche-Römer, 1993;  Ericsson, Nandagopal and Roering, 2009; 

Freeman, 2007) who argue that expertise is primarily acquired. Anders Ericsson is among 

the strongest advocates for the acquisition view of expertise. He argues convincingly, that 

recent research has shown that training can substantially increase cognitive and physical 

abilities. For example, a number of studies in the latter part of the 20
th

 century 

demonstrated that memorization could be substantially improved in college students of 

average ability (Ericsson, 2003); and neuro-imaging studies comparing expert 

memorizers against a control group found no differences in neurological structures in the 

two groups, but did show differences in the distribution of brain activity (Maguire, 

Valentine, Wilding and Kapur, 2003). Studies of the mediators of physical talents (such 

as aerobic fitness and ballet dancing) have shown similar results from training (Ericsson, 

2006). Ericsson concludes from this that it is the strategies employed by experts, and not 

innate talent, that determines who will develop exceptional performance.  

 From this Ericsson and his colleagues (2006) have proposed that acquisition of 

expertise in a domain is the result of deliberate practice. Simply having more experience 

or practicing more does not make the difference between the competent performer and 
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the exceptional performer. Motivation, of course, plays a role in spurring an individual to 

attain mastery. However, it takes more than time on task to create an exceptional 

performance.  

 Ericsson (2006) distinguishes deliberate practice from playfulness or routine 

practice. Merely spending more hours engaged in an activity does not qualify as 

deliberate practice. Instead, exceptional performers have been shown to approach practice 

deliberately, that is they focus on specific tasks (often identified by a trainer or coach) 

that will improve their performance, but which they have not yet mastered. They 

approach practice with concentration, using feedback from others to perfect the targeted 

task or skill. This differs from the person who either approaches the same activity for 

pure enjoyment or the person who engages in deliberate practice up to the point where 

they have achieved an acceptable level of competence. 

 One way to think about deliberate practice is in relation to the importance of 

coaching for tennis. If a student practices his tennis stroke using an inefficient technique, 

additional practice will not lead to superior performance. The first job of any coach is to 

help the student unlearn poor techniques, substituting them with more efficient 

techniques that will lead to improved performance. The casual tennis player will play 

with no regard for improving technique. The intermediate player will have studied 

specific skills until reaching a level where she is satisfied with her performance and then 

continue performing at a relatively stable level. However, the professional player, who 

excels, will spend many hours of practice mastering progressively more challenging 

serves and returns. 
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 Since this notion of deliberate practice was proposed, scholars studying the 

acquisition of expertise have concluded that it plays an important role in the development 

and maintenance of exceptional performance across a variety of domains. Charness, 

Tuffiash, Krampe, Reingold and Vasyukova (2005) found that serious study during the 

first decade of competition was the single most important predictor of chess skill ratings. 

Krampe and Ericsson (1996) found that the ability of older pianists to maintain their 

skills was directly related to the amount of time they spent in deliberate practice. The 

importance of deliberate practice to exceptional performance in sports has been shown in 

wrestling (Hodges and Starkes, 1996); figure skating (Starkes, Deakin, Allard, Hodges 

and Hayes, 1996); and in team sports such as soccer and field hockey (Helsen, Starkes 

and Hodges, 1998).  

 Of particular interest to this study is the fact that deliberate practice has been 

shown to impact exceptional performance in education. Plant, Ericsson, Hill and Asberg 

(2004) found that deliberate practice was predictive of undergraduate GPA. In their study 

of undergraduate students at Florida State University they found that employing an 

organized approach and studying in a quiet solitary environment each uniquely 

contributed to earning a higher GPA. Thus, it was not the amount of studying but the 

quality of studying that predicted performance.  

 In another study, Moulaert, Verwijnen, Rikers and Scherpbier (2004) collected 

information on study practices from a group of undergraduate medical students at 

Maastricht Medical School in the Netherlands. They wanted to see if the way the students 

studied was correlated with their success on block tests and annual progress tests. They 
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conclude that student achievement in this setting correlates with several aspects of 

deliberate practice, namely engaging more in self-study, greater use of study resources 

(books and journals), engaging in planning (having a study schedule and sticking to it), 

and using a study style that concentrates on deep understanding (i.e., paying special 

attention to subjects they don’t understand, and trying to make connections between 

different parts of a subject.) 

 Ericsson’s view of deliberate practice has developed in parallel with and is 

consistent with another emerging perspective on expertise. In the past the principal 

question in expertise research was: what distinguished the novice from the expert? This 

question is being redefined. The question I find more interesting is: what is the difference 

between people at different levels of expertise or between different types of experts? 

 First, it is fairly well accepted that developing expertise in a domain takes many 

years of experience. While time and experience may not be sufficient for developing 

expertise, it is necessary. Hayes (1985) studied experts across a variety of domains and 

concluded that the development of expert performance took between 6 and 10 years. He 

describes the developmental path of the expert as proceeding from beginner or 

apprentice, through a period of low productivity to a point at which productivity (expert 

performance) increases rapidly. From this perspective, it makes sense to study individuals 

on their path to expertise. In fact, when we embrace the idea that expertise is acquired 

and not inherited, we are inevitably led to a realization that expertise is a process, not a 

cognitive state. Berliner’s (2004) review of expertise research in teaching proposes that a 

teacher reaches expert status sometime between three and seven years after beginning 
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teaching. Similar to Haye’s analysis, Berliner (2004) cites studies that show teachers 

appear to improve their ability to increase students’ achievement up to year seven and 

then level off until they near retirement when performance declines slightly. 

 According to Bereiter and Scardamalia (1993) time and experience are a 

necessary, but not sufficient condition for expertise. Not everyone who puts in the time 

will become an expert. Moreover, it is not solving problems that defines the expert. Both 

experts and experienced non-experts engage in problem solving (although in different 

ways). What distinguishes the person who pursues an expert career from the experienced 

non-expert is the type of problems they choose. The expert is a progressive problem 

solver, meaning that he looks for opportunities that present him with a challenge that will 

further develop his deep conceptual knowledge about the domain in which he is engaged. 

Possessing a deep understanding enables the expert to confront and solve problems under 

a variety of circumstances and to innovate. In contrast the experienced non-expert may be 

efficient and fast at performing tasks or solving problems under a standardized set of 

conditions, but without deep understanding he is unable to respond to changing 

circumstances or to create something new and better. 

 Berieter and Scardamalia’s (1993) experienced non-expert fits the definition of 

what Hatano and Inagaki (1984) would call a routine expert. The routine expert learns 

how to perform standardized tasks efficiently, but if asked he would not be able to 

explain the reasons for what he does. They contrast the routine expert to the adaptive 

expert. Like Bereiter and Scardamalia’s expert, the adaptive expert strives for deep 

knowledge about a domain and acquires this knowledge through experimentation. That 
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is, expertise can only be acquired by observing the way in which processes, under 

varying circumstances, result in different outcomes. This type of experimentation leads to 

a deep knowledge about the reasons and purposes behind the processes in a given 

domain. 

 Ericsson’s (2006) individual who engages in deliberate practice, Bereiter and 

Scardamalia’s (1993) expert, and Hatano and Inagaki’s (1984) adaptive expert share 

similar characteristics. First, in each of these views expertise is not a cognitive state, it is 

a process. Treating expertise in this way helps us to understand how there can be novices 

who act in expert ways. It also helps us explain how and why previously recognized 

experts may cease to act in expert ways at one point in their life and then return to the 

path of expertise at a later point. 

 Second, in all three formulations the path of expertise has no logical end. The 

pianist or tennis player who wants to remain at the top of their field must constantly 

engage in deliberate practice and the psychologist who wants to develop a deep 

understanding of how the human mind works must constantly confront new challenges. 

Expertise must be maintained. 

 Finally, anyone can choose the path of expertise. While some people may have 

innate talents that make success in specific domains easier, there is no one type of 

knowledge, intelligence, or innate characteristic that pre-determines who will become an 

expert and who will not.  

 This raises the question of whether or not we can tell who will follow the path of 

expertise and who won’t. Hatano and Inagaki (1984) suggest three things that encourage 
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a person to choose the path of the adaptive expert. First is the nature of the object. If the 

object is natural and occurs in random variations, than the procedures applied to deal with 

it will vary in outcomes and natural experimentation occurs. Second is the context or 

culture in which the skill is used. If the environment gives rewards for standardized 

outcomes then the individual will tend to gravitate toward the most efficient and 

consistent means of achieving the desired end. The expectation of rewards (or 

punishments) changes the goal structure of the event discouraging experimentation, and 

the development of expertise. Finally, the degree to which achieving a deeper 

understanding is valued in the culture will determine the choice of path. If it is typical in 

the domain to be asked to explain your approach, then you are more likely to pursue the 

path of adaptive expertise. If not, you are more likely to pursue the path of the routine 

expert.  

 Bereiter and Scardamalia (1993) also consider the motivational mechanisms that 

encourage an individual to pursue an expert career. They conclude that the person who 

engages in an expert career does so because, 1) it feels good – he experiences flow 

(sustained pleasure) when engaged in the process of solving a problem; 2) he is part of a 

culture (second-order environment) that values progressive problem solving and deep 

understanding; and 3) he is on a quest for the heroic ideal defined as a willingness to take 

risks and expend effort for the good of society that outweighs the benefits or rewards 

received. 
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MEASURING ADAPTIVE EXPERTISE. 

 Measuring adaptive expertise is challenging. The first step is deciding what 

behaviors exemplify adaptive expertise. Hatano and Inagaki (1984) define adaptive 

expertise as experimentation, deep understanding and knowledge transfer. The adaptive 

expert engages in experimentation for deeper understanding – testing skills and strategies 

across varied circumstances and observing the effects on outcomes. The result of this 

experimentation is the development of a deep understanding of the reasons why 

something works and thus the ability to adapt procedures and skills to novel situations. In 

this view, the behavior that best exemplifies the accomplished adaptive expert is the 

ability to transfer conceptual knowledge of a domain to a novel situation. Transfer of 

knowledge has been used as a behavioral indicator of adaptive expertise in a number of 

studies (Pandy, Petrosino, Austin and Barr, 2004; Cordray, Harris and Klein, 2009). 

 Using transfer of knowledge as an indicator is complicated by the fact that 

transfer, as a construct, is controversial and ill defined. I don’t have space to engage in a 

thorough discussion of the debates surrounding transfer. The controversy surrounding the 

construct of transfer ranges from debates about its definition to what constitutes true 

transfer (spontaneous or contextual), the way transfer is manifested (direct application 

versus analogical transfer), and the problem of near versus far transfer (Thompson, 

Estabrooks and Degner, 2006). In this study I rely on Bransford and Schwartz’s (1999) 

conception of successful transfer of knowledge as an individual’s ability to use resources 

in a knowledge rich environment to solve new problems. This conception is consistent 
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with the emphasis in adaptive expertise on the value of developing deep understanding 

that enables creativity and innovation.  

 Bereiter and Scardamalia’s (1993) formulation of the expert career suggests 

another possible way of identifying the adaptive expert. In their view, the expert is 

distinguished from the experienced non-expert based on the types of problems they 

choose to solve. This is consistent with Dunn and Shriner’s (1999) way of defining 

deliberate practice for teachers as the choice to devote considerable time in planning and 

evaluation and using it to acquire and incorporate new knowledge after already achieving 

a measure of automaticity. Thus another indicator of adaptive expertise of teachers would 

be to measure the degree to which mid-career teachers continue to engage in action 

research, formative evaluation, and refinement of teaching practice. 

 While the NBPTS certification exam fits Berliner’s (2004) standard notions of 

expertise, it does not measure either a teacher’s ability to transfer knowledge to a novel 

situation or the extent to which she chooses to engage in behaviors that can potentially 

lead to a deeper understanding of teaching practice. In this study, The NBPTS 

certification examination is used as a means of identifying a sample of experts. Another 

method is needed to further distinguish the orientation these experts have toward 

expertise. 

 Identifying an appropriate measure of expert style requires explication of one 

more problem. Whether adaptive expertise is defined as transfer or use of multiple 

sources of information, the prevailing literature uses performance tests to measure 

changes in content knowledge and transfer after an intervention (Pandy et al., 2004; 
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Cordray et al., 2009; Martin, Petrosino, Rivale and Diller, 2006). This method of 

measuring expert orientation is limited. Measuring adaptive expertise in this way 

constrains it to the possession or use of expertise as it applies to a specific task or 

learning situation. For example, Pandy (2004) and his colleagues, like most contemporary 

studies of adaptive expertise, engaged participants in a challenge-based learning task and 

then measured through pre- and post- assessments changes in their level of transfer, 

content and conceptual knowledge (deep understanding). These studies measure adaptive 

expertise as if it were a learning outcome that can be improved through an instructional 

intervention. However, if we define expertise as a process or behavioral system, rather 

than a cognitive outcome, it is preferable to measure it in a way that reflects this.  

 In this study, therefore I propose measuring expert behaviors that are indicative of 

an adaptive orientation. Interestingly, the core of this measure can be found in another 

genre of literature that has not previously been connected to expertise research – the 

literature on problem solving. While this literature focuses more on defining roles within 

work teams, it has parallels to the literature on expertise. For example, Michael Kirton 

(1994) distinguishes between persons with two styles of creativity or problem solving – 

adaptors and innovators. Kirton’s adaptor is the person who pursues problems with tried 

and true methods and places value on stability and conformity. The innovator style, as 

defined by Kirton (1994, p. 10), is characterized in part by a tendency to search for 

“problems and alternative avenues for solutions that cut across current paradigms.” These 

characteristics are consistent with the notion of the routine and adaptive experts, 
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respectively. Kirton places individuals on a continuum between the adaptor and innovator 

styles. 

 Jabri’s (1991) work on associative versus bisociative problem solving styles 

provides an even better parallel to the notion of the adaptive expert. The associative 

individual approaches problems “based on habit or set routines (p. 976).” While the 

bisociative individual approaches problems from multiple perspectives “resulting in non-

habitual thought processes (p. 976).” Jabri argues for two distinct and independent styles 

rather than a continuum. Items such as: “adhering to commonly established rules of my 

area of work” and “following well-trodden ways…” for solving problems are indicative 

of an associative problem-solving style. While “linking ideas which stem from more than 

one area of investigation” and “spending time tracing relationships between disparate 

areas of work” characterize the bisociative problem solver. Thus many of the 

characteristics of the bisociative style are similar to the adaptive expert’s ability to 

transfer knowledge from one problem/realm to another and to explore new ways of 

solving problems. The associative style, on the other hand, is characterized by a 

preference for routine and the acceptance of “usual and generally proven methods (p. 

976).”  Since it is focused on work roles, this literature lacks an understanding of the 

roles of deeper understanding and deliberate practice in distinguishing between these two 

types of problem solvers. Thus, if Jabri’s scale is to be used as the basis for measuring 

adaptive expertise, it will need to be modified to include these constructs (see the 

Methods section and Appendix A). 
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EXPERTISE AND ACHIEVEMENT GOAL ORIENTATION. 

 The process view of expertise leads us to question what motivational mechanisms 

influence an individual’s choice to pursue the expert path. What is interesting is that the 

motivational mechanisms that are suggested in the expertise literature point toward a 

body of work that is very familiar — achievement goal orientation. 

 The goal orientation approach emerged from the achievement motivation 

literature as a way of explaining the aim and direction of an individual’s competency-

related activities. Achievement goals generally refer to the way a person processes, 

attends to and understands information about their competence. Achievement goals can 

be thought of as situation-specific, motivational systems that differentially influence 

behaviors and beliefs about things such as one’s perceptions of a task or learning 

environment, self-evaluation of competence, and persistence (Ames and Ames, 1984; 

Dweck, 1986, Elliot and Harackiewicz, 1996, Nicholls, 1984). 

 Over time achievement goal approaches have been conceptualized in terms of a 

dichotomous (Dweck 1986), a trichotomous (Elliot and Harackiewicz, 1996), and, most 

recently, a 2 X 2 model (Elliot and McGregor, 2001). The dichotomous models have 

been labeled variously as learning versus performance (Dweck, 1986, Licht and Dweck 

1984; Dweck and Leggett, 1988), task-involvement versus ego-involvement (Nicholls, 

1984) and, mastery versus performance (Ames, 1992). Elliot and Harackiewicz (1996) 

proposed a trichotomous model created by splitting the single performance goal into 

performance-approach and performance-avoidance. He argued that the inability to 

unambiguously correlate performance goals with negative achievement consequences 
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could best be explained by recognizing that there are two different types of performance 

structures – one in which the individual seeks the challenge to demonstrate competence 

(approach) and one in which the individual avoids the challenge so as not to fail 

(avoidance).  

 Elliot and McGregor (2001) refined the trichotomous model further by proposing 

a 2 X 2 matrix in which individuals are categorized by their definition of and valence 

toward competence. In this reformulation, the individual with a mastery goal defines 

competence in relation to the task itself and/or in relation to an intrapersonal standard. 

The individual that defines competence in relation to others is said to have a performance 

goal. The individual’s aims are further categorized depending upon their valence to the 

task — that they are either attracted to the challenge (approach) or repulsed by it due to 

their fear of failure (avoidance). This 2 X 2 model categorizes learners into one of four 

categories based on these two dimensions: mastery-approach, mastery-avoidance, 

performance-approach or performance-avoidance (Elliot and McGregor, 2001; Elliot, 

2005). 

 An individual that falls in the mastery-approach category measures their 

competence against their perception of the difficulty of the task or their own intrapersonal 

standard and seeks out novel and challenging tasks. Mastery-avoidance is the newest and 

least researched achievement goal category. It refers to an individual that measures 

competence in relation to the task or an intrapersonal standard, but rather than seeking 

novel or challenging tasks, strives to keep from losing existing knowledge or skills. Elliot 

(2005) describes this dimension in relation to individuals who are aging and trying to 
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maintain competence in the face of cognitive loss. (This construct may prove useful in 

explaining the observation that as a teacher’s tenure in the profession increases their 

willingness to take risks goes down). The person with a performance-approach goal 

measures their competence against others’, but still seeks out challenges. Performance-

avoidant individuals, meanwhile, measure their competence against others and shy away 

from challenging situations in order to avoid exposing themselves to failure. 

 A fifth goal structure also occasionally appears in the literature, work avoidance 

(Brophy, 1983, Nolen, 1988, Butler 2007). Individuals who endorse this motivational 

system seek ways to expend as little effort as possible within the performance situation. 

Research on this goal has found it to have a maladaptive impact on achievement 

(Harackiewicz, Barron, Carter, Lehto and Elliot. 1997; Nolen 1988). It is not clear to me 

that this construct contributes much unique understanding to achievement goal theory. 

Indeed, Harackiewicz, et al. (1997) found that competitive students were likely to adopt 

work avoidance goals indicating they are extrinsically motivated to perform. These 

students try to achieve high performance with the least amount of work. Thus, at least in 

the way in which Harackiewicz and his colleagues define it, work avoidance and 

performance avoidance are nearly identical constructs. 

 Regardless of the models exact formulation, the research on achievement goals 

has typically confirmed that mastery goals (approach-oriented only) yield more positive 

achievement outcomes than performance-avoidant goals. Mastery goals have been shown 

to: increase intrinsic motivation (Elliot and Harackiewicz, 1996; Harackiewicz et al., 

1997); lead to a greater willingness to take risks (Dweck, 1986); predict a greater ability 
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to transfer skills and knowledge (Farrell 1986 cited in Dweck 1986); and predict a greater 

degree of engagement in self-regulatory and metacognitive strategies (Nolen, 1988). 

However, performance-approach goals have been shown in some situations to lead to 

greater achievement as measured by end-of-course grades (Harackiewicz et al., 1997). 

These findings have led some scholars to suggest that the optimal goal structure might be 

one that combines the characteristics of the mastery and performance-approach goals 

(Harackiewicz et al., 1997).  

MEASURING TEACHER’S ACHIEVEMENT GOALS. 

 Elliot (2005) notes that how we choose to measure achievement goals depends on 

how we define the term goal. Thus he argues, if we conceive of achievement goals as 

aims – a standard to which we strive – our measures should focus on the individual’s 

attraction or repulsion to the aim. On the other hand, if we conceive of a goal as both the 

reason we do something (the why) and the aim (standard we strive to achieve), we should 

include in our measures both the standard for that aim and the reason for our commitment 

to that standard. Finally, if we conceive of achievement goals as a general orientation, 

then our measures should include “many different dispositions, tendencies, processes and 

outcomes associated with the aim (Elliot, 2005, p. 65).” 

 For the purpose of this study, I define goal as both an aim and a reason. If our 

purpose is to understand how to engage teachers in life-long learning then we need to 

know not only what they hope to achieve (aim) but also their reasons and the saliency of 

those reasons for pursuing development. Therefore, one of the criteria for selection of a 

scale measuring teacher’s achievement goals is that it focuses on both the aim of learning 
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to be a better teacher and the reasons for wanting to be a better teacher, or at minimum 

the value placed on becoming a better teacher. Two additional criteria drive the decision 

of how to measure teacher’s achievement goals. First, the measure must be focused on 

the teacher as learner. Scales that focus on teacher’s desires for their students, preferences 

for types of classroom structures, or teaching strategies do not measure the individual 

teacher’s aims or reasons for pursuing development opportunities. Second, it must 

measure at least a trichotomous model of achievement goals and at best a 2 X 2 model. 

 In choosing the most appropriate measure of achievement goals for teachers 

toward teaching then, I have eliminated measures that either were originally developed 

for students, such as the Achievement Goal Questionnaire for Sports (AGQ-S) (Conroy et 

al., 2003) and those that focus on the teacher’s approach to instruction and teaching 

efficacy, such as the Patterns of Adaptive Learning Scales (Midgely, 2000).
2
 

 Unfortunately, the AGQ-S is the only existing scale that measures all four 

achievement goal constructs included in Elliot’s and McGregor’s (2001) 2 X 2 model: 

mastery-approach, mastery-avoidance, performance-approach and performance-

avoidance. But, it was designed for measuring student achievement goals and focuses 

solely on the aim of performing well. I am excluding it as a measure of teacher’s goal 

orientation on that basis. 

 There are two scales that have been developed specifically for measuring teacher 

achievement goals toward teaching. The Butler (2007) scale asks teachers ‘what would 

                                                 
2
 For example, a mastery question under approach to teaching is: “During class, I often 

provide several different activities so that students can choose among them. A mastery 

question under personal teaching efficacy is: “If I try really hard, I can get through to 

even the most difficult student.” 
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make them feel they had a successful day in school?’  The responses are limited to things 

that might happen such as “saw that I was teaching better than before.”  Thus, the focus is 

on the teacher’s affective response to events/behaviors that indicate whether their goal 

toward teaching is one of doing the best they can or of receiving praise and recognition. It 

is based on a trichotomous model of achievement goals: mastery, ability-approach and 

ability-avoidance. I have eliminated this scale because it focuses on affect toward 

responses to teaching rather than on aims. 

  The Goal Orientation Toward Teaching (GOTT) scales (Kucsera, Roberts, Walls, 

Walker, and Svinicki, 2011) have been selected to measure the achievement goal 

orientation of participants. This scale is the best of the available scales for measuring the 

definition of goal as both aim and reason, even though it measures only three of the goal 

orientations in the 2 X 2 model -- mastery, performance-approach, and performance-

avoidance. The GOTT measures the teacher’s aim (pursuing development) and the value 

the teacher places on pursuing this aim – “the development of my teaching skills are 

important enough to” or “the opinions of others about…are important to me; and their 

aim to improve their teaching skill for example by “taking risks,”  “seeking out 

opportunities.” Overall, this instrument meets more of my criteria for a measure of 

teacher’s goal orientation toward teaching. 

TEACHERS, EXPERTISE AND GOAL ORIENTATION. 

 According to Bereiter and Scardamalia (1993) our interest in expertise is more 

than academic. We are at a point in history when there is a need for more experts, better 

experts, and different types of experts (generalists versus specialists), and there is a desire 
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to extend expertise to previously excluded groups. Bereiter and Scardamalia (1993) argue 

that we are in a time when we need to become expert at becoming experts; and to do this 

we need to understand the nature of expertise. 

 Interestingly, Bereiter and Scardamalia (1993) single out the teaching profession 

for a discussion of what makes an expert versus an experienced non-expert. They observe 

that teachers must have a high level of skill to survive for any length of time, but that few 

teachers can rightly be considered experts. The expert teacher is the one that realizes that 

there are many problems in the profession that cannot effectively be addressed with a set 

of routine responses. 

 Indeed the ability to be adaptive is important for a teacher whose job it is to 

influence the cognitive, affective, and personal skills of others. It is especially important 

for the teacher who is charged with helping at-risk students achieve competency. The 

needs of learners are seldom consistent and routine, echoing Hatano and Inagaki’s (1984) 

notion of a natural object of inquiry. Each new class is populated with individuals from 

varying educational, cultural and social backgrounds; possessing different degrees and 

types of prior knowledge, challenged by unique learning needs and personal barriers; and 

striving for different learning goals. The teacher who efficiently follows a routine will not 

be able to effectively meet the needs of more than a small group of these at-risk students.  

Nevertheless, none of these constructs have been applied aggressively to the study of 

teaching. Very little work has been done on deliberate practice as a means for improving 

teaching, and even less has been done on what constitutes adaptive expertise in teaching. 

Further, to the extent that teachers have been studied in relation to achievement goal 
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orientations, the research has focused on the impact of a teacher’s goal orientation on the 

student’s motivation, goal orientation or learning outcomes. Only recently has any work 

been done on the goal orientation of the teacher toward teaching. 

 One reason for this lack of attention is the difficulty inherent in defining expert 

teaching. Unlike activities like figure skating, playing tennis or chess, there is little 

agreement about what makes a teacher an expert. Bereiter and Scardamalia (1993) note 

that it is easier to recognize expertise in domains in which we aren’t all engaged. 

Everyone is, at some point in their life, engaged in teaching -- as a co-worker, older 

sibling, and/or parent. Perhaps, it is for this reason that we have so much difficulty 

defining quality teaching.  

 Berliner (2005) argues that quality teaching is almost indescribable. Then, 

proceeds to describe it as a combination of good teaching – demonstrating routine skills 

such as modeling, motivating and mentoring – and producing acceptable student 

performance. In fairness, he recognizes that a dimension is missing, saying “the 

identification of a highly qualified individual, always requires keen insight and good 

judgment (Berliner, 2005, p. 207).” But, he sees no way for society to measure such an 

amorphous definition of quality. 

 Second, it is very difficult to identify discrete tasks for improving teaching that 

would qualify as deliberate practice. Fortunately, Dunn and Shriner (1999) have made at 

least one attempt to identify them. They asked 136 teachers in the United States to 

respond to a 15-item questionnaire referencing specific activities involved in teacher 

planning and preparation, evaluation of students, interaction with administrators and 
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other teachers, and opportunities for improving teaching practice. Participants were asked 

to rate each activity on four separate scales: improving teaching effectiveness, amount of 

effort required to initiate and maintain performance, enjoyment inherent in the activity, 

and frequency of performance. A qualitative study (time and activity logs and interviews) 

was then conducted with eight veteran teachers (with more than 10 years experience) to 

explore the mechanisms through which these activities lead to teacher expertise. 

Dunn and Shriner (1999) conclude that it is difficult to fit teaching into the deliberate 

practice model. Nevertheless, they did derive some insights about what might constitute 

deliberate practice in teaching. First, planning and evaluation are a necessary part of 

every teacher’s routine practice. For novice teachers planning and evaluation are 

necessary for survival but the extent of planning and evaluation needed for mere survival 

lessens with experience. Therefore, they conclude that the veteran teacher that continues 

to spend considerable time in planning and evaluation and uses it to acquire new 

knowledge and incorporate it into their teaching repertoire is engaged in a type of 

deliberate practice.  

 In an extensive literature search, I was unable to find any studies on adaptive 

expertise or the expert careers of teachers. Thus far, the literature on adaptive expertise 

has focused exclusively on teaching college students to become adaptive experts (Pandy 

et al., 2004; Cordray et al., 2009).  

 Research on achievement motivation also has focused almost exclusively on 

students and on how teacher beliefs or practices influence the student’s adoption of either 

a mastery or performance goal. Ames (1984) concludes that the goals teachers have for 
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student outcomes impact the types of learning strategies they use and the goal 

orientations their students adopt. Gordon, Dembo, and Hocevar (2007) measured the 

relationship between teacher’s control ideology (custodial or humanistic) and their use of 

self-regulatory strategies and achievement goal orientation. They conclude that a teacher 

who uses self-regulatory behavior is more likely to have a mastery goal orientation, and a 

teacher with a mastery goal orientation is more likely to have a humanistic (open and 

collaborative) teaching style. Other studies have looked at how a teacher’s sense of self-

efficacy and their classroom goal structure
3
 are related (Wolters and Daugherty, 2007); 

how a student’s perception of the classroom goal structure affects their adoption of a 

mastery or performance goal orientation (Ames and Archer, 1988); and how a teacher’s 

goal orientation impacts their use of a cognitively stimulating and autonomous teaching 

strategy (Retelsdorf, Butler, Streblow and Schiefele, 2010). The common link between 

these studies is their focus on the association between teacher’s goals and beliefs and how 

this affects their students’ choice of achievement goal structure and/or academic 

achievement. 

MEASURING SCHOOL CLIMATE.  

 Hatano and Inagaki (1984) suggest that adaptive expertise is more likely in an 

environment that encourages exploration. Moreover, they argue that expectation of 

reward for a successful outcome can lead an individual to embrace an efficiency 

orientation rather than one of exploration. In theory, then, we would expect that the 

environment in which a teacher works to be a predictor of adaptive expertise. It is also 

                                                 
3
 Mastery classroom goal structures encourage student adoption of mastery goals and 

performance goal structures foster student adoption of performance goals.  
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expected to be a predictor of achievement goal orientation. Thus, there is reason to 

suspect that an interaction exists between school climate, achievement goal orientation 

and orientation toward expertise. 

 Mathiesen and Enairsen (2004) review four popular inventories for measuring the 

impact of organizational climate on innovation and creativity: KEYS: Assessing the 

Climate for Creativity; Creative Climate Questionnaire/Situational Outlook 

Questionnaire (CCQ/SOQ); Team Climate Inventory (TCI); and the Siegel Scale of 

Support for Innovation (SSSI). Neither the CCQ/SOQ nor the TCI have been used in 

school settings. Moreover, the TCI is intended for work teams and the KEYS inventory is 

intended to be used with groups of three or more individuals from the same organization. 

Mathiesen and Enairsen (2004) criticized the SSSI for only being tested in a school 

setting, and not having sufficient evidence of reliability and validity outside a school 

setting. Moreover, studies that have been conducted suggest the SSSI has only one main 

factor – support for creativity. 

 Scott and Bruce (1994) use a modified version of the SSSI. They dropped the 

personal commitment scale of the SSSI because it failed to distinguish between 

innovative and non-innovative organizations. They also selected items from the support-

for-creativity and tolerance-for-difference subscales and added four items on perceptions 

of reward-innovation dependency and six items measuring perceptions about resource 

availability in support of innovation. However, they discovered that while resource 

supply was highly correlated to support for innovation, there was no relationship between 

resource supply and innovative behavior. Scott and Bruce (1994) concluded that resource 
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supply acts as a suppressor of the relationship between support for innovation and 

innovative behavior.  

 For this study, the Scott and Bruce (1994) modified SSSI minus the resource 

supply scale provides the best measure of the affect of school climate on a teacher’s 

achievement goal orientation and orientation toward expertise.  
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Chapter Three: Proposed Research 

 Until recently there has been little interest in teacher’s motivational systems in 

relation to development of their professional competence. Yet, there are many reasons 

why we should be concerned with a teacher’s propensity to engage in life long learning 

and continuing professional development. Indeed, Hammerness and his colleagues 

(Hammerness et al., 2005) cite two principal components to becoming a teaching expert: 

efficiency and innovation. How teachers become both efficient and innovative depends 

both on the way in which they have been taught, the way those who are teaching them to 

be educators are modeling appropriate practice, their ability to understand the underlying 

complexities involved in employing good practices, and their motivation to acquire these 

habits of mind. Successful completion of a teacher education program is not adequate for 

the development of this type of expertise. They argue that for a teacher to develop into an 

expert requires laying “a strong foundation for life-long learning (Hammerness, et al. 

2005, p. 359).” 

 Fortunately, research into the teacher as learner is emerging. Butler (2007) has 

developed a scale for measuring teacher’s goal orientations toward teaching and used it to 

examine how a teacher’s goal orientation impacts the likelihood they will seek help with 

their teaching from other professionals. She found that mastery-oriented teachers are 

more likely to seek out help with teaching (Butler, 2007). Using the Butler measures 

Retelsdorf and his colleagues (2010) report teachers with mastery orientations are more 

likely to like teaching and are less likely to experience professional burnout; they also are 
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more likely to employ cognitively stimulating and autonomy supporting teaching 

strategies. 

 This study proposes to extend this line of research by examining the relationship 

between achievement goal orientation of in-service secondary mathematics teachers who 

have demonstrated a high level of pedagogical and subject-matter content knowledge and 

their possession of the habits of the adaptive expert – habits that have been found to be 

essential to lifelong learning (Hammerness et al., 2005; Bransford, Derry, Berliner, 

Hammerness and Beckett, 2005) and the adoption of innovative practices (Hatano and 

Inagaki, 1984; Sternberg, 2009; Scardamalia and Bereiter, 1993). 

HYPOTHESES. 

 The theory of adaptive expertise suggests that the individual who is intrinsically 

motivated to learn and seeks deep knowledge is more likely to pursue the path of 

adaptive expertise. Moreover, both the literature on adaptive expertise and 

achievement/mastery goal orientation suggest that a supportive climate for innovation 

influences a teacher’s goal orientation and orientation toward expertise. While these 

appear to be logical suppositions there is no empirical evidence to support them.  

This study tests two hypotheses:  

 (1) an expert teacher’s goal orientation toward teaching is a significant predictor 

of adaptive expertise, when controlling for number of years teaching, and success 

on the NBTC examination. Mastery goal orientation is hypothesized to be 

positively related to adaptive expertise, while performance approach and 
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avoidance are expected to be negatively correlated with the dependent variable; 

and  

 (2) that school climate is a moderator of the relationship between goal orientation 

toward teaching and adaptive expertise, with the relationship between mastery 

goal orientation and adaptive expertise increasing as support for innovation in the 

school climate increases. 

METHOD. 

 Participants. The first step in measuring expertise is to identify a sample of 

teachers that can be said to be potential experts based on experience and a standard 

measure of domain knowledge. Ericsson and Smith (1991) contend it is difficult to find 

standardized measures of expert performance in real-life situations. When searching for 

such a measure they suggest looking for “goal-directed activities that result in overt 

behavior that can be reproduced under controlled conditions.” (Ericsson and Smith, 1991, 

p. 14) Fortunately, the National Board for Professional Teaching Standards (NBPTS) 

certification examination provides both a sample of potentially expert teachers and a 

situation in which these teachers’ domain knowledge can be measured under standardized 

and controlled conditions. The teacher’s pedagogical strategies and classroom behavior is 

filmed, submitted and then judged by trained reviewers using a standard rubric. Further, 

each teacher’s content and pedagogical knowledge is tested (relevant subject matter; 

teaching strategies; and learning theory) by means of a standardized measure in a 

controlled environment.  
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 Trained reviewers holistically score the NBTC examinations. The NBPTS (2010) 

calculates inter-rater reliabilities for each set of exams, annually. Repeated efforts were 

made to acquire the detailed psychometric measures of inter-rater reliability from 

NBPTS. Unfortunately, no response has been received. 

 In addition to measuring a teacher’s mastery of content, the NBPT Standards 

(2010) define teacher quality in terms that echo the best practices for teaching and 

learning proposed by Chickering and Gamson (1987). Examinees are expected to 

demonstrate: a) a commitment to teaching and their students, including having high 

expectations for all students and valuing the dignity and worth of all students; b) their 

knowledge of mathematics, students and teaching, including having a wide base of 

pedagogical knowledge and knowledge of human development, community and cultural 

norms and how they impact learning; and c) their ability to take on multiple roles to 

facilitate student learning and design and promote an environment that is conducive to 

learning. 

 Berliner (2004) found that National Board Teacher Certification (NBTC) teachers 

were more proficient on 11 of 13 abilities he proposed as indicators of pedagogical 

expertise. Board-certified teachers exceeded non-board certified teachers in all 13 areas 

studied, including the use of knowledge, the depth of understanding, and problem solving 

skills. Therefore, there is evidence that board-certified teachers qualify as expert teachers 

based on standard theories about which behaviors constitute expertise. 

 A random sample of 500 of the 2,363 mathematics instructors who passed, and 

500 of a yet undetermined number of teachers who failed the NBPTS Mathematics 
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Adolescence and Early Adulthood certification exam between 2002 and 2009, will be 

selected using a random number generator. The number of teachers failing the exam was 

not readily available from NBPTS.
4
 An expected response rate of 10 to 20 percent will 

yield from 100 to 200 participants. Virtually all of those on the list are secondary school 

teachers. Only one person listed their affiliation as a higher education institution and 

three as laboratory schools affiliated with higher education institutions. A handful of 

individuals listed no affiliation. E-mail addresses for those selected will be requested 

from NBPTS. 

 Procedure. All of those who agree to participate will be asked to complete five 

measures: (1) the Jabri (1991) bisociative problem solving inventory modified to include 

measures of adaptive expertise (Appendix A); (2) the Goal Orientation Toward Teaching 

(GOTT) instrument (Appendix B); (3) a 16-item modified Siegel Scale of Support for 

Innovation (SSSI) (Scott and Bruce, 1994) (Appendix C); and (4) a short demographic 

questionnaire (see Appendix D). 

 Bisociative problem solving/adaptive expertise scale. Jabri's original associative/ 

bisociative scales were found to be internally consistent with coefficient alphas of .87 for 

the 10-item associative scale and .80 for the 9-item bisociative scale. For the purposes of 

this study, I am using a modified version of the Jabri bisociative scale (1991). Three 

items focusing on complexity and novelty have been removed from the bisociative scale. 

In addition, three items have been added to the original scale: two dealing with seeking 

                                                 
4
 The number of individuals passing the NBTC examination is available on the NBPTS 

website. However, the number failing is not available without contacting NBPTS. 

Despite repeated attempts to contact NBPTS I have received no response. 
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deeper understanding and one measuring engagement in deliberate practice. The question 

stem has also been changed from “I am a person who:” to “I am a teacher who:” The 

seven-point scale from “is very unlikely to enjoy” to “likely to enjoy” has been changed 

to “is very unlikely to” through “is very likely to.” 

 In order to test the reliability of the modified scale, a separate sample of 100 high 

school teachers from the Austin Independent School District will be asked to complete 

this scale only. A factor analysis of the modified 12-item scale will be conducted to see if 

the new items are uni-factorial, as predicted. Only after the relilabilities of the modified 

scale have been established will this new scale will be used in the larger study. 

 Goal Orientation Toward Teaching (GOTT). Overall, the GOTT scale meets more 

of my criteria than any of the other available instruments. The alphas on the three scales 

are low, but are still in the acceptable range for low stakes applications (Nunnally and 

Bernstein, 1994): mastery .66-.70; performance-approach .70, and performance-

avoidance .68-.74 (Kucsera et al., 2011). 

 Modified Siegel Scale of Support for Innovation. The Scott and Bruce (1994) 

modified SSSI is a 26-item scale using a five-point Likert response set ranging from 

strongly disagree to strongly agree. A factor analysis revealed two subscales, support for 

innovation and resource supply. Cronbach’s alpha for the support for innovation scale 

was .92 and for the resource supply scale it was .77. Scott and Bruce (1994) concluded 

that resource supply acts as a suppressor of the relationship between support for 

innovation and innovative behavior. Therefore, in this study only the 16-items that load 

on the support for innovation scale are used. 
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 Demographic Questionnaire. Each participant will be asked to complete a short 

demographic questionnaire. The questionnaire measures motivation for pursuing NBT 

certification, and seven personal and professional characteristics: gender, age, grade level 

in which they teach, type of school employed in, highest degree earned, number of years 

teaching, and number of years teaching secondary mathematics.  

 In general, length of time in a field is considered necessary to the development of 

expertise (Hayes, 1985; Berliner, 2004). However, the question of whether or not length 

of time in a field increases the likelihood an individual will develop an adaptive 

orientation toward expertise is unresolved. The questionnaire asks them how long they 

have been teaching, in general. Total number of years teaching is entered as a variable in 

the regression model. However, the fact that the range of number of years teaching 

among NBTC teachers (passing and attempting) is severely restricted (see the Limitations 

section) may make it difficult to find any relationship between it and the dependent 

variable.  

 The remaining demographic variables, including total number of years teaching 

secondary mathematics are used to compare the characteristics of (a) the participants to 

the overall sample; and (b) teachers who passed and failed the NBTC exam. Chi-square 

analyses of these variables will tell me if there are biases in the data that may be affecting 

my results. 

DATA ANALYSIS. 

 Power analysis. A power analysis, using a p-value of .05 and a small-moderate 

effect size (r
2
) of .15 with six predictor variables, determined that a minimum of 87 



   
  

 37 

participants is needed to have an 80 percent chance of finding a significant relationship, if 

one exists, between the dependent variable and the independent variables. Therefore, a 10 

to 20 percent response rate from the proposed of sample of 1,000 teachers yielding 

between 100-200 participants should have sufficient statistical power. 

 The model. The proposed multiple regression model is: 

Y predicted = b0 + b1X1 + b2X2 + b3X3 + b4X4 +b5X5 + b6X6 + b7X1X4 + e 

Where: 

Y predicted = Overall score on biosociative/adaptive 

expert scale 

Interval:  

Score Range: 9 - 63 

X1  = Overall score on GOTT Mastery orientation 

subscale 

Interval:  

Score Range: 3 -18 

X2 = Overall score on GOTT Performance 

approach subscale 

Interval:  

Score Range: 3 -18 

X3 = Overall score on GOTT Performance 

avoidance subscale 

Interval:  

Score Range: 3 -18 

X4 = Overall score on the modified Siegel Scale 

of Support for Innovation (SSSI) 

Interval:  

Score Range: 61 - 366 

X5 = Number of years teaching Interval 

Score Range: 0 to 

maximum entered 

X6 = Pass or Fail on the National Board Teacher 

Certification examination 

True dichotomous, where 

pass=1 and fail = 0 
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 Data checking and cleaning. Before beginning the data analysis the researcher 

will check the data for outliers. The data will be entered directly by respondents in an 

online survey format so secondary data entry issues are less likely. Even so there are still 

likely to be cases with either blocks of missing data or inconsistent data. The researcher 

will begin by generating a set of raw frequencies looking for values outside the coding 

scheme for each item and for the number of missing values on each item. With only 100-

200 cases the researcher will also be able to scan a printout of a list of all cases to spot 

any with significant blocks of missing data and exclude them from the analysis. 

 Statistical Validity. Multiple regression is generally robust to violations of the 

distributional assumptions of zero mean, normality, homoscedasticity and independence 

of the residuals. The study was designed to avoid independence violations, and there are 

no obvious design features of this study that would suggest a violation (such as possible 

timing or participant grouping effects).  

 The literature on teachers and expertise (Berliner, 2004) suggests that the 

relationship between number of years teaching and a teacher’s orientation toward 

adaptive expertise may be nonlinear. A willingness to be adaptive increases until mid-

career and then declines as a teacher approaches retirement. At minimum, I will examine 

a histogram of the residuals to see if they fit under a normal curve with the same mean 

and standard deviation as the data. Nevertheless, the likelihood of a non-normal 

distribution in this study is small.  

 Multicollinearity. Given the literature, the most likely problem with the proposed 

model is multicollinearity. Based on theory, both support for innovation and goal 
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orientation toward teaching are expected to be significant predictors of the dependent 

variable. The correlation matrix will help me to interpret my findings if significant 

multicollinearity exists, as will the generation of semi-partial squareds. Moreover, SPSS 

and SAS will produce Tolerance and VIF statistics that are tests for multicollinearity.  

The problem with multicollinearity is that it makes it difficult to interpret the fit of the 

model and especially the unique contribution of the covaried independent variables (IVs). 

If two variables are perfectly correlated one will subsume the variance explained by the 

other. Thus, while the overall model may be significant the individual regression 

coefficients may be non-significant, even though they are actually significant predictors 

of the dependent variable. In this study, however, the covariance between the predictor 

variables is hypothesized and the model has been specified to help explain this 

relationship.   

 Testing the model. A multiple regression analysis will be performed using a 

hierarchical or sequential analysis with three blocks of variables (Cohen, Cohen, West 

and Aiken, 2003). In the first block, three independent variables will be forced into the 

equation: a) performance approach orientation; b) number of years teaching, and c) pass 

or fail on the NBTC. In the second block the principal predictor variables (mastery goal 

orientation (X1), performance avoidance orientation (X3) and support for innovation (X4)) 

will be forced into the equation. In the final block the interaction between mastery goal 

orientation (X1) and support for innovation (X4) will be forced into the equation.  

The R
2
 ∆ statistic in SPSS will be examined at each step (Cohen et al., 2003). The 

researcher expects that the IVs entered in block one will have a small impact on the 
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dependent variable (DV) as indicated by R
2
 and will be statistically significant (p < .05). 

Semipartial squareds  (sr
2
) for each IV in the first block will be examined to interpret 

their individual effects on the DV over and above the other variables in the equation. The 

second block of IVs is expected to increase R
2 

substantially, indicating the predictor 

variables significantly improve the models explanation of the DV. The semipartial 

squared  (sr
2
) will be examined again for all of the IVs as a measure of the unique effect 

of each IV on the DV. If mastery goal orientation and support for innovation are both 

significant and have a strong effect on the DV there is evidence that they are predictors of 

adaptive expertise. The third block enters the interaction term into the model. The 

researcher predicts that the R
2
 ∆ will increase and the model will be significant.  

 Assuming the overall model is significant, the researcher will examine the 

standardized regression coefficients (B) for each IV to see if there are statistically 

significant positive standardized (B) regression coefficients for mastery goal orientation 

and support for innovation and a significant negative standardized (B) regression 

coefficient for performance avoidance. If the standardized (B) regression coefficient for 

the interaction is significant and positive, the researcher can conclude that the 

relationship between mastery goal orientation and adaptive expertise increases as a 

function of an increase in support for innovation. 

 The reported results will include the values of the regression coefficients for each 

independent variable, including the interaction term, and the standard errors and 

confidence intervals for each. A complete correlation matrix will also be reported.   
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STRENGTHS AND LIMITATIONS. 

 Number of years teaching mathematics is self-reported by participants on the 

demographic questionnaire. This is a continuously coded variable with a definite lower 

end range restriction and a suspected upper range restriction. To be eligible to complete 

the NBTC a teacher must have a minimum of three years experience. Further, one study 

of teachers attempting the NBTC found that those passing averaged 16.7 years of 

teaching with a standard deviation of 5.4 years, while those failing averaged a somewhat 

lower 13.4 years of teaching with a standard deviation of 6.3 years (Cavalluzzo, 2004). 

This indicates that the population attempting the NBTC is restricted to mid-career 

teachers. The range restriction may make it more difficult to find a significant 

relationship between the number of years teaching and adaptive expertise. 

 Further, the fact that the NBTC is voluntary may introduce sampling bias. 

Teachers attempting the NBTC are likely to be more motivated to improve their teaching 

and thus more likely to rate higher on mastery goal orientation and adaptive expertise, 

than teachers who do not attempt the NBTC. However, while they are more motivated to 

complete the certificate, it may not stem from an intrinsic motivation to be a better 

teacher. Three other factors may contribute to their motivation. First, the NBPTS website 

lists school districts in each state that provide financial incentives for passing the NBTC. 

For example, the Austin Independent School District pays NBTC teachers an additional 

$2,000 annually, and Corpus Christi ISD pays teachers $1,500 more annually for the life 

of the certificate. These financial rewards may mitigate some of the potential 

motivational bias in the sample. Second, some teachers may be motivated by the 
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professional prestige that comes from being a NBTC teacher. Finally, some states accept 

NBT certification in lieu of their state mandated certification for teachers transferring in 

from other states. 

 Regardless of these limitations, this analysis will provide an important 

contribution to our understanding of the psychological mechanisms that promote and 

support the pursuit of adaptive expertise. Although the expertise and achievement goal 

orientation literature have suggested the existence of a relationship between the 

motivational mechanisms characterized by mastery goal orientation, second-order 

environments that support innovation, and adaptive expertise, no empirical research has 

previously tested these hypotheses. 
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Chapter Four: Summary and Implications 

 This study examines the association between the goal orientation and adaptive 

expertise of a sample of mathematics teachers who have high degrees of pedagogical and 

subject matter content knowledge as measured by the National Board for Professional 

Teaching Standards (NBPTS) Certification examination. The principal research question 

posed is: all other things being equal, can an instructor’s degree of adaptive expertise be 

predicted from their goal orientation toward teaching? 

 Teacher’s who are adaptive experts are better able to meet the educational needs 

of an increasingly diverse population of students with complex and varying needs. The 

teacher who is an adaptive expert is more likely to pursue the scholarship of teaching. He 

will be the type of teacher who will be more likely to experiment with innovative 

teaching techniques, and develop a deeper understanding of what works for different 

types of students and why. He will engage in deliberate practice, engaging in planning 

activities throughout his career – not stopping once he has a routine set of teaching plans. 

Thus, he will be better able to adapt to novel situations and the needs of new populations 

of students. He is also more likely to adopt innovative teaching strategies that will 

encourage deep understanding and cognitive flexibility in his students. 

 Mastery goal orientation has been shown to be positively related to teacher’s help 

seeking behavior (Butler, 2007), retention in the profession, and adoption of cognitively 

stimulating and autonomous teaching strategies (Retelsdorf et al., 2010). Is mastery goal 

orientation also positively related to a teacher’s choice to pursue the path of adaptive 

expertise? Is support for innovation a moderator of the relationship between mastery goal 
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orientation and adaptive expertise? If the results of the analysis turn out as anticipated, 

the research will validate a positive unique relationship between mastery goal orientation 

and adaptive expertise that is strengthened when the individual works within a school 

environment that is supportive of innovation. It is anticipated that performance avoidance 

will have a relatively strong negative relationship to adaptive expertise and will most 

likely have a negative relationship to support for innovation. In past research, 

performance avoidance has been shown to have negative effects that are nearly the 

inverse of the positive effects of mastery. 
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Section Two: Evaluation Plan 

Chapter Five: Proposed Program Description 

 The next logical step is to design and evaluate a professional development 

intervention in which groups of teachers are randomly assigned to a) an experimental 

condition that is designed to have a mastery goal structure while engaging teachers in 

challenge-based problem solving tasks related to teaching (a strategy that encourages 

innovation); or b) a control condition that provides a traditional drill and practice 

professional development activity, with a performance goal structure. 

 Participating teachers will be introduced to a new mathematics curriculum 

emphasizing the fundamentals of conceptual understanding within a collaborative 

teaching process.  Since it is important that they be able to apply this new curriculum in 

their classrooms, the professional development must be designed in a manner that will 

ensure they develop a deep, conceptual understanding of the curriculum.  

 Participants are teams of secondary mathematics instructors who will be teaching 

the new conceptually focused mathematics curriculum in the fall following this 

intervention.  Participating teams will be randomly assigned to one of two conditions: 

intervention or control. Every secondary school within a large southern state with an 

estimated 1,261 regular instructional high schools will be asked to participate. Enrollment 

will be limited to the first 75 schools committing to full participation. Each participating 

school will be required to send two mathematics teachers who have taught Algebra 1 in 

the past year and are committed to teaching a new Algebra I curriculum the fall following 
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the program. Approximately, 150 teachers are expected to participate with two-thirds 

assigned to the intervention and one-third assigned to the control. 

 The Challenge-based, STAR Legacy Cycle was designed to develop deep, 

conceptual understanding leading to the successful transfer of knowledge (see Figure 1).  

The Legacy Cycle, developed by the VaNTH (Virginia, Northwestern Texas-

Harvard/MIT) center for research in biomedical education, is based on the How People 

Learn framework (Bransford, Brown and Cocking, 1999). The basic premise upon which 

the model rests is that learners acquire a deeper knowledge of an area when they 

construct it themselves through active engagement with each other and the content.  

Developing a deep, conceptual understanding of a domain (why something works and the 

way it works) enables the individual to apply the knowledge acquired to novel situations, 

be flexible, and invent new and better procedures or products (VaNTH, 2005). 

 There are five parts to the Legacy Cycle. First, participants are introduced by the 

instructor to a specific area or domain. They are then given a challenge that is relevant to 

that area or domain. In one such course, for example, biomechanics students were given 

the task of determining how to measure the jumping height of humans. Each team of 

students was then set free to generate ideas, research these ideas, and complete the 

challenge. Once they found a solution they were given the opportunity to test it and 

receive feedback. Feedback takes both the form of critiques from experts in the domain 

and direct feedback from experimentation.  Finally, they presented their work in a public 

forum.    
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 The Legacy Cycle has been employed and studied in high school and college 

engineering classrooms and in medical education.  It has been found to develop a greater 

degree of conceptual knowledge and the ability to transfer knowledge to novel situations. 

In a meta-analysis of 25 experimental and quasi-experimental studies conducted between 

2001 and 2006, Cordray and Harris (2009) found a strong effect on student ability to 

transfer and apply knowledge. The studies were in areas as diverse as biology, 

mathematics, ultrasound, and mathematics. To date, this model has not been studied in a 

teacher education or professional development setting. 

 

 

 

Figure 1: STAR Legacy Cycle (Cordray and Harris, 2009) 

 

 The goal structure of an activity has been shown to influence the goal orientation 

of students. Ames (1984) concludes that the goals teachers have for student outcomes 

impact the types of learning strategies they use and the goal orientations their students 

adopt.  Ames (1992) proposed the TARGET system for measuring student classroom 

goal structures. This system examines five dimensions of the classroom that influence 
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student achievement goals: nature of the tasks assigned, authority relation between the 

teacher and students, nature of recognition or rewards for accomplishments, whether 

students are grouped in a manner that promotes collaboration, whether evaluation of 

student work is private and promotes mastery, and whether or not students are allowed to 

schedule tasks and complete assignments at their own pace (Ames, 1992; Meese, 2006).  

 The STAR Legacy Cycle model is designed with a mastery goal structure. First, 

in a mastery goal structure, the students engage in tasks that are challenging and of 

interest to them.  Giving participants an authentic challenge to complete is a central 

component of the Legacy Cycle.  Second, a goal structure that encourages mastery occurs 

in a self-paced, collaborative environment.  Students engaged in a Legacy Cycle work in 

small, independent groups.  The role of the instructor is to help students find appropriate 

information and guide them in the process of finding solutions to the challenge. The 

teams are responsible for identifying and scheduling the tasks needed to complete the 

challenge, and complete the challenge at their own pace within specified time constraints. 

While student achievement is not private in the Legacy Cycle (students openly present 

their solutions to the class and to one or more experts), student products are not judged in 

comparison to each other. Every group has an equal chance of success, and it is 

emphasized that there is more than one correct solution to a problem. Thus, the Legacy 

Cycle is ideal for both encouraging a mastery goal orientation, and deep conceptual 

understanding that enables the transfer of knowledge. 
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THE INTERVENTION. 

 Participants in both the intervention and control group will spend the first three 

days of a two-week summer session reading and discussing articles that review 

theoretical and methodological underpinnings of the new curriculum. Following this 

discussion the intervention group will be given a Challenge to complete in small groups 

of two to three individuals. The challenge will be to design and teach an intermediate or 

advanced algebra lesson that is: (1) focused on the teaching for conceptual understanding 

of an algebraic concept, (2) consistent with the scope and sequence of the new 

curriculum, and (3) appropriate for the grade and level of mathematics they will be 

teaching. Participants will attend the workshop in school-based teams of two to three 

Algebra instructors. Each team will be given the opportunity to choose a different 

concept from among a group of algebraic concepts that will fit within the overall scope 

and sequence of the new curriculum. 

 With the guidance of the instructor, teams will gather information about their 

concept and generate ideas about how to teach the lesson. For example: What terms need 

to be defined and how? Where might there be confusions about notation, symbols or 

terms related to this concept? What exercises or manipulables are needed to help student 

teams develop a conceptual understanding of the concept? How should student learning 

be assessed? 

 Once they have generated ideas about how to develop the lesson they will develop 

a lesson plan, complete with student activities and assessments.  This lesson will then be 

taught to their peers in the workshop. They will critique each other’s lesson, providing 
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formative feedback.  All of the lesson plans will then be incorporated into the full scope 

and sequence of the Algebra course.  

 In the control condition, participants will be introduced to the new conceptually-

based curriculum and collaborative teaching approach through a traditional sage-on-the-

stage professional development model. Each day of the two weeks of professional 

development, an instructor will lecture participants on the scope and sequence of the new 

curriculum and present the new collaborative teaching model to them via PowerPoint and 

readings in a workbook designed specifically for the training. In addition, participants in 

the control condition will be given regularly scheduled quizzes on the material and told 

that they must be in the top 10 percent of the class in order to be eligible for a teaching 

development grant that will compensate them for implementing the course during the 

next regular term. The primary criteria for receiving a grant will be their marks on the 

homework, quizzes, and the final exam. After each quiz and exam the instructor posts the 

scores in the front of the room and recognizes those with top scores, thus encouraging 

participants to compete over their scores. Assuming that a difference in conceptual 

understanding and implementation will be found between the intervention and control 

groups, teachers in the control condition will be offered a workshop following the 

intervention model the next summer.  

 Beginning in the fall following the summer professional development sessions, 

each school team (intervention and control) will teach the new Algebra 1 curriculum as a 

team. It is anticipated that class size will average 35 students per class with a teacher to 

student ratio of approximately 1 to 12. Each school can offer up to two classes. Both 
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teachers must participate in each class and the school has committed to hiring an aide to 

assist the teachers when the class size exceeds 30 students.  Teachers are encouraged to 

meet daily and analyze their teaching, the curriculum and its impact on the students. They 

are encouraged to adjust the curriculum to meet the needs of their students and school. 

The teachers will be required to post changes to a shared workspace where all of the other 

teachers in the program can view the changes. All of the teaching teams will commit to 

using the same assessments as modified through the group discussions.  Teachers in the 

intervention and control condition will be expected to participate in monthly webinars 

and an ongoing chat session to discuss what they have observed about the curriculum and 

their teaching. All of the teachers will have access to the professional development 

instructor to ask questions about the curriculum and their teaching. 

PROGRAM OUTCOMES. 

 This professional development ultimately seeks to improve learning for students 

by increasing the ability of teachers to be adaptive experts.  However, determining the 

programs impact on student learning is a long-term goal.  In the short-term, the first-order 

outcomes include the teacher’s satisfaction with the training and their ability to 

understand the purpose of the new mathematics curriculum and its methods. 

 The second order outcomes are related to the participants’ ability to apply this 

new curriculum to their school and students. The successful teacher will show evidence 

of a deep conceptual understanding of the curriculum. She will implement the curriculum 

as a fully participating team member with her co-teacher, participating in all class 

sessions and meeting regularly (most likely on a daily basis) to discuss student progress, 
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student misconceptions and problems with the curriculum. She and her co-teacher will 

make meaningful and relevant changes to the curriculum that are consistent with the core 

goals of the curriculum and engage in meaningful discussions with her colleagues about 

the curriculum and its strengths and weaknesses as applied to her population of students. 

 Ultimately, the teacher will become an adaptive expert. She will not only be able 

to apply the principles of conceptual understanding and collaborative teaching to Algebra 

1, but she will begin to apply what she has learned to other courses she is teaching. 

 Finally, her ability to be an adaptive expert will translate into improved outcomes 

for her students who will demonstrate a deep conceptual understanding of Algebra, not 

just be able to follow mathematics procedures correctly. They will also be able to succeed 

at higher rates in subsequent, higher level mathematics courses for which algebra is a pre-

requisite. 
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Table 1: Program Outcomes 

1
st
 Order Participants are satisfied with summer professional development 

 Participants have a deep understanding of the curriculum and its 

methods. 

2
nd

 Order Participants implement the curriculum and its methods as intended 

 Participants are able to adjust the curriculum to their population in 

ways that are consistent with the core principles of the curriculum 

and its methods 

3
rd

 Order Participants are able to apply the principles learned to other courses 

they teach. 

 

 Students who have been taught by these teachers have a higher 

success rate in Algebra 1. 

 

 Students who have been taught by these teachers have a deep, 

conceptual understanding of Algebra. 

 

 Students who have been taught by these teachers enroll in and have 

higher success rates in higher-level mathematics courses. 

 

EVALUATION CRITERIA. 

 The overall purpose of this professional development program is to improve the 

ability of mathematics teachers to be more innovative and adaptive. Teaching is an 

enterprise requiring the ability to identify and solve problems in an highly varied and 

often unpredictable environment.  Likewise, the evaluator that takes a strictly decision-

oriented approach to evaluating teaching and teacher professional development will miss 

important information about the program.  Focusing only on a few key measures that 

would enable principals to decide if this program is successful won’t provide information 

about the impact of the program on teachers, the school or students. It also won’t 
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illuminate the challenges and barriers that teachers face in implementing the curriculum, 

or any unintended outcomes (positive or negative) experienced by teachers and students. 

 Therefore, this evaluation takes a more value-oriented approach (Borich and 

Jemelka, 1982).  Select measures of program effectiveness that are decision-oriented, 

such as improvements in student completion rates and grades in subsequent higher-level 

courses, will be collected. However, the evaluation will also document the experiences of 

the teachers with the program and the teachers, students and school administrator’s 

experiences with the implementation of the curriculum.  
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Chapter Six: Program Decomposition 

 Recruiting teams of teachers to the summer workshop and engaging them in the 

summer activities is crucial to the success of the program.  Principals are being asked to 

recruit teachers to the program. They have been instructed to recruit volunteers, but there 

is always the possibility that teachers will feel coerced to participate. Moreover, even 

those that want to participate must take time during their summer to attend the workshop.  

Providing an incentive will be important for attracting teachers to the summer program. 

The program will secure authorization to provide CEUs to the teachers and provide a 

small stipend through a private grant. Thus, teacher motivation is an important constraint 

on the model.  

 Another critical constraint impacting the success of the program is the hiring and 

training of the professional development instructors, who themselves must have a deep 

understanding of the theory and purpose underlying both the new curriculum being taught 

and the instructional methods inherent in the Legacy Cycle model. Instructors will be 

recruited from a team of instructors who have been teaching the new mathematics 

curriculum for at least one year. They will receive one week of training in the Legacy 

Cycle model from skilled trainers. 

 Two other crucial constraints are the quality of the Legacy Cycle curriculum and 

the new mathematics curriculum.  If the challenge isn’t formulated in a way that it is both 

meaningful and interesting to the participants, it will fail in its purpose to engage the 

participants in applying the information they have learned to solving a problem. Further, 

if they are not interested in teaching the new mathematics curriculum, they will be less 



   
  

 56 

inclined to put effort in to solving an authentic challenge. Moreover, if access to 

information resources (i.e., library resources, internet, etc.) during the workshop is not 

adequate, it will inhibit the participant’s ability to gather relevant information and thus 

solve the problem of developing a high quality lesson.  

 When the teachers return to their schools to teach the new curriculum, their 

success will also depend on the support of other teachers and school leadership; the 

resources they have available to them; and the motivation and previous mathematics 

background of the students. If the school climate is not supportive of innovation and does 

not encourage deep understanding and reflection about teaching, this will also be a 

constraint on the teachers development of adaptive expertise in the teaching of 

mathematics. 
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The Adaptive Mathematics Teacher:
Summer Professional Development 

Workshop

Inputs
· PD resources and materials
· PD curriculum
· New Mathematics curriculum
· PD instructors
· Teacher teams
· School resources and materials
· Students
· Teacher aides
· School leadership
· Other teachers at the school

Constraints
· Teacher motivation and goal orientation
· Teacher’s level of content knowledge
· Climate for innovation in school
· Support from other teachers and school leadership
· Student motivation
· Student past mathematical background
· Quality of PD instruction
· Quality of PD follow-up with teachers

Outcomes
Short-term

· Intervention teachers are more satisfied with PD than control.
· Intervention teachers complete the PD.
· Intervention teachers understand the new curriculum better 

than control teachers
Mid-term

· Intervention teacher’s implement new curriculum more 
faithfully than control.

· Changes made to the curriculum are appropriate to the 
purposes and meaning of the curriculum.

· Teachers actively participate in sharing and discussions about 
curriculum during school year.

Long-term
· Students in new curriculum classes successfully pass Algebra 1 

at a higher rate than a control group
· Students in new curriculum classes enroll in and successfully 

complete higher-level mathematics courses at a higher rate 
than a control group.

· Intervention teachers are more likely to apply instructional 
concepts and methods in other courses than the control.  

Figure 2: Program Overview 

 

 Within the program there are two primary transactions: the two-week summer 

workshop and the implementation of the new curriculum.  In order to be successful the 

two-week summer program requires motivated and trained instructors, a well-defined 

curriculum with appropriate pedagogical techniques, motivated participants with an 

incentive to complete the program successfully, and adequate resources (space, materials, 

etc.).  If it is successful, the participants will leave the summer workshop with a deep 

understanding of the goals and purpose of the curriculum (they will understand why the 
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new curriculum is designed the way it is and will be able to adapt it to new 

circumstances).  

 After the summer program ends, the participants will return to their schools and 

teach the new curriculum in their teams.  If the summer program was successful they will 

be able to adapt the new curriculum without straying from the philosophy of education 

underlying it.  They will understand why they are working in teams and create patterns of 

interaction that ensure the curriculum is aligned horizontally, across classes. They will 

meet daily (or almost daily) to discuss the curriculum, the students reactions to it, the 

impact on student learning, issues and concerns about its fit with their population, and 

adjustments needed to improve the curriculum for their students.  If they are faithful in 

implementing the curriculum they will have an even deeper understanding of the 

underlying philosophy undergirding it: (1) why lessons are designed they way they are; 

and (2) why and how any adjustments they made are either consistent or inconsistent with 

the original curriculum design. Moreover, their students will have a deeper, conceptual 

understanding of Algebra than students in a regular Algebra course, and should be more 

successful in Algebra 1 and subsequent higher-level mathematics courses. 
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Inputs

Conduct 
Two-week
Summer 

Workshop

Teachers

PD Instructors

PD  & Algebra 
Curriculum

PD Resources and Materials

Deep understanding of new 
Algebra curriculum

Constraints

Team Teach
 New Curriculum

Teachers

School Leadership

School Resources

Students

Are teachers motivated to give up time in the summer for this activity? Do they have strong content knowledge?

Are PD  instructors  trained to implement the new curriculum and to implement the Legacy Star PD model?

Are there adequate resources and materials for the PD?

Is the PD curriculum well-designed and based on best practices?

Algebra curriculum and 
materials

Is the Algebra curriculum well-designed and research based?

Does the school climate support innovation? Does it encourage mastery?

Are students motivated to learn? Do they have adequate mathematics background to learn Algebra?

Does school leadership support the program? Do other teachers support the program?

Does the school have adequate resources and materials to implement the program?

Is the PD program follow-up with teachers adequate? 

Are the participating teachers comfortable with collaboration?

Participating teachers skillfully adapt curriculum to their population and school

Participating teachers adapt what they have learned to other classes

Students succeed in Algebra and in subsequent higher-level mathematics courses 
at higher rate then non-participating students

Is teacher recruitment well-designed and implemented?

Outcomes

Outcomes

Constraints

Inputs

 

Figure 3: Primary Program Transactions 

 

 Within the workshop itself there are four transactions: the challenge, gathering 

information, designing the lesson plan, and presenting and revising the lesson plan. The 

challenge is the central component to the model. In giving the participants a challenge the 

instructors are ensuring that the information being given to the participants will be used 

to solve a problem.  Both Hatano and Inagaki (1984) and Bereiter and Scardamalia 

(1993) argue that deep understanding of a domain comes from applying content 

knowledge to solving a problem. In the act of problem solving, we apply the content we 

have learned to a real-world situation and observe its effects on different objects or in 

different situations. Of course, the challenge must be carefully designed to ensure that it 

is relevant to the domain of study and of sufficient interest to the participants. Problem 

solving enables participants to develop a deep understanding of why something is the 

way it is and, thus, helps them to adjust it to varying circumstances. 
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 The first step in the challenge is to gather information. Not only are participants 

gathering information, but they also must determine if the information they have gathered 

is relevant to completing their task and consistent with the methods they are trying to 

apply. Thus, they must make judgments about the information.  For information 

gathering to be successful, participants must be furnished with sufficient information 

about the challenge and the premises underlying it. If this information is not sufficient 

they won’t be able to judge the relevancy of the specific information they gather to solve 

the challenge. If it is sufficient, participants will be able to gather and sort through 

information creating a relevant body of knowledge they can use to solve the challenge. 

 Once information has been gathered the teams set out to solve the challenge. 

There are four things needed to successfully complete the challenge: (1) a deep 

understanding of the challenge itself; (2) correct and appropriate information specific to 

their challenge; (3) individual motivation to solve the challenge; and 4) the ability to 

work well as a team. While solving the challenge they will necessarily be engaged in 

experimentation and observation.  As a result, by even approaching the challenge, 

participants will have developed a deeper understanding of the way the model works 

under varying conditions and circumstances, a prerequisite for acquiring adaptive 

expertise.  

 The next, and fourth, stage of the model is for participants to test their solution to 

the challenge, in this case their lesson.  This is done by teaching the lesson to other 

classmates.  Teams gather formative feedback from their own observations of teaching 
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the lesson, and the comments and experiences of their fellow participants with their 

lesson.  

 

Conduct 
Two-week
Summer 

Workshop

Provide Challenge
Gathering 

Information
Preparing Solution Getting Feedback

Constraints
Are teachers motivated to give up time in the summer for this activity? Do they have strong content knowledge?

Are there adequate resources and materials for the PD?

Is the PD curriculum well-designed and based on best practices?

Is the Algebra curriculum well-designed and research based?

Are PD  instructors  trained to implement the new curriculum and to implement the Legacy Star PD model?

Deep understanding of new 
Algebra curriculum

Teachers

PD Instructors

PD  & Algebra 
Curriculum

PD Resources and Materials

Inputs

 

Figure 4: Summer Workshop Transactions 

 

 Teaching the curriculum the following fall represents the fifth step in the Legacy 

Cycle: public display or demonstration.  There are four sub-transactions that comprise the 

main transaction of Team Teaching the New Curriculum. First, the teachers must work 

together as a team to teach the lessons and assess student learning. Through this process 

they should observe the impact of the lessons and teaching methods on various students. 

From these observations should come proposals for revising and adapting the lesson plan 

to meet the needs of their specific population. Finally, to close the feedback loop it is 

important that they share and discuss these observations, changes, and successes with 

fellow workshop participants. As a group, participants commit to revising and using the 

same assessments. These changes are then fed back into the overall curriculum, their 
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teaching. Then the process of observing, discussing, and revising starts over again.  It is 

through this full, iterative process that adaptive expertise is developed. If the model 

works well we would hope to observe characteristics of adaptive expertise (deep 

understanding, ability to transfer information to novel situations, and ability to adapt 

knowledge to varying circumstances) in both the participating teachers and their students. 

 

Adapting 
Lessons to 
Student 
Needs

Team 
Teaching/

Collaboration

Team Teach
 New Curriculum

Observing, 
Reflecting on,  
and Discussing 

Lessons

Participate in 
online 

community

Assessing 
Student 
Learning

Does the school climate support innovation? Does it encourage mastery?

Are students motivated to learn? Do they have adequate mathematics background to learn Algebra?

Does school leadership support the program? Do other teachers support the program?

Does the school have adequate resources and materials to implement the program?

Is the PD program follow-up with teachers adequate? 

Are the participating teachers comfortable with collaboration?

Constraints

Teachers

School Leadership

School Resources

Students

Algebra curriculum and 
materials

Inputs

Participating teachers skillfully adapt curriculum to their population and school

Participating teachers adapt what they have learned to other classes

Students succeed in Algebra and in subsequent higher-level mathematics courses 
at higher rate then non-participating students

Outcomes

 

Figure 5: Team Teaching Experience Transactions 
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Chapter Seven: Stakeholders 

 For any program or intervention there are multiple participants and stakeholders, 

each with their own perceptions of the program and their own expectations of its 

outcomes.  When the researcher puts herself in the place of these stakeholders, and 

considers what they want from the program, she is better able to anticipate their questions 

and gather the data that will enable her to respond to their questions.  There are four 

principle stakeholders of this program: (1) the participating teachers, (2) the developer of 

the new mathematics curriculum, (3) the school leadership (e.g., principals), other 

teachers (of mathematics and other domains), and ultimately, (4) students and their 

parents. While there are other stakeholders, these are the four with the most to gain or 

lose from the program. 

PARTICIPATING TEACHERS. 

 The teachers participating in the workshop are both the actors in and the object of 

the professional development.  For this reason, they are the principal stakeholders.  They 

will have questions about what is required of them, as well as, what will be accomplished 

by their participation. 

 Even before a teacher agrees to participate they are likely to want to know:  

· What is the professional development trying to accomplish? 

· What are the goals of the new curriculum and on what research, 

educational theories is it based? Is it consistent with their beliefs about 

teaching? 

· How much time and effort will it take for them to participate? 
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· What incentives will there be for them to participate? 

· How will the new curriculum align with the teaching standards they are 

required to follow in their state? 

 

Ultimately, they will be concerned about the potential outcomes of the program. 

· Will what they are taught in the workshop improve what and how they 

teach? 

· Will the new curriculum improve student learning, and in what ways? 

 Teachers have been bombarded with the latest and greatest methods and 

techniques for teaching. A teacher who has taught for any length of time has seen 

numerous programs that claim to improve education come and go. As such, many 

teachers have become cynical and are very suspicious of adopting new methods.  It will 

be important to demonstrate to them that this new mathematics curriculum will provide 

sufficient benefits to them and their students to make it worth their while to adopt. 

MATHEMATICS CURRICULUM DEVELOPERS. 

 The developers of the new mathematics curriculum are another critical 

constituency.   They developed the curriculum to meet a perceived need for improvement 

in mathematics instruction: too much focus on procedure and too little focus on 

understanding the conceptual basis for mathematics. They will be interested in answers to 

specific questions about the impact of the program, such as: 

1. Is the Legacy Cycle helping teachers to develop a deeper understanding of 

the new mathematics curriculum? Do the teachers understand why the 
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curriculum is designed the way it is? How faithful are participating 

teachers implementing the curriculum at their school?  Are they applying 

it to their own school and population without straying from the central 

tenants of the curriculum design?  

2. What attitudes, beliefs, backgrounds, levels of content knowledge 

possessed by participating teachers influence their successful 

implementation of the curriculum? 

3. Are students who are participating in the new curriculum better able to 

understand the concepts behind the mathematics and not just how to 

implement procedures? Since mathematics concepts build upon each 

other, is developing a conceptual understanding of mathematics helping 

students transfer knowledge from one procedure or concept to another 

related procedure or concept? 

4. For which types of students does this curriculum work best?  

 The developers of the new curriculum are interested in having more teachers 

adopt the curriculum. Thus, they are interested in any challenges the teachers face in 

implementing the new curriculum and any adjustments that can be made to the 

curriculum that will make it more likely that it will be widely adopted. 

SCHOOL LEADERSHIP. 

 School principals and curriculum specialists are the principle policy makers with 

a stake in this program.  Like the teachers, principals and curriculum specialists will need 

to be convinced before they participate in the program that the proposed, new 
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mathematics curriculum will provide enough improvement in learning that it is worth the 

effort to adopt.  Thus, their questions mirror those of the participating teachers: 

· What is the professional development trying to accomplish? 

· What are the goals of the new curriculum and on what research, 

educational theories is it based?  

· What resources will be needed from the school to participate in the 

summer workshop? To implement the new curriculum at the school? 

· How will the new curriculum align with the teaching standards all schools 

are required to follow in their state? 

Ultimately, they will be concerned about the potential outcomes of the program. 

· Will what teachers learn in the workshop improve what and how they 

teach? 

· Will the new curriculum improve student learning, and in what ways?  

STUDENTS AND THEIR PARENTS. 

 Students are only second to the participating teachers in their stake in the 

program. They will be the ones to benefit most if the new curriculum is successful, and to 

be most heavily penalized if it is not.  While they have little say about whether or not the 

curriculum is implemented at their school, they may have a choice as to whether or not to 

participate in the experimental classes.  Parents also have a stake in the program because 

of their concerns for the success of their children. The primary questions they will have 

about the program is: 
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· How will the new curriculum and methods differ from the former 

curriculum and methods for Algebra 1? 

· What are the programs expectations of me/my child as a student? As a 

parent? 

· Will this new curriculum help me/my child succeed in Algebra 1? In 

subsequent higher-level mathematics courses? 
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Chapter Eight: Evaluation Questions and Measures 

 In the first part of this report the researcher tested the hypothesis that a teacher’s 

goal orientation toward teaching is a predictor of a teacher’s adaptive expertise.  The 

professional development session was designed based on the assumption that this 

relationship exists. It assumes that a teacher with a mastery-approach goal orientation is 

more likely than a teacher with a performance-approach or avoidance orientation to risk 

adopting the new curriculum. Moreover, it is hypothesized that a teacher that participates 

in the Legacy Cycle model of professional development is more likely to develop a 

mastery-approach orientation and adaptive expertise in the teaching of mathematics. 

EVALUATION QUESTIONS. 

(1)  Do teachers in the intervention group have higher CK, KSC and SCK than 

teachers in the control condition at the end of the workshop? At the end of the 

team teaching experience? 

(2)  Do intervention teachers in schools with a climate that supports innovation 

have higher CK, KSC and SCK scores than teachers in non-supportive schools? 

Do they have higher mastery goal orientations? 

(3)  Do students in Algebra 1 classes taught by Mathematics Challenge teachers 

have a higher passing rate than students in the control classes? 

EVALUATION MEASURES. 

 A mixed-methods approach is used to measure the implementation of the new 

curriculum, and teacher and student outcomes.  The measures and instruments used to 

answer each of the evaluation questions are displayed in Table 2. 
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Table 2: Evaluation Measures 

 

Evaluation Question Measure Instrument 

Teacher attitudes, goals and 

characteristics 

Teacher’s  

· Goal Orientation 

· Beliefs about 

Teaching 

· Motivation for 

participation 

· Demographic 

Characteristics and 

Academic 

Background 

1. Goal Orientation 

Toward Teaching 

(GOTT) pre-/post-

workshop and team 

teaching experience 

2. Self-reported 

philosophy of 

teaching pre-/post-

workshop and team 

teaching experience 

3. Self-reported 

demographic, 

academic and 

motivation survey 

pre- only 

 

Student characteristics 

(demographic and 

academic) 

Student’s 

· Demographic and 

Academic 

Background 

· Goal Orientation 

 

 

1. School records 

2. AGQ-S 

School Climate · Climate for 

Innovation 

1. Siegel Scale of 

Support for 

Innovation – 

Modified 

 

Program Implementation · Collaboration 

· Curriculum Fidelity 

1. Site Observation 

Rubric 

 

Teacher Outcomes · Curriculum Fidelity 

· Participation in 

online community 

· Teacher 

Collaboration  

· Problem-solving 

style 

· Increase in informal/ 

1. Site Observation 

Rubric 

2. Teacher Interviews 

3. Content Analysis of 

Lessons pre/post 

workshop 

4. Participation in 

online community 
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Table 2: Evaluation Measures 

 

Evaluation Question Measure Instrument 

conceptual 

knowledge  

5. Jabri Bisociative/ 

Associative Problem 

Solving Styles Scale 

6. Learning for 

Mathematics 

Teaching (LMT) – 

Algebra  - pre/post-

workshop and team 

teaching experience 

 

Student Outcomes · pass-rate in 

teacher’s previous 

Algebra 1 class 

versus intervention 

class. 

Intervention versus control 

class: 

· pass-rate from same 

term  

· pass-rate in 

subsequent higher-

level mathematics 

course. 

1. Student Records 

 

 Most of the tools used in the evaluation were also used in Section 1 of this report. 

The validity and reliability of these instruments was reported in Chapter 3.  Only three 

data collection tools are new to the evaluation. 

 The Achievement Goals Questionnaire for Sport (AGQ-S) (Conroy, Elliot and 

Hofer, 2003) is the only existing scale that measures all four achievement goal constructs 

included in Elliot’s and McGregor’s (2001) 2 X 2 model: mastery-approach, mastery-

avoidance, performance-approach and performance-avoidance. It is a 12-item 
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questionnaire designed for measuring student achievement goals and focuses solely on 

the aim of performing well (Appendix E).  The internal consistency of each of the four 

scales are adequate to strong with average alphas of: Mastery Approach - .70, Mastery 

Avoidance - .82, Performance Approach - .88, and Performance Avoidance - .87. 

 Learning Mathematics for Teaching (LMT) (Learning Mathematics for Teaching 

Project, 2011) is a series of instruments for assessing teacher’s content knowledge (CK), 

knowledge of students and content (KSC), and specialized content knowledge (SCK) or 

knowledge specific to the teaching domain.  These instruments, developed at the 

University of Michigan, are designed to measure teacher’s knowledge and evaluate 

professional development programs.  The Algebra assessment is targeted at K-8
th

 grade, 

but has been used successfully with pre-service and in-service teachers completing 

Masters degrees and Master teacher certificates in mathematics without encountering a 

ceiling effect (Nankervis, 2009).  The reliability coefficient for the Algebra instrument is 

very good (.93) (Hill, 2007).  This is a proprietary instrument. As such, only officially 

released questions are included in Appendix F. 

 The Site Observation Rubric and Teacher Interview Protocol are researcher 

designed, qualitative measures. They are designed to document the fidelity of 

implementation of the curriculum during observation of the classroom and school, and to 

identify the challenges faced by the teachers and schools in implementing the new 

curriculum. 
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EVALUATION DATA ANALYSES. 

 A logistic regression model will be used to compare successful Algebra 1 course 

completion rates for students in the new curriculum classes with a group of students 

enrolled in a traditionally structured Algebra 1 course for each school.  

 A multi-level regression model will be used to analyze cross-level effects of 

mathematics content (CK), knowledge of student and content (KSC), specialized content 

knowledge (SCK) and goal orientation toward teaching at three time points (pre-

workshop, post-workshop, and post-classroom implementation).  The first level of the 

model will be teacher’s scores on these measures at each point in time, with time at the 

post-classroom implementation equal to zero. Level two will be the placement of teachers 

in each condition, and level three the score on the SSSI for each teacher’s school.   

 Qualitative measures are employed to aid with interpretation of the quantitative 

results and provide formative information for the program directors. Among the measures 

used are: (1) an observation rubric to measure the fidelity of the Mathematics Challenge 

model as it is implemented by the participating instructors and examine changes in 

classroom dynamics; and (2) semi-structured interviews of instructors to uncover 

challenges to successful implementation, and changes in instructor attitudes. 

LIMITATIONS. 

 This study is, by necessity, quasi-experimental in design.  Teacher and student 

motivation to participate and learn are important to the success of the intervention and, 

thus, cannot be controlled for in the design.  Further, it is impractical to recruit a group of 

teachers that are not participating in the workshop and expect them to complete the pre- 
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and post-surveys.  Further, principals and teachers may not be willing to participate when 

they find out they could be randomly placed in a control condition. Likewise, selecting a 

control class for purposes of comparing intervention classes with non-intervention classes 

is problematic.  The control and intervention classes will by necessity have different 

teachers, resulting in potential teacher effects.  Since improving the knowledge of the 

teacher is part of the intervention, it is not possible to control for this variability by 

holding the teacher constant.  Finally, schools are not willing to randomly select students 

for participation in the intervention versus control class.  In reality, the way students are 

selected to participate is likely to vary by school. Therefore, while external validity will 

be high, it comes at the cost of some degree of internal validity. 
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Appendix A: Bisociative Problem Solving/Adaptive Expertise Scale 

 

Item 

1. (BS) Pursue a problem, particularly if it takes me into areas I don’t know much 

about 

 

2. (BS) Link ideas which stem from more than one area of investigation 

3. (BS) Search for novel approaches not required at the time 

4. (BS) Struggle to make connections between apparently unrelated ideas 

5. (BS) Spend time tracing relationships between disparate areas of work 

6. (BS) Make unusual connections between apparently unrelated ideas 

7. (AE) Seek to understand why things are the way they are  

8. (AE) Identify an area in which I need to improve my skill and focus on that 

area until I excel at it. 

 

9. (AE) Seek out problems to solve that will extend my understanding 

"I am a teacher who:" Followed by a seven point scale ranging from 1 = "is very likely 

to" through 7 = "is very unlikely to" 

 

BS = bisociative problem solving; AE = Adaptive Expertise items 

 

Scale adapted from (Jabri, 1991) 
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Appendix B: Goal Orientation Toward Teaching 

 

Item 

1. (M) For me, the development of my teaching ability is important enough to take 

risks. 

2. (M) I actively seek out opportunities to improve my teaching skills and 

techniques. 

3. (M) The value of trying new teaching methods outweighs the risk of making a 

mistake. 

4. (PA) The opinions others have about how well I can teach are important to me. 

5. (PA) It is important to me that my colleagues or department notice that my teaching 

is effective. 

 

6. (PA) It would be a highlight of my career to be nominated for a teaching award out 

of a group of recognized teachers. 

7. (AV)  I feel like a good teacher when I can teach without making any mistakes. 

 

8. (AV) I typically only use teaching methods I know for sure how to use. 

 

9. (AV) A good class period is when everything goes exactly as planned. 

Six point Likert scale from 1 =  "strongly agree" to 6 = "strongly disagree"  

 

M = mastery/learning; PA= performance approach/proving; AV = performance 

avoidance/avoiding 

 

(Kucsera et al., 2011) 
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Appendix C: Modified Siegel Scale of Support for Innovation 

 

Item 

1.  This organization can be described as flexible and continually adapting to 

change.  

2.  Our ability to function creatively is respected by the leadership.  

3.  Around here people are allowed to try to solve the same problem in different 

ways. 

4.  Creativity is encouraged here.  

5.  People around here are expected to deal with problems in the same way.  

6. The people in charge around here usually get the credit for others' ideas.  

7.  A person can't do things that are too different around here without provoking 

anger.
 r
 

8. In this organization we tend to stick to tried and true ways.
r
 

9. This organization is open and responsive to change.
r
 

10. This place seems to be more concerned with the status quo than with change.
r
  

11. The best way to get along in this organization is to think the way the rest of 

the group does.
r
 

12. Around here, a person can get into a lot of trouble by being different.
r
 

13. The main function of members in this organization is to follow orders that 

come down through channels.
r 

14. The reward system here encourages innovation. 

15. This organization publicly recognizes those who are innovative. 

16. The reward system here benefits mainly those who don't rock the boat.
 r 

 

Six point Likert scale from 1 =  "strongly agree" to 6 = "strongly disagree"  
r 
indicates item is reverse coded. 

 

(Scott & Bruce, 1994) 
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Appendix D: Teacher Demographic Questionnaire 

 

Item 

1. What grade did you teach during the 2010-11 school year? ( 9, 10, 11, 12, 

other) 

2. What type of school did you teach in during the 2010-2011 school year? 

(Public, Regular, Public, Charter, Public, Magnet or academy, Private, 

Other) 

3. How many years have you been teaching mathematics at this grade level? 

4. How many teachers have you been teaching (any subject or grade level)? 

5. What is the highest degree you have earned? (B.S./B.A., M.A./M.S./M.Ed., 

Ph.D./Ed.D., Other) 

  

  

Indicate the extent to which you agree or disagree with each of the following statements. 

 

I am participating in this professional development program because: (Six point Likert 

scale 1 = strongly agree through 6 = strongly disagree) 

 

6 I volunteered 

7. A colleague encouraged me 

8. It is valued in the school where I am/was employed 

9. It was a requirement of continued employment 

  

  

10. Gender (Male, Female) 

11. Age (As of January 1, 2011) 

12. In what school district were you employed during 2010-2011 school year? 

Name/City/State 

  

 

  



   
  

 78 

Appendix E: Achievement Goal Questionnaire for Sports 

 

Item 

1. (MA) It is important to me to perform as well as I possibly can. 

2. (MA) I want to perform as well as it is possible for me to perform. 

3. (MA) It is important for me to master all aspects of my performance. 

4. (MAV) I worry that I may not perform as well as I possibly can. 

5. (MAV) Sometimes I'm afraid that I ma not perform as well as I'd like. 

 

6. (MAV) I'm often concerned that I may not perform as well as I can perform. 

7. (PA)  It is important to me to do well compared to others. 

 

8. (PA) It is important for me to perform better than others. 

 

9. (PA) My goal is to do better than most other performers. 

10. (AV) I just want to avoid performing worse than others. 

11. (AV) My goal is to avoid performing worse than everyone else. 

12. (AV) It is important for me to avoid being one of the worst performers in the 

group. 

Five point Likert scale from -2 =  "do not believe at all" to +2 = "believe 100% of time"  

 

MA = mastery approach; MAV = mastery avoidance; PA= performance approach; AV = 

performance avoidance 

 

Stem has been modified to: How strongly do you believe each statement is true about 

your performance in mathematics. 

 

(Conroy, Elliot and Hofer, 2003) 
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Appendix F: Learning Mathematics for Teaching - Released Questions 

 

Item 

1. (CK) Ms. Chambreaux’s students are working on the following problem:  

Is 371 a prime number? As she walks around the room looking at their 

papers, she sees many different ways to solve this problem.  Which 

solution method is correct? 

 

2. (SCK) Mrs. Davies’ class has learned how to tessellate the plane with any 

triangle. She knows that students often have a hard time seeing that any 

quadrilateral can tessellate the plane as well. She wants to plan a lesson 

that will help her students develop intuitions for how to tessellate the 

plane with any quadrilateral.   

 

3. (KCS) A number is called “abundant” if the sum of its proper factors exceeds the 

number.  For example, 12 is abundant because 1 + 2 + 3 + 4 + 6 > 12.  On 

a homework assignment, a student incorrectly recorded that the numbers 9 

and 25 were abundant.  What are the most likely reason(s) for this 

student’s confusion?   

 

(Learning Mathematics for Teaching Project, 2008) 

 

CK = Content Knowledge; SCK=Specialized Content Knowledge; KCS = Knowledge of 

Content and Students. 
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Appendix G: Teacher Interview Protocol 

 

Introduction: The purpose of these interviews is to investigate how completely the Math 

Challenge curriculum was implemented at the grantee schools. The interviews will be 

used to gather information on: 

· Lesson plan usage, specifically how closely plans are followed, including content 

and timeline. 

· Structure, specifically if how closely the curriculum is followed, how closely 

participating teachers collaborate.  

· Supplemental student support, specifically what is included (tutoring, , 

availability of instructors, and any other support provided to students). 

 

Items to be obtained in advance: The lead teacher will be asked to provide the 

following before the site visit. 

· An organizational chart showing all teachers and other personnel and how they 

are aligned to support the program. 

· A daily schedule of classes and support sessions. 

· Schedules of all teachers, administrators and support staff involved in the 

program. 

· Lesson(s) to be taught during the visit, including name and ID# from Scope and 

Sequence.  

 

Interview process and questions: 

 

This will be a semi-structured interview. The guiding questions below need be used for 

consistency form site to site, but if the respondent wishes to give more information, they 

should be allowed to do so.   

 

I. Introduction and Instructions  

a. Introduce yourself and make sure you know their name, their role in the 

program, and how they would like to be addressed. Use their preference as 

you conduct the interview. 

b. Thank them for agreeing to talk with you and make sure they are aware 

that the interview is being recorded.  

c. Explain the purpose of the interview. You are gathering information to 

determine how closely their program follows the model  introduced in 

summer XXXX and how any deviation from the model helps or hurts 

student achievement and attitudes towards mathematics. 

II. Questions 

a. How did you get involved with this program? 

b. What expectations did you have about the Math Challenge program? 

c. Explain the process used to select students for the program. 
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d. How do you track students? 

i. How is attendance taken? 

ii. What follow up is done when students miss classes and/or 

sessions?  

e. I would like to ask some questions about communications. 

i. How do you communicate with students? 

ii. How do you communicate with other teachers/aides/support staff? 

iii. How do you communicate with decision makers (Principal, 

Curriculum Coordinator) 

f. Tell me how well you think the program is working.  

i. What are the strengths of the program? 

ii. What could be improved? 

g. How is the program supported by your school leadership and/or district 

leadership? 

h. Please tell me about supporting resources (examples could include 

tutoring, or computer lab). 

i. Do you attend other classes in the program? 

j. How available are you to the students outside of class time.  

k. Has the Math Challenge program impacted your teaching philosophy (why 

or why not)? 

l. Demographic data  

i. Type of employment at this institution (full-time, part-time, 

adjunct) 

ii. Role in the Math Challenge Program 

iii. Number of years teaching in anywhere 

iv. Number of years teaching mathematics 

v. Number of years at this school 

vi. Type of certificate held. 

III. Other Comments
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Appendix H: Instructional Observation And Evaluation Form 

 

Name of Observer ___________________________       Name of Observed Instructor ___________________________  

 

Date of Observation ______________________       Lesson Title __________________________________ 

 

Elements of 

Instructional 

Best Practices 

1  

Poor 

2  

Weak 

3 

Neutral 

4  

Good 

5 

Excellent 
N/A Comments 

AREA: PEDAGOGY 

Classroom 

Management 

Instructor pays attention to the responses of all students and creates 

an environment conducive to learning. Students should be actively 

engaged in the lesson.  

      

Personal 

Communication 

Skills 

Instructor should maintain eye contact, use appropriate gestures, 

talk facing the class, and be able to facilitate discussions with ease. 

Worksheets are well organized, easy to read, leave adequate white 

space, and have no grammatical errors. 
 

      

Pacing 

Instructor responds quickly to student cues, moving faster or slower 

as required. Silences and repetition are used appropriately. 
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Elements of 

Instructional 

Best Practices 

1  

Poor 

2  

Weak 

3 

Neutral 

4  

Good 

5 

Excellent 
N/A Comments 

AREA: CONTENT 

Terminology 

Instructor should consistently use complete names, give full 

definitions, and explain notation or terminology that may be 

confusing.  

      

Reasoning 

Instructor should use Inductive processes that set the stage for 

thematic thinking and deductive proofs and is obviously leading 

students to gain a deeper understanding of the subject.  

      

Minimal Errors 

Instructor should use intentional or unintentional errors as learning 

moment, correcting them promptly and exhibit overall command of 

the material.  

      

AREA: PEDAGOGICAL CONTENT KNOWLEDGE 

Error Analysis 

Instructor should show the ability to look at student errors and 

respond appropriately with diagnosis and explaining how the error 

may have occurred and how to avoid it in the future.  

      

Questioning 

Techniques 

Instructor should be able to ask meaningful questions throughout 

the lesson, including redirecting and using Socratic questioning 

with a mathematical flavor.  
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Elements of 

Instructional 

Best Practices 

1  

Poor 

2  

Weak 

3 

Neutral 

4  

Good 

5 

Excellent 
N/A Comments 

Elicit & 

Interpret 

Student Work 

& Explanations 

Instructor should obtain student engagement using student 

demonstrations, including good and bad examples of solutions and 

draw out student responses to explain the examples. 
 

      

AREA: Disposition 

Attitude 

Instructor should be enthusiastic, energetic, engaged, and exude a 

positive attitude that ideally will be reflected in the students' 

attitudes.  

      

Learning 

environment 

Instructor should create an environment where students are 

comfortable approaching the instructor with questions, and willing 

to engage in discussions, make errors, and defend their reasoning.  

      

Teacher 

Preparation 

Instructor should be confident, answer all questions, run all 

technology with little effort, have handouts ready, and show expert 

subject matter knowledge.  

      

AREA: LESSON PLAN 

Fidelity 

Instructor should follow the lesson plan as supplied, including the 

scope and sequence. Any deviation should clearly improve the 

lesson in a meaningful way.  
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Elements of 

Instructional 

Best Practices 

1  

Poor 

2  

Weak 

3 

Neutral 

4  

Good 

5 

Excellent 
N/A Comments 

Fluency 

Instructor should have a deep conceptual understanding of the 

lesson and be able to use this command of the lesson to adapt the 

content and pedagogy as appropriate, taking into account students' 

understanding and comfort level 
 

      

 
 

       

Overall Comments 

1. What were the strengths of the instructor teaching the lesson? 

 

 

2. What were the weaknesses of the instructor teaching the lesson? 

 

 

3. What suggestions would you make to help improve the teaching of the lesson? 

 

 

4. Other comments: 

 

 

Overall Evaluation of the Mathematical Quality in Instruction* 

 1 Poor  2 Weak  3 Neutral 4 Good 5 Excellent 
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Explanation of rating: 

 

 

*Mathematical Quality in Instruction refers to the richness and correctness of mathematical content AND the way material is 

conveyed to students. 
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