[bookmark: _Toc235006895]THE PERCEPTIONS OF MATHEMATICS AND THE MATURE AGE SECOND-CAREER TEACHER

Matthew. B. Etherington

Trinity Western University, Canada
Matthew.Etherington @ twu.ca‎

Abstract

This report explores the image of mathematics as understood from the perspective of three mature age second career pre-service teachers.  Three one hour interviews were conducted at the Ontario Institute for Studies in Education (U/T) with three second career graduate pre-service teachers over the course of one academic semester.  Their perceptions of mathematics suggest that second career teachers have real-world cross-disciplinary images of mathematics contingent on their work-life experience.  This could suggest that the extended career and lived experiences of second career teachers may well help lead the way to changing the old logical humanist image of mathematical practice and understanding to a social constructivist philosophical position of mathematical truths ultimately justified on the basis of lived experience and dialogue. The results of this small scale report suggests that teacher education programs and school classrooms could capitalize on the lived work-life of second career teachers to make mathematics exciting, communicative, integrated, relational and lived.
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Introduction and problem statement

When most people hear the word, “mathematics” they are likely to think of a certain time at school when they were forced to learn things that had little relevancy to their personal lives. We have the image of the dull student filling the mathematics work book with tedious and repetitive exercises, algorithms which require no imagination at all (Slade, 2001).Others are likely to think of mathematics as a pure intellectual pursuit, ice-cold lemmas, theorems, propositions or a means to an end (Bahls, 2009). However we perceive mathematics, most of us grew up in classrooms where we were taught mathematical skills to practice, memorize and rationalize. Consequently, the popular image of mathematics is that it is difficult, cold, abstract and ultra-rational (Ernest, 1994, p. 163). This image has continued to work against any notion that mathematics is exciting, relevant or important.
The main research question is to ask the question: how do second career teachers perceive mathematics pedagogy? This question is important owing on the literature that implies second career teachers with work-life histories could advance the practice of teaching mathematics by injecting a philosophy of social constructivism in the classroom. This is given further prominence because social constructivism is the philosophy of the National Council of Teachers of Mathematics (NCTM) who oversee mathematics in North America.  Therefore, second career teachers and the NCTM have comparable goals for 21st century mathematics in K-6 schools.
A brief critique of constructivist philosophy in relation to teaching mathematics is followed by the proposition that theoretically speaking second career pre-service teachers and the NCTM work in mathematical harmony. The NCTM hold the view that mathematics has suffered a public relations problem for too long and the traditional importance of mathematics in education is in grave danger unless teachers adopt an authentic constructivist approach to teaching and learning math. This report suggests that although second career teachers reflect a constructivist approach to teaching, their concerns with teaching math are reflected in the old humanist tradition of information transfer.
This report, although not generalizable due to a small sample of interviews, is necessary to generate just the sort of creative enthusiasm which is signally lacking in so many mathematics classrooms.  To discuss what the mathematical experience is or should be as endorsed by the NCTM and reflected in the perceptions of three second career pre-service teachers there must be an explicit understanding of the constructivist philosophy that undergirds the mathematics in classrooms today and to build upon the pedagogical perceptions of second career pre-service teachers who can potentially carry this philosophy forward into the teaching space.
Social constructivist mathematics
Though various versions of social constructivism exist, the requirement that mathematical objects do not exist until they are found, or mentally constructed explicitly, is common to many of them (Bradley & Howell, 2011). Social constructivism in education thus falls under the philosophical tradition of postmodernism which essentially affirms truth as individual or constructed by society. Therefore, key learning areas in the curriculum such as mathematics are integrated and individualized and pedagogy seeks to challenge the intellects of students and utilize their prior life experiences (Hansen, 2007). Social constructivist educationists have rejected the traditional pedagogy of mathematics, that is, the idea of teaching any domain-specific knowledge, and any hierarchy of knowledge, saying that knowledge is changing too fast, and the facts of today will be obsolete tomorrow (Quirk, 2011).
Ian Stewart cited in Courant & Herbert (1996) gives a helpful reflection of social constructivist mathematics. Stewart says that formal (traditional) mathematics is similar to spelling and grammar—a matter of the correct application of local rules. Meaningful mathematics is like journalism—it tells an interesting story—a true story. However, the best mathematics of all is like literature—it brings a story to life before your eyes and involves you in it—intellectually, experientially and emotionally. To achieve this latter goal the NCTM standards state that “learning mathematics is enhanced when content is placed in context and is connected to other subject areas and when students are given multiple opportunities to apply mathematics in meaningful ways” (NCTM, 1991, p. 2). As part of the learning process, worthwhile learning tasks must stimulate students to make connections and develop a coherent framework for mathematical ideas.
Based on these ideas, the author maintains that social constructivism, as a philosophy of mathematics, is consistent with both the expectations of second career pre-service teachers and the NCTM.  The NCTM recommends the following beliefs about 21st century mathematics:
Problem solving

· Problem solving should be the central focus of the mathematics curriculum
· Mathematical problem solving, in its broadest sense, is nearly synonymous with doing mathematics.
· A vital component of problem-solving instruction is having children formulate problems themselves.
· The problem-solving strategies identified by the NCTM for the K-4 level are "using manipulative materials, using trial and error, making an organized list or table, drawing a diagram, looking for a pattern, and acting out a problem." At the 5-8 level the NCTM adds "guess and check". (The communication standard (Standard 2) calls for the integration of language arts as children write and discuss their experiences in mathematics.
Communication
· Students should be encouraged to explain and defend their reasoning in their own words.
· In mathematics, just as with a building, all students can develop an understanding and appreciation of its underlying structure independent of a knowledge of the corresponding technical vocabulary and symbolism.
Contexualized
· All mathematics should be studied in contexts that give the ideas and concepts meaning.
· Students should have many experiences in creating problems from real-world activities.
· It is "essential that the instructional program provide opportunities for students to generate procedures. Such opportunities should dispel the belief that procedures are predetermined sequences of steps handed down by some authority (e.g., the teacher or the textbook)."
A brief critique of social constructivism in mathematics

There is much to be commended with social constructivism as a philosophy for teaching and understanding mathematics. The leaner is the problem solver, with questions arising not from facts but out of experience within the physical and cultural context. As a student centred approach, curriculum is derived from student experience and interest. Books are tools for learning and the teacher’s role is that of facilitator to create a democratic environment. Mathematical reality is not fully fixed and independent of us but instead remains to be determined through our mathematical activity” (George and Velleman, 2002, p. 96).  This all helps to create a democratic learning environment.
One could only look to Archimedes who certainly saw the relationship of mathematical principles to engineering and astronomy (Bailey and Borwein, 2010).  Today, school students continue to have experiences with mathematics where they are required to mimic or paraphrase the instructor’s proofs for mathematical concepts. However, this changes dramatically when in the first year of university students are asked, often for the very first time, to create their own proofs of mathematical propositions. As Bahls (2009) notes, “constructing their first few proofs ex nihilo is a difficult and often terrifying exercise that pushes the students to the limits of their cognitive understanding and often shakes their confidence in their abilities” (p. 78). At a time when most twenty-first-century jobs will require critical thinking, problem-solving and application, schools of teacher education have an opportunity to nurture beginning teachers with a deep understanding of problem solving with mathematical concepts and making inter-subject relationships.
What are the apprehensions with social constructivism in education? Social constructivists place reason rather than fact at the core of importance. Historically, social constructivism is a rebellion against the system of hierarchical authority. It places the learner at the center of importance and makes him solely responsible for his own actions, mental state, and wellbeing. The individual is the most important aspect; all purpose, truth, and meaning come from the individual.
While the rejection of teacher as authority or mathematical expert may have had some validity, the complete disassociation with teacher authority may be unnecessary. Social constructivists are not just rebelling against the inability to think for themselves, but the ultimate authority of the teacher as expert. Subsequently, children became the ultimate authority. Second, if the child is the exemplar of existence, then progress is always limited by his level of perfection. What learners can mathematically in principle do has no bearing on the axioms of mathematical facts. Third, just like medical doctors do not try and figure out a new technique or procedure for every patient that comes into their office, in s similar way, teachers begin by using standard techniques and procedures based on the experience of many teachers (and doctors) over the years (Stigler & Hiebert, 1999).  As can be seen, when embracing a social constructivist view of teaching and learning mathematics, there is much to be celebrated, and much to be wisely considered.
A selective review of the literature

There are many important things learnt at school; however, as one high school student recently said, “mathematics is not one of them”. Even for persons that have worked in high levels of competence in their professional life this image persists. Moreover, teachers themselves tend to struggle with the mathematics they teach (Aitken, 2007; Ball, Hill & Bass, 2005; Craven, 2003; Hill, 1997; Ma, 1999). A recent article in 2011 by Margaret Wente in the Globe and Mail titled “Too many teachers can't do math, let alone teach it”, argue that many mathematics teachers in Canada are not only clueless themselves in mathematics but they are teaching without ever having completed courses in mathematics. Some have argued that schools of education at universities must take some of the blame for this because of their over emphasis on political and social justice issues in teacher education which has replaced the core subjects that teachers themselves will one day be required to teach their students. Consequently, difficulties are exasperated by the high levels of mathematical inability, lack of exposure to mathematical pedagogy, anxiety and dislike for the subject is all too common (Boaler, 1998; Cornell, 1999; Hembree, 1990).
To make matters worse, the Business-Higher Education Forum (BHEF) has projected that the United States will need more than 280,000 new mathematics and science teachers by 2015, for example. In Canada, Alberta Learning (2003) maintains that although Canada does not at present have a teacher shortage, hiring difficulties have been reported in the subject area of mathematics. The Alberta subject area results also generally mirror those across Canada. The Report of the Advisory Committee on Future Teacher Supply and Demand in Alberta (2003) goes on to say that the Canadian Teachers’ Federation’s CTF Survey of Canadian School Boards on Supply/Demand Issues and the Canadian Alliance of Education and Training Organizations The ABCs of Educator Demographics both indicate that shortages or hiring difficulties have been pervasive across the country in mathematics. While the Canadian Teachers’ Federation survey also notes that less than 10 percent of Canadian school districts report shortages in physical education, elementary, pre-kindergarten and kindergarten, or social studies[footnoteRef:1]. [1:  Report on Future Teacher Supply and Demand in Alberta. The report indicates that Alberta is not predicted to have an overall shortage of teachers in the next ten years, but that particular subject areas in mathematics and science are likely to experience continued or intensified hiring difficulties in Canada. The percentage of respondents reporting difficulty recruiting by subject area are as follows: Senior High Sciences 94, Senior High Mathematics 88, Career and Technology Studies 84, Secondary French 44, Special Education 34,Music 25, Elementary French 22, Guidance Counselling 19, Junior High Mathematics 16, Junior High Science 13, Fine Arts (Art, Drama) 9. ] 

To address chronic teacher shortages in mathematics, national reports such as Rising Above the Gathering Storm, the BHEF report An American Imperative, and the Glenn Commission report, Before It’s Too Late, have called for expanded recruitment of second career teachers from professions such as engineering, computing, health sciences, and accounting because of their content knowledge and expertise in these fields (Hart and Research Associates Inc, 2009).Second career teachers are perceived as knowledgeable, career strong, worldly, mature and dedicated to what they set out to achieve; consequently, recruitment initiatives have been active. As a result, research indicates that an increasing number of women and men are leaving their established first careers to begin teaching careers (Chambers, 2002; Christensen, 2003; Mayotte, 2001; Mercora, 2003; Pellettieri, 2003; Powers, 2002; Richardson and Watt, 2002; Schroeder, 2002; Sumsion, 2000; Hart, 2008).
A variety of government incentives to entice career experienced people into teaching careers have targeted particular subject areas, two of these being mathematics and science (e.g., Liu et al., 2008; Fowler, 2008). These older, beginning teachers bring to the classroom a combination of career and lived experience, perspective, and enthusiasm. Their extensive career and life profile make them candidates as mature adult learners with unique learning needs and expectations compared to their younger cohorts.  However, Sumsion’s (2000, p 6.) research at the Ontario Institute for Studies in Education (OISE) reports that mature age second career teachers are still taught by faculty as a monolithic entity although they present as an eclectic group of individuals with an enormous diversity of lived experiences and backgrounds. As a result, their potential as teachers who carry a diversity of skills and knowledge developed outside of teacher education in first careers is rarely taken advantage of in the classroom.
The National Council of Teachers of Mathematics' (NCTM) Principles and Standards for School Mathematics (2000) provide a vision for mathematics teaching that is essentially a social constructivist approach. Social constructivism is particularly advantageous for the continued recruitment and educational needs of second career teachers because they come to teacher education with career experiences that have been rich in dialogue and problem solving. Drawing on this career experiences they reflect a constructivist philosophy of life and thus mathematics. It appears that the NCTM principals and standards reflect a comparable philosophy.
Lived experience
Why is the lived work-life experience of second career teachers so important for the teaching of mathematics? First, because in the philosophy of the past 300 to 400 years, human experience has come to be understood in the scientific Cartesian, Hobbesian, and Lockean traditions , which has dominated our culture (Sokolowski, 2000).
In this framework experience is taken to be like a bubble which has no connection to anything outside of our awareness. Reason is the only means to which we know things, and thus our experience of things is not really experience of anything “out there” in the world, we have nothing in common with the world, and we live in a private unshared world. Experience is just certain mental states of the brain and not of anything out there in the world. If this is the case, we do our own things and truth makes no demands on us (Sokolowski, 2000). The denial of the experience of things outside ourselves is the denial of the orientation towards truth.
As schools of teacher education welcomes older work experienced individuals into their post-degrees programs to become school teachers an ideal opportunity presents to attract to the profession career experienced individuals who possess a deep understanding of the inter-relationship between mathematics and lived experience. Second career teachers have in most cases had real lived experience with mathematics in their places of work. Similar to mathematicians, older second career teachers respond to the challenge much as business men and women respond to the excitement of making money. They enjoy the excitement, the quest, the thrill of discovery, the sense of adventure, the pride of achievement, or the exaltation of the ego, and the intoxication of success (Kline, 1967, p. 552).
Mathematics is particularly attractive to second career teachers who enjoy such challenges because it offers sharp clear and real world problems in context. Amid the chaos of work-life, they have, through necessity, sought patterns of explanation and systems of knowledge that has helped them to obtain mastery over their environment. They have spoken the language of mathematics, and can appreciate strategies for concept development. As work experienced individuals they can engage in discourse-rich environments, and be able to identify students’ common errors and misunderstandings. As a result, it is possible that school children’s understanding and enjoyment of mathematics will increase.
Unfortunately, some second career teachers do not always reflect this ideal description. Rather, some are hesitant and reluctant to teach mathematics, even in the primary years of school. Although they have had mathematical experience in first careers, upon entering the classroom, they revert back to the old humanist aims of mathematics education which was a transmission of the body of mathematical knowledge. While accelerated alternate teaching programs have been successful in the recruitment of mid-and second career teachers and have brought a host of older individuals with mathematical skills and knowledge developed in authentic real world environments, an opportunity exists to use these individuals to help change the old humanist aims of mathematics education practice.

Math as Culture

Mathematics is a cultural activity (see Stigler and Hiebert, 1999). In terms of shared activities—first physical manipulations, then paper and pencil calculations, we share a common product and concepts; consequently, mathematics is part of human culture and history (Hersh, 1997, p. 17). As a cultural activity, teaching is widely shared, rests on a small and tacit set of core beliefs, learnt through observation, hard to see from those inside it, guides behaviour and tells participants what to expect. In their book, The Teaching Gap, Stigler and Hiebert (1999) maintain that the typical “lesson” in a North American classroom, both explicit and implicit, is that mathematics is a set of procedures with a focus on learning definitions. Although learning terms and practising skills may not be very exciting, many teachers of mathematics then try to jazz up the lesson by being entertaining, or by interrupting the lesson to talk about other things.
In the North American classroom any confusion or frustration is minimized and practice is expected to be error-free. In contrast, Japanese teachers generate lessons as if mathematics is a set of relationships between facts, ideas, concepts and procedures. Students learn best by first struggling to solve mathematical problems, then participating in discussions about how to solve them. Frustration and confusion are taken to be a normal and natural part of the learning process. Making connections between methods and problems requires time to explore and invent, to make mistakes, and to reflect. We can see by these two examples that mathematics is indeed a cultural activity.
This is important because we do not often think about what mathematics is and what it is not, however, we immediately notice if a feature of it is violated and attempt to correct it (Stigler and Hiebert, 1999).  This presents a challenge to the myth that mathematical ability or skill is something that one is born with, rather we have all, over long periods of time, adopted the cultural beliefs and assumptions about how to learn and teach mathematics. As Devlin (2000) states, there is no math gene. Consequently, in the 21st century what mathematics is and is not, together with the students and teacher’s role must be re-examined.

21st Mathematics and Second Career Teachers

Consider these propositions: What mathematics is—the application of knowledge. What mathematic should be—the acquisition of knowledge. The former is true of the 20th century; the latter is true of the 21st century. By application we mean a passing on of knowledge that has been created by someone else. For example, a fool proof lesson plan that even the most incompetent teacher could deliver with minimal failure. By acquisition we mean the creation of new knowledge. Those who can acquire knowledge have always been perceived as being more valuable than those who only apply knowledge. If it is true that acquiring knowledge is more academically significant than applying knowledge, then mathematics practice must adjust to seeking teachers that can also acquire knowledge.
Acquiring knowledge is one of the 21st century skills that many employers are seeking in their employees and curriculum is complete with problem solving discourse.[footnoteRef:2]  School children are encouraged to become good problem solvers, to be creative critical thinkers, to integrate their learning across a variety of subject areas. However, theory does not always translate to practice. Mathematics is still practiced as an academic subject that is discrete from other subjects, although this separation is artificial. The inter-connectedness of human existence calls for the seamless integration of all forms of knowledge (Hasten, 2009). [2:  For just one example, see the Mathematics Grade 9 Ontario Curriculum (page 12-13).  The mathematical processes are interconnected. Problem solving and communicating have strong links to all the other processes. A problem-solving approach encourages students to reason their way to a solution or a new understanding. As students engage in reasoning, teachers further encourage them to make conjectures and justify solutions, orally and in writing. The communication and reflection that occur during and after the process of problem solving help students not only to articulate and refine their thinking but also to see the problem they are solving from different perspectives. Go to http://www.edu.gov.on.ca/eng/curriculum/secondary/math910curr.pdf] 

The NCTM maintains a similar view that in the 21st century the learning and teaching of mathematics move on from the old humanist aims, which was a transmission of the body of mathematical knowledge (mathematics-centred) to constructivist educator aims, which involves creativity, communicative, and self- realization on the part of the learner. Mathematics is therefore not a separate field but has an authentic integration with many other subject areas. The NCTM reassures teachers to provide their students with multiple opportunities to apply mathematics in meaningful ways as part of the learning process.
Students are roused to employ diverse strategies, to use different algorithms to solve problems, and to defend and debate their solutions. Teachers must recognize and take advantage of these alternative approaches to help students develop a better understanding of mathematics. The teacher implements lesson plans with an emphasis on the fundamental processes of mathematics—problem solving, reasoning and proof, communication, connections, and representation. This is articulated in the NCTM’s Process Standards (NCTM, 2000) and the Standards for Mathematical Practice in the Common Core State Standards for Mathematics (CCSSI, 2010). The teacher engages students cognitively through effective questioning, literature and discussion and uses information from classroom and other assessments to monitor and adjust instruction.
The recruitment of second career teachers as school ‘mathematicians’ has thus a natural association with 21st century mathematics practice. They have in most cases problem solved, reasoned with proof, communicated, and made connections and representations in established first careers. Why is this important?  To answer this question, one can make a forced association with learning about discrimination and experiencing discrimination.
In the late 1960s school teacher Jane Elliot showed the education world that the most effective and meaningful way to understand discrimination was to experience it. Teaching about discrimination had not worked; she found that experience was the best teacher. Dividing the children into blue eyed and brown eyed, Elliot purposely treated one group superior to the other.  The result helped to establish the well-known principle that experiencing something like discrimination provides a context and understanding that is far superior to any lesson or professional development course. In a similar way, second career teachers have work-life experience with mathematics in all its different forms and within the context of a first career. Teacher-learning about 21st mathematics in teacher education is important; however, experiencing mathematics within a first career context unrelated to education is of great value that schools could take advantage of.
We begin with the reflection of one professor of mathematics. Stigler and Hiebert (1999) recount the following observation. A professor of mathematics observed videotaped classrooms in three countries and summarized the main differences among the teaching styles of three countries. He observed that in Japan, there is the mathematics on one hand, and the students on the other. The students engage with the mathematics, and the teacher mediates the relationship between the two. In the Germany classroom, there is the mathematics as well, but the teacher owns the mathematics and parcels it out to students as he sees fits, giving facts and explanations at just the right time. In the United States, there are students and there is the teacher but there is trouble finding the mathematics—there are only interactions between students and teachers.
These observations suggest that the teaching of mathematics is always a cultural activity, something one learns to do by growing up in a culture. Yet Stigler and Hiebert (1999) argued that mathematics is rarely thought of this way, mainly because many people see it as an innate skill, something you are born with, or is learnt by enrolling in teacher-training programs; learning mathematics is better understood through informal participation over long periods of time. And this is the important point—although most people have not studied to be teachers, most people have been students. In the same way, second career teachers share a mental schema of mathematics. These schemas provide some explanation for why second career teachers perceive the teaching of mathematics in classrooms in certain ways.
Although second career teachers have been away from the classroom for many years, the cultural script for teaching is awakened once they step into a classroom again. As Stigler and Hiebert (1999, p. 87) note, “all of us could enter a classroom tomorrow and act like a teacher, because we all share this cultural script—in fact one of the reasons classrooms run as smoothly as they do is that students and teachers have the same script in their heads: they know what to expect and what roles to play”.
The philosophical issues and assumptions of mathematical practice are further highlighted by Ernest (1991) who identified the five epistemological aims of mathematics. The five aims influence our scripts for teaching mathematics. The first one is the industrial trainer aims – a 'back-to-basics': numeracy and social training in obedience (authoritarian). The second is the technological pragmatist aims - useful mathematics to the appropriate level and knowledge and skill certification (industry-centred). The third is the old humanist aims - transmission of the body of mathematical knowledge (mathematics-centred). The ability to impart knowledge has very little to do with technical method. It consists of a talent for dealing with children, for getting into their minds, for putting things in a way that they can comprehend. It explains the failure of schools too— “teachers who are competent by the professional standards of pedagogy, but make intolerable bores of the things they presume to teach” (Stueben and Sandford, 1998, p. 72). The forth is the progressive educator aims - creativity, self- realisation through mathematics (child-centred). The fifth is the public educator aims - critical awareness and democratic citizenship via mathematics (social justice centred). As Ernest (1991, p. 7) suggests, each one of these “typically makes use of certain philosophical assumptions about what there is (ontology), how and what we can know (epistemology) and the appropriate methods for gaining and testing knowledge (methodology).
Methods

This report gains its momentum from the perceptions of three second career pre-service teachers. A decision was made to employ open-ended small-scale individual interviews based on the results of a small-scale pilot study conducted at Macquarie University Australia during 2002. The pilot provided insight into the motivations and perceptions of mature age student teachers. Based on the pilot results, an open-ended semi-structured questionnaire using individual interviews was the most conducive method of inquiry. The research design used a phenomenological interpretive approach that gave priority to investigating the participant’s subjective meanings (Bruzina and Wilshire, 1978; Cohen and Manion, 1994; van Manen, 1997).

A total of three individual interviews and with the same number of participants were conducted in a tutorial room located within the university. Each interview was approximately one hour, ranging between 60 to 85 minutes. To collect the verbatim, individual interviews were recorded on a 90-minute audiocassette and then transcribed by the researcher.

An email request for participation in the research was sent by the coordinator of the two-year Master of Teaching program to graduate pre-service teachers enrolled in either the Bachelor of Education or Master of Teaching degree. The email invitation asked for volunteers to participate in a once only, in-depth individual interview held on campus. The email invitation included an abstract of the research.

The following is a brief profile of the second career pre-service teachers who attended the interviews and took part in the final study. The profiles take into account their marital status, parental status, educational level, and previous employment.

A profile of the second career pre-service teachers

Lacy is a 31 year old former journalist for a large business in Toronto that runs the air miles program. As the marketing communications writer she was responsible for writing and editing business development and marketing materials such as brochures and responses to proposals. Lacy is single with no children and holds a Bachelor of Arts, with a major in journalism.

Louise is a 49 year old former co-host of a television series. She was also a presenter and producer of a health television series and writer and editor for City TV Toronto. Louise was a teaching assistant at a high and primary school, and an educator for children and adults at the science centre in Toronto. She is married with no children and holds a Bachelor of Arts, with a major in English and drama and a Bachelor of Science, with a major in zoology and environmental biology.

Kate is a 42 year old former librarian; a day care centre assistant and small business owner / distributor of lesson plans and play kits. She is married with children and holds a Bachelor of Education, with a major in early childhood.

The perceptions of mathematics

The following perceptions of mathematics highlight the difference between the pedagogical expectations and pedagogical realities of three mature age career changers to teaching. Lacy, Kate and Louise, as shown in Table 1.1 reflect a lack of confidence to teach mathematics in the future as a foreseeable concern.
Table 1.1 Lack of Confidence to Teach Mathematics: Female Participants Current Dilemmas and Foreseeable Problems
	Name
	Age
	Current Dilemmas
	Foreseeable Problems

	Lacy
	31
	School practicum
	
Bureaucracy
Lack of confidence to teach mathematics

	Kate
	42
	
Lack of confidence to teach mathematics
	
Lack of confidence to teach mathematics

	Louise
	49
	
Academic stimulation
Common sense and experience

	Lack of confidence to teach mathematics



The two second career pre-service teachers who were confident to teach mathematics, Kate and Louise, both perceive mathematics extending well after the school bell. Kate expects mathematics to be grounded in ‘real world perspectives’, drawing from her life lessons, and her career experience. She hopes to use her specific understanding of mathematics, geography and history gained in her former career of buying and selling of gemstones to teach these subjects:
Because of the broad life experience I’ve had running a small business and travel and dealing with an international buying community, buying and selling coloured gemstones all over the world, I know how to unravel mathematical complications. I know why we use fractions and decimals and why geography and history is so important in math, and especially in this pluralist community, the gem stone community is so pluralist. I will use this experience in teaching math.
Lacy on the other hand believed that the high academic content in the teacher education program was set in place ‘to act as a culling device for those who may not excel in the two dominant and traditional intelligences of linguistics and logical mathematical intelligences’. She suggests that these values are typically accepted by mainstream society although they present as a paradox within a teaching program. She reflects:
If logical mathematics intelligences are important for teaching, that would have placed me well outside the profile of a teacher. For everything they teach you here about multiple intelligences, teaching would be the worst possible thing for me to do because I am a bodily kinaesthetic learner and I know that through my life experience in the workforce. I know how to use math to solve practical problems and I have done this successfully on a daily basis, but based on what have experienced so far, forget it. You don’t do it to your students in your class; you look at prior knowledge and their experiences and how you can cater to them.
On the other hand Kate (a former librarian and day care worker) reflects minimal work-life experience with mathematics. Because of an absence of mathematical experience, Kate perceives mathematics in the old humanist tradition of passing on a body of facts, thus she is resolute in her decision not to teach mathematics to the older grades. Instead, she intends to teach only the kindergarten classes as she fears her mathematical inadequacies would be too obvious to the older students:
My knowledge and experience with literature is so strong that I have to be careful not to neglect some other subjects, but I am very anxious about math. It doesn’t have any relation to my problem solving experiences as a librarian or day care worker. I would really only teach the kindergarten grades. I can at least pull off one plus one equals two, other than that I’m really struggling to relate with this subject.
Similarly, Louise is confident with teaching literature and English lessons but has developed what could almost be called a well-established phobia of mathematics. Similar to Lacy, as a self-confessed ‘lifelong learner’, although Louise sees maths as foreign to the work-life experience, she is willing to learn:
[bookmark: _Toc235006889]I really need to raise my expertise in this area. It’s just not good enough. I can see that now more clearly than ever. I have never been confident with school math but I’ve never have a need for it anyway. Speaking and writing fluently is my expertise. Although I know that just before I graduate I’m going to take an additional qualification in school math, that’s for sure.
In addition, Lacy’s lack of confidence teaching mathematics is drawn from her previous career, countered by her experience in the language arts, and although at the time of the interview she has decided forgo developing mathematical skills and knowledge, she does at least hope to generate a positive mathematical experience for the students:
I am a validator—a teacher who will endorse every child’s experiences. Okay I made the mistake of becoming a journalist— I was ignored for having a different system of understanding. Consequently, I’m not a confident math teacher as I am a language teacher, that’s for sure, and I can’t see that ever changing. It is a knowledge that I haven’t a need for, but making an attempt to teach what I can enables me to see an instant reward with the kids who are also struggling in math that I really enjoy. I want to be that kind of teacher where the kids might say, ‘okay math sucks, it’s not relevant to life, but Miss Rogers makes it not suck as bad; she makes it bearable’. We can have that discussion together regularly.
The three second career teachers perceived mathematics as a separate body of knowledge, and possibly an innate skill. However, when mathematics was necessary to use within a first career, like Louise working in the gemstone business, they were more confident to be teachers using mathematics. Oddly enough, they mentioned the importance of problem solving in the workplace but did not equate this as being mathematically important in a classroom.
Discussion: the mathematical experience

Although the study is small scale, the results offer some insights into the importance of a previous career and teaching mathematics. Some of career changers who were cautious about teaching math still experience math in the old humanist tradition of a body of mathematical knowledge (mathematics-centred)—the teacher owns the math and not applicable to ‘real’ life. Consequently, these individuals are confident to teach in the language arts but not math. The language arts are experienced as a lived story that interconnects many other real and relatable human experiences—mathematics has no such story.

Math is perceived as a distinct body of knowledge with the application of some rules and formulas. This raises the distinction between the application of knowledge versus the acquiring of knowledge. To produce a learning environment that is more germane for older adults with diverse career and life experience, and differing levels of knowledge and skills, teaching programs might embrace and model multifaceted instructional based on the application of knowledge. The application of mathematical knowledge is also grounded in the NCTM recommended constructivist method of building upon prior knowledge.

Taylor’s integrated model of learning (see Figure 1:1) may be helpful for second career teachers of mathematics. If for example, the three second career teachers can make the forced associations with math and language arts, the human experience of math has more chance of developing and older teachers can begin to not only apply mathematical knowledge but acquire it also. Although the second career teachers are confident to teach other curriculum areas, i.e. literature, they also need confidence, knowledge and pedagogy in teaching mathematics to different grade levels. As Hackett and Betz’s (1989, p. 261) studies with college students showed, “mathematics performance is correlated with mathematics self-efficacy”.

One of the most positive aspects of a social constructivist approach to the teaching and learning of mathematics in the 21st century is that not only does it reflect well with the older teachers in this study who have accumulated work-life experiences outside of the classroom, but it also offers a counter weight to the deeply modernist paradigm that currently infiltrates education, responsible for shaping what counts as reliable knowledge. Still alive and well in the math perceptions of these second career teachers is positivism, a branch of empiricist philosophy from the 1950s that has as its quest, certainty and precision (see Speers & Loomis, 2009). The second career teacher must become mathematical technicians who order experience as being true or false. The social constructivist approach counters positivism as it includes the significance of lived experience as critical for establishing the reality of community and dialogue. If the mathematics classroom can contain a community of individual learners (including the older second career teacher) who are in constant dialogue, relation and communication with one another, then a social constructivist approach is the more substantial pedagogical philosophy for these second career teachers.

The teacher-researcher

The second career teachers in this study have established their career and lived experience with both acquiring and applying mathematic knowledge, thus, the metaphor of ‘teacher-researcher’ could apply. The teacher-researcher metaphor is reflective of the second career teacher experience, as it is on-going and fluid in nature. Although the educational establishment have struggled to put in place a system that practically supports the acquisition and application of mathematical knowledge—there is hope in the lived work-life experiences of the second career teacher.

The second career teacher is at the heart of the solution because an opportunity exists to demolish the segregation of subject disciplines, and reverse the research/teaching distinction that is a key factor in community perceptions of teaching not being profession. The point is not to celebrate any one type of teacher— this will not by itself change the teaching practice of mathematics, rather here lies an opportunity to change the script of teaching, to change standard practice. The older second career teacher draws on their prior work-life experiences, using this to compare and acquire new knowledge and perceptions about mathematics.

K-6 schools could collaborate with Schools of Education before second career teachers graduate because the teacher-researcher metaphor has an important part to play in the acquisition of new mathematical understanding. The teacher-research metaphor is reflective of a constructivist approach to mathematics as it no longer takes what others have done for application— rather older second career teachers are encouraged to construct meaningful associations with mathematics and their work-life experience. By doing so, they can show their school students how to do the same, breaking down subject segregation.  As individuals with extensive work-life experience second career teachers may be suited well in the classroom as researchers of mathematics—developing mathematical associations with lived experience outside of the classroom and in lively dialogue.

When the underpinnings of mathematics are considered—mathematics can be delivered within a format of discussion and dialogue, assisting second career teachers to uncover its covert intentions and inherent values (see Brown, 1995). Moreover, for assessment purposes this becomes strategic, as one way to tell how deeply mathematics is being developed and understood is by the kind of reasoning that was required (NCTM, 2012, Stigler and Hiebert, 1999).  This aspect of learning mathematics is valuable and reflective of second career teachers who are motivated to focus their pedagogy as a qualitative practice. However, it would seem that for second career teachers, mathematics education is still experienced and perceived within the old humanist manifesto—transmitting an unrelated body of mathematical knowledge (Ernest, 1991), which resonates with knowledge transfer or ‘dispersing information’ (Darling-Hammond, 1996, p. 7) and not the creation of knowledge (see Schulz, 2005), which they essentially favour. A pedagogy delivered to students in the format of social constructivism would be more reflective of the careerist’s expectations and more reflective of a Socratic pedagogy of dialogue.

For the three second career teachers who have majors in the humanities another approach to mathematics might be more prosperous. Second career teachers of mathematics can become writers of mathematics. Bahls (2009, p. 8) suggests that poetry can be made to serve important aspects for an introductory math course for teachers. The language of poetry is precise and exact, as is the language of math. A well-constructed poem will in this manner be like a well-constructed proof. Both poetry and mathematics deal in images, ideas, and aha!s: By using poetical metaphors students become more aware of these and other mathematical metaphors, and thereby gain deeper understanding of the mathematical concepts and associations those metaphors describe. 

Using forced associations in mathematics: math worlds collide

If mathematics is no longer taught as an isolated subject we can begin by building all of the life lessons that we find listed in curricula as treating the fluid human experience as a collection of connected categories of knowledge (literature, math, science, art, P.E). The aim is to compel second career teachers to make links with mathematics, justice, science, compassion, literature, responsibility, or even the ancient Egyptians and themselves (Hasten 2009). 
In Figure 1.1, Taylor’s (2009) integrated model for the learning and practice of curriculum in the elementary, middle and high school is applicable to NCTM transferability guidelines for 21st century mathematics. This model is significant for second career teachers (and schools) to adopt because it is philosophical, relational and communicative (see Slades, 2001 recommendations). The model is thus well suited to second career teachers who compartmentalize mathematics into a discrete subject. The model helps associate mathematics as inter-dependent on prior work-life experiences and how new learning can be developed in both similar and varied contexts. Taylor’s integrated learning model is shown below:

Figure 1.1 Roger Taylor’s Integrated Model



Source:  Dr. T. Roger Taylor, Curriculum Design for Excellence, Inc. 2009 Curriculum Design for Excellence
Taylor’s integrated 21st century learning model is a unified approach for second career teachers to apply in their practice of mathematics. The interdisciplinary content on the left hand side of the model includes all the traditional curriculum subjects which implies that all the traditional subjects such as mathematics can be understood and discussed from real human experiences. 
An integrated model such as Taylors is advantageous for second career teachers because it makes connections across multiple learning domains for strong and weaker students and teachers. The model encourages forced associations, that is, “how is something like something else” in combination with the ten human activities. Consequently, mathematics has an association with the arts, literature, physical education, music, technology and so on. Moreover, psychologists maintain that learning is permanently stored in the long term memory when it is associated within a physical and emotional context (K. Pudlas, personal communication, June 20, 2012). To store and retrieve mathematical information, educational psychologists agree that new information must be connected to existing knowledge (Schunk, 2004). 
Therefore, second career pre-service teachers could utilize contextual experiences in the workplace by making authentic associations with concepts and practices. Taylor’s model highlights the ways that different but related features of learning can adequately connect new learning with prior learning associations in mathematics. 
[bookmark: _Toc235006875]The experience of mathematical resistance on the part of second career teachers
Why did the second career teachers resist, resent, and reject teaching mathematics, especially when 21st learning and practice is supposedly multidisciplinary and relational? It might be suggested that having a longer and successful work-life history could furnish an expectation for immediate success. In some cases mathematics has been practiced in the context and culture of the work place and they have been successful. But if the second carer teachers can appreciate the view of mathematical knowledge and skills being acquired and not just applied, there may be less shock and blow to the ego. Rather than resistance to teach mathematics, there may be an increased interest and willingness to begin a discovery process of one’s own. Even if there are “math types” and “non-math types” an honest appraisal to mathematical limitations is that not everyone becomes a piano player or an ice skater—why should it be otherwise for mathematics? 
One advantage for inviting second career people to become teachers is the possibility they will make the necessary mathematical relationships from theory to practice, from practicalities to concepts. Making mathematical relationships with facts and concepts raises the question of content coherence—the connectedness or relatedness of mathematics to other real-world things and events. And content coherence is significant for second career teachers.
The three second career teachers in this study reflect Stigler and Hiebert’s (1999, p. 61) recommendations that one should “imagine the mathematics lesson as a story. Well-formed stories consist of a sequence of events that fit together to reach the final conclusion”. This is content coherence, and it is achieved through the weaving together of ideas, activities and past experiences. One way to help second career teachers to appreciate the beauty of mathematics is to explicitly point out the importance of real life connections between facts, procedures and ideas. The second career teacher could lead class discussions and elaborate the differences and connections between the mathematics of the business world and mathematical topics in the school curriculum. 
Summary

This report illustrates how three career changers with backgrounds in the humanities displayed confidence towards teaching the language arts, but demonstrated uncertainty with teaching mathematics. Although school mathematics is not as academically rigorous as they may believe, their concerns are firmly entrenched and are set to determine how they will interact with their students while attempting to teach a subject they lack confidence and familiarity. However, the work-life experiences of second career teachers make them potentially strong candidates for teaching 21st century mathematics if a social constructivist philosophy of learning mathematics is made a reality in the classroom. 
Conclusion

Teacher education programs and school classrooms should capitalize on the lived work-life experiences and understandings of older second career teachers. If mathematics is to ever shake off the poor image it has accrued with so many school age students and adults, second career teachers have the potential to offer a more stimulating, communicative, shared and relational mathematics experience as they draw on and build upon their lived familiarity outside of the classroom in conjunction with a comparable social constructivist philosophy of mathematics and endorsed by the NCTM. 
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