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ABSTRACT 

The purpose of this study was to investigate what happens when a basic 

school mathematics teacher attempts to interpret and implement his own 

understanding of constructivist teaching and learning in a Junior High School 

(JHS) classroom. A total of 25 JHS one mathematics teachers were initially 

selected using purposive sampling. This number was finally reduced to one 

research participant using the Mathematics Belief Scale (MBS) and a series of 

actual class observations. In studying this single "constructivist" teacher, the 

researcher used ethnographic research methods to collect and analyse data. The 

results of this study showed that the teacher had a constructivist view of 

mathematics teaching and learning. The plans the teacher made prior to his 

teaching sometimes varied from how he actually taught depending on his 

classroom situations. A connection was also found to exist between the teacher's 

ideas about constructivist teaching, instructional decisions and his classroom 

practice. The study also showed that a teacher's experience positively influences 

his ideas about constructivist teaching and learning, and when constructivist 

teaching and learning were employed in a JHS classroom, students benefited 

from sharing knowledge with their friends and became happy and excited about 

mathematics teaching and learning. It was recommended among others that 

training institutions paid particular attention to the views pre-service teacher's 

hold about mathematics before they leave to practice since the view they hold 

about the subject affects the way they teach. 
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CHAPTER ONE 

INTRODUCTION 

There is general agreement that every school going child should study 

mathematics at school; indeed, the study of mathematics is regarded by many 

people as being very essential (Cockcroft, 1982; NCTM, 2000). In Ghana, 

mathematics is not only compulsory at the Basic school level but also mandatory 

at the secondary school level. This decision is to ensure that all students are 

mathematically empowered to further their studies without any impediment and 

pursue programmes of their choice without mathematics being a hindrance to 

their higher pursuits. 

However, according to Agudelo-Valderrama (1996), a large number of 

students still fmd it difficult entering institutions of higher learning mainly due to 

poor grades in mathematics. The low pass rates of Junior High School candidates 

in their Basic Education Certificate Examination, (BECE), as well as the West 

African Senior High School Examination (W ASSCE) over the years, attest to this 

fact (Gavor, 2015; Amponsah, 2010). Many stakeholders have attributed this low 

performance to poor teacher methodology and pedagogy and recommended the 

constructivist strategy to the teaching and learning of the subject (Amponsah, 

2010; Mereku, 2003; Fredua-Kwarteng, 2005). Finding a lasting solution to this 

abysmal performance in mathematics would not only reduce the frustration of 

students and their parents but also go a long way to help in the development of 

this nation. 
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Background to the Study 

Ghanaian students over the years have not been performing well in 

mathematics whether at the BECE or WASSCE level (Gavor, 2015; Amponsah, 

20 I 0). Many stakeholders in education have blamed this poor perfonnance over 

the decades on the two philosophical views which have dominated the teaching 

industry in Ghana- namely Platonism and Formalism. They have therefore 

recommended the constructivist approach to mathematics teaching and learning as 

the solution to this problem (Mereku, 2003; Fletcher, 2005; Amponsah, 2010). It 

is true that others factors such as teaching and learning resources, socio-economic 

background of parents etc. also contribute to students ' poor perfonnance. 

However, teacher methodology and pedagogy have been identified as the major 

contributing factors . I would briefly discuss these three philosophical views and 

how each of them imparts teaching and learning of mathematics. 

Platonism 

Three significant philosophies which underpin mathematics are Platonism, 

Fonnalism and Constructivism (Davis and Hersh, 1981). Briefly, Mathematical 

Realism or Platonism holds the view that mathematical entities exist 

independently of the human mind. Thus, humans do not invent mathematics, but 

rather discover it, and any other intelligent beings in the universe would 

presumably do the same. In other words, Platonists believe that mathematical 

objects and structures exist and that their existence is an objective fact entirely 

independent of our knowledge of them and they are not dependent on our 

language or any other human activity (Fletcher, 2005). These objects, they claim, 
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are real finite objects with specific properties some known some unknown and 

doing mathematics is the process of discovering this pre-existence relationship 

and the structures connecting them. Any mathematician, in this school of thought, 

cannot invent anything because it is already there. All that he/she can do is to 

discover them. As a result, Thompson (1975), a Platonist, called on 

mathematicians to affirm that mathematical forms indeed have an existence which 

is entirely independent of the mind considering them. However, the significant 

problems that other schools of thought have with mathematical Platonism are as 

follows: (1) precisely where and how do the mathematical entities exist, and how 

do people who do mathematics get to know of them? Platonists have not 

adequately addressed these questions. (2) Is there a world utterly different from 

our physical world that is occupied by these mathematical entities? (3) How do 

those who do mathematics gain access to this independent world and discover 

truths about the objects? These are questions pleading for answers so far as 

Platonism IS concern. Even though the indispensability argument for 

mathematical realism formulated by Quine and Putnam attempted to offer 

solutions to support the above questions, it does so by stripping mathematics of 

some of its epistemic status (Busch, 2012). The indispensability argument is as 

follows: mathematics is indispensable to all empirical sciences, and if we want to 

believe in the reality of the phenomena described by the sciences, then we ought 

to also believe in the reality ofthose entities required for this description. 

On the other hand, one of the most persuasive arguments against 

Platonism is the epistemological argument by Paul Benacerraf in 1973 quoted in 
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Balaguer (200 I). The epistemological argument can be put in the following way: 

Human beings exist entirely within space-time. If there exist any abstract 

mathematical objects, then they do not live in space-time. Therefore, it seems 

very likely that: If there exist any abstract mathematical objects, then human 

beings could not attain knowledge of them. Thus, if mathematical Platonism is 

correct, then human beings could not obtain mathematical knowledge. Human 

beings have mathematical knowledge. Therefore, mathematical Platonism is not 

correct. 

Formalism 

The formalist school of thought introduced by the 20th-Century German 

mathematician David Hilbert holds that all mathematics can be reduced to rules 

for manipulating formulas without any reference to the meanings ofthe formulas. 

The formalists contend that it is the mathematical symbols themselves that are the 

primary objects of mathematical thought and not any meaning that might be 

ascribed to them (Fletcher, 2005). For this reason, formalists do not believe in the 

existence of mathematical objects. They believe that mathematics consists of 

axioms, definitions, and theorems. They see mathematics as a science of rigorous 

proofs, and any logical truth must have a starting point- the axiom upon which the 

theorem is built. The axiom may be true or false, but to the formalist, that is not 

important. What is essential is the valid logical deductions that can be made from 

the axiom (Fletcher, 2005). The criticism against formalism is its detachment 

from context, its foundation on axioms and principles rather than practical 

understanding, and its formal, syntactic reconstruction of competence. 
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Also, a major shortcoming of Platonism and formalism is the fact that 

teaching is teacher-centred rather than student-centred. For those who hold the 

above philosophical views, "Knowledge is fixed, lying out there for the student to 

find, like a pebble at the beach" (Clements and Battista, 1990, p.34). Learning is 

essentially remembering facts and figures and understanding is a secondary 

matter. The proponents of these philosophies believe that facts are facts and there 

is only one true reality, and learning occurs as students take in mathematical 

knowledge in ready-made pieces provided by the teacher. As a result, children are 

expected to learn, for example, mUltiplication tables by memorization. Children 

learn efficient algorithms (methods) to achieve solutions. Platonism and 

formalism hold the view that understanding is good but not necessary. Learning is 

by what is popularly referred to as "chalk and talk" where the teacher is the expert 

and sole authority in the classroom filling empty heads with knowledge. 

Teachers, who hold Platonist and formalist philosophical views, do not 

see learners as people who can construct their own knowledge. To them, 

mathematics instruction and curricula are based on the transmission or absorption 

view of teaching and learning. In this view, students passively "absorb" 

mathematical structures invented by others and recorded in texts or known by 

authoritative adults. Teaching consists mainly of transmitting these sets of facts, 

skills, and concepts to students. Tn these philosophical schools of thought, strict 

adherence to the fixed curriculum is highly valued by its practitioners and 

materials are primarily textbooks and workbooks. However, to the constructivist, 

the real function of the teacher is that of a coach and a facilitator. 
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Constructivism 

Constructivism is fundamentally a theory about how people learn. It says 

that people construct their knowledge and understanding of the world, through 

experiencing things and reflecting on those experiences. The basic tenets of 

constructivism which are embraced to a greater extent by different proponents are 

as follows: 

1. The child actively creates knowledge instead of merely recelvmg that 

knowledge from the environment. For example, the idea of "four" cannot be 

directly detected by a child's senses. It is a relation that the child superimposes on 

a set of objects. 

2. Children create new mathematical knowledge by reflecting on their physical 

and mental actions and ideas are constructed or made meaningful when children 

integrate them into their existing structures of knowledge. 

3. No single true reality exists, instead, it is the individual interpretations of the 

world, and experience and social interactions modify these interpretations. As a 

result, learning mathematics should be thought of as a process of adapting to and 

organizing one's quantitative world, not discovering pre-existing ideas imposed 

on us by others. 

4. Learning is a social process whereby children grow into the intellectual life of 

those around them (Burner, 1986). Mathematical ideas and truths, both in use and 

in meaning, are collectively established by the members of a community. In such 

a situation, the constructivist classroom is viewed as a culture in which students 

are involved not only in discovery and invention but also in a social discourse 
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involving explanation, negotiation, sharing, and evaluation (Amponsah, 2010). 

According to Crawford and Witte (1999), the best vocabulary to describe a 

constructivist classroom is energy. The active involvement of students in the 

teaching and learning process is essential. Obtaining this type of commitment 

requires a much different classroom from the authoritative and teacher-centred 

traditional classrooms in which the teacher stands in front of the class directing 

the content that is presented to the students (Polya, 2002). In a constructivist 

classroom, knowledge moves in more than one direction. Knowledge shifts from 

teacher to student, student to student and even from student to teacher. A 

constructivist teacher, according to Brooks and Brooks (1999), would focus on 

how students learn and what they must learn together as one. 

5. Teachers do not expect students to use the same method to solve questions 

given to them. When a teacher demands that students use a particular set of 

mathematical methods in solving a problem, the sense-making activity of students 

is severely curtailed. Students tend to mimic the processes by rote so that they can 

appear to achieve the teacher's goals. Their beliefs about the nature of 

mathematics change from viewing mathematics as sense-making to seeing it as 

learning a set of procedures that make little sense. 

In short, constructivists believe that mathematics does not grow through 

some established theorems, and axioms neither do it increase by discovering some 

mathematical objects and structures existing in a world of their own, but through 

the continuous improvement of guesses by speculation and criticism. 

Constructivists are of the view that we cannot be sure of any absolute truth but 
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that people construct, or create, "knowledge" based on their experiential reality. 

To the constructivist, "truth" or "knowledge" is a social construct attained when 

people agree on particular mental models that appear to be consistent with their 

collective experiential reality. However, this social agreement does not 

necessarily imply ''universal truth." 

For this reason, in the constructivist classroom, the focus tends to shift 

from the teacher to the students. A class is no longer a place where the teacher 

("or expert") is expected to dish out knowledge to students, who wait like empty 

containers to be filled. Rather in the constructivist paradigm, the students are 

encouraged to be actively involved in their learning process. The role of the 

teacher is to function as a facilitator who mediates, prompts, and assists students 

to develop and assess their understanding, and for that matter, their knowledge. 

One of the teacher's most significant responsibilities in a constructivist classroom 

is asking the right questions and pursuit of student questions and interests. The 

teacher's role is interactive, deeply rooted in negotiation and building on what 

students already know. Students are supported to construct their own knowledge. 

In a constructivist environment, the curriculum emphasises big concepts, 

beginning with the whole and expanding to include the parts instead of the 

curriculum starting with the parts of the whole. Materials include primary sources 

and manipulative materials. Both teachers and students think of knowledge not as 

inert facto ids to be memorised, but as a dynamic, ever-changing view of the world 

we live in and the ability to successfully stretch and explore that view. 
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In conclusion, even though for several decades, the Platonists and 

formalists views have dominated the teaching industry in Ghana, they have not 

made any significant impact on the mathematics landscape (Fletcher, 2005; Eshun 

and Abledu, 200 I; Amponsah, 20 I 0). This study is posited on the assumption that 

to improve Ghanaian students' mathematical ability there is the need to make a U­

tum from the influences of Platonism and formalism regarding the teaching of 

mathematics in Ghana. The need to make this paradigm shift is further supported 

by the National Research Council when it said that: 

In reality, no one can teach mathematics. Effective teachers are those 

who can stimulate students to learn mathematics. Educational research 

offers compelling evidence that students learn mathematics well only 

when they construct their own mathematical understanding. There is no 

way to build this [understanding] except through the process of creating, 

constructing, and discovering mathematics. (National Research Council, 

1989, pp. 59-60) 

Since Constructivism offers a sharp contrast to the two earlier Views, it IS 

proposed not only to provide a radically different alternative to Platonism and 

formalism but also to help students better understand, do and apply the 

mathematics they learn in novel situations. This study is an attempt to find out 

what happens when a "constructivist" teacher makes frantic efforts to implement 

his own understanding of constructivism in the classroom. How he tries to 

demonstrate that the learning and teaching dynamic is a process of negotiation in 

which the learners come together, try to make sense of the world. 
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Statement of the Problem 

Despite the huge investment the Ghanaian government has been making in 

both human resources training and inrrastructural development in the educational 

sector, there has not been any corresponding academic improvement to justify 

those investments (Gavor, 2015). This is particularly true when one considers the 

fact that it is on record that Ghana has never been represented since 1953 in any 

International Mathematics Olympiad (IMO). The IMO is an annual mathematics 

competition that is organised for pre-university students from all regions of the 

world. It is also sad and disappointing to note that even in sub-Saharan Africa; 

representation at this prestigious international competition is woefully inadequate 

(Amponsah, 2010). In the 2003 TlMSS (Trends in International Mathematics And 

Science Study) mathematics test for grade eight students, Ghana placed 44 tit out of 

the 45 countries that participated in the competition. Our Ghanaian students 

scored a total of 276 compared to the global average which was 466 (Anamuah 

Mensah and Mereku, 2005; Fredua-kwarteng, 2005). This poor performance in 

TlMSS again occurred in 2007 and 2011 where Ghana placed 58th out of 59 

countries and 63rd out of 63 nations respectively (MoE, 2008; Mullis, Martin, 

Foy, and Arora, 2012). Many studies have shown that the reasons for this poor 

performance in mathematics are as a result of teaching methodology and 

pedagogy and recommend the constructivist approach to the teaching of the 

subject at least at the Basic and Secondary School levels (Amponsah, 2010; 

Mereku, 2003; Fredua-Kwarteng, 2005). 
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Although references to constructivist approaches to mathematics teaching 

and learning are pervasive in literature, there is not presently any specific 

description demonstrating this theory in practice (Clement and Battista, 2009; 

Draper 2002; Medinipur, 2015). For this reason, any research which attempts to 

address a practical approach to constructivist teaching and learning will serve as a 

guide to other teachers who are desirous of improving their teaching and learning 

of mathematics. It would also help as an eye-opener to those who do not even 

know that certain limitations exist in their teaching of the subject. Practical 

descriptions of such approaches such as a detailed description of the constructivist 

teacher in the classroom and taking of video coverage of him as he makes serious 

efforts in his own small way to implement constructivism in his classroom will 

serve as a guide to many teachers. The following elements will be expected in a 

constructivist classroom: 

a) The teacher relates lesson to prior knowledge and life experiences. 

b) The teacher uses effective questioning techniques at the level of his students. 

c) The teacher encourages students to communicate their thinking verbally. 

d) The teacher values students thinking 

e) The teacher assesses students' continually 

f) The teacher motivates his students 

g) The teacher engages students in critical thinking and problem solving. 

h) The teacher encourages reflection and helps students to extend their thinking 

beyond the classroom. 

i) The teacher builds his instructions on students' articulation of their thought? 
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j) The teacher teaches students to take responsibility for their learning. 

Pu rpose of the Study 

The overall purpose of this qualitative, descriptive study was to determine 

how students experience mathematics when constructivist teaching and learning is 

implemented in a JHS classroom. Data were obtained through interviews, class 

observations, and video recordings of mathematics lessons, examination of lesson 

notes of the teacher, student assignments and class work. According to Clements 

and Battista (2009) even though constructivist learning theory is believed to have 

the potential to be the basis for mathematics teaching mainly because of its 

·emphasis on knowledge construction by the learner instead of knowledge 

reproduction, functional descriptions of this approach is not readily available. 

Draper (2002) also explains that one of the major challenges of the constructivist 
~ . 'j 

approach is translating this learning theory into a theory of teaching. Draper 

further argues that constructivism is a descriptive theory of learning and not a 

theory of teaching and the implementation of this theory requires a change in 

existing classroom practices. Although some researches have been done to study 

what constructivist teaching involves (Clements and Battista, 2009; Carpenter and 

Fennema, 1991, 1992; Fennema et aI., 1989) few practical descriptions of this 

type of teaching exist. In Ghana, there is no such concrete description 

demonstrating this theory in practice. This investigation would be one such 

practical description for consideration by mathematics teachers who are looking 

for ways to enhance teaching and learning of the subject in their classrooms. 
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Research Questions 

The central research question for the study was when constructivist 

teaching and learning of mathematics is implemented at the Junior High School 

classroom, how do students experience mathematics? More specificaIly, the 

foIlowing sub-resear<:h questions were of concern to the researcher: 

1. How does the teacher view constructivist teaching and learning of 

mathematics? 

2. Do the plans the teacher make before his teaching differ from how he 

actually teaches? 

3. Are there any connections between the teacher's ideas about 

constructivist teaching and instructional decisions on one hand, and his 

classroom practice on the other? 

4. To what extent does the teachers expenence influence his ideas about 

constructivist teaching? 

5. How do students experience mathematics teaching when constructivist 

methods are employed in their classroom? 

Using these questions, I would draw on constructivist learning theory to 

examine the opportunities for students to learn and understand mathematics. 

Significance of the Study 

A first step toward changing mathematics teaching and learning is for 

teachers to accept that problems exist within their teaching (Kraft, 1994: TlMSS, 

2007 and 20 II). By seeing alternative approaches to teaching mathematics, 

teachers would become aware of problems that exist within their own teaching. 
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This research would increase teachers' understanding about an alternative method 

of teaching mathematics by describing and presenting information about decisions 

and instructional strategies that were used by a teacher who was constructing his 

own meanings of constructivist teaching. Teachers who read the study would then 

become more aware of the strategies that they can use to help students gain 

mathematical power. Through this awareness, teachers may improve their ability 

to make effective instructional decisions that would improve their teaching 

practice and subsequently improve mathematics learning. 

Also, it has been argued that constructivist learning theory has the 

potential to be a basis for mathematics teaching (Von Glasersfield, 1984). 

However, there is not presently any specific functional description demonstrating 

this theory in practice (Clements and Battista, 2009). This investigation would be 

one such practical description for consideration. 

Finally, the research will be of great benefit to educational planners like the 

Ministry of Education, Ghana Education Service, beneficiaries of education as 

well as organisations that have roles to play with the promotion and development 

of mathematics education in Ghana. This is because the constructivist approach to 

mathematics teaching and learning is strongly supported by powerful bodies like 

NCTM and NRC among others as holding the key to the future of mathematics 

teaching and learning (National Research Council , 1989; NCTM, 2010).It would 

also serve as resource material for all stakeholders and others who would like to 

research further into this area of national concern. 
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Delimitation 

This research was confined to only one JHS teacher at X Community 

School, Accra. The researcher could not extend his observation to more than one 

JHS class partly because of the following reasons: 

(i) Ethnographic research takes time to build trust with participants who will 

then be free enough to act or behave in their natural way so that results can reflect 

reality, hence the concentration on one class. 

(ii) The analysis period had to be sufficiently long enough to be thorough; 

therefore, extending it beyond one teacher would not give the researcher enough 

time to do an excellent observation. 

(iii) The observation and video coverage of the teacher's lessons which was to 

be done three times a week could not allow for two teachers in two separate 

classrooms to be studied at the same time because of timetable clashes and cost. 

This research study was not open to all mathematics teachers in the basic schools. 

It was limited to only mathematics teachers teaching at JHS one. The reason for 

the choice of JHS One class was that this is the particular form from which 

students all over the world are selected to participate in the TIMSS competition of 

which Ghana was part in 2003, 2007 and 2011. It is also the transition class 

between upper primary and secondary education. 

Through the administration of the mathematics beliefs scale questionnaire 

111 12 JHS one schools in the X and Y municipalities, 25 mathematics teachers 

completed the MBS questionnaire and returned them. The second stage of the 

selection was the class observation by the researcher. The class observation was 

done to find out whether there was consistency between what the teachers said 
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they do in class and what they indeed practised in the classroom. At the end of the 

observation which took one whole term, two teachers were finally selected for the 

study. The single teacher who was chosen finally had two advantages over the 

other one. Besides his Diploma in Basic Education, he holds a BSc. in statistics 

from the University of Ghana, Legon and he was very enthusiastic about teaching 

mathematics. He also showed more interest and zeal in my research than the other 

teacher. 

Limitations 

Qualitative research studies are designed to provide a deep understanding 

ofa particular phenomenon, making the results difficult to generalize (Yin, 2003), 

but all studies have their limits. The limitation of this study is that because of the 

video coverage of the lessons coupled with classroom observation, I could not 

cover more than one teacher and for that matter will not be in a position to 

generalize the results of this study. Secondly, the constructivist teacher who was 

finally chosen from X Community Basic School, Accra happened to be a 

mathematics teacher for a class of 58 JHS one students. The classroom was the 

normal classroom size that should have ideally accommodated only 30 students 

instead of the 58. As a result, there was overcrowding of students. The dual desks 

in the classrooms combined with the congestion of students made it difficult to 

rearrange the desks for small group discussions and cooperative learning 

whenever the teacher attempted to use any of these strategies to teach. This in my 

view limited the frequency of the use of the above constructivist methods in the 

classroom discourse. However, it is worthy to note that 10 out of the 12 JHS 
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schools initially selected for the MBS all used dual desks. The other teacher who 

was also chosen in addition to Mr Yamoah also had double desks in his class. 

Definition of Terms 

Conceptions: Thompson (1984) defined conceptions of mathematics as 

beliefs and views about the nature of mathematical knowledge. The researcher 

extends this defmition to encompass conceptions as the knowledge of and beliefs 

about mathematics. 

Constructivism: Is a theory of learning that provides teachers and 

educators with an understanding of how students learn. It is underscored by two 

main principles: (1) that learners are active in constructing their own knowledge, 

and (2) that social interactions are vital to knowledge construction (Bruning et al. 

2004, p.195). The individual learner constructs and gains new knowledge through 

experience, interaction and active involvement with the learning environment. 

Experience As used in this research refers to the academic qualification of the 

teacher. 

Mathematical Objects A mathematical object is an abstract object ansmg III 

mathematics. In mathematics, an object is anything that has been (or could be) 

formally defined, and with which one may do deductive reasoning and 

mathematical proofs. 

Thick description It means to provide a report that moves the reader to the context 

with all the "insight, understanding, and illumination not only of the facts or the 

events in the case but also of the texture, the quality, and the power of the context 

as the participants in the situation experienced it" (Owens, 1982, p.8). 
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Organization of the Study 
The thesis was organised as follows: There was an abstract which did not 

exceed 250 words summarising the entire study and its findings. Chapter one 

focused on the background to the study, a definition of the problem to be studied 

and the rationale for the study. Chapter two was mainly on literature review which 

highlighted important views and ideas on the topic from other authors and a 

critique of the literature. Chapter Three was a description of the population and 

sample, research design and data collection methods. Chapter Four examined the 

analysis of data. Chapter Five was mainly concerned with the summary, 

conclusion and recommendations. This was followed by References and 

Appendices. 

Chapter Summary 

There is no doubt that every school going child in any part of the world 

should study mathematics at school. Indeed, the study of the subject is regarded 

by many people as essential (Cockcroft, 1982; NCTM, 2000). For this reason, 

mathematics holds a critical position in the school curriculum in virtually every 

country (Okuma-Nystrom, 2003). In Ghana, despite the enormous investment the 

government has been making in both workforce training and infrastructural 

development in the educational sector, there has not been any significant 

academic improvement to justify those investments (Gavor, 2015; Agudelo-

Valderrama, 1996; Co fie, 2000; Eshun and Abledu, 2001). Many stakeholders 

have attributed this low performance to the traditional method of teaching the 

subject and recommended the constructivist approach to the teaching and learning 

of the subject (Amponsah, 2010; Mereku, 2003; Fredua-Kwarteng, 2005; 
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Fletcher, 2005). In the traditional teaching of mathematics in school, the truth is 

determined when the teacher says it is correct and knowing mathematics means 

remembering and applying the proper rules (Lampert, 1990; 1991). For students 

to know mathematics in ways of the discipline, teachers would have to alter their 

traditional role of being the authority for correct answers. They should rather 

become the experts in the group who would support the students' construction of 

mathematical procedures and principles by choosing and posing the problems and 

developing the tools for the classroom (Lampert 1989,). This study aimed at 

interrogating constructivist approach to mathematics teaching and learning in a 

JHS classroom with the view to finding out how do students experience 

mathematics when constructivist strategies are employed to teach the students. 
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Overview 

CHAPTER TWO 

LITERATURE REVIEW 

Although there are various approaches to mathematics teaching and 

learning, there is enough literature to support the fact that constructivist learning 

theory has the potential to be a basis for mathematics teaching and learning (Von 

Glasersfeld, 1984; Larochelle, 2000 and Medinipur, 2015). This study therefore 

aimed at interrogating constructivist approach to mathematics teaching and 

learning at a Junior High School level and to find out how this approach 

influences the students' mathematical experience. 

This chapter has been divided into five main sections as follows: The first 

section is an overview of the chapter. Section two examines the theoretical 

framework upon which the current study is based. The theoretical framework 

focuses on constructivism as a theory of learning, Vygotsky's Zone of Proximal 

Development (ZPD), Bruner's (1985) Theory of Instruction, and Skemp's 

Mathematical Theory of Relational Understanding. The third section is a review 

of what researchers have documented as practical ways of how children learn 

mathematics. 

Four groups of influences have also been identified as having an impact 

on how children learn mathematics. The first one is the demands, constraints and 

influences from the society in which the mathematics learning takes place. The 

second set of controls has to do with the knowledge, skills and understanding 

which the learners develop outside the school setting and which have significance 
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for their learning inside the school. The third set of influences on children's 

learning of mathematics come from the teaching and learning resources (TLR) 

used by the teacher and the fourth influence, yet not the least is the teacher. 

The fourth section provides the basis why research on mathematics 

teaching and learning has changed over the years. Our democratic society's needs 

are continuaUy changing, and consequently, the mathematics that children need to 

know is also changing. A significant goal of elementary mathematics education is 

to help children have the power to think about mathematics and do mathematics. 

This power allows students to have control over their success and helps them to 

develop autonomy in learning. Section five provides a summary which concludes 

the chapter. The summary contains the practical significance of the information 

that was presented in the literature review and justification for improving the 

instructional practices of teachers in the field of mathematics education. 

Theoretical Framework 

Four theories provided support and informed this research. They were 

constructivist learning theory, Vygotsky's (1930) Zone of Proximal Development 

(ZPD), Bruner's (1985) Theory ofInstruction, and Skemp's Mathematical Theory 

of Relational Understanding. These theories are essential for this study because 

they share the following standard practices: 

a) Learners questions and opinions are valued, 

b) Manipulative materials are common components of instruction, 

c) Interactive learning approach is a common feature and learning is built on 

students 'prior knowledge, 
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d) There are collaborative work and students construct their own knowledge 

with guidance from the teacher, and 

e) Assessment is usually by observation, peer evaluation and testing. 

Vygotsky and Bruner both believed in scaffolding, social interaction and learning 

from adults and other more knowledgeable others. According to Bruner, students 

are active learners as they construct their knowledge for themselves through their 

own experiences. The teacher's role is a facilitator to help students discover 

relationships between information but not to organise it for them. Bruner's 

emphasis is on discovering learning or student-centred learning. ·Skemp's 

relational understanding also means that the child knows what to do and can 

explain why he has to do it. The four theories are briefly discussed below. 

Constructivist Theory 

The constructivist theory is grounded in the works of Piaget, Vygotsky, 

Bruner and the philosophy of John Dewey. A variety of differing views are found 

within constructivism, as the concept has been defmed differently by various 

researchers and authors (Woolfolk, Hughes, and Walkup, 2008). For example, 

Confrey (1990) defmes constructivism as "a belief that all knowledge is 

necessarily a product of our own cognitive acts" (p. 107). Similarly, Lowery 

(1997) sees constructivism as a philosophy that states that students construct new 

knowledge and understanding for themselves. Lambert et al. (1995) describe 

constructivism as a theory of learning which contends that: 
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"Individuals bring past experiences and beliefs, as well as their cultural histories 

and worldviews, into the process of learning; all of these influences how we 

interact with and interpret our encounters with new ideas and events" (p. xii) .. 

Within this paradigm, the individual learner constructs his/her own knowledge 

from experiences and interaction with the physical world (Doolittle and Camp 

1999). Fosnot (1996) holds that constructivism is a psychological theory which 

construes learning as an interpretive building process whereby the individual 

learner actively interacts with the physical and social world. According to 

Jonassen (1997) and Orton (2004), within this paradigm, students are given the 

opportunity to utilise their prior knowledge, experience, observation and 

understanding to formulate new concepts and the emphasis is on concept 

formation rather than teaching for concept acquisition, as experienced in 

behaviourist classrooms. 

In general, constructivist theories are theories of learning that provide 

teachers and educators with an understanding of how students learn; two main 

principles underpin them: "learners are active in constructing their knowledge and 

that social interactions are essential to knowledge construction (Bruning et al. 

2004, p.195). The individual learner gains new expertise through experience, 

communication and active involvement with the learning environment. Learners 

create knowledge by building on previously built knowledge, and students can 

better grasp the concepts and move from merely knowing the material to 

understanding it (Ward 2001). Within constructivist theory, it is believed that 

students move from the known to the unknown and posseSSIOn of a solid 
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foundation of a particular concept is considered to be paramount, as the 

development of new knowledge is dependent upon what is already known. 

Clements and Battista (2009) also define constructivism as an 

epistemology (knowledge, understanding) which follows certain basic tenets: 

a) The student or learner actively creates knowledge. 

b) The learner produces new mathematical consciousness through reflections on 

physical and mental actions. 

c) There is no one true reality. Each person has his or her reality based on 

his/her interpretation. 

d) Learning is a social process where meaning is negotiated. 

e) Students learn when they are allowed to explore. They tend to memorise 

when knowledge is "dished out" to them. 

The constructivist view of learning is reflected in the developmental theories of 

Piaget, 1972; Dewey, 1997; Bruner, 1961 and Vygotsky, 1978 among others. In 

cognitive constructivism, which originated primarily in the work of Piaget, it 

simply states that an individual's reactions to experiences lead to (or fail to lead 

to) learning. However, in social constructivism, whose principal proponent was 

Vygotsky, language and interactions with others such as family, peers and 

teachers playa primary role in the construction of meaning from experience. 

Meaning is not simply constructed; it is co-constructed. Proponents of 

constructivism (Biggs, 2002) offered variations of the following principles for 

effective instruction: 
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(i) Instruction should require learners to fill in gaps and extend material 

presented by the instructor. The goal should be to gradually wean the students 

away from dependence on instructors as primary sources of required information, 

helping them to become self- learners. 

(ii) Instruction should involve students coming together to work in small 

groups. This attribute which is considered desirable in all forms of constlllctivism 

and essential in social constructivism supports the use of collaborative learning as 

well as and cooperative education. 

Vygotsky's Social Constructivism 

Lev Vygotsky was a seminal Russian psychologist who was best known 

for his sociocultural theory. He believed that social interaction plays a crucial role 

in children's learning. He put social interaction at the centre of education. 

Vygotsky, like Piaget, argued that constlllction of knowledge relied on 

individuals' own efforts based on their previous knowledge, but he regarded 

social interaction as a central tenet of the individuals' intellectual development. 

The social constructivist model accepts that socialisation plays an important role 

in individuals' learning. That is, social interaction and culture provide the basis 

for learners' thinking and activities in a given environment. Social interaction 

influences the individual's cognitive improvement by "explaining reality, 

transmitting cultural messages and mediating the learning of environmental rules" 

(Kouzulin and Presseisen, 1995, p.69). From Vygotsky's perspective, culture also 

catalyses cognitive development, that is, human actions occur in cultural 

environments and could be incomprehensible outside of these environments 
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(Woolfolk et aI., 2008). Thus, culture offers individuals the tools to think and also 

directs them how to think. The most important theory, which was introduced by 

Vygotsky into the world of educational theory, was the idea of "The Zone of 

Proximal Development (ZPD)" to cope with problems of the assessment of 

pupils' intellectual skills and the evaluation of instructional behaviour. Vygotsky 

(1978) defined this theory as the "the distance between the actual developmental 

level as determined through independent problem solving and the level of 

potential development as determined through problem solving under adult 

guidance or in collaboration with more capable peers" (p. 86). According to his 

theory, engagement with more capable peers is an effective way of developing 

abilities and approaches. In this regard, the term "scaffolding" is regularly used in 

the literature instead of ZPD. This term refers to the context that provides 

appropriate support (questioning and positive interactions) by teachers, or more 

able peers or the use of technological tools for pupils to achieve their potential 

(Bruner, 1985; Stuyf, 2002). ZPD is about learning and would be controlled by 

the individual's stage of development (Palincsar, 1998). With the purpose of 

understanding this relationship, it is essential to determjne the individual's actual 

and potential development. Actual development indicated individual's attainment 

by him/herself without help. Potential development is the maximum level that 

individuals can accomplish with support (ibid). Hence, communication is an 

important part of this process (Bruner, 1985). At this juncture, teachers and more 

skilful peers provide the scaffolding (ibid). Therefore, collaboration becomes an 

important aspect of learning between pupils and teachers to construct knowledge 
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and skill. Furthermore, this scaffolding (assistance) should come through 

guidance instead of knowledge transmission (Daniels, 2001). 

Figure 1 : 
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It can be seen from the diagram above that the scaffolding would occur in 

the ZPD. According to Vygotsky, it was accepted that the individual had to 

perform in the ZPD, which is regarded as a social period. However, there are 

some points that need to be monitored during this period. Some of the most 

important points are as follows: 

a. Students' ZPD should be carefully tested. 

b. Questions, which will be directed to students, should not be above the level of 

students" understanding. 

c. Students should solve the problems by external support and use their own 

existing knowledge. 
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d. Students should develop some new concepts concerning the subject, and they 

should review the topic. 

It is argued that if the problem is complex and beyond the understanding 

of the student slhe will become more reluctant to solve it, so problems should be 

set at the right level. Moreover, the constructivist approach aims to form a bridge 

that focuses on the teacher's pedagogy and mathematics teaching, which relies 

heavily on the conceptual dimension of mathematics. This conceptual approach is 

reliant on students using conceptual thinking to make a mathematical defmition 

transform from abstract mathematical thinking to concrete mathematical thinking. 

To develop their students' ZPD process, teachers need to consistently design 

innovative tasks; the ability to achieve this is based in part on the teacher's 

knowledge and beliefs, and also on the beliefs prevalent outside the teacher, e.g. 

the school, society, etc. (Nielsen, Barry and Staab, 2007). 

Applications of the Vygotsky's Social Development Theory 

Many schools have traditionally held a transmissionist or instructional 

model in which a teacher or a lecturer 'transmits' information to students and the 

students sit passively to receive it. In contrast, Vygotsky's theory promotes 

learning situations in which students play an active role in the learning process. 

The roles of the teacher and student are therefore changed. The teacher now 

collaborates with his or her students to help facilitate meaningful construction by 

the students. Learning, therefore, becomes a reciprocal experience for the students 

and teacher. 
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Many researchers hold different and often conflicting views on whether 

stages of development guide learning (Piaget, 1970) or whether learning 

stimulates potential development (Anderson and D'Ambrosio, 2008). Even more 

points of view exist about the means by which learning occurs in children. While 

some schools of thought believe learning occurs in isolated instances supported 

by conditioning (Pavlov, 1927), others feel that natural internal development 

guides the learning (Bruner, 1985; Piaget and Inhelder (1969). Dewey (J938) 

suggested that students learn by applying past experiences to new experiences in 

order to formulate new knowledge. In contrast, Gagne (1985) suggested that 

students have various levels of learning that require hierarchical prerequisites of 

instructional strategies for the student to process new intellectual skills. Between 

these two ideas exist a range of theories about whether learning is enhanced 

merely by the amount of time spent on learning (Carroll, 1989; Slavin, 1980) or 

whether it is affected by external influences such as environmental surroundings 

or socio-cultural interactions (Skinner, 1953). The more integrative, socio­

cultural approach described in Vygotsky's (1930). Zone of Proximal 

Development (ZPD) is the preferred theoretical premise for this study. In his view 

of cognitive development, Vygotsky (1930) provided evidence that he accepted 

the idea that inherent developmental stages, similar to those detailed by Piaget 

(1970), are at the basis of learning. Vygotsky also combined those developmental 

beliefs with the Marxist view that humans ultimately develop their intellectual 

potential through the driving forces of their environmental exposure (Vygotsky, 

1931). Piaget (1970) and Bruner (1985) shared similar constructivist perspectives 
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with Vygotsky and agreed with his thoughts on the processes of child 

development. Bandura's (1977) Social Learning Theory also complimented 

Vygotsky's Social Development Theory (1930). Vygotsky would have supported 

Bandura's statement that, "learning would be exceedingly laborious, not to 

mention hazardous, ifpeople had to rely solely on the effects of their own actions 

to inform them on what to do" (Bandura, 1977, p. 22) . Vygotsky (1930) 

specifically focused on the social-historical environment while developing his 

integrative theory. He recognised that traditional internal developmental cues, 

such as imitation and natural curiosity, lead to maturational growth, but theorised 

those internal forces alone could not direct an individual through more advanced 

thought processes. 

Vygotsky (1935) therefore began to study child behaviour in more depth 

and to look specifically at students' performance along with school instruction. 

He realised that conventional tests only evaluated the level of mastery of students 

performing in isolation. After observing students under directed instruction, 

Vygotsky discovered that students often performed at higher cognitive levels with 

modest assistance. In a particular reported instance, Vygotsky described a 

situation in which two students on the same individually academic performance 

level achieved at markedly higher levels when assisted with a more advanced 

problem. This incident revealed to Vygotsky that future cognitive development is 

determined by not only the level of individual performance but also by the 

performance the student is capable of with assistance. In 1930, he named this 

measured ability between a student's actual performance level and the student's 
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potential level the Zone of Proximal Development, ZPD. With the ZPD, Vygotsky 

proposed children were capable of combining their innate abilities and knowledge 

with social cues and interactions to further extend their cognitive growth. 

Vygotsky believed adult instruction assisted and often prompted student 

development further than what was obtained through self-discovery alone. For 

this reason, Vygotsky encouraged educators to develop further studies for 

detennining the extent of interaction between intrinsic development and socio­

cultural forces . Even though modem educators accept the view that an interaction 

between natural development and external factors affects the student learning 

process, uncertainty remains as to the specific implications of certain types of 

interactions. 

Implications for the Classroom 

Vygotsky's concept of the zone of proximal development is based on the 

idea that development is defined both by what a child can do without any support 

and by what the child can do when assisted by an adult or more knowledgeable 

other. Knowing both levels ofVygotsky's zone is useful for teachers. The reason 

is that these levels indicate where the child is at a given moment as well as where 

the child is expected to be with assistance from more knowledgeable others. The 

zone of proximal development (ZPD) has several implications for teaching in the 

classroom. According to Vygotsky, for the curriculum to be developmentally 

appropriate, the teacher should plan activities that will encompass not only what 

children are capable of doing on their own but what they can learn with the help 

of others like the teacher. 

31 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Vygotsky's theory does not mean that any topic can be taught to any child 

at any stage rather only instruction and activities that fall within the zone promote 

development. As a result, teachers can use information about both levels of 

Vygotsky's zone of proximal development in organising classroom activities in 

the following ways: 

(a) Instruction can be planned to provide practice in the zone of proximal 

development for individual children or for groups of children. For example, hints 

and prompts that helped children during the assessment could form the basis of 

instructional activities. 

(b) Cooperative learning activities can be planned with groups of children at 

different levels who can help each other learn. 

(c) Also, scaffolding is a way of helping the child in his or her zone of proximal 

develdpment by letting the adult provides hints and prompts at different levels. In 

scaffolding, the adult does not simplify the task, but the role of the learner is 

simplified through a well-calculated intervention by the teacher. 

Bruner's Theory of Instruction 

In his research on the cognitive development of children, Bruner (1966) 

proposed three modes of representation: enactive representation (action-based), 

iconic representation (image-based), and symbolic representation (Ianguage­

based). Bruner theorised that learning occurs by going through these three stages 

of representation. Where each stage is a "way in which information or knowledge 

is stored and encoded in memory" (Mcleod, 2008). The stages are more-or-Iess 

sequential, although they are not necessarily age-related like Piaget-based 
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theories. According to Bruner, going through the stages is essential for the learner 

to truly understand the concept, as it helps the learner understand why. The three 

stages of representation that Bruner wrote about are discussed briefly as fo 1I0ws: 

Enactive (Action-based) Stage 

The enactive stage is sometimes called the concrete stage; this first stage 

involves a tangible, hands-on method of learning. Bruner believed that "learning 

begins with an action - touching, feeling, and manipulating" (Brahier, 2009, p. 

52). In mathematics education, manipulatives are the concrete objects with which 

the actions are performed. Common examples of manipulatives used in this stage 

in math education are algebra tiles, paper, coins, etc. - anything tangible. 

Iconic (Image-based) Stage 

Thai is also called the pictorial stage. This second stage involves images or other 
,- . .: .-

visuals to represent the concrete situation enacted in the first stage. One method of 

doing this is to draw pictures of the objects on paper or to picture them in one's 

mind. Other ways include the use of shapes, diagrams, and graphs. 

Symbolic (Language-based) Stage 

The symbolic stage is also referred to as the abstract stage. It is the last 

stage that takes the images and represents them using words and symbols. The use 

of words and symbols "allows a student to organise information in his or her mind 

by relating the concepts together" (Brahier, 2009, p. 53). The words and symbols 

are abstractions; they do not necessarily have a direct connection to the 

information. Bruner's work also suggests that a learner even of a very young age 

is capable of learning any material so long as the instruction is organized 
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appropriately. This assertion is in sharp contrast to the view of Piaget and other 

stage theorists . 

Application for Mathematics Teaching 

While Bruner has influenced education greatly, it has been most 

noticeable in mathematical education (Brahier, 2009). This theory is useful in 

teaching mathematics which primarily is full of concepts. The teaching begins 

with a concrete representation and then progresses to the symbolic stage and the 

abstract stage. Initially, the use of manipulatives in the enactive stage is a 

significant way to sustain the interest of students, who may not be particularly 

interested in the topic. Eventually, Bruner's stages of representation came to play 

a role in the development of the constructivist theory of learning as well (eulatta, 

2012). Furthermore, Bruner's theory also allows teachers to be able to engage all 

students in the teaching and learning process irrespective of their cognitive levels 

of the concept at stake. While more advanced students may have a more well­

developed symbolic system and for that matter can successfully be taught at the 

symbolic level, other students may need other representations of problems to 

grasp the material (Brahier, 2009) 

In addition, by having all students go through each of the stages, it builds a 

foundation for which the student can fall back on if they forget or as they 

encounter increasingly difficult problems. For these reasons, it is essential that the 

teacher goes through each of the stages with the whole class; however, the time 

spent on each stage can and will vary depending on the student, topic, etc. 
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Skemp's Mathematical Theory of Relational Understanding 

In order to fonnulate a complete theoretical framework for this study, a 

need exists for a review of literature related to mathematical learning. Skemp 

(1987, 1989, 2006), a mathematician and psychologist, devoted much time to 

researching and analyzing the thought processes which learners implement when 

they learn mathematics. After much research, Skemp (1987) became increasingly 

concerned with the discovery that many intelligent students couldn't "do" 

mathematics. Skemp sought to find the answer as to why otherwise intelligent 

students had difficulties learning mathematics. Through his research and personal 

investigations, Skemp (2006) developed and proposed the Mathematical Theory 

of Relational and Instrumental Understanding. 

To best explain the Mathematical Theory of Relational and Instrumental 

Understanding, Skemp (2006) used the analogy of a person visiting a town for the 

first time. When unfamiliar with a town, an individual would attempt to learn how 

to get from point A to point B. The first successful route, regardless of time or 

distance, would become the fixed plan this individual continues to use to travel 

between points A and B. The noted references along the way direct the individual 

between these two points. With these references, the individual may tum right 

out of the front door, go straight past the church, and so on. After some time, the 

individual would begin to explore the town, with little or no intention of getting to 

or from any given point, but rather to create a mental map of the town. During 

this exploration, however, the individual makes connections to other routes that 

lead successfully to points A and B. In contrast to the first scenario, if a person 
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with a mental map of the town gets off track, the individual would be able to 

produce a variety of plans in order to reach points A and point B. Additionally, if 

this individual made a wrong tum in the derived path plan, the individual, still 

aware of locations on the mental map, could successfully adjust path routes 

without getting lost. In the first example, the fixed form of knowledge required to 

get from one point to another based on memorised references was what Skemp 

(2006) described as instrumental understanding. In the second example, the 

formation of overall awareness of point A and point B as they appear on a mental 

map of the town was what Skemp (2006) referred to as relational understanding. 

Skemp's analogy of the person visiting a new town and the learning of 

mathematics is quite similar. A situation in which students learn what actions to 

perform using a step-by-step method to reach an answer to a problem is an 

example of instrumental learning (Skemp, 2006). Instrumental learning occurs 

many times using direct teaching pedagogy. A situation in which students can 

produce an unlimited set of plans to solve a problem successfully is an example of 

relational learning (Skemp, 2006). Relational understanding is more likely to 

occur with inquiry or discovery pedagogy. 

Instrumental learning is what many educators identify as rote 

memorisation. With helpful understanding, students simply memorize procedures 

and steps to reach an outcome. This process of instrumental learning utilizes less 

brain function than relational learning and provides little depth into the reasoning . 

or true understanding of a mathematical problem (Skemp, 1987). Many species 

other than humans learn using this instrumental or memorization method of 
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learning (Skemp, 1987). Skemp (1987) acknowledged that even the simplest of 

animal species could learn ordered steps to complete complicated tasks, but for 

the leamer, instrumental learning is absent of any underlying principles or 

meaning as to the purpose for performing the task, or to what benefit there is in 

finding the result. 

Relational learning is one of the things that separate humans from all other 

species. With relational learning, individuals can manipulate abstract structures 

and formulate new conceptual ideas. The new individual structures of knowledge 

are referred to as schema (Skemp, 2006). Individual schemas are then stored as 

knowledge and utilised to construct further knowledge when introduced to other 

structures of information (Skemp, 1987). When schemas are joined to form a new 

structure of knowledge, they become a concept. According to Skemp (1987), the 

ability for learners to put new mathematical experiences together with previously 

learned mathematical schemas and concepts to make a mathematical application 

is the highest level of learning strategy that learners possess. Skemp (1987) 

identified this highly developed mathematical learning strategy of utilizing 

schema and concepts as relational learning. When considering whether one form 

of learning mathematics was more ideal than the other, Skemp (2006) once again 

compared these two forms of mathematical learning to the two processes 

described in learning how to manoeuvre around a new town. Could the individual 

in both scenarios get from point A to point B? The answer is "yes," but an 

educator must ask a more probing question: Which is better, instrumental or 

relational learning, for students to master mathematics and be able to build future 
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concepts of knowledge? Skemp (1987) believed that learners utilizing relational 

learning rather than instrumental learning would progress more successfully in 

their mathematical development (Skemp, 1987). 

Skemp issued four statements of learning virtues supporting the usage of 

relational learning versus instrumental learning. First, Skemp (2006) 

acknowledged that learners who used relational learning strategies became 

quickly independent in reaching their schema of knowledge. Second, the ability 

for learners to build their own schema of knowledge was found to be intrinsically 

satisfying to the learners (Skemp, 2006). Skemp's third virtue of relational 

learning described that the first two virtues enhanced a learner's level of 

confidence and therefore, encouraged the learner to pursue additional schemas of 

knowledge. The final virtue for developing relational learning over instrumental 

learning was that learners would come to realize that their schemas are never 

complete (Skemp, 2006). As relational learners developed schemas and concepts 

of knowledge, Skemp discovered that they became ever more aware of endless 

learning possibilities. With relational learners' gaining confidence in the third 

virtue and awareness of endless leaming potential in the fourth, Skemp (2006) 

concluded that relational learning leads learners to self-reward; therefore, the 

learning process becomes meaningful and self-perpetuating. These four learning 

virtues of relational learning were not evidenced by the learners of instrumental 

learning. 

On the contrary, Skemp (1987) found students who utilized instrumental 

learning while developing mathematical skills often reported boredom, disconnect 
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from the content material, and a lack of purpose for performing the mathematical 

tasks (Skemp 1987). Skemp's (2006) mathematical theory of relational 

understanding enhances the theoretical framework of this study by suggesting the 

need for instructional practices that foster specific learning strategies so students 

can best develop mathematically. 

The Implication for the Classroom 

The main point ofSkemp's argument is that learners construct schemata to 

link what extensive hierarchy of concepts. We cannot successfully form any 

particular concept until we have formed the entire subsidiary ones upon which it 

depends. I would, therefore, argue as a mathematics teacher that, although 

instrumental teaching has its place, we should always be thinking more about 

maximizing relational learning opportunities for our students as we engage them 

in oui classrooms. The theoretical framework in this study provides three distinct 

inferences regarding student learning and instructional practices. First, teachers 

should not limit the mental growth of students by teaching to their current level of 

knowledge, but rather challenge and push each learner to new levels of learning 

(Vygotsky, 1931). Second, teachers should recognize the impact and importance 

of instructional practices on the student's learning environment (Bruner, 1966). 

Finally, teachers should foster a style of teaching that specifically promotes 

relational understanding in mathematical learners (Skemp, 2006). The foundation 

of this study is the premise that students' mathematical achievement is contingent 

upon the style of teaching and teaching techniques utilized by the teacher during 

the learning process. 
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Constructivism in Mathematics Education 

Designing a constructivist context for learners to re-evaluate their 

mathematical ideas Lerman (1993) argues that constructivism has been 

overwhelmingly approved within mathematics education research since it seems 

to blend with existing teaching strategies. At the root of mathematics teaching in a 

constructivist context is the teacher's perspective on the role of the learner. From 

this perspective, the teacher should facilitate the learner to take on a central role in 

constructing his/her own experience and knowledge rather than in imposing 

knowledge on him/her. Therefore, the acquisition of mathematical knowledge 

becomes a learner-based activity rather than a passive activity involving the 

memorization and acceptance of an independent body of truths. Thompson (1992) 

stated: "Students engage in purposeful activities that grow out of problem 

situations, requiring reasoning and creative thinking, gathering and applying 

information, discovering, inventing, and communicating ideas, and testing those 

ideas through critical reflection and argumentation" (p. 128). 

It has been suggested that when teaching, learners should be directed 

towards "mindful activities" which enable students to articulate their ideas 

(Adams, 2006) and allow them to construct their knowledge. In this sense, the 

mathematics teacher's role can be regarded as that of facilitator and coach for 

studems learning rather than expert. From the constructivist perspective, teaching 

involves designing new environments in which leamer's intellectual structures 

can appear and change (Joyce et a!., 2004). Technology allows constructivist 

teachers of mathematics to design learning environments that foster interest and 
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promote experientially based understanding acquired usmg collaboration and 

possibly also through quality social interaction (Pateman and Johnson, 1990). An 

ideal constructivist context is a "place where learners may work together and 

support each other as they use a variety of tools and information resources in their 

guided pursuit of learning goals and problem solving activities" (Wilson, 1996, p. 

5). Jaworski's (1991, 1994) work implies that good mathematics teaching takes 

place only by questioning, experimenting, discovering, constructing, conjecturing, 

reflecting, and discussing. To suit the rationales of the present study, technology­

based professional learning was created in a context wherein participants could 

engage with investigational mathematical tasks using an interactive process of 

conjecture, criticism, critical reflection, investigation and collaboration. A 

constructivist environment is a place where the teacher considers students" 

activities, thus facilitates students" activities to help them make mathematical 

relationships and patterns, and discuss mathematical meanings, instead of acting 

as an expert imposing fIxed information. In response to von Glasersfeld's 

assumptions, Jaworski (1996) implied that "the power of constructivism for 

mathematics education is encapsulated in this second principle" (p. 2). In this 

principle, viable mathematical knowledge which fIts with experience and evolves 

through modifIcation and social interaction is based on a leamer's experience of 

the world. Learners can only know what they have built through new experiences 

and can modify concerning their further experience. This argument can be applied 

to mathematics teaching: the teacher's role should be to guide and support 
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students' creations of viable mathematical notions instead of conveying correct 

ways of doing mathematics. 

The teacher may simplify this process by designing a constructivist 

environment where the learner works with conceptual problems and involves a 

conversation with both peers and teacher. In this situation, rather than just content 

and prescribed tasks, thinking of students' activities becomes important in 

establishing effective mathematical learning environments. The evidence from 

research on psychology illustrated that learning could not take place by passive 

absorption of information only, but instead, in many situations, learners approach 

each innovative task with previous knowledge, fit in the new knowledge and 

create their meaning (Reynolds, 1999). This approach allows learners to establish 

a link with what they already know with new ideas. The research that will be 

conducted and described in the following chapters suggests that technology can 

be used to create an active experientially based learning environment. 

Role of the Teacher in a Learner's Cognitive Development 

Vygotsky's ZPD concept highlighted the role of the teacher in increasing 

a child's learning potential. His observational study (1930) provided the evidence 

necessary for future researchers to explore instructional techniques. Vygotsky's 

(1935) example of an infant was initially walking by holding on to an adult's 

hand, even though the infant could not yet walk alone, supported the theory of 

zone of proximal development (ZPD). The analogy of an adult guiding an 

infant's steps before the infant was developmentally ready allows educators to 

make similar assumptions about other cognitive and internal development 
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connections. Therefore, the ZPD directly pertains to teacher-student interaction 

and provides suitable justification for teachers initiating knowledge beyond 

students' current performance levels. 

One can also apply the ZPD theory to today's educational settings, 

revealing that conceptual skills and abstract thought can be stimulated in students 

through teachers' instructional techniques. Once aware of the ZPD and how this 

takes place in the learning process, a teacher can choose to utilize an instructional 

practice that guides the learner into greater depths of knowledge rather than 

merely delegating or dispensing informational titbits to the learner. Teachers can 

prompt students to question new learning strategies that are just beginning to 

develop. A teacher's prompt to delve further into the learning will challenge 

student thinking and possibly extend the learning. Likewise, Bruner (1966) 

corr'ipared mental growth to the rises and rested of a staircase. As the learner' s 

knowledge is nurtured, the concepts eventually mature and advance to the next 

level of learning. Rather than focusing on a student's readiness to learn, Bruner 

(1966) believed that the staircase of learning potential was present for every 

learner, but environmental influences, including instructional tactics, could halt, 

slow, or advance the learning. 

Bruner believed that learning is indeed sensitive to nature, but the learner 

is rather adaptive to a teacher's range of instructional approaches (Bruner, 1985). 

In his book Theory of Instruction, Bruner (1966) confirmed Vygotsky's fmding 

that a learner's growth and development were assisted by various external means. 

Bruner (1985) stated, "Any learner has a host of learning strategies at his or her 
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command," (p.8), but it is the teacher who equips students with the "procedures 

and sensibilities" (p. 8) to lead them to their potential for obtaining knowledge. 

Conversely, if a teacher can lead students to their potential, a teacher may also fail 

to provide students with opportunities that build complex thought patterns. 

Bruner (1985) recognized that certain educational environments could potentially 

be responsible for irreversible learning deficits in students. Bruner (1966) warned 

that these potential learning deficits could be established before entering a formal 

educational system. Whether the instructor is a parent or a formal instructor, the 

relationship between instructor and student is significant and has long-lasting 

effects. Bruner (1966) further stated that, since this is a relation between one who 

possesses something and one who does not, there is always a special problem of 

authority invo lved in the instructional situation. The regulation of this authority 

relationship affects the nature of the learning that occurs, the degree to which a 

learner develops an independent skill, and the degree to which he is confident of 

his ability to perform on his own, and so on. The relation between one who 

instructs and one who is being instructed is never indifferent in its effect upon 

learning. (p. 42) 

With the current educational dilemma, one may find Bruner's wisdom 

even more relevant today. Bruner (1966) stated, "We are entering a period of 

technological maturity in which education will require constant redefinition" (p. 

32). He also explained, "The period ahead may involve such a rapid rate of 

change in specific technology that narrow skills will become obsolete" (Bruner, 

1966, p. 32). Indeed, education has evolved greatly over the past few decades, 
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and Bruner correctly acknowledged that without the mastery of simpler skills, 

more elaborated ones would become increasingly out of reach for students. 

Therefore, Bruner suggested that educators provide students with opportunities to 

share in 9ialogue, paraphrase their thoughts, and internalize their learning to reach 

higher skills. He also charged educators to facilitate the exploration of learning to 

encourage learning and problem solving (Bruner, 1966). 

To address the accelerated change within the educational system, Bruner 

proposed a theory of instruction: A theory of instruction is prescriptive in the 

sense that it sets forth rules concerning the most effective way of achieving 

knowledge or skill. It provides a yardstick for criticising or evaluating any 

particular way of teaching or learning. (Bruner, 1966, p. 40). Bruner's (1966) 

Theory of instruction is prescriptive, rather than descriptive, in the sense that 

instructional methods are prepared by educators based on how the material can 

best be learned by the student. Bruner's Theory of Instruction consists of four 

major principles that are practical for not only analyzing instruction but for 

determining the best method to lead a child toward learning. First, Bruner 

declared that instruction should specify which educational experiences most 

effectively lead a learner toward learning. With various instructional methods 

producing a range of educational experiences for learners, teachers should be 

mindful of the means by which material is delivered to students to reap the most 

benefit from the experience. Second, instruction must identify how a body of 

knowledge should be organized so that learners can readily grasp the concept. 

When teaching a complex body of knowledge, teachers should examine the 
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structure of the knowledge to provide students with smaller components of 

information at a given time. By breaking the body of knowledge down into more 

manageable bits of information, students build mental frameworks that enable 

them to obtain the whole body of knowledge. Third, instruction must detail the 

manner and order in which the material should be disseminated for lea\l1ing. For 

example, if a teacher is to prepare lessons about the Laws of Motion, the teacher 

would need to decide how to best introduce the material, so students gain the most 

understanding. The teacher may choose to provide students with experimental 

motion experiences before mentioning the laws. The teacher may probe students' 

inquiry by questioning the relationship between forces and motion. In contrast, 

the teacher might simply state the laws of motion, display the mathematical 

formulas for each, and follow up with the discussion. Bruner (1966) suggested 

that the sequences teachers choose to deliver material have an impact on how well 

students attain the overall body of knowledge. Bruner provided educators with 

the flexibility to determine the pace and choice between extrinsic and intrinsic 

reward, once the material was released to students. Fourth, Bruner believed that 

instruction must utilize both types of reward, but that student learning progressed 

further with intrinsic rewards. Bruner's theory of instruction reminds educators 

that the purpose of teaching is not only to supply students with a prescribed body 

of knowledge but also to supply them with the know-how to process knowledge. 

A statement of caution about the role of the teacher in Bruner's Theory of 

instruction prompted, in part, the rationale for this study. Bruner warned 

educators to avoid the problem of interfering with students' ability to take over 
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their role in the learning process (Bruner, 1966). Grasha (1996) also recognized 

the importance of teacher-student interactions in the learning process. Student 

learning remains contingent upon teacher-student encounters and the level of 

success of those two-way encounters. He said that students "develop through 

changes in teacher and student perceptions of each other, their actions toward 

each other, and the 'give and take' inherent in their encounters" (Grasha, 1996, p. 

41). Bruner explained that students can develop a dependence on teacher 

assistance in their learning and that teacher-student communication cycles can 

sometimes stall or even block the learning process (Bruner, 1966). Although 

Bruner acknowledged that learners were capable of coping and adjusting to 

various instructional techniques, certain teaching practices could hinder student 

development if the teacher's style is not preferred by the student. 

The theoretical framework in this study provides three distinct inferences 

regarding student learning and instructional practices. First, teachers should not 

limit the mental growth of students by teaching to their current level of 

knowledge, but rather challenge and push each learner to new levels of learning 

(Vygotsky, 1931). Second, teachers should recognize the impact and importance 

of instructional practices on the student's learning environment (Bruner, 1966). 

Finally, teachers should foster a style of teaching that promotes explicitly 

relational understanding in learners of mathematics (Skemp, 2006). The 

foundation of this study is the premise that students' mathematical achievement is 

contingent upon the style of teaching and teaching techniques utilized by the 

teacher during the learning process. 
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Teacher-Centred Approach to Learning 

Beginning in the late 1970s researchers In mathematics education 

focused on what teachers could do to be more effective in helping their students 

learn to compute. Researchers who studied effective teaching used the teacher­

centred model. They focused on the actions of teachers. Two bodies of research 

within this approach has been reviewed. The first is the research conducted by 

Good and Grouws that focuses on the actions of teachers. The second review is 

Leinhardt's body of studies that focused on teacher thinking. 

Good and Grouws used the research paradigm called "process-product." 

These studies focused on teacher behaviour (process) that affects student 

behaviour which in tum affects student performance or achievement (product). 

Mathematics education researchers built upon the experimental and correlational 

research of others in answering questions about what effects teachers' instruction 

had on student achievement. These researchers identified the behaviour of 

effective teachers associated with student achievement. By observing classroom 

teachers, Grouws, a mathematics educator became interested in the effects of 

teacher behaviour on student mathematics learning (Good and Grouws, 1979). 

Good and Grouws studied more than 100 third- and fourth- grade teachers who 

taught mathematics in the same school district. They used student performance on 

standardized achievement tests in mathematics to compare their teachers' 

effectiveness. They observed these teachers for more than three years and 

compared their test scores. The researchers found that some of the teachers 

produced more mathematics learning than others even though they were using the 

48 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



same textbook and were teaching students with comparable abilities. To follow up 

this study, Good and Grouws began to observe the teachers to frnd out the 

behaviours and instructional strategies that were associated with high and low 

achievement of students. They found that teachers differed significantly in their 

classroom behaviour. More effective and less effective teachers taught very 

differently. The teachers who obtained higher levels of student achievement 

provided students with a more precise focus on what they wanted their students to 

learn. These more effective teachers provided more time for students to practice 

new procedures with immediate teacher feedback. This time was called the 

developmental portion of the lesson. Good and Grouws further claimed that the 

developmental time that teachers gave to students affected their achievement. 

From these studies, Good and Grouws hypothesised that certain teacher 

behaviours affected higher or lower achievement of students. The teacher 

behaviours were congruent with the direct instruction model advocated by other 

researchers in education (Rosenshine, 1978). The model included daily review, 

development of the lesson by lecture and teacher demonstrations of procedures, 

supervised practice, independent practice, and conclusion of the lesson. Using this 

model, Good, Grouws, and Ebmeier (1983) taught teachers the instructional 

behaviours associated with high student achievement. In an experimental study 

called the Missouri Mathematics Program, Good et al. studied the effectiveness of 

their teacher training program. They assigned half of 40 classrooms to the 

experimental group and the other half to the control group. The experimental 

teachers were taught the teacher behaviours that the researchers believed 
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increased student achievement. Good et al. gave standardized achievement tests as 

pre- and posttests. After two and half months, students in the experimental 

classrooms performed significantly better than those students in the control 

classrooms. By collecting data from the regular end-of-the-year achievement 

tests, the researchers found that students who were taught in the experimental 

classrooms continued to achieve higher test scores than students in the control 

classrooms. 

Good et al. observed both experimental and control classrooms to record the 

frequency of particular teacher behaviours that influenced student achievement. 

They studied how teachers sequenced lesson segments: the introductory segment, 

the developmental segment, and the conclusion. From these observations, Good et 

al. developed a model of teaching called active teaching. Active teachers increase 

the amount of time that students practice and experience success on skills before 

being tested. They evaluated whether the students were performing accurately. 

These teachers re-taught the content if the need arises. The teachers in the 

experimental classrooms used whole group instruction to introduce concepts, 

demonstrate procedures, and provided drill and practice for students with 

immediate teacher feedback. One of the findings from the Good et al. study was 

that the teacher should present the lesson in small steps with students practising 

after each step. The teachers guided the students through frequent successful 

practice. The researchers concluded that teacher actions did make a difference in 

student achievement. Their fmdings further demonstrated that teachers could be 

trained to provide instruction that would increase student achievement. The 

50 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



findings from the Missouri Mathematics Program that teachers do make a 

difference in student learning spurred educators to investigate how these active 

teachers planned and organised their lessons. They identified a model of teaching 

that could be used to improve performance regardless of content. Even though 

this type of research was teacher-centred, it had not addressed all of the issues 

concerning the complexities of teaching. The researchers did not ask questions 

such as the foHowing: How does the teacher plan what to teach? What is the 

teacher's thinking during instruction? 

The teacher is thinking about teaching-before and during Iessons- became 

an important question and began to playa role in research on effective teaching 

(Clark and Peterson, 1986). They suggested in their research on teacher thinking 

that teacher planning and interactive teaching are influenced by the teacher's 

reflection. They concluded from classroom observations and interviews with 

teachers, both before and after their lessons, that teacher thinking is influenced 

greatly by the teacher's beliefs and knowledge about teaching. Therefore, teacher 

thinking had a powerful effect on what and how children learn. 

Leinhardt (1986, 1988, and 1989) compared expert and novice teachers' 

performance to study how teacher thinking affects classroom teaching. She 

examined the teachers' planning and decision making before lessons and during 

teaching. Leinhardt's goal was to develop teacher education programs that made 

novice teaching more like that of the experts. Leinhardt and Smith (1985) 

explained that the cognitive skill of teaching draws on two types of knowledge: 

lesson structure knowledge and subject matter knowledge. Lesson structure 
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knowledge includes "the skills needed to plan and run a lesson smoothly, to pass 

easily from one segment to another, and to explain material clearly" (p. 247). 

Subject matter knowledge includes knowledge of "concepts, algorithmic 

operations, the connections among different algorithm(s) ... Understanding of . . . 

Student errors, and curriculum knowledge" (p. 247). 

Leinhardt and Greeno (1986) observed eight experts and four novice fourth­

grade teachers while teaching lessons on fractions for three and a half months a 

year for three years. They videotaped the teachers' lessons and interviewed the 

teachers about planning and evaluation of their lessons and fraction knowledge. 

The expert teachers had more subject matter knowledge of fractions. They 

connected the concept of fraction-a part of a whole- with the procedures. Expert 

teachers understood how the operations on fractions- addition, subtraction, 

multiplication, and division- were connected to each other. Because novice 

teachers' knowledge of fractions consisted of isolated concepts rather than 

connections among concepts, they separated addition and subtraction of fractions 

into two different types of problems. Novices did not see the connection that the 

concept of fraction brought to the two types of problems. Novice teachers lacked 

conceptual knowledge of fractions. 

In a similar project, Leinhardt (1986) studied elementary teachers to find 

out what made an expert teacher. She studied seven experienced teachers. Again, 

the researchers observed and videotaped teachers during mathematics lessons. 

They interviewed teachers about their views of pedagogy and math knowledge. 

Leinhardt found that expert teachers' lessons had clarity and a coherent focus on 
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content. Because experts possessed more lesson structure knowledge, they 

introduced and represented procedures differently from novice teachers. The 

expert teacher presented clear explanations of each procedure and demonstrated 

several methods of approaching a problem. Leinhardt (1988) concluded that 

"experts are unusually good at constructing series of lessons that successfully 

transmit the content that needs to be learned" (p. 29). Leinhardt (1989) explained 

that teaching a lesson is a complicated process that consists of three basic 

components: a lesson segment, an explanation, and an agenda. A lesson segment 

is an overarching framework that guides each lesson. Each segment has a unique 

goal, actions, and task environments. The second lesson component, the 

explanation, is the "actual transmission of the subject matter content" (p. 56). 

Leinhardt stated that the explanation of the lesson should be the most carefully 

constructed segment because it presents the new mathematical material. The 

explanation segment is equivalent to the developmental portion of the lesson 

discussed by Good et al. (1983). The last component of a lesson is the agenda. 

Leinhardt (1989) defined an agenda as "a unique operational plan that a teacher 

uses to teach a mathematics lesson. It includes both the objective or goals for 

lesson segments and the action that can be used to achieve them" (p.55). 

Leinhardt noted that teachers' agendas are not formal written lesson plans but 

mental notes about what they expect to happen during the lesson. 

In her research, Leinhardt (1989) found contrasts in the lesson planning of 

expert and novice teachers. Novice teachers' agenda followed a structured script 

that was often incomplete and did not include actions of the students. Experts' 
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lesson segments had patterns. Expert teachers planned agenda that were rich in 

content. Leinhardt concluded that expert teachers weave lessons together. Their 

lessons begin with a good presentation of content. This presentation affects 

student learning and performance. Findings from Leinhardt's research (1986, 

1988, and 1989) are that expert teachers' lessons are explicit and direct much like 

the active teaching model of Good et al. (1983). Expert mathematics teachers 

design lessons that are well sequenced and connected to previous lessons. Their 

lessons have the closure that binds the concepts and patterns together. 

Experts spend less time in transition between lessons. Leinhardt (1986, 

1988, and 1989) extended process/product research in mathematics beyond its 

focus on specific instructional behaviours that affected students' outcomes on 

achievement tests to a focus on teacher thinking. She furthered the research of 

Good et al. (1983) and laid a foundation for further inquiry into cognition. This 

foundation opened the door for others to investigate student thinking. For 

example, what are the effects of student thinking on student achievement? 

A similar study to that of Good et al. and Leinhardt by Livingston and 

Borko (1989) investigates the nature of pedagogical expertise by comparing the 

planning, teaching, and post-lesson reflections of three student teachers. (two 

secondary and one elementary) With those of the cooperating teachers with whom 

they were placed. Participants were observed teaching mathematics for one week 

of instruction and were interviewed before and following each lesson. Differences 

in the thinking and actions of these experts and novices were analyzed by 

perceiving teaching both as a complex cognitive skill and as improvisational 
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performance. Novices showed more time to consume, less efficient planning, 

encountered problems when attempts to be responsive to students led them away 

from scripted lesson plans and reported more varied, less selective post-lesson 

reflections than experts. These differences were accounted for by the assumptions 

that novices" cognitive schemata were less elaborate, interconnected, and 

accessible than experts 'and that their pedagogical reasoning skills were less well 

developed. 

Constructivist Learner-Centred Paradigm 

The constructivist learner-centred paradigm represents a definite shift 

from teacher-directed instruction to learner-oriented thinking. The role of the 

teacher changes from one of the transmitter to one of a facilitator. Children help 

make the decisions about topics to be learned and about how learning would take 

place. This body of research is similar to cognitively guided instruction because 

its focus is on children constructing knowledge. However, the learner plays a 

more active part in deciding what happens in the classroom. Constructivist 

learning is a process by which an individual actively creates and invents new 

knowledge. Educators who advocate constructivist learning in mathematics say 

that children create new mathematical knowledge by reflecting on their thinking 

and actions while they solve problems. Most constructivists trace their origins 

about learning back to Piaget (1970, 1980). They believe that people learn 

through a process of individually acting on the world. Piaget said that during the 

process of disequilibrium, individuals internally experience cognitive conflict 

when confronted with new information. During disequilibrium, prior knowledge 
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cannot explain new expenences. Therefore, through accommodating new 

knowledge and assimilating it with the prior knowledge, individuals form internal 

structures of knowledge unique to them (Fosnot, 1989; Piaget, 1970, 1980; 

Schoenfeld, 1992). Piaget (1970) claimed that interactions in the classroom could 

facilitate knowledge development because interaction can create cognitive 

conflict that can change thinking. Piaget claimed that peer interactions stimulate 

student reflection about ideas that other students present. 

Also contributing to constructivist learning theory in mathematics are the 

ideas of Vygotsky (I 962, 1978). Vygotsky suggested that individuals construct 

knowledge in the zone of proximal development through social interaction with 

more knowledgeable others. During interactions with others, individuals learn as 

they communicate their thinking. Learning happens when individuals construct 

their own interpretations through language. Vygotsky (1978) noted that social 

interaction not only initiates changes in thinking but also alters current thinking. 

Individuals gradually internalize the talk that occurs during interactions. "Any 

function in the child's cultural development appears twice or on two planes. First, 

it appears on the social plane, and then on the psychological plane .... Social 

relations ... Underlie all higher [cognitive] functions and their relationships" 

(Vygotsky, 1978, p. 57). With this statement, Vygotsky explained the 

internalization of knowledge as both a social and psychological activity. Cobb, 

Yackel, and Wood (1990) and Von Glasersfeld (1989) have developed a way of 

thinking about constructivist learning that combines the ideas of Piaget and 

Vygotsky. Learning is a social and cognitive process in which children share their 
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thinking. Both perspectives, the cognitive and the sociocultural, are essential in 

the learning process and they complement one another (Cobb, 1994). This line of 

thinking is called social constructivism (Cobb et aI., 1990). It puts great emphasis 

on communicating and negotiating as a process for constructing knowledge. 

In the mathematics classroom, teacher and students continually use each 

other's' contributions to resolve disequilibrium and develop individual 

knowledge. However, during the process of negotiating and sharing with a 

knowledgeable teacher, students understand the mathematical meanings of the 

wider society, taken-as-shared-meanings (Cobb et ai., 1991). Students adapt to the 

actions of others in the course of ongoing interactions. During group discussions, 

individuals construct their knowledge as they make sense of others' ideas and 

resolve disequilibrium caused by differences between their ideas and those of 

others. Teachers who strive to help children construct knowledge of mathematics 

often change their roles as teachers. A teacher becomes a mediator between 

students' understandings of knowledge and the culturally established 

mathematical meanings (Cobb, 1994). Teachers guide and support students' 

thinking rather than act as the authority for correct answers. The students must 

decide on the correctness of their knowledge constructions. When children are 

constructing their knowledge, teachers must be able to pose tasks that help 

children construct knowledge upon their prior understandings. 

Examples of Constructivist Activities 

In the constructivist classroom, students work primarily in groups and 

learning and knowledge are interactive and dynamic. There are a great focus and 

57 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



emphasis on social and conununication skills, as well as collaboration and 

exchange of ideas. This is contrary to the traditional classroom in which students 

work primarily alone, leaming is achieved through repetition, and the subjects are 

strictly adhered to and are guided by a textbook. Some activities encouraged in 

constructivist classrooms are: 

• Experimentation: students individually experiment and then come together as 

a class to discuss the results. 

• Research projects: students research on a topic and then present their findings 

to the ciass. 

• Field trips. This allows students to put the concepts and ideas discussed in 

class in a real-world context. Field trips would often be followed by class 

discussions. 

• Films. These provide visual context and thus bring another sense into the 

learning experience. 

• Class discussions. This technique is used in all of the methods described 

above. It is one of the most important distinctions of constructivist teaching 

methods. 

The Traditional Classroom 

In the traditional classroom, learning begins with parts of the whole 

expanding to the whole. And the emphasis of the teacher is on basic skills, and 

there is strict adherence to fixed cuo-iculum, textbooks and workbooks. The 

instructor "dishes out" knowledge and students are at the receiving end of it. The 

instructor assumes directive, and authoritative role and assessment are mainly 
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through testing to fmd out the correct answers; knowledge is inert, and students 

work individually. Assessment of student leamingis viewed as separate from 

teaching and occurs almost entirely through testing. Every lesson relies heavily on 

textbooks. 

How Constructivist-Based Mathematics Lessons Look Like 

Constructivist based mathematics lessons are characterized by student­

centred instruction; students are introduced to varying methods of solving 

problems with different opportunities for students to create their knowledge. That 

is, learning activities in constructivist classrooms or lessons are characterized by 

active engagement, reflective thinking and problem solving (Abrams and Lockard 

2004). The acquisition of knowledge is affected by the external world within 

which the individual learner finds him/herself, and it is based on the individual's 

ability to use his/her cognitive structures to construct knowledge for him or 

herself (Glasersfeld, 1989). According to Ward (200 I), the teacher plays an 

important role in assisting and guiding students in constructing accurate 

knowledge as they experience the environment and come into contact with 

different forms of ideas. In such classrooms, the teacher acts as a facilitator in the 

teaching-learning process by providing opportunities for students to learn and 

construct knowledge. The role of the teacher is to act as a knowledgeable adult 

who supports the learner to achieve ends that would be unattainable if the student 

worked on his/her own (Goodchild 2002b). One of the main features of a 

constructivist classroom is social interaction. According to Blanck (1990), 

individual mental activities are uniquely human, and the individual's creation of 
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knowledge is to a large extent influenced by his/her innate capabilities and 

characteristics. Blanck, however, adds that, despite the importance of the learner's 

innate characteristics, the environment influences the creation of new knowledge. 

The learner is more likely to retain this new knowledge for a longer period if it is 

constructed through active interaction with the learning environment; giving the 

learner the opportunity to explore his/her environment helps them to retain newly 

constructed knowledge and take responsibility for their learning (Goodchild 

2002b). 

Research on What Constitutes Good Mathematics Teaching 

Wilson, Cooney and Stinson (2005) in their study on what constitutes 

good mathematics teaching and how it develops, examined nine experienced and 

professionally active teachers' views of good mathematics teaching and how it 

develops through a series ofthree interviews. The interviews were couched in the 

context of the teachers mentoring student teachers. The article compared and 

contrasts various scholars' and researchers views about what constitutes good 

mathematics teaching and how it develops with the perspectives held by nine 

experienced and professionally active high school mathematics teachers of what 

they also consider good mathematics teaching to be and how it develops. Though 

there is a large body of research on the notion of becoming a good teacher, what 

is often lacking in this literature are what teachers themselves think constitutes 

good teaching and how it develops. The article sought to address this gap by 

hearing from the experienced practitioners themselves. 
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Secondly, the article compared and contrasted the nine teachers' notions 

of what constitutes good mathematics teaching with those of various scholars like 

Dewey (1916), Polya (I965), Davis and Hersh (1981), and positions stated in 

various reform documents by other researchers. The study revealed that teachers 

thought good teaching required: prerequisite knowledge, promoting mathematical 

understanding, connecting mathematics, visualizing mathematics and, assessing 

students understanding among others. 

Recommendations from the Teachers 

(i) The teachers recommended engaging the students by meeting them at their 

mathematical level. They praised student teachers who could "come down to their 

students' level." 

(ii) They also recommended that teachers adopt a variety of approaches to 

teaching with the assumption that there would be at least one approach that would 

reach each learner. 

(iii) The teachers highly recommended the experience for their student teachers 

as a means to becoming good teachers. 

(iv) The nine teachers also recommended technology usage, and mathematical 

activities to help their students to understand the mathematics they learn. 

Prerequisite Knowledge and Promotion of Mathematical Understanding 

The teachers reported that mathematics teachers needed to have 

extensive knowledge of both mathematics and their students to teach for 

understanding, sequence lessons, make transitions between topics, understand 

student questions, provide good examples and maintain the necessary confidence 
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in front of a class of students. The implication of this fmding is that teaching and 

learning of mathematics in our schools will improve significantly if serious 

attention should be paid to the prerequisite knowledge of teachers before they are 

allowed to teach. The implication for mathematical understanding is that, if 

teachers teach well for students to have good mathematical understanding, they 

will be able to use their mathematics outside the classroom and in the study of 

other mathematics courses. Conceptual understanding of the subject will promote 

the love for the subject and its usefulness and application in the real world. 

Connecting and Visualizing Mathematics 

The implications of connecting mathematics during teaching and learning 

of the subject are captured in the following quotation by the National Council of 

Teachers of Mathematics: 

When students can connect mathematical ideas, their understanding IS 

deeper and more lasting. They can see mathematical connections in the 

rich interplay among mathematical topics, in contexts that relate 

mathematics to other subjects, and in their own interests and experience. 

Through instruction that emphasizes the interrelatedness of mathematical 

ideas, students not only learn mathematics, they also learn about the 

utility of mathematics. (NCTM, 2000, p. 64) 

The teachers in the study of Wilson et al. (2005) also made specific reference to 

helping the student visualize mathematics by using computers or calculators or 

concrete materials since this helps them to retain better the subject taught. This 

implies that if appropriate teaching and learning materials are used by classroom 
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teachers, students understanding of the subject could be improved significantly. 

An example to buttress this point is the statement made by a student in Elizabeth's 

class when she taught the unit circle and trigonometric functions using visual 

representations. "I have never understood that until this moment," said a student. 

Assessing Students Understanding and Refraining from Telling 

A statement about assessing students understanding is well captured in a 

standard document as follows: "The teaching principle is stated as follows: 

Effective mathematics teaching requires understanding what students know and 

need to learn and then challenging and supporting them to learn it well" (NCTM, 

2000, p.16). The implication of this context for teaching and learning is that there 

is the need for frequent, quick evaluation to inform the teacher whether or not to 

proceed with the lesson or to review what has been taught. This is to avoid a 

situation where the teacher talked for too long before pausing to find out if 

students have understood what has been said so far. It also requires sometimes 

reading students' expressions to assess that understanding if the need be. The 

teachers in the study agreed that a good lesson is where the teacher moves away 

from providing information that the students have to memorize or mimic. The 

reason being that, students just knowing what the teacher tells them do not 

prepare them to solve real problems or use mathematics outside the classroom. 

The implication is that students should be guided to discover mathematics for 

themselves. 
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Engaging and Motivating Students 

Having these types of lessons is an effective way of engaging students. 

These include using technology, doing group work, hands-on activities such as 

measuring, having students write, applying mathematics and laboratory activities. 

Truly, the number one job of teaching is to motivate the learner to learn. 

Therefore, teaching strategies that help students to understand better would, in 

tum, motivate the students. The interest of the teacher in the subject he teaches 

also serves as motivation for the learner. 

Effective Management Skills and Reflection 

The teachers in the study agreed that classroom management is necessary to 

achieve other goals. However, the teachers commented that classroom 

management is learned through experience in the classroom. The implication of 

this for teaching and learning is that the more experience teachers we have in our 

schools, the better. Care should be taken to avoid experience teachers leaving for 

greener pastures. 

Reflections serve as a tool to systematically observe, analyse, critique, and 

reflect on one's classroom practices. Teachers who reflect on their teaching will 

certainly avoid certain pitfalls thereby improving their teaching. 

Summary of Wilson et aI. (2005) Study 

Some studies have shown the effectiveness of the constructivist approach 

to teaching and learning in contrast. to the traditional drill and learn by rote 

approach (Hmeio-Silver, Duncan and Chinn, 2007; Steele, 1995). A study by 

Steele, (1995) on "A constructivist approach to mathematics teaching and 
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learning .... " revealed that using constructivist learning strategies has positive 

gams. For example, such strategies tend to create an exciting environment for 

students to learn mathematics and enhance their self-esteem. According to this 

study, when students learn to construct their knowledge, they tend to have control 

of mathematical concepts and think mathematically. It is very clear that children 

are not wired to sit and listen obediently to monologues. Hence radical changes 

have been advocated in many research reports on mathematics education. 

Unfortunately, many educators are rather focusing on alterations in content rather 

than the recommendations for fundamental changes in instructional practices. 

Many of these instructional changes can best be understood from a constructivist 

perspective. Although references to constructivist approaches are pervasive, 

practical descriptions of such approaches have not been readily accessible. This 

research is aimed at producing practical descriptions of a constructivist approach 

to mathematics teaching and learning. 

Chapter Summary 

Although there are vanous approaches to mathematics teaching and 

learning that research has identified, there is enough literature to support the fact 

that constructivist learning theory has the potential to be a basis for mathematics 

teaching and learning (Von Glasersfield, 1984).For this reason, the theoretical 

framework upon which this study was based focused on constructivism as a 

theory of learning, Vygotsky's Zone of Proximal Development (ZPD), Bruner's 

(1985) Theory of Instruction, and Skemp's Mathematical Theory of Relational 

Understanding. This chapter also identified four groups of influences as having an 
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impact on how children learn mathematics. They are (i) the demands, constraints 

and influences of society (ii) the knowledge, skills and understanding which the 

learners developed outside the school setting, (iii) the teaching and learning 

resources used by the teachers and (iv) the teacher. The chapter ended by 

providing a justification for improving the instructional practices of teachers in 

the field of mathematics education. 
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CHAPTER THREE 

RESEARCH METHODS 

Overview 

This study was basically about how students expenence mathematics 

when constructivist teaching and learning of mathematics are implemented at 

Junior High School One classroom. This chapter describes explicitly the research 

procedures and techniques employed in the study. It has also addressed the ethical 

issues connected with the study and access to the school as well as confidentiality 

issues. The issues considered include the research design, population, sample and 

sampling procedure, instruments for data collection, ethical and confidential 

issues and how the data were analysed. Finally, the issues of validity and 

reliability were also fully addressed. The study was well suited for qualitative 

research methods. Specifically, it was an ethnographic research study. In a 

qualitative ethnographic research study such as the one undertaken by the 

researcher, description and interpretation of constructivist approach to 

mathematics teaching and learning is only possible in context, and any effort to 

share what is learned from the teacher and the learners requires an awareness of 

the context (Merriam, 2009). Hence, a qualitative ethnographic research design 

was used to address the research questions of this study. Data for this study were 

collected using the Mathematics Belief Scale (MBS), lesson observations, 

interviews, and document analysis to answer the research questions adequately 

(Ary, Jacobs and Razavieh, 2002). Merriam (200 I) suggests that observation 

becomes a research tool if it serves a formulated research purpose if it is planned 
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deliberately, if it is recorded systematically, and if it is subjected to checks and 

controls on validity and reliability. Ary, Jacobs and Razavieh (2002) contend that 

one way to enhance validity is to carefully define the behaviour to be observed 

and to train the people who will be making the observations. However, Ary, 

Jacobs and Razavieh identify two sources of bias that affect validity: observer 

bias and observer effect. According to Ary, et al. (2002) observer bias occurs 

when the observer's perceptions and beliefs influence observations and 

interpretations, while observer effects happen when the people being observed 

behave differently just because they are being observed. These biases were 

carefully addressed by studying the Teacher Mr Yamoah and his class for a very 

long time so as not to affect validity in this study. 

Apart from observation, interviews were used to collect information that 

could not be observed directly. Interviewing is necessary when the required 

information cannot be observed such as feelings, beliefs, perceptions and opinions 

(Merriam, 2001). About document analysis, Creswell (1998) and Merriam (2001) 

contend that document analysis, as a data source, is as good as observation and 

interview. However, it could be argued that document analysis has the potential to 

reveal information that the interviewee was not ready to share and also 

information that could not be available during observation. The multiple data 

sources allow for triangulation of data to reduce bias and at the same time to 

develop a better understanding of the issues under study. 
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Research Design 

Qualitative research is the method of research in which most of the data is 

presented in a descriptive form and is conducted in natural settings such as 

schools, classrooms, families, neighbourhood and other places (Bogdan and 

Biklen, 1992). Qualitative research has five types of design namely: a case study, 

phenomenology, ethnography, grounded theory, and applied research. In this 

particular research, the ethnographic research design was used to investigate this 

basic school teacher while he taught mathematics at Junior High School One. This 

design was found to be the most suitable for the five qualitative research types 

because it has the following characteristics: (a) investigation of a small number of 

cases, perhaps just one case, in detail (b) The research is conducted within the 

particular setting under study; (c) the researcher is the main research instrument; 

(d) the data are descriptive; (e) the researcher obtains meaning from the context 

and from the participants' perspectives; (f) the data are analysed inductively; (g) 

the research process is more important than obtained products; and (h) a holistic 

picture is created (Bogdan and Biklen, 1982; Reichardt and Cook, 1979; Cohen 

and Crabtree, 2006). 

Characteristics of Ethnographic Research 

The main characteristics of ethnography are: Contextual, unobtrusive, 

collaborative, and interpretative. A brief description of each of the above 

characteristics is as follows: 
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Contextual 

The research is carried out in the context in which the subjects normally 

live and work. The researcher conducting this type of study is considered a 

participant-observer, meaning that he lives among the people he is studying and 

participates in their way of life as much as possible. Under this characteristic, the 

researcher became an insider, whose aim was to look at what was happening in 

the classroom through the lens of the teacher. The researcher used the natural 

setting of the classroom to conduct his observation of the teacher's classroom 

instruction and the classroom interaction. After school, the researcher interviewed 

the teacher in the classroom. 

Unobtrusive 

The researcher avoids manipulating the phenomena under investigation. 

Throughout the study, the researcher ensured that no student asked him for help in 

the classroom for any assignment, or group work. During all the interviews 

conducted, whether audio or video recordings, the researcher tried as much as 

possible not to provide any leading question. 

Longitudinal The research is relatively long. This particular research was 

conducted for almost one academic year. 

Interpretative The researcher carries out interpretative analysis of the data 

. Organic There is an interaction between questions and data 

collection/interpretation. 
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Bogdan and Biklen (2007) offer this description of the features of qualitative 

research: 

the data collected have been tenned soft that is rich in descriptions of , , 

people, places and conversations, and not easily handled by statistical 

procedures. Research questions are formulated to investigate topics in all 

of their complexity, in context. While people conducting qualitative 

research may develop a focus as they collect data, they do not approach 

the research with hypotheses to test. They are also concern as well about 

understanding behaviour from the subject's frame of reference. (p. 43) 

In addition, there are five key features of qualitative research which are 

incorporated into the present study. First, the study is naturalistic (Patton, 2001). 

In qualitative research, the setting and the people in the setting are the data, and 

the researcher is the "instrument" which obtains the data. Data are collected 

primarily through in-depth interviews and participant-observation. Second, the 

study utilizes descriptive data (Creswell, 2007). The data take the form of words 

and observations rather than numbers. This form of data is used because the 

researcher is looking for knowledge and understanding rather than a definitive 

answer. Third, the study is concerned with a complex social process (Taylor and 

Bogdan, 1998). By looking at one constructivist teacher and his students over 

time, one is better able to understand the complex social process in which 

behaviours occur. Fourth, data are analysed inductively (Bogdan and Biklen, 

2007). Data analysis uses a bottom-up rather than top-down approach. As when 

one puts together the pieces of a puzzle without first seeing the picture, the results 
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of the data analysis take shape as the investigator. examines the parts and then 

assembles them into a theme or series of themes. Fifth, the search for meaning, as 

the participants understand it, is the primary goal of the study (Merriam, 2009; 

Wolcott, 2009). Unlike other research approaches, qualitative researchers attempt 

to answer their research questions holistically (i.e., contextually). The setting, its 

people, their activities, their interactions, and their points of view are all taken 

into account. Qualitative researchers, interview participants, spend time in the 

setting in order to understand the context in which behaviours occur, and review 

documents related to the focus of the research in order to construct the meaning a 

particular situation has for the people who are a part of it (Bogdan and Biklen, 

2007; Wolcott, 2009). 

The Researcher is the Main Research Instrument 

. - During the mathematics lessons, the researcher observed and took notes. 

He videotaped what was happening in the classroom. While students worked 

during class, the researcher occasionally observed what the students were doing. 

During interviews with the teacher, the researcher took notes and audio taped 

while the teacher answered the questions. Structured interview was held to help 

the researcher to understand the teacher's thoughts and why he made certain 

decisions he made. Questions were also prepared to help evaluate the teacher's 

knowledge and to understand his beliefs about mathematics and mathematics 

teaching and learning. Questions were also planned to encourage the teacher to 

reflect on why he chose particular teaching methods or assessments. The 

researcher asked the teacher to evaluate specific examples of students' work. The 
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teacher was asked how and why he might teach differently if he had to teach the 

same "lesson again. The researcher asked the teacher what he thought about the 

students' learning experience. 

Being a participant observer 111 the mathematics classroom helped the 

researcher to understand how the teacher taught for an understanding of 

mathematics and how the students reacted to his teaching. Rather than using a 

quantitative instrument that might only reveal numbers that fit into statistical 

models, the researcher was the instrument of research, which evaluated what was 

going on in the classroom. The researcher analysed the data regarding answering 

his research questions. 

Study Area 

The X Community Basic School where the researcher carried out his study 

is located at the heart of the X SSNIT Flats, Accra. It is one of the Basic Schools 

that serve the needs of those in X SSNIT Flats and its environs. It is about two (2) 

kilometres from the X main lorry station. Even though the Basic School is located 

at the heart of the X SSNIT Flats, about 80% of the children from the flats who 

attend this School are either house helps, maidservants or distant relatives of 

workers who occupy the flats. Most of the biological children of the occupants of 

the flats attend basic private schools in other parts of Accra. One interesting thing 

also discovered by the researcher was the fact that when the biological children of 

the parents in the flats were on mid-terms, some of these maids, house he Ips, etc. 

(who were not on mid-terms) at X Community JHS in particular, were asked to 

stay home to look after their "younger siblings" while their parents went to work. 
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Some of these factors coupled with the fact that the JHS students had limited 

study time at home for reading through their notes and to do their assignments 

have gone a long way to affect the quality of academic work that these students 

exhibit in class. 

The total population of the Junior High School students was three hundred 

and fifty (350) with 18 teachers including the headmistress. There were two JHS 

mathematics teachers of which Mr Yamoah was one. Mr Yamoah has taught JHS 

mathematics for the past 12 years. According to him, he had attended some 

workshops and seminars organized for Basic School Mathematics teachers by the 

Ghana National Association of Teachers (GNAT), X Municipal Assembly and the 

Mathematical Association of Ghana (MAG) among others. The number of 

students in Mr Yamoah's JHS 1 class was 58. The male students were 30, and the 

female students were 28. 

On the average, about 35% to 40% of the students' parents attended PTA 

meetings whenever it was called. Many of the parents would prefer to send other 

relations living with them to such meetings. This was partly because a large 

proportion of the children at the X Community School were not living with their 

own biological parents which go a long way to affect their commitment to the 

children's education. The teachers on many occasions complained that the same 

parents were seen on a regular basis at other PTA meetings where their own 

biological children attend school. Some of the students the researcher interacted 

with after class hours said they come from Oyibi, which is about 15km from the 

school. Their parents prefer to send them to X Community School because they 
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fmd conditions there more conducive to academic work than the Oyibi Basic 

School in their own communities. 

Population 

The population for this study was all JHS one mathematics teachers in two 

municipalities in Accra. Majority of these teachers were professional teachers 

with a minimum qualification of Diploma in Basic Education, DBE while the rest 

were those who had completed Senior High School waiting to better their results 

or could not continue immediately due to financial constraints. The highest 

professional qualification among the teachers was Bachelor in Basic Education, 

BBE. 

Sampling Procedure 

Purposive sampling was used to select 12 Basic Schools for this study. 

The researcher started his observation in the 12 Junior High Schools after 

securing permission from the various headmasterslheadmistresses through 

writing. A minimum of two JHS one Classroom was identified in each school for 

the observation. Purposive sampling technique was found to be the most suitable 

because it gave the researcher the opportunity to select the Basic Schools that 

satisfied his criteria for the study such as mathematics teachers with minimum 

professional qualification of DBE in addition to having taught the subject for at 

least three years at the JHS level. Seven Basic Private Schools and Five Basic 

Public Schools were selected for the study. In all, 25 JHS mathematics teachers 

were selected from the 12 Schools. A Mathematics Belief Scale, MBS was 

administered to all the 25 JHS mathematics teachers on the same day. The 
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teachers with the best scores were identified as those who had the strongest 

beliefs about constructivist teaching and learning. After scoring the MBS, 12 

teachers were found to exhibit strong beliefs about constructivism. Most of the 

questions on the MBS related to whether the teacher believed that children 

construct their mathematical knowledge or if children need first to be shown how 

to solve problems and tasks before they are allowed to do it. This number was 

further reduced to four based on how the teachers performed in the classroom 

compared to their responses on the MBS questionnaire. The researcher met the 

remaining four teachers briefly, and the study was discussed with them in general 

terms. The meeting helped the researcher to identify the four teachers' levels of 

interest in participating in the study. For two weeks, the researcher observed 

closely two of the teachers every school day. The following two weeks of the 

same month, the researcher observed the remaining two teachers every school day 

for another two weeks. By the end of the first month, the researcher eliminated 

two more teachers purely because of their classroom practices which were 

inconsistent with their responses to the MBS questionnaire. The researcher chose 

two of the teachers for two reasons: (a) They seemed to believe in the 

constructivist theory of learning and teaching of mathematics as demonstrated in 

their classroom practice, and (b) they had begun implementing a constructivist 

approach to mathematics teaching in their way either consciously or 

unconsciously. The two remaining teachers were regularly observed but due to the 

use of video coverage, audio recording and documentations involved, the 

researcher concentrated on only one .of the remaining two teachers by name Mr 
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Yamoah. He was selected mainly because of his zeal and enthusiasm for 

mathematics. He had a good rapport with his students and students felt more 

comfortable when they were with Mr Yamoah than the other teacher. He was very 

popular among his colleague teachers as well as students. 

Description of the Sample 

Mr Yamoah is a thirty-six-year-old mathematics teacher at X Community 

Basic School. He holds a Bachelor of Arts degree in Statistics from the University 

of Ghana, Legon in addition to his Diploma in Basic Education (DBE). Mr 

Yamoah has been teaching mathematics for the past twelve (12) years. Out of the 

twelve years, he has spent four (4) at the X Community Junior High School at the 

time of the study. Mr Yamoah has constantly been striving to improve his 

knowledge and upgrade his skills in mathematics teaching by attending some 

worKshops and seminars organized at the district and national levels by Ghana 

Education Service. Mr Yamoah belongs to the Mathematical Association of 

Ghana (MAG). He enjoys teaching mathematics, especially at the Junior High 

School level. He readily admits that it is his favourite subject and yearned for 

students to become involved in the problems or tasks he presents to them in class 

or asks them to do as project work. His love for teaching mathematics was evident 

whenever he was teaching the subject. Mr Yamoah was always enthusiastic and 

ready to go all length to make the class a lively community of learners. For nearly 

three terms that I was there in the classroom with him, Mr Yamoah never sat 

down during any mathematics lesson. Not even when he called upon students to 

show their workings on the marker board. He bends over each desk to explain a 
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point to a student or group of students and mark their work with his red pen which 

he never forgets to bring to class. With the problems and activities that Mr 

Yamoah chose, his interaction and questioning of the students, he had established 

a community in which the children and him (Mr Yamoah) could build a 

classroom of mathematics thinkers not only about routine problems but also non­

routine ones. The students and the teacher Mr Yamoah had constructed, over 

time, a friendly leaming environment through everyday interactions. He 

encouraged the students to reason about mathematics, and not to learn it 

instrumentally. 

The headmistress of the X Community Basic School also spoke so well 

about Mr Yamoah's commitment and dedication to duty. She was pleased that 

among the teachers in 12 Basic Schools that formed my initial sample, their 

school was the place I found the most suitable teacher for my research. 

Data Collection Instruments 

Besides the researcher being the main instrument for data collection, three 

research instruments were used for this particular study (i) mathematics beliefs 

scale, (ii) pre-observational structured questionnaire, and (iii) post-observational 

structured questionnaire . All the three can be found in Appendix A, Band C. The 

Mathematics Beliefs Scales (MBS) was developed by Fennema, Carpenter and 

Peterson (1987). Since efforts to contact the developers of the MBS to seek 

permission to use the instrument proved futile, I used the adapted form of the 

instrument for the research. This instrument has 40 items on it, and the responses 

have five options A to E where A-strongly agree, B-agree, C-undecided, D-
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disagree and E-strongly disagree. It was coded in such a way that the teacher with 

the lowest score had the strongest beliefs about constructivist teaching and 

learning. The letter A was equivalent to J, B was equivalent to 2 and so on. Most 

of the questions related to whether the teacher believed that children construct 

their mathematical knowledge or if children need first to be shown how to solve 

problems and tasks before allowing them to do so. 

Goetz and LeCompte (1984) stated, "Credibility mandates that standards 

of reliability and validity be addressed wherever ethnographic techniques are 

used" (p. 210). They added that ignoring threats to credibility weakens research 

and that ethnographers must consider lack of reliability and validity to be serious 

threats to the value of their results. Validity has to do with "how one's fmding 

match reality" (Merriam, 1988, p. 166). Merriam said that reliability deals with 

"the extent to which one's finding can be replicated" (p. 170). To ensure that this 

study met the validity and reliability criteria, I spent ten months collecting data so 

that I could become familiar with the classroom, students, and the teacher. Also, I 

used several methods of data collection so that I could compare and contrast the 

patterns of meanings. The combination of several data collection strategies 

adopted is what is referred to as triangulation (Creswell, \998) . Several scholars 

have aimed to define triangulation throughout the years. Cohen and Manion 

(2000) define triangulation as an "attempt to map out, or explain more fully, the 

richness and complexity of human behaviour by studying it from more than one 

standpoint." Altrichter et al. (2008) contend that triangulation "gives a more 

detailed and balanced picture of the situation." According to O'Donoghue and 
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Punch (2003), triangulation is a method of crosschecking data from mUltiple 

sources to search for regularities in the research data. And according to Audrey 

(2013) triangulation also crosschecks information to produce accurate results for 

certainty in data collection. It involves documenting evidence from different 

sources to shed light on a particular theme or issue. Triangulation in qualitative 

research is important to validity issues such as checking the truthfulness of the 

information collected. However, the purpose of triangulation is not only to cross­

validate data but also to capture different dimensions of the same phenomenon. 

I sought to keep my biases in check. I crosschecked data from interviews 

with data from observations to try to identifY any inconsistencies. I reviewed my 

findings with the participant to see if they agreed. It is also important that my 

study would be of use to other researchers. Accordingly, I tried to achieve some 

external validity or generalizability of the findings. Eisner (1981) said that 

generalizability is possible in qualitative research because of the issue of the 

belief that the "general resides in particular" (p. 7). Yin (1989) suggested that 

analytic generalisation does not rely on samples and populations. He also stated 

that qualitative research might generalize a particular set of results to a broader 

theory. Based on the above observation, I extended my findings to the 

constructivist learning theory. 

Validity 

Validity m qualitative research means "appropriateness" of the tools, 

processes, and data. Whether the research question is valid for the desired 

outcome, the choice of methodology is appropriate for answering the research 
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question, the design is valid for the methodology, the sampling and data analysis 

are appropriate, and finally, the results and conclusions are valid for the sample 

and context (Leung, 2015). 

LeCompte and Preiss Ie (1993) also defined validity as the "measure of the 

extent to which research conclusions effectively represent empirical reality or 

whether constructs devised by researchers accurately represent or measure 

categories of human experience" (p.323). It is a demonstration that a particular 

research instrument, in fact, measures what it purports to measure (Durrheim, 

1999). In simple terms, Validity has to do with "how one's fmdings match 

reality." All validity measures that were taken in this study were based on the 

above conceptions and notions of validity. Also, triangulation ensures that 

information from one source is not used without cross-checking or validating with 

information from other sources. 

Reliability 

Reliability on the other hand, deals with the extent to which one's fmding 

can be replicated. It is important that this particular study be of use to other 

researchers. Consequently, the researcher tried to achieve some external validity 

or generalizability of the findings. Eisner (1981) said that generalizability is 

possible in qualitative research because of the belief that the "general resides in 

particular" (p. 7). Yin (1989) suggested that analytic generalization does not rely 

on samples and populations. He also stated that qualitative research might 

generalize a particular set of results to a broader theory. I extend my fmdings to 

the constructivist learning theory. Some of the steps that the researcher took to 
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question, the design is valid for the methodology, the sampling and data analysis 

are appropriate, and finally, the results and conclusions are valid for the sample 

and context (Leung, 2015). 

LeCompte and Preiss Ie (1993) also defined validity as the "measure of the 

extent to which research conclusions effectively represent empirical reality or 

whether constructs devised by researchers accurately represent or measure 

categories of human experience" (p.323). It is a demonstration that a particular 

research instrument, in fact, measures what it purports to measure (Durrheim, 

1999). In simple terms, Validity has to do with "how one's findings match 

reality." All validity measures that were taken in this study were based on the 

above conceptions and notions of validity. Also, triangulation ensures that 

information from one source is not used without cross-checking or validating with 

information from other sources. 

Reliability 

Reliability on the other hand, deals with the extent to which one's fmding 

can be replicated. It is important that this particular study be of use to other 

researchers . Consequently, the researcher tried to achieve some external validity 

or generalizability of the findings. Eisner (1981) said that generalizability is 

possible in qualitative research because of the belief that the "general resides in 

particular" (p. 7). Yin (1989) suggested that analytic generalization does not rely 

on samples and populations. He also stated that qualitative research might 

generalize a particular set of results to a broader theory. I extend my fmdings to 

the constructivist learning theory. Some of the steps that the researcher took to 
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ensure the reliability and validity of his study have been suggested by Goetz and 

LeCompte (1984). For instance, the researcher spent a long period collecting data 

so that the he could become familiar with the classroom, students, and the teacher. 

Also, the researcher used several methods of data collection so that he could 

compare and contrast the patterns of meanings. The researcher sought to keep his 

biases in check by crosschecking data from interviews with data from 

observations to try to identify any inconsistencies. The researcher also reviewed 

his findings with Mr Yamoah to see if he agreed that the researcher has 

established "a chain of evidence" (Yin, 1982, p. 91) that will reveal to the reader 

how the researcher drew his conclusions. It is important that the study is of use to 

other researchers. 

Qualifications and Work Experience of the Researcher 

Since in this qualitative research, the researcher 1S the principal 

instrument, his qualifications are not only considered relevant but also important 

in the whole research process. His qualifications are as follows: 

a) The researcher had a B.Sc. in Mathematics from the University of Cape 

Coast in 1989. 

b) He taught mathematics at Senior Secondary School level for ten years 

in Ghana. 

c) He also taught mathematics at the University level for another 18 years 

d) He had his M.Phil. in Mathematics Education in 1996. 
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e) He had participated in several mathematics workshops and attended 

Mathematical Association of Ghana professional workshops many 

times. 

t) He had been a mathematics examiner for West African Examination 

Council (W AEC) for ten (10) years. 

g) He is currently pursuing his PhD in Mathematics Education at the 

University of Cape Coast and has published some articles ill peer-

reviewed journals in the field of Mathematics Education. 

The Researcher's Beliefs 

Nazroo (2006) recommended that researchers reflect on and examine their 

values when conducting ethnographic research. According to Montoya (2014), it 

is important to determine the types of biases that could compromise one's research 

and 'also take into consideration one's personal beliefs. While there are various 

types of biases to watch out for, understanding any influences one's research is 

susceptible to, helps fend off a particularly egregious case of bias. Ross (1998) 

also suggested that by listing relevant beliefs, the researcher presents awareness of 

them and, thus, provides the reader with a foundation for evaluating the study. 

The researcher therefore, identified the following as his beliefs as far as the 

teaching and learning of mathematics are concern. 

I. The researcher believes that children construct their knowledge of 

mathematics rather than acting as passive "receivers" of knowledge. He 

believes that children know mathematics by doing mathematics, not 

computing mathematics. 
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2. The researcher believes that the teacher's role in teaching mathematics is 

to guide the student in constructing a relational understanding of 

mathematics, where the relational understanding of mathematics means 

knowing "what to do and why to do it" (Skemp, 1976, p.20). This type of 

understanding enables students to solve mathematical tasks by 

constructing several plans. 

3. The researcher believes that teachers should teach mathematics to children 

by focusing on how children learn mathematical concepts. 

4. He believes that mathematics should be taught within a heterogeneous­

grouped class of students. 

5. He believes that classrooms are complex environments where teachers and 

students interact and influence each other's thinking and behaviour. He 

believes the classroom is a community of thinkers and meaning should be 

negotiated. 

Data Collection Procedure 

First day of recording Mr Yamoah's lesson 

On the first day of the class observation, the class teacher, Mr Yamoah, 

introduced the researcher to the students as Mr Robert Akpalu, someone who had 

come to gather some information about the teaching and learning of mathematics. 

The teacher further explained to the students that the researcher was not there to 

help them with their assignments or classwork, but only to observe how teaching 

and learning were taking place at X Community Junior High School. To the best 

of the researcher's knowledge, no one told the students anything further than what 
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the class teacher did in his presence on the first official recording day. During 

class, occasionally, the researcher walked around the room to observe the students 

during individual and group activities. The researcher directed his observations 

toward understanding how the teacher constructed his meaning of constructivist 

teaching. The researcher focused on the interactions between the teacher and his 

students and observed the discourse during lessons. The researcher was also 

particular about the kind of questions that the teacher asked during the lesson and 

the responses students gave; especially what the researcher called the trading of 

ideas between the teacher and the students. 

During the investigation, the researcher collected four types of data-

observation, interview, videotape and documents. These four types of data helped 

the researcher to learn about the culture of the classroom by making inferences. In 

this study, the researcher observed the teacher's behaviour while teaching 

mathematics at JHSI, the teacher's use of instructional materials, and the lesson 

notes prepared for the teaching of the class. The researcher from time to time 

collected some students' work after the class for examination. Finally, the 

teacher's and students' discourse about mathematics was also observed. The 

researcher's level of actual participation in the classroom could be described as 

moderate by De Walt and De Walt, (2011). According to them, participant 

observation is not simply showing up at a site and writing things down. On the 

contrary, participant observation is a complex method that has many components. 

One of the first things that a researcher or individual should do after deciding to 

conduct participant observation is to gather data and decide what kind of 
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participant observer he or she would like to be. Spradley (1980) provides five 

different types of participant observations summarized in the table 1. 

Table I: Type of Participant Observation 

Type of Participant 

Observation 

Non-Participatory 

Level of Involvement Limitations 

No contact with popUlation or field of Unable to build rapport or ask 

study questions as new infonnation comes 

up. 

Passive Participation Researcher IS only ill the bystander Limits ability to establish rapport 

Moderate 

Participation 

Active Participation 

Complete 

Participation 

role and immersing oneself in the field. 

Researcher maintains a balance This allows a good combination of 

between "insider" and "outsider" involvement and necessary 

roles detachment to remain objective. 

Researcher becomes a member of the This method permits the researcher 

group by fully embracing skills and to become more involved in the 

customs for the sake of complete popUlation. There is a risk of "going 

comprehension native" as the researcher strives for 

an in-depth understanding of the 

population studied 

Researcher is completely integrated There is the risk of losing all levels 

in population of study beforehand of objectivity, thus risking what is 

(i.e. he or she is already a member of analyzed and presented to the 

paIticular population studied). pUblic. 
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Participant Observation 

According to Kawulich (2005) almost any setting in which people have I 
I 

I 

complex interactions with each other, or with objects, their physical environment I 
I 
I 

can be usefully examined through participant observation. Since doing participant 

observation means being embedded in the action and context of a social setting, 

we consider three key elements of participant observation study: 

(i) Getting to the location of whatever aspect of the human experience you wish 

to study. This means going to where the action is-people's communities, homes, 

workplaces, recreational sites, places of commercial interaction, sacred sites, and 

the like. Participant observation is almost always conducted in situ. This condition 

was satisfied in the sense that the researcher was always at the X Community JHS 

three times a week for almost three terms. 

(ii). Building rapport with the participants. The point of participant observation is 

that one wishes to observe and learn about the things people do in the normal 

course of their lives. That means the people would have to accept the researcher, 

to some extent, as someone they can "be themselves" in front of While the 

researcher need not be necessarily viewed as a complete insider, a successful 

participant observer has to inspire enough trust and acceptance to enable his 

research participants to act much as they would if the researcher were not present. 

(iii) Spending enough time is interacting to get the needed data. The informal, 

embedded nature of participant observation means that one cannot always just 

delve straight into all the topics that address one's research issues and then leave. 

The researcher must spend time both building rapport and observe or participating 
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for a long enough period to have a sufficient range of experiences, conversations, 

and relatively unstructured interviews for his analysis. Depending on the scope of 

the project and one's research questions, this may take anywhere from days to 

weeks, months, or even years, and it may involve multiple visits to the research 

site(s). The researcher used triangulation to increase the credibility of his findings 

(i.e., researcher rely on mUltiple data collection methods to check the authenticity 

of his results. 

Ethical issues 

Gall et al. (2007) state that when conducting research, it is necessary to 

fol16w certain ethical procedures. This is to help obtain permission to conduct the 

study, and also gain the needed cooperation from individuals who will be affected 

by the findings of the research. For research of this nature which took nearly three 

terms to collect data, it was necessary for the researcher to consider ethical issues 

to make the research stand the test of time. Identifying appropriate sites and 

working with gatekeepers to obtain permission are critical steps in a case study 

(Gall et aI., 1996). Because the research was conducted in X Community Basic 

School, I followed ethical procedures (Gall et aI., 2003 and 2007). Ethics covers 

the whole process of research, and it is vital to recognize various sensitive aspects 

involved in a certain field. As Fluehr-Lobban (1979) says: 

This involves considering ethics in every phase of research, from the 

conception of the research project to the design of the research 

methodology. This includes how best to obtain informed consent; 

beginning and sustaining a dialogue about the intent, funding sources, and 
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likely outcome(s); ensuring the voluntary participation of persons involved 

in the study and asking whether they desire anonymity or recognition; 

thinking about the impact the study may have on those studied through 

dissemination of results and publication; empowering those who are 

studied to ask questions, contribute to the research design, or improve 

methods; and considering reciprocal acts that might benefit the people or 

community studied. (pADl) 

The name of the research participant Mr Yamoah is not the real name of the 

teacher in this research but rather a pseudonym. The same can be said of all the 

names of the students used in this research. 

Data Processing and Analysis 

At the data analysis stage, the researcher tried to get answers from the 

video recordings, classroom observation notes and interview schedules for the 

following questions to enable him to answer the research question "What are the 

teacher's instructional decisions in lesson planning, classroom discourse, and 

assessment of teaching and learning" These questions were asked during a pre­

teaching interview the researcher had with the class teacher. 

I. What are you planning to teach today? 

Before you enter the class to teach a topic like shape and space, tell me the 

preparations that you made regarding: lesson planning some critical questions 

you will raise in class for discussion how you plan to handle students' 

questions and assessment of the students' learning 
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2. To answer the second research question "what the classroom looks like 

regarding lesson planning, classroom dialogue, assessment of teaching and 

learning?" the researcher used the classroom observation notes the video , 

recordings, class exercises and other materials to address the above question. 

3. The interview sessions with the JHS teacher helped the researcher to address 

the question "How does the teacher define constructivist teaching and 

mathematics learning about the examination of his beliefs and his knowledge 

of the subject?" 

4. The fourth sub-question "what the connections between the teacher's 

defmitions of constructivist are learning and his instructional decisions and 

classroom practice?" was also addressed principally through the recorded 

structured interview 

Chapter Summary 

This study was basically about how students expenence mathematics 

when constructivist teaching and learning of mathematics strategies are 

implemented at Junior High School One classroom. 

The research design chosen for this qualitative study was ethnographic research 

design. The data was collected at X Community Basic School where one JHS 

teacher was the subject of the study for nearly three terms. The sampling 

procedure for this study was purposive sampling. This is because the researcher 

purposely chooses the JHS teacher based on the criteria he was looking for. The 

researcher was the main instrument for the ethnographic study. 
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The first limitation of this study is that because of the video coverage of the 

lessons; I could not cover more than one teacher and for that matter will not be in 

a position to generalise the results of this study. Secondly, the dual desks in the 

classroom coupled with the overcrowding of students made it difficult to form 

small group discussions and cooperative learning as frequently as the teacher 

would have loved to do it. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

Overview 

The purpose of this study was to detennine how students expenence 

mathematics when constructivist teachina and leamina are implemented at the 
b b 

Junior High School level. The study is guided by the main research question: 

When constructivist teaching and learning of mathematics is implemented at 
I 

Junior High School (mS) One classroom, how do students experience 

mathematics? An ethnographic research design was used to address the research 

questions in this study. Data for the study were collected using video coverage, 

lesson observations, interviews, and document analysis to answer the research 

questions adequately (Ary, Jacobs and Razavieh, 2002). This chapter specifically 

deals with the results and its discussions. 

Presentation of Results 

The main research question was when "constructivist teaching" and 

learning of mathematics is implemented at Junior High School Classroom, how 

do students experience mathematics? To adequately address the above research 

question one-by-one, the results of the five sub-research questions have been 

presented as follows: 

Question 1 

How does the teacher view constructivist teaching and mathematics 

learning? 
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An interview session, which was pre-arranged with Mr. Yamoah one morning 

before the class observation began, produced the following results. 

Mr. Akpalu: Good morning Mr Yamoah 

Mr Yamoah: Good morning Sir. 

Mr. Akpalu: For how long have you been teaching mathematics at the basic 

school? 

Mr Yamoah: 12 good years. 

Mr. Akpalu: Good! How many years have you been teaching mathematics at the 

JHS level? 

Mr'Yamoah: For the past 5 years. 

Mr. Akpalu: If somebody asked you to define mathematics, what 

would be your response? 

Mr Yamoah: Ha-ha-ha-ha-ha. This is a big question but I would try to attempt 

an answer. Mathematics is a way of thinking about problems in 

order to find solutions. Others may view it differently but to me, it 

is about solving problems. The problems may be everyday 

problems like buying from a shop and receiving your change to 

complex issues like calculating the compound interest on an amount 

deposited at the bank. Mathematics is part of everything we do as 

human beings. In cooking, we estimate the quantity of water that 

would be needed for the rice, or the banku. These are all part of 

mathematics. I hope I have answered you. 
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Mr. Akpalu: Considering the answer you have given about what mathematics is, 

how do you think the subject should be taught in our basic schools? 

Mr Yamoah: I think mathematics should be taught in a very practical manner so 

that students can enjoy the subject and would be able to apply it to 

their everyday lives-such as the home, the field, office and personal 

lives. Do you remember when I asked them to bring empty cans of 

various sizes when I was going to teach them circumference of 

circles? If you could recall, the students enjoyed the class very 

well that day and I don't have to tell them that no matter the size of 

the can or circular object, the formula will always be C= 2m. The 

students discovered this formula on their own. This is how I think 

teachers of mathematics should teach the subject. I learnt some of 

these strategies at the training college at Akatsi, from MAG 

conferences, textbooks and the internet. 

Mr. Akpalu: Do you mean you use the internet to do research on how to teach a 

particular topic? 

Mr Yamoah: Oh yes, I do by watching You Tube videos on the particular topic. 

Though not at all times. 

Mr. Akpalu: Can you also share your view on how the students should learn the 

subject in order to achieve more? 

Mr Yamoah: Understanding is very important when it comes to learning of 

mathematics. Apart from the teacher teaching for understanding, the 

students should also do well by first understanding the concepts 
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through active involvement ill class, asking questions and then 

practice more examples to deepen their understanding. I also 

believe in group work because it gives the opportunity to the 

weaker ones to learn from the good students in the group. 

Summary of findings for sub-research question one 

According to Mr. Yamoah, mathematics is a way of thinking about 

problems. The problems may be everyday problems like buying from a shop and 

receiving your change to complex issues like calculating the compound interest 

on an amount deposited at the bank. Mr. Yamoah believes that thinking 

mathematically helps students think better in all areas of life. Mr. Yamoah's 

knowledge of mathematics is that it is a human activity and part and parcel of our 

lives. His view also is that children should be encouraged to create or construct 

their own knowledge. These views are clearly integrated within his conceptions of 

mathematics. 

Research Question 2 

Do the plans the teacher make before his teaching differ from how he teaches? 

Mr. Akpalu: Mr Yamoah, I would like to know whether you go through any kind 

of preparation before you teach any particular topic. 

Mr Yamoah: Yes, I do. I don't take things for granted. I have learnt my lesson 

long ago that, you can embarrass yourself in front of your students 

if you take things for granted. 

M Ak alu · What do you mean when you said if you take things for cr'-anted? r. p . b'" 
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Mr Yamoah: I mean when you think you know the topic or subject already and 

you just walk to class feeling big in your shoes that you are a 

mathematics teacher, you can embarrass yourself before your 

students. 

Mr. Akpalu: Okay, I now understand what you mean. 

Mr. Akpalu: What exactly do you do when you are preparing for a class? 

Mr Yamoah: I prepare my lesson notes as the fITst tlung. During that preparation, 

I list the things that I would need to teach the topic and whether I 

should group the students or allow them to work on their own. I 

also plan for questions that I would give them at the end of the 

class as homework and classwork. Many times, I anticipate the 

type of questions my students are likely to ask concerning the topic 

and I prepare my responses. 

Mr. Akpalu: During your actual classroom teaching, are you able to follow all 

that you planned to teach for that period? 

Mr Yamoah: Yes, I do. But like I told you earlier, sometimes I am not able to 

teach about 80% of what I plan to teach. I am not able to complete 

my lessons, especially when there are many questions from 

students or there are misconceptions to deal with. I had to spend 

time clearing those misconceptions before teaching the new topic. 

Mr. Akpalu: Can you explain further what you mean by misconceptions or any 

questions from students? 
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Mr Yamoah: I don't know whether you remember the week I taught the topic 

length and area. After I taught the topic, I was not expecting 

students to confuse Perimeter with Area, but unfortunately, some 

of the students were calculating area when they were asked to 

find the perimeter. That is what I mean by misconception. I had 

to leave the topic I planned for that day to go over the difference 

between area and perimeter and how to calculate each of them 

Mr. Akpalu: 

MrYamoah: 

Mr. Akpalu: 

Mr Yamoah: 

Mr. Akpalu: 

agam. 

What was the lesson you were unable to teach that day due to 

students' misconception of area and perimeter? 

That was powers of natural numbers. 

How often are you confronted with this kind of situation- I mean 

not being able to teach what you plmmed for the day because of 

shallow understanding of the previous concepts? 

Like I said earlier, about 20% of the time I have to go back to 

teach something that I did not plan for the day. 

Does that frustrate you as a teacher if you had to go back to teach 

something you had already taught instead of moving forward? 

Mr Yamoah: Initially, r was not patient with students who tried to draw the class 

back. But when r later realized that without helping them, their 

understanding of the new concepts would be a problem, I finally 

had, to live with it. Now I am no longer disturbed like the first 

time. I am used to it now. 
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Mr. Akpalu: Mr. Yamoah, under the topic area and length you also taught the 

circle why? 

Mr Yamoah: Yes, the circle falls under the main heading Length and Area. You 

will see this if you check the syllabus. There, you teach the 

circumference of the circle, the area of the circle, and the 

relationship between the diameter and the radius of a circle and 

those kinds of stuff. 

Mr. Akpalu: Mr. Yamoah, even though, you provided some of the answers to 

my questions already, I am sorry to ask you some of them again. 

Mr, Yamoah: No problem. 

Mr. Akpalu: Mr. Yamoah, before you taught the circumference of the circle you 

referred to earlier, how did you prepare for that particular class or 

any other class? 

Mr Yamoah: First of all, I prepared my lesson notes. In that lesson note, I listed 

all the teaching and learning materials I would need for the class. 

The students were made to look for those materials ahead of time 

if possible. I also made plans as to how many students to put in a 

group for effective group work. Some key questions that I would 

ask in class were also included in the lesson note. 

Mr. Akpalu: Are you able to carry out your plans in the classroom during your 

lesson delivery? 

Mr Yamoah: Most of the time, depending on the kind of questions the students 

raise in class and their level of understanding of the concept, or 
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skill I want to teach, I end up not accomplishing even 20% of 

what I had planned to do for that lesson. The reason is that when 

students raise issues that showed that they did not understand 

something you had taught earlier, you are forced to go back to 

review that topic before you can proceed to your new lesson to 

enhance continuity and flow of the lesson. 

Mr. Akpalu: When it happens that way, are you frustrated that you are not able 

to achieve your aim for that lesson? 

Mr. Yamoah: Sometimes, it is a mixed feeling. If you aim to complete certain 

topics before the end of the term, you will be disturbed when you 

are not able to accomplish what you have planned to do. But if 

your focus is on helping the students to understand the topic, you 

will have the patience for them to overcome their challenges 

before you move on. My main focus is to teach for understanding, 

so I am not bothered so much when it happens. I can't say 

whether it is the same for the other teachers. 

Summary of findings for sub-research question two 

The researcher found out that in lesson planning, Mr. Yamoah's 

instructional decisions were mostly influenced by what students know already 

which usually serve as the basis for what they need to learn. These came out 

during the researcher's interview with Mr. Yamoah as well as from observations 

of his classroom teaching. The plans Mr. Yamoah made before his teaching 

sometimes varied from what he taught depending on the classroom situation. If 
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students seemed to have a wrong understanding of the premise on which his 

lesson was going to be based, then Mr. Yamoah preferred to review that concept 

before proceeding to teach his main lesson. This was in line with what experts in 

the field of education said about teaching and learning. According to Fennema 

and Carpenter (1992), a guiding principle of cognitive guided instruction is that 

instructional decisions should be based on careful analyses of students' 

knowledge. If a teacher structures his lessons based on his assessment of students, 

the learning situation will more appropriately conform to the leamer's 

development. It seems clear that through the decades, scholars envision teaching 

as an activity that promotes thinking and problem solving rather than the 

accumulation of information. This perspective is consistent with standards 

developed by the National Council of Teachers of Mathematics (NCTM). In the 

set of Standards, it is stated that "Finally, our visions see teachers encouraging 

students, probing for ideas, and carefully judging the maturity of a student's 

thoughts and expressions" (NCTM, 1989, p. 10). In the more recent set of 

standards (NCTM, 2000) the Teaching Principle is stated as follows: Effective 

mathematics teaching requires an understanding of what students know and need 

to learn and then challenging and supporting them to learn it well. 

Question 3 

Are there any connections between the teacher's ideas about constructivist 

teaching and instructional decisions on one hand and his classroom practice on the 

other hand? 
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A connection was found between how Mr. Yamoah planned his lessons 

and how he taught those lessons. He focused on process, practice and why 

questions rather than correctness of the answer. Mr. Yamoah's classroom was an 

open and tolerant learning environment. Below are the data excerpts: 

Mr. Akpalu: Mr. Yamoah, I have noticed throughout my class observation that 

anytime a student answers in class, you just don't agree or 

disagree with the student's answer, but you always go beyond to 

ask the student to explain his/her point. Why? 

Mr. Yamoah: For me, the why questions are very important because that is how I 

would know whether students have the correct understanding of 

the issue at stake or not. I can know whether the student has the 

right concept or not by probing further through the why and how 

questions. 

Mr. Akpalu: What informs your instructional decisions? 

Mr. Yamoah: Please what do you mean by instructional decisions? 

Mr. Akpalu: I mean what to teach and how to teach it for better understanding. 

Mr. Yamoah: When I am planning to teach, some factors come to mind. These 

factors were shared with us in a workshop not long ago. Such as: 

Do my students have the background knowledge to enable them to 

understand this topic? In other words, what is my knowledge of my 

students' prior knowledge? What are the potential difficulties 

students might encounter with these concepts I want to teach? 

What are the learning needs and interests of students in my class? 
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What types of problems or learning situations will help me teach 

the concepts effectively? What teaching strategies should I use to 

present the problems for better understanding? What materials will 

students need to solve the problems? What are the main concepts 

or ideas I want the students to have? 

Mr. Akpalu: By your own assessment, who is a good mathematics teacher? 

Mr. Yamoah: In my opinion, it is the teacher who does the following things: 

encourages the students to think and speak their mind freely in 

class whether they are right or wrong, makes students busy through 

useful engagement in activities during class, allows the students to 

communicate verbally what they think, engages the students in 

various mathematical activities to arrive at solutions and, put 

" , - students at the centre of learning and allow them to discover 

mathematics for themselves through guidance. 

Summary of findings for sub-research question three. 

A connection was found between how Mr. Yamoah planned his lessons 

and how he actually taught those lessons. He focused on process, practice and 

why questions rather than correctness of the answer. His classroom was an open 

and tolerant learning environment. Mr. Yamoah's instructional decisions involved 

what contents to teach, and how to organize that content for the most effective 

classroom delivery. When he was asked to state in his own words who a good 

mathematics teacher was, the answers he provided above showed that he had a 

constructivist orientation. Mr. Yamoah's defmition of constructivist learning was 
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that knowledge is constructed in the mind of the learner and not something 

transmitted to the learner. In other words, knowledge is constructed by learners 

through an active, mental process of development; learners themselves are the 

builders and creators of meaning and knowledge. However, monitoring that 

construction by the students helps the teacher to guide them properly. According 

to Mr. Yamoah's defmition, a "constructivist teacher" is the one who provides 

active experiences for students which encourage them to critically reason, analyze 

and verbally communicate their thinking. This definition of constructivist learning 

which was reflected in Mr. Yamoah's instructional decisions was based on careful 

analyses of students' knowledge. This finding is in agreement with the views 

expressed by Fennema and Carpenter (1992) when they said that "1 f a teacher 

structures the lessons based upon his assessment of students' knowledge, the 

learning situation will more appropriately confonn to the learner's development." 

As Mr. Yamoah assesses his students through listening to their explanations, he 

said he could understand the students' depth of knowledge and use these 

explanations as beginning points to lead them to construct new understandings. 

Research Question 4 

To what extent does the teacher's expenence influence his ideas about 

constructivist teaching? 

To a very" large extent, Mr. Yamoah's 12 years of teaching mathematics coupled 

with his academic and professional qualifications, put him in a position to 

maintain a high level of confidence when he stands before his students. Mr. 

Yamoah was not "afraid" to leave the textbook and his lesson notes to explore in 
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the classroom with his tud H . . s ents. ow ever, the researcher noticed one shortcommg 

with Mr. Yamoah's teaching: In trying to explore with his students in the class, he 

would explain almost every question about 2 or 3 times to his students before 

allowing them to solve it instead of letting the students figure out the demands of 

the questions themselves. Below are the excerpts from the interview: 

Mr. Akpalu: What is your highest academic qualification? 

Mr. Yamoah: I hold a B.A. in Statistics from the University of Ghana. That is my 

highest academic qualification at the moment. 

Mr. Akpalu: Why do you say at the moment? 

Mr. Yamoah: I am still young and I have plans to further my studies as soon as 

practicable. I don't intend stopping at the first-degree level. 

Mr. Akpalu: I like your spirit of forging ahead. 

Mr. Akpalu: Are you a professional teacher? 

Mr. Yamoah: Yes. I hold a Diploma in Basic Education from Akatsi College of 

Education 

Mr. Akpalu: For how long have you been teaching mathematics? 

Mr. Yamoah: I have been teaching mathematics for the past 12 years. 

Mr. Akpalu: Do you enjoy teaching mathematics or you do it because you have 

to do it? 

Mr. Yamoah: I really enjoy teaching mathematics. I don't think I would have 

enjoyed any other subject more than mathematics. 
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Mr. Akpalu: In y . 
our vIew, what makes the teaching of mathematics quite easy 

and enjoyable for you? You teach without sticking to the textbook 

and your lesson note. Why? 

Mr. Yamoah: Having taught mathematics for the past twelve years, I believe I 

have developed the needed competencies over the years. I also 

think that my fIrst degree in Statistics has also prepared me to have 

considerable control over the topics in the syllabus. My 

educational background also makes it possible for me to move 

freely from one topic to another and also explore with confIdence 

into unknown areas in the classroom with students. 

Mr. Akpalu: Can you describe how you think your own classroom looks like 

during mathematics lesson? 

Mr. Yamoah: Students in my class know that I like grouping them to work 

together and share ideas. Group work is one common feature in 

my class. I also encourage the clever ones to mix with the average 

and below average students during group work. Calling students 

to come to the marker board to share their results is also a 

common thing in my class. My classroom is always activity 

oriented. You can't just sit doing nothing during my mathematics 

class. 

Summary of findings for sub-research question four 

It has been found out that to a very large extent the confIdence Mr. 

Yamoah exudes when standing in the presence of his students stems from two 
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things: (i) his experience 
as a mathematics teacher for 12 years and (ii) his 

academic qualification wh' h k . 
IC rna es him have control over the topics he teaches. 

Mr. Yamoah has extensive knowledge of both mathematics and his students 

thereby enabling him to teach for understanding, sequence lessons, make 

transitions between topics, understand student questions, provide good examples 

and maintain the necessary confidence in front of his students. In the words ofMr. 

Yamoah, conceptual understanding of the subject will promote the love for the 

subject in addition to its usefulness and application in the real world. 

Research Question 5 

How do students experience mathematics teaching and learning when 

constructivist methods are employed in their classrooms? 

To answer this research question, three boys and two girls were picked randomly 

to represent the whole class for an interview. The five students were interviewed 

outside the classroom one after the other. This was done to reduce the noise level 

from classmates and also to have independent views of the students. 

Responses from Student 1 

Mr. Akpalu: For how long have you been in Mr. Yamoah's class? 

Caleb: For about two years. 

M Ak I What can you say about Mr. Yamoah's style of teaching r. pa u: 

mathematics? 

Caleb: He challenges us a lot, and he tries to make us better. He gives us 

work that will make us think. This really helps us to do well in 

class and in particular mathematics. 
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Mr. Akpalu : 

Caleb: 

How does Mr Yam h' If ' . . oa s stye 0 teachmg affect your mathematIcs 

learning? 

As I said earlier, he makes us think, and he makes us use our minds 

a lot, and that makes you develop mentally, and that helps us not 

only to do wonders in mathematics but in other subjects as well. It 

makes learning mathematics interesting. 

Mr. Akpalu : Do you like the way Mr. Yamoah teaches mathematics? Tell me 

why. 

Caleb: As I said before, he challenges us with challenging questions, and 

that is why I like him. I like his mathematics teaching. 

Mr. Akpalu: Thank you for your time. You may go. 

Responses from Student 2 

Mr. "Akpalu: For how long have you been in Mr. Yamoah's class? 

Eugenia: For about two years 

Mr. Akpalu: What can you say about Mr. Yamoah's style of teaching 

mathematics? 

Eugenia: He helps us understand the topics. There are times we don't 

understand certain topics. When that happens, the class becomes 

tense. Mr Yamoah would then bring in some funny jokes to ease 

the tension, and that makes us relax, and finally, he helps us to 

understand the topic. 

Mr. Akpalu: How does Mr. Yamoah's teaching affect your mathematics 

learning? 
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Eugenia: Th h 
e way e teaches makes me like mathematics. 

Mr. Akpalu: Ifwe h 
want to c ange Mr. Yamoah and bring in another good 

mathematics teacher what would you say? 

Eugenia: I would be very very sad. 

Mr. Akpalu: Do you like the way Mr. Yamoah teaches mathematics? Tell me 

why 

Eugenia: Very well. Because teacher Yamoah teaches well and he is good. 

Mr. Akpalu : Thank you for your time. You may go. 

Responses from Student 3 

Mr. "Akpalu: For how long have you been in Mr. Yamoah 's class? 

Doris: For nearly two years 

Mr. Akpalu: What can you say about Mr. Yamoah's style of teaching 

mathematics? 

Doris: Very very good. When he teaches, he adds discipline to it. His 

discipline is very good because you don't get the chance to fool 

around and he makes us work a lot. 

M Ak alu' How does Mr. Yamoah's teaching affect your mathematics r. p . 

learning? 

Doris: He helps us a lot. He makes us understand the subject, and this 

makes learning easy 

Mr. Akpalu: Do you like the way Mr. Yamoah teaches mathematics? Tell me 

why 
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Doris: Very well He dd I· I· . .. . a s a Itt e bIt of entertaInment to hIS teachmg, and 

that makes it . . . very tnterestmg. I like Mr. Yamoah not only as a 

mathematics teacher, but he is also good in other areas. 

Mr. Akpalu: Thank you for your time. 

Responses from Student 4 

Mr. Akpalu: For how long have you been in Mr. Yamoah's class? 

Peggy: For nearly two years 

Mr. Akpalu: What can you say about Mr. Yamoah's style of teaching 

mathematics? 

Peggy: He is good. When he teaches mathematics, I understand. Sometimes 

he starts teaching by giving us scenarios about the topic. This helps 

us to understand the topic better. 

Mr. Akpalu: How does Mr. Yamoah's teaching affect your mathematics 

learning? 

Peggy: He sometimes put us in groups and this helps us to learn from each 

other especially if you don't understand the topic. 

Mr. Akpalu: Do you like the way Mr. Yamoah teaches mathematics? Tell me 

why 

Peggy: Yes. I like the way Mr. Yamoah teaches mathematics. Learning 

mathematics becomes fun. 

Mr. Akpalu: If we decide to send Mr. Yamoah to another school and bring to 

your class another good mathematics teacher, what would you say? 

Peggy: I would be very very sad. 
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Mr. Akpalu: Thank you for your time and effort. 

Responses from Student 5 

Mr. Akpalu: 

Kelvin: 

Mr. Akpalu: 

Kelvin: 

Mr. Akpalu: 

Kelvin: 

For how long have you been in Mr. Yamoah's class? 

For nearly two years. 

What can you say about Mr. Yamoah's style of teaching 

mathematics? 

It's fme. The way he approaches the subject is fme. 

How does he approach the subject? 

He gives us questions to solve, and if we tried and we can't solve 

it, then he comes in and solves it for us. 

Mr. Akpalu: How does Mr. Yamoah's teaching affect your mathematics 

learning? 

Kelvin: He makes me enjoy mathematics a lot. He puts us in groups and 

those who have problems understanding the lesson, I sometimes 

helped them and when they also understand, they helped me. 

Mr. Akpalu: How would you feel if we change Mr. Yamoah with an equally 

good mathematics teacher? 

Kelvin: I would feel very very bad. 

Mr. Akpalu: Thank you for your time and effort. 

Summary of findings for sub-research question five 

Students in Mr. Yamoah's class said they like his method of teaching the subject. 

The relationship between Mr. Yamoah and his students was so strong that they 

would be very sad if one day, they come to school to find out that their 
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mathematics teacher has b 
een moved to another class or transferred to another 

school. To these student 
s, even an equally good mathematics teacher would not 

make the subiect inte t ' (. I . 
J res 109 Wit 1 all the Jokes) like Mr. Yamoah. The students 

durin o their interview w'th th h ... 
b I e researc er were full of praise for thelT mathematics 

teacher Mr. Yamoah for his style of teaching which helps them to learn and like 

mathematics. 

The Details of the Classroom Experience for Research Question Five 

The summary above for research question five was based on a typical week's 

lesson of Mr. Yamoah so that readers can have a feel of what the researcher 

observed in the classroom on a typical day and thereby appreciate the findings 

presented in summary above. Mr. Yamoah teaches mathematics three (3) times a 

week at X Community Junior High School lA on Mondays, Wednesdays and 

Thursdays. Each lesson was a double period of eighty (80) minutes duration. 

There were some things that many students in Mr. Yamoah' s class knew about 

bim right from the beginning even thougb they are not written down. Some of 

them were: 

(I) No student can raise up his/her band and give any answer without verbally 

explaining how he /she arrived at it to the class. 

(2) The class cannot end without students solving some two or three problems on 

the topic for the day. 

(3) Whether a student raised up his/her hand or not, Mr. Yamoah knows all his 

fifty-two students by their names and could call any student at any time to answer 

a question or explain a point to the class. This strategy always kept all students 
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alert in class because no kn 
one ows the next person Mr. Yamoah would call to 

answer a question. Mr. Yamoah has exhibited the above three characteristics in 

his class to the extent th t th . a ere was no fear or panIC in any student who was 

called to the board to solve a problem or explain an Issue to the class. Mr. 

Yamoah had managed to build a cordial relationship with his students to the point 

where the classroom climate had become very friendly and welcoming for 

students to express their views and opinions and sometimes laughed loud over 

wrong answers given by their peers. 

Pre-activities of the typical day's lesson 

A few days before this lesson observation, Mr. Yamoah asked the students to help 

in the collection of various circular objects for the lesson. He showed a few 

appropriate examples of the kinds of circular objects to be collected. He 

emphasized that a variety of various sizes will be needed and the students were 

going to be placed in groups of five or less, and enough circular objects will be 

needed for each group. 

Through an appeal to the students, the following items were to be secured for the 

lesson. 

Rulers 

String or thread for measuring 

Collection of circular objects of various sizes (such as plastic lids) 

Chart for data collection. 
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A Typical Day's Lesson by Mr. Yamoah 

Topic: Circles, Radius, Diameter and Circumference 

Mr. Yamoah: M Y h r. amoa entered the class. 

Class: Good morning Mr. Yamoah 

Mr. Yamoah: Good morning class. How are you today? 

Class: We are fine . Thank you. And you? 

Mr. Yamoah after responding to the usual greetings of his class on this particular 

day, started with a review of the previous lesson. In our previous lesson, we 

learnt how to fmd the area of a rectangle, a triangle, a square and other similar 

figures. You did well on your class assignments which showed that you had 

understood the lesson. Is there any student who cannot find the area of a triangle, 

a rectangle or a square? 

Mr 'Akpalu: No hands were raised. 

Mr. Yamoah: Good. The topic for today's lesson is: Area of a Plane Figure 

Mr. Yamoah: Let us begin today's lesson by identifying shapes that look like 

Mary: 

George: 

David: 

Mercy: 

circles. Name any shape or object that looks like a circle. 

A Wedding ring. 

Bicycle tyre, orbits, 

The letter '0' 

The big circular objects that we put around our waist at children's 

park. A student who knew the name mentioned it as Hula hoop. 

Jane The lid of cylindrical container and bottle tops. 
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Mr. Yamoah: Good. You have all done well. Even though they all look like 

circles they are t· I . , no ClrC es m the actual sense of the word, why? 

Class: No response from the class. 

Mr. Yamoah: Wh k o nows why they are not circles In the actual sense of the 

word? 

Class: No response. 

Mr. Yamoah Let us check the meaning of a circle from the dictionary and see 

whether we can get some help. 

Class: Students brought out their dictionaries out from their school bags 

and started looking for the meaning of a circle. 

Mr. Yamoah: All these while, Mr. Yamoah was not quick to tell the students 

the defmition to save time but rather allowed the students to come 

out with the defmition themselves. From the dictionary, this 

answer was provided. 

Mavis: A completely round shape like the letter O. 

Mr. Yamoah: The reason why they are not circles in the real sense of the word is 

that most of the things you mentioned are solids, we can hold them 

and, you can feel them. So, they are three-dimensional objects. But 

a circle is a two-dimensional shape with its set of points arranged 

in such a way that they are of equal distance from a given centre. 

It's a two-dimensional shape made by drawing a curve that is 

always the same distance from a centre. 
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Figure 2: The distance round a circle is the circumference. 

Mr. Akpalu: A day before this lesson, Mr. Yamoah had asked all the students to 

bring thread and circular empty cans to school for a special 

experiment. Some of the students brought circular lids. The 

students were excited that they were going to experiment the next 

day. Students came with milo, tomato, milk, and baked beans tins 

to school. 

Mr. Yamoah: Students, this morning we are going to measure the distance round 

the circular ends of your tins or lids with the thread. 

Mr Akpalu Mr. Yamoah demonstrated what he meant by that with his tomato 

tin using the thread. He moved the thread round the open end of his 

tomato tin and marked the thread at where it meets the starting 

point and then measured the length he got on tape. He encouraged 

all the students to carefully measure the circumference of their tins 

and record their readings on a table similar to the one shown 

below. While the students were doing the measuring, the teacher 
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Activities 

Mr. Yamoah was going d aroun guiding those who were facing 

challenges to understanding the process better. Mr. Yamoah 

encouraged the students to exchange their tins with other students 

and carry out the same measurement for at least four different sizes 

of tins or lids. The activities that took place in the class could be 

described by the following steps: 

1. The class was divided into small groups of 5 or 6. 

2. Each group was given a collection of the circular objects brought 

by the students. 

3. Each group also had rulers, string for measuring, and a chart for 

collecting their data. 

4. It was explained to the students that they were going to measure 

the circumferences and diameters of the circular objects of 

different sizes and record those measurements on the chart they 

were given. 

5. The need for the string given to each group was also explained to 

the students. 

6. Students collected and recorded their data on the chart provided. 

7. They were required to discuss the relationships they observed and 

answer the questions on the blackboard later. 

8. Small groups shared their findings with the entire class. 
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9. Students were guided to discover that the circumference is a little 

more than three times the diameter. 

10. Gradually, the concept of Pi was introduced, by letting the students 

divide the length of each circumference by its diameter. 

When Mr. Yamoah was satisfied that they had measured enough circumferences, 

he also asked them to measure their respective diameters and complete a table as 

shown below. 

Table 2: Circular Objects and their Ratios 

Circular Object 

(or Tin) Circumference (C) 

Gino -tomato tin 

Milo tin 
" 

Milk tin 

Cowbell tin 

Baked beans tin 

Diameter (D) 

Ratio of C to 

. c) D (I.e. D 

Mr Yamoah: Mr Yamoah explains diameter and radius to the class and the 

relationship between the two. 

A dl·ameter is a line segment that has both endpoints on the circle 
Mr Yamoah: 

d through the centre of the circle. A radius is an passes 
a line 

the centre of the circle to any point on the segment from 

circumference. 
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Mr Akpalu: The st d 
u ents were asked to measure at least four different tins and 

record their circumferences, diameters and fmd the ratio of C to 

D. Most of the students completed the table and filled the ratio 

column as well. They observed that irrespective of the size of the 

can or tin, the ratio of its circumference to its diameter remains 

approximately the same. This discovery brought a lot of 

excitement to the students and the class came alive with students 

interested in trying more circular objects as though they were 

looking for one situation to disprove this interesting discovery. 

Table 3: Circular Objects and Calculated Ratios 

Circular Object 
Ratio of C to 

,.(or.Tin) Circumference (C) Diameter (D) D (i.e.;) 

Gino tomato tin 49.6 16 3.1 

Milo tin 25.6 8 3.2 

Milk tin 32 10 3.2 

Cowbell tin 52.7 17 3.1 

Baked beans tin 68.2 22 3.1 

Mr Yamoah used the chart above to record their readings and the 

I I d tI'OS He explained that this constant is what is referred to by ca cu ate ra . 

. . . (n) Pi (n) is the ratio of the circumference of a circle to its mathematIcIans as pL . 

22. . I 3 142 Hence C = nd or C = 2m own diameter. It is approxlIDate y "7 or. . 
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What was particularly interesting about this lesson was the fact that the 

students were not just given a formula to work with or memorize and use it when 

it was necessary without knowing how it came about, but they were part of its 

derivation. By being part of its derivation, they had a sense of ownership and 

were very excited to use what they had "derived" themselves. As a result, there 

was active involvement of the students in the learning process. 

As usual of Mr Yamoah, he will not end any of his classes without giving the 

students class assignments. The assignments based on the lesson for the day were 

as follows: 

Exercises: 

Find the Circumference, C of each circle 

1. 

r = 14cm 

r = 21 
2. 

3. 

r = 49cm 

'-
" 
:' I 
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4. The circumference of a circle is 251t meters. What is the radius of the 

circle? 

5. John used a trundle wheel that had a diameter of I m. How many turns of 

the wheel would it take to measure the length of a 220 metre dash? 

Question five was the most difficult for all the students in the class. 

First of all, they did not understand the meaning of the object described as trundle 

wheel. When a picture of the wheel was shown to them, many of them realized 

that they knew it and related to it very well. Some of the boys said they made it as 

their "toy cars" when they were younger children. Others said it was bought for 

them by their parents to play with when they were younger. 

- - --
I 

\ I 
\ .. - - / 

~ ......... ______ ~.'Vr-- ~-____ ~_---

3 feet 

. . T die Wheel for measuring length 
Figure 3. run 

120 

" ! 
!' 
"': 

'.' " 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Now the issue of understanding the question was cleared and it was the 

tum of the students to solve the question. Tried as they could, they were not able 

to solve it before it was time for change over lesson. Mr Yamoah gave all the five 

questions to the class as homework to be inspected during the next meeting. The 

solution of the above questions from the students in the class the next time they 

had mathematics are as shown below. 
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Figure 4: Figure 5: Photograph ofa student's classwork on Circles-l 
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Figure 5: Photograph of a student's classwork on Circles-2 
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Figure 6: Photograph of a student's classwork on Circles-3 
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Figure 7: Photograph of a student's classwork on Circles-
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Since nobody could solv . 
e questIon five correc I 

class as sh b t y, Mr Yamoah solved it for the 
own elow: 

Solution to Question 5 

Diameter of the trundle h I w ee == 1m 

Circumference of trundle h I w ee, C == 211:r == 11: d 

F or a 220m dash it means that 

22 

22 
== -::- X 1m 

I 

22 
C==-m 

7 

220 == - X N 
7 Where N = the number of turns of the wheel 

N 
210 Xi 

22 == 70 turns 

A Second typical Day's Lesson by Yamoah 

Mr Yamoah: Mr Yamoah entered the class. 

Class: Good morning Mr Yamoah 

Mr Yamoah: Good morning class. How are you doing today? 

Class: We are fine and you? 

Mr Yamoah: I am also fine. 

Mr Yamoah after responding to the greetings in a cheerful manner, told the 

students to be ready for an interesting lesson. He went further to explain himself 

by saying that "it is because the topic for the day is percentages and we all use 

percentages in one way or the other in our everyday lives". Mr Yamoah then 

wrote the topic on the board. 
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Topic- Percentages 

Mr Yamoah: Most examination scores of students are in percentages, e.g. 

40%, 95%, 10% etc. When goods and services are going to be reduced, the new 

prices are normally adveltised by showing how much discounts in percentages the 

customer will enjoy. For example, an advert may read "Purchase this new bag at a 

discount of 40%." This is to entice customers to purchase those items. 

Mr Yamoab: 

Class: 

Mr Yamoah: 

Gladys: 

MrYamoab: 

Class: 

Dan 

Mr Yamoah: 

Mr Yamoah: 

Write down any two ways that we use percentages in real 

life. 

Some students were seen busily writing down examples in 

their jotters. 

Gladys, tell us your answer 

Paying of school fees . Parents can pay 50% and later pay 

the other 50%. 

Clap for Gladys. 

They clapped for Gladys. 

Salaries of workers can increase by 5% or 10%. 

Excellent answers from both of you! 

er cent and the word cent is derived from 
Percent means p 

. d " tum" meaning hundred. Therefore, per 
the Latin wor cen 

100. Therefore, 20% means 20 per 100. 
cent means per 

20 1 

Which is the same as 100 = '5 

. some more examples: 
Mr Yamoah went further to give 
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Example 1: 

Express 62.5% as a fraction 

Solution 

62.5 % means 

Answer = 5/8 

62 .5 

100 
= 62.5 2S 

= 
1000 40 

5 

e 

Mr Yamoah explained to the class why in the last example it was 

necessary to mUltiply both numerator and denominator by 10 to get 625 . This 
1000 

was done simply to remove the decimal point in the numerator to facilitate 

simplification. 

Below are some of the examples that Mr Yamoah worked in class with his 

students playing active roles. 

Finding a Percentage of a Quantity 

To find a certain percentage of a given quantity, we multiply the quantity 

by the corresponding decimal fraction. 

Example1 

Find: 

a. 20% of65 
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Solution 

a. 20% of 65 = 20% X65 

1 13 
1. -~ X~ :ow -

e 1 

1 

13 
11. --1 

111. = 13 

b. 41% 9 2 0 of¢40 =2% X ¢40 (change the "of' to X) 

~ . 
=Gh¢2;0 X ';1

0 
(.: : = ,~o = ~ X _1_ = ~ 100 =.- Z 100 200] 

Example 2 

9 
=~-

5 

= ¢ 1.80 

If 5% of Ghanaians play tennis, how many people would you expect to play 

tennis out of a group of 320 people? 

Solution: 

Number of tennis players = 5% of320 

= 5% X 320 
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16 
1 ~ 

==-LX~ ±oo -
~ 1 
T 

1 

16 
==-

1 

== 16 

16 people would be expected to play tennis. 

Example 3 

Find 20% of 45. 

Solution: 

20% of45 = 20% X 45 

20 45 
=--X -

100 1 

=9 

Example 4 

Find 3~% of ¢80. 
2 

Solution: 

3~ % ofGh¢80 = Gh¢3 .5% X 80 
2 

= Gh¢:~: X 80 
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= Gh¢0.03S X 80 

= Gh¢2.80 

Percentage Change (Incre D ase or ecrease) 

Subtract the old from the new th d"d , en 1V1 e by the old value. 

Example: You had 5 bo k b o s, ut now you have 7. The change is: 7-5 = 2. 

Percentage Change' show th t . . a as a percent of the old value ... so divide by the old 

value and make it a percentage: 

So, the percentage change from 5 to 7 is: 2/5 = 0.4 = 40% 

Percent Increase 

Example 1: Ama works in a supermarket for Gh¢ 1 0.00 per hour. If her pay is 

increased to Gh¢ 12.00 per hour, then what is her percent increase in pay? 

Analysis: When fmding the percent increase, we take the difference in the 

pay, and divide it by the original value. The resulting decimal is then converted to 

a percent. 

Solution: 

_~ 100 = 2 100 = ~ x 100 = 20% The percentage Increase - 10 X 10 X 5 

Answer: The percent increase in Ama's pay is 20%. 

Percent Decrease. 

ff t company was reduced from 40 to 29 employees. 
Example 2: The sta a a 

What is the percent decrease in staff? 
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Analysis: When finding the erc . 
pent decrease, we take the difference without 

attaching the sign (absolute differ ... 
ence) and divide It by the original value. The 

resulting decimal is then converted t o a percent. 
I . · 

Solution: 
40-29 11 

40 40 = 0.275 = 27.5% 

Answer: There was a 27.5% decrease in staff. 

After solving these questions with the students Mr Yamoah crave them seven , b 

questions on area and percentages as class work. The questions were as follows. 

Question 1. 

Elorm earns Gh¢ 140 per week for her part-time job. She is to be given a 5% pay 

rise. How much will she earn per week after the pay rise? 

Question 2. 

The prices of all the televisions in a shop are to be increased by 8%. Calculate the 

new price of a television that originally cost Gh¢ 1,750. 

Question 3. 

D
. d t· sale the cost of a computer is reduced by 30%. The normal 

urmg a re uc Ion , 

. Gh¢ 900. Calculate the selling price of the computer. 
price of the computer was 

Question 4. 
. meter How much does Jonah earn cutting 

Jonah cuts grass at Gh¢ 0.10 per square . 

this area? 

20m 

yL----
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; ! 

Question 5 

What is the area of th 
e parallelogram? 

.... ,._--- 8 -------. 

Question 6 

What is the area of the trapezoid? .\ 

. '~ .... :.:..-~ 

---3.5--
/ ._._---_._ ---. 

// \. 
\ I 
\ ! 

\ 4 
'\ I 

. _ _ ____ '~ 'f 

,I 

Question 7: Find the area of this strangely shaped object below 

133 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



When the researcher went around the class, these were some of the works 

..• ' 
captured by the camera before the class ended. 
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Figure 8: Photograph of a student's classwork on percentages 
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Figure 9: Photograph ofa student's classwork on percentages 
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Figure 10: Photograph ofa student's classwork on Area of Geometrical Figures-l 
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Figure 11: Photograph of a student's classwork on Area of Geometrical 

Figures 
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The Teachel· Should U C 
se oncrete P b 

ro lem Solving Contexts 
The key to Mr Y 

amoah's math . 
ematlcs teaching can be found in the 

problem solving ·experiences that 
he 'd provi es for the students. Mathematical 

problem salvina is the cent f 
b re 0 all the learn ' f h 109 0 t e content in his class. The 

problem solving experiences ' I d 
mc u e a variety of word problems, strategies for 

solving problems, problems usin . . 
g mampulahves to model thinking, open-ended 

problems, and everyday real-world problems. In this way, Mr Yamoah helps 

students to see that mathemat' · h lCS IS everyw ere. Mr Yamoah does not teach skills 

to be learned for problem solving but teaches skills through problem solving. In 

his teaching, problem solving is not a distinct topic separate from other 

mathematics learning. A good example to support this claim was the Cow and 

chicken in a barnyard question he gave to the students. Mr Yamoah organizes 

most classes around problem solving experiences that allow students to find 

solutions to non-routine problems. In this way, he involves students in doing 

mathematics. Kantowski (1981) defmed non-routine problems as "problems for 

which a problem solver knows no clear path to the solution and has no algorithm 

which can be directly applied to guarantee solutions]" (p. 114). Mr Yamoah 

. I d t t' Iy I'n tile learning process. Von Glasersfeld (1981) wrote 
IOVO ves stu en s ac lve 

. ) . . t k 'ng new information and acting upon it in some way to 
that active earnmg IS a 1 

create meaning. 

kn 
. I dge if they are actively involved in solving 

Students construct OW e 

d and want to solve. In this class, students do not sit 
problems that they understan 

fi ms actions to solve the problems but solve 
passively and watch the teacher per or 
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the problems themselves. In Mr Ya ' 
moah s class, students become involved in 

experiencing mathematics. Even tho , . 
ugh Mr Yamoah s mathematics class usually 

lasts from seventy to eighty minute I . 
s, severa times during my observations 

students became so invo Ived that th k d' . 
ey as e to skip break time so that they could 

continue with their mathematics. Activities grow out of everyday situations. Mr 

Yamoah asks open-ended problems that have several answers. Students explore 

relationships or create solutions with their own methods in open-ended situations 

where there are many ways to fmd answers. Their experiences of learning the 

content help them understand that mathematics is a process of learning to think, 

not a product. An example of such open-ended questions is shown below: 

Write a problem about a pattern . that has the ordered pair (2, 20) as the 

second values to x and y. Write out the ordered pairs for all of your x and y 

values. Explain the rule you used. 

x 2 

t ~ 
I · situations that arouse students' 

Mr Yamoah presents problem so vmg 

. fi hem Mr Yamoah's problems cause them to 
interest and become problematIC or t . 

k' (1980) noted that a problem is a 
examine their current knowledge. Kantows I 

'1 ble alaorithm to use but must put 
. h' dividual has no aval a <> 

situation for whIch t e 111 . 

to solve the problem. Accordmg to 
Ide in a new way 

together their know e g . 
k I (1990), teachers shou Id provIde 

Wheatley, and Mer e 
Yackel, Cobb, Wood, 

give rise to genuine mathematical 
. 't 'es that are likely to 

children with actlVI I 

problems. 
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Mr Yamoah never hu . 
rnes through problems but 

a few significant p bl concentrates each day on 
ro ems The . 

. problems demand 
hiaher-order think' conceptual knowledge and 

I:> 109 strategies from h' 
IS students He e h ' . 

concepts that . . mp aSlzes prImary 
are central pnnciples that define . 

db' mathematIcs; for example, addition 
an su tractIon are inverse . operatIons' a fracti . , on IS a part of a whole; a fraction's 

value depends on the whole t h' h . o W IC It refers d . ,an a cIrcle has only one centre. 

According to Brooks and B k 
roo s (1993), problems that are structured around 

prunary concepts or conceptual clu t . s ers prOVIde a context in which students learn 

to gather and analyze informati th on at relates to the whole concept rather than to 

learn the steps linearly. Mr Yamoah continually says, " Tell me what you are 

thinking." He helps students build on their informal knowledge and guides them 

to develop a meaningful relational understanding of mathematics that connects the 

concepts and the procedure 

Prerequisite Knowledge and Promotion of Mathematical Understanding 

The teachers reported that mathematics teachers needed to have extensive 

knowledge of both mathematics and their students to teach for understanding, 

sequence lessons, make transitions between topics, understand student questions, 

provide excellent examples and maintain the necessary confidence in front of a 

class of students. This finding implies that teaching and learning of mathematics 

in our schools will improve significantly if serious attention is paid to the 

. , kid of teachers before they are allowed to teach. This could be 
prereqUIsite now e ge 

. . . t 'fication examinations as in the nursing profession. 
III the form ofwntlllg cer I 
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The implication fo 
r mathematical unders . . 

II fi t d tandmg IS that, if teachers teach 
we or s u ents to have go d 

o mathematical d . 
. un erstandmg, they will be able to 

use their mathematics outsid th 
e e classroom and · h 

m t e study of other mathematics 
courses. Conceptual underst d· 

an mg of the subject will promote the love for the 

subject and its usefulness and I· . . 
app IcatlOn m the real world. 

Connecting and Visualizing Mathematics 

The implications of co nne t· h . . . 
c mg mat ematlcs dunng teachmg and learning 

of the subject are captured in the following quotation by the National Council of 

Teachers of Mathematics. When students can relate mathematical ideas their , 

understanding is deeper and more lasting than when they do not. They can see 

mathematical connections in the rich interplay among mathematical topics, in 

contexts that relate mathematics to other subjects, and in their interests and 

experience. Through instruction that emphasises the interrelatedness of 

mathematical ideas, students not only learn mathematics, they also learn about the 

utility of mathematics. (NCTM, 2000, p. 64). A good example was the connection 

Mr Yamoah made his students see the simultaneous equation they learnt and the 

problem below: 

18 . l· barn liard Some are chickens, and some are cows. There are amma s III a J. 

50 I How many of the animals are chickells and how 
Altogether there are egs. 

many are cows? 

. this beautiful connection between what they 
Students were excited to dIscover 

. .0 real-life situations. 
learnt in class and Its relevance. 
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Teacher Refraining fro T . m elhng 

A great teacher is one wh . 
o creates a classroom environment that makes his 

students (I) 'curious' 2) w t ' 
, an to explor ' ('. 

e mvestigate') and 3) allows them to 
'discover'. Instilling and enc . 

ouragmg these three elements in students makes a 

great teacher. It is a classroom wh ". 
ere cunoslty IS valued, and students want to 

explore and investigate the topics bern' g 
taught. A great teacher creates a 

classroom environment that m k th d ' a es e stu ents wonder' about the things they are 

learning. You can tell from a classroom situation if the students are asking 

questions or they are just 'consuming' information given to them by the teacher. A 

great teacher creates an atmosphere and motivates their students to want to 

explore and investigate, for example, through experimentation. A great teacher 

encourages and guides their students to 'discover' answers, information, and 

solUtions and not tell students answers. 'Discovery' makes students happy 

(Gannon, 2014). 

Also, a good lesson is where the teacher moves away from providing 

information that the students have to memorise or mimic. The reason is that 

students know what the teacher tells them. It does not prepare them to solve real 

mathematics outside the classroom. The implication is that 
problems or use 

ld b 
'd d to discover mathematics for themselves. 

students shou e gut e 

fr · d from telling his students answers to questions 
Mr Yamoah in most cases re atne 

. lot of emphasis on processes that lead to one's 
he posed m class but rather lay a 

h t were not told whether their responses 
conclusions. students most often t an no 

d P
lain how they arrived at their answers. 

b t ather aske to ex 
were right or wrong u r 
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A good example of how 
a teacher can refrain fr . 

published in the Daily Gra . om tellmg is this beautiful article 
phlc of March 2 2015 I . , . t was a c . 

teacher and his students. onversatlOn between a 

Teacher: 

Alison: 

Teacher: 

Anna: 

Teacher: 

Mark: 

";._oJ 

Brian: 

Teacher: 

Brian: 

Teacher: 

Angela: 

How are tr . ams and cars the same? 

Well, they b th h o ave steering wheels. 

What do you mean by that? 

You know. It's the round thO . mg m the car that you tum to make it 

go. 

Well, I'll tell you the truth , I've never been in a train engine 

before but someo t ld , ne 0 me that there are no steering wheels on 

trains. 

My grandfather took me into the engine of a train once, and I 

didn't see a steering wheel. 

But I was on a train. 

Tell us what you saw. 

Well, I was only in the sitting part. But I thought I saw the driver 

part, and I saw a steering wheel. 

Now, I'm going to ask you to predict. Do you think the driver 

could steer the train to our school and pick us up? 

No there are no tracks here. , 

Who agrees with Angela? 
Teacher: 

In the discussions, the teacher elicited diverse views leading on to the 

fu

. k H then conducted an experiment in front of the children, 
net Ion of trae s. e 
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whereby he took a toy t . 
ram and rolled it down . . 

h 
·h an mclme: first without tracks and 

t en Wit curved tracks T d ' 
. 0 emonstrate the eft! 

. ect, the teacher released the train 
which followed a random h . 

pat without tra k d 
c s an fixed curved path with the 

tracks. When the teacher asked· "Wh . 
. en did the train tum?" Most of the children 

responded: "When the train w h 
as on t e tracks". The teacher then referred to the 

initial enquiry: "Do you think t . 
rams need steering wheels to tum?" Mark kept to 

his original opinion· two other child . h 
' ren m t e class who originally said yes 

changed their minds: the remaining children still said "Yes". The teacher, 

pretending to be still perplexed himself, suggested a field trip to the local train 

station so that the children could fmally look into the engine cabin and discover 

for themselves whether trains need steering wheels. With probing questions, the 

teacher sought to know the points of view of the children and found out that they 

were not quite sure about steering wheels in trains that discovery provided him 

with the need to set up an appropriate experiment for the children to critically 

consider two opposing views, and decide for themselves. 

Through the experiment, two kids reasoned that the tracks determined the 

course of the train without the need for a steering wheel. The other students were 

·11 . d ·t the experiment Finally the excursion to a train proper sh uncertam espl e . . , 

. .. I h d·scussions not once did the teacher ask a question 
settled therr cunoslty. n tel , 

ffer a right or wrong response. The teacher served 
for a mere yes or no answer or 0 

11 . g the children to share their point of view. 
as a facilitator or a catalyst by a owm 

rt"ve trip the children- in the end - own their 
Through an experiment and a suppo I , 

11 hildren can be taught the larger lesson of 
answers with certainty. Though sma , c 
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verifying their beliefs thr 
ough ex . 

. penrnents and ch . 
eVIdence in order not t . eckmg through sufficient 

o Jump to hasty conclusions . 
acquired benefit ev b . Such baSIc lessons - once 

ery ody including matu d 
re a ults. 

Using the above ·11 . I ustratlon 
. as a yardstick to measure how a teacher 

should refram :!Tom tell" h· 
mg IS students Mr Y 

, amoah fell short of beina a aood 
example. Whenever stude tOO 

n s are confused 0 d· ·d d r IVI e on an issue, he does not 

allow the students time to h searc for a 10 t· ng Ime to fmd the answers for 

themselves. He sees it as his re . .. 
sponslblhty to help students out of their confusion. 

This is not a good exampl f . 
e 0 a constructIvist teacher, and I hope that readers will 

learn from the correct I fr examp e om the Daily Graphic of March 2, 2015, 

illustrated above. 

Mr Yamoah's View of Mathematics Influences His Goals 

Mr Yamoah wants to provide opportunities for his students to learn to 

"think mathematically." His goals for his students are influenced by his view of 

mathematics. According to Mr Yamoah, mathematics is a way of thinking about 

problems. He views mathematics as a way of solving practical problems relating 

to everyday life, and he supports his lessons with relevant practical examples. 

Students were always involved in class discussions. Mr Yamoah gradually and 

consciously developed a culture of thinking in his class. He says, mathematics "is 

a way of thinking about the problem of numbers and shapes and concepts and 

th
· I· h· "H believes that thinking mathematically helps students think 

elf re atlOns IpS e 

f l
·ti m· eluding other subjects that they study in school. 

better in all areas 0 I e 

d h
· ·n aoal of thinking mathematically by saying, "I want 

Therefore he exten s IS mal 0 , 

146 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



my students to learn to 
reason out thincrs for th 

M Y h b 
. ", . ernselves and value their thinking." 

r amoa eheves that h . 
mat ematlcs is an . . 

. essentIal vehIcle by which students 
learn to thlllk and value th' h' . elr t InkIncr 

",. 

Doing and teaChing mathemaf . 
ICS gIves Mr Yamoah a great deal of joy. 

Nevertheless, he does not thO k h . 
In t at purSUIng mathematical knowledge is an end 

in itself He wants his students t I 
no on y to learn to think and reason but also to be 

able to relate and apply their learn' a . 
Ill", to everyday lIfe. He says the researcher 

think they learn mathematic b d I' . s y eve opmg theIr reasoning skills. They need to 

be encouraged to think and explain and build confidence in their ability to think 

through situations. They need opportunities to have experiences with 

mathematics. The experiences the researcher give can be two kinds of things. 

They can be the real-life situations- like. The researcher needs mathematics to 

figure my average mathematics score for the year. The researcher wants them to 

connect mathematics to their real life. But they also need experiences with 

mathematics that improves their thinking. 

Mr Yamoah thinks that learning about mathematics will help his students 

"have an open mind to analyze problems and not accept anything that comes their 

. . . "p' II Mr Yamoah says the researcher wants them to look at. way Just as It IS. ma y, ' 

. h t' the neat side of mathematics, the challenging side of 
the fun SIde of mat ema ICS, 

d h t it does connect to a lot of things. Mathematics is 
mathematics and understan t a 

. . experience. It helps them just to be a complete 
valuable in therr whole learnmg 

P
tion of mathematics is that mathematics is a 

person. Because Mr Yamoah's conce 

. 'h ' between concepts and ideas, he designs his 
way of thinking about relatIOnS IpS 
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instruction to help hi' 
s students h' ac leVe this d 

. Un erstanding. Teachers whose 
conceptions about mathe . 

matlcs lead them to bel" . 
. leve In the constructivist approach 

to learnmg emphasize th t 
a students mllst internal! y construct new knowledge 

through accommodating old k 
nowledge rather than absorb the knowledcre that a 

o 

teacher transmits to them eh 
. anges in teaching that are advocated by the 

Mathematical Association of Gh (M 
ana AG) and many mathematics educators 

make it extremely important that d 
we un erstand the conceptions of teachers who 

are teaching in our classrooms. 

Mr Yamoah's Goals for His Students in Learning Mathematics 

A goal is defmed as the desired result that a person or a system envisions, 

plans and commits to achieve usually in the long 'term. Mr Yamoah tries to help 

his students come to understand that mathematics is not a collection of rules and 

procedures but is about making sense of relationships and connections of concepts 

to one another. He transmits a sense of what mathematics is and what knowing 

mathematics should be by the activities and problems that he chooses for the 

involvement of the students. Through his thinking and decision making, he helps 

students learn the procedures while they develop and refme their conceptual 

knowledge. Mr Yamoah's teaching exemplifies Skemp's idea of "relational 

. "Wh M Y moah teaches he helps students focus on the process 
understandmg. en r a ' 

h 
fi I correct answer. This focus demonstrates to his 

of thinking rather than t e ma 

h 
t ' is about thinking through the problem and not 

students his belief that mat ema ICS 

about only getting the right answer. 
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Mr Yamoah's Notion b 
a out Mathematics Tea h. 

E C 109 and Learning 
mest (1989) and Th 

ompson (1984, 1992) have identified three 
conceptions that teachers Usually 

hold about m th . a ematlCs. Ernest summarized 
these three views as follows: 

(a) the problem Solving view d fi 
e mes mathematics as continually expanding and 

created by people as they see patte . 
rns and synthesize knowledge. Mathematics is 

a process of inquiry, not a finished product. 

(b) The Platonist view defmes mathematl·cs as a body of knowledge with 

established truths that should b d· d e Iscovere not created. Mathematics is a product. 

(c) the instrumentalist view defmes mathematics as a collection of skills rules , , 

and facts that people need to memorize. Again, mathematics is a product. The 

conceptions that Ernest defined involve both an element of beliefs and 

knowledge. Even though views are usually defined as beliefs (Nespor, 1987; 

Thompson 1984, 1992), Ernest's defmitions combined both beliefs and 

knowledge. Thompson (1992) noted that researchers should not look at teachers' 

mathematical beliefs in isolation from teachers' mathematics knowledge. 

I came to understand Mr Yamoah's knowledge and beliefs about 

mathematics by observing his teaching practice and listening to his answers to my 

. d. h· terview sessions. On the Mathematics Beliefs Scales 
questions unng t e In 

. . I d b Fennema Carpenter, and Peterson (1987), he strongly 
questlOnnarre deve ope Y , 

h I
d encouraae children to fmd their solutions to 

agreed that teachers s ou 0 

·f they ~e inefficient. He strongly believed that 
mathematics problems even I 

d t children in such a way that they can discover 
mathematics should be presente 0 
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relationships for them I 
se ves Be t 

. s rongly agreed th II . 
their thinking hel h at a OWing students to discuss 

ps t em to mak 
e sense of mathe . 

that there was one right 
matlcs. He did not believe 

way to solve a . 
. . particular problem. Mr Yamoah 's beliefs 

are mime with the probl . 
em solvll1o vie f 

to W 0 mathematics that Ernest (1989) 
defined. The problem solving conce tion . '. 

. P IS compatIble wIth the constructivist 
learning principle that learning 

IS a process whereby individuals internally 

construct new knowledge from . k 
pnor now ledge. Even though Mr Yamoah never 

mentioned the words "constructivist leaml'ng," b 
y 0 bserving him teach, the 

researcher saw that construct" . t . . I . 
IVIS prmclp es of learnmg mathematics were present 

in his teaching. Mr Yamoah believes that students personally construct 

mathematics during classroom interactions when they explain and justify their 

thinking. In his dialogue, he talks about how each student needs to build his or her 

knowledge in individual ways based upon prior knowledge. He gives students 

opportunities to construct powerful and correct mathematical ideas and concepts. 

Mr Yamoah shows his conception of mathematics as growing and 

dynamic through both his innovative methods of teaching and the questioning of 

his students. His questions to students are often "What do you think might happen 

if we do it this way?" "Why do you think this works?" His conception of 

h 
. . th t of constructivist learning theorists. Piaget (1973) and mat ematlcs mirrors a 

proposed that students need to construct actively new 
Kamii (1985, 1989) 

h ccommodate and assimilate their new knowledge. 
knowledge internally as t ey a 

d 
h t eople construct knowledge as they interact and 

Vygotsky (1978) propose tap 

. h re knowledgeable others. However, Von 
discuss their thinking Wit rno . 
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Glasersfeld (I990) and Cobb (1994)' d 
a vOcated int ' 

b ' egratlon of these two processes 
y suggestmg that students' , 

construction f 
' . ' , 0 new knowledge is facilitated by 
mleractlOn with others in I'k 

a I e community, 

Mr Yamoah tries to help the stud 
ents come to understand that mathematics 

is not a collection of rules and d 
proce ures to be memorized but is about making 

sense of relationships and conn l' 
ec Ions of concepts to one another. He transmits a 

sense of what mathematics is d h kn ' 
an w at owmg mathematics should be by the 

activities and problems that he chooses ~ th ' I lor e mvo vement of the students, 

Through his thinking and dec's' k' h h I Ion rna mg, e elps students learn the procedures 

while they deVelop and refme their conceptual knowledge, Mr Yamoah's teaching 

exemplifies Skemp's (1978) idea of "relational understanding," When he teaches, 

he helps students focus on the process of thinking about connections between 

concepts and procedures, This focus demonstrates to his students his belief that 

mathematics is about thinking not about only getting the right answer. The 

process of constructing mathematics through the interactions among the students 

and with him became the content of his lessons Lakatos (1976) noted that 

mathematics is created through a pr~cess of contradiction while people argue, 

d 
' ' ctures Lakatos suggests that disagreement during the 

refine, an Improve conJe ' 

f
' ments is central to knowing mathematics, 

process 0 provmg argu 

Mr Yamoah's Depth of Knowledge of Subject Matter 

I h S 
the depth of knowledge of subject matter. He 

Mr Yamoah a so a 

P
ractice and decision making a sophisticated 

demonstrates in his teaching 
b'ect matter. He shows an awareness of 

knowledge of mathematicS as a su ~ 
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important concepts with' 
In rnathem t' a ICS and how th 

demonstrates with' h' ese concepts are related. He 
In IS teaching how mathe . '. 

. f . matJcal principles are established He 
IS aware 0 Important . . . 

questions In the field d h 
I"d Th an t e ways that reasoning becomes 

va I. rough his teaching M y 
, r amoah demo . . nstrates that mathematics content 

IS contmually created He h . uses t e language f h . 
o mat ematJcs and leads the students 

to do same. His subiect matt kn 
J er owledge is . t d 

In egrate and well organized. He 

carefully sequences lessons bec 
ause he knows which concepts students need to 

understand before proceeding to oth H kn ers. e ows what to teach and how to teach 

it. The depth of his knowledg f th b' e 0 e su ~ect matter of mathematics was evident 

within his assessment. His knowledge of mathematics helped him create better 

questions and problems for the students to reflect on and answer. Mr Yamoah 

often says, "It is helpful ... to understand the concepts that you are teaching. This 

[conceptual know ledge] affects the students' learning." Shulman (1986) stated that 

subject matter knowledge, pedagogical content knowledge, and curricular 

knowledge are necessary for teaching. Mr Yamoah demonstrates knowledge of 

mathematics pedagogy. His teaching practice illustrates his knowledge of the 

conceptual and procedural knowledge that students might bring to a particular 

learning situation. He shows an awareness of the stages of understanding through 

h
· h h d t . ht proceed to develop their conceptual thinking. He selects 

w IC t e stu en s mig 

ful blems illustrations and representations to help students 
useful and power pro, , 

Sh I (1986) believed that teachers need to know "ways of 
learn new concepts. u man 

. th subject that make it comprehensible to others ... 
representing and formulatil1g e 
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. [They need to know] alt 
ernate forms of 

repreSentation ... [and] an understanding 
of what makes the learnin f . 

g 0 SpeCIfic to . . 
PICS easIer or difficult" (p. 9). 

Mr Yamoah's knowledge of the . 
Subject matter and how children learn the 

content of mathematics is ce t I h' 
n ra to IS teach ' 0 H' . 

111", . IS subject matter knowledge is 
strong enough that he is not thr t 

ea ened by the students' questions. Mr Yamoah 

uses the knowledge of his ch'ld' . 
I ren S mathematIcal thinking to help them learn 

about their thinking With th ' kn I d 
. IS ow e ge, he helps them learn to clarify their 

thinking. In his instruction, he pays attention to individual students' thinkino while 
'" 

helping all the students to increase their mathematical power. Mr Yamoah says, "I 

think a good teacher needs to understand how children learn- that they are not 

going to be the same. You have to vary the way that you teach so that you include 

everyone. You have to provide experiences that meet all the needs of your 

children." Even though Mr Yamoah did not use any of the terms auditory, visual 

or kinesthetic learners, he demonstrated that he knows the different learning styles 

of children. 

Fennema and Carpenter (J 992) emphasized that teachers must know how 

children learn mathematics. They write that teachers "must know problem 

. kid of distinctions between problems that result in dIfficulty as well as now e ge 

. "( 2) These researchers noted that teachers must 
different processes of solutIOns p. . 

I doe to the informal knowledge that they already 
help students relate new know e '" 

a hi h priority on choosing the appropriate instruction 
possess. Mr Yamoah places g 

. h' potential level of mathematical power. 
to help individual students gam t elf . . . 

. f ach student'S differences ill thlnkmg, Mr 
. h ' nderstandmg 0 e However, despIte IS u 

153 

© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



Yamoah was SUrprised and . 
often astonIshed b . 

hioh levels He sa'd h y hIs students' capacity to think at 
b . I t at the I . 

nost Important thO 
. "D 't d . mg that teachers should remember 
IS on un erestlmate students' ab'I' 

I Ity to think" H . . . e recognIzed that hIs students 
could learn and do many thO 

Ings that he h d a never expected of them. 

Mr Yamoah has fair knowledoe abo . 
'" ut curncula mathematics materials-the 

range of instructional materials 
that are available to teach mathematics. This 

knowledge is evident in the classroom. He makes 
use of many books, 

manipulatives, and alt t ' 
erna Ive materials. For instance, he used geoboard and 

rubber band to help improve students' concepts about perimeter and area. He 

chooses manipulatives such as l"d fi d . so lIgures an pattern blocks to mcrease spatial 

thinking abilities of his students. 

Beliefs might be considered as the lenses through which one looks when 

interpreting the world, and affect might be thought of as a disposition or tendency 

one has toward some aspect of his or her world; as such, the beliefs and affect one 

holds surely affect the way one interacts with his or her world (Philipp, 2007). 

Mr Yamoah's Teaching Challenges 

According to Clark (1988), teaching is "complex, uncertain, and peppered 

'th h II " (p 9) He writes that much of teachers' thinking "energy goes WI c a enges . . 

I
'nto' d' t d anticipate potential problems, to guess and estimate 

trymg to pre IC an 

d k and how they might respond, and to forming plans 
what students alrea y noW 

rt (1985) defined a dilemma simply "as an argument 
and routines" (p. 9). Lampe 

together Clark and Lampert (1986) gave a more 
with oneself' (p. 182). However, 

. . fchallenges of teaching, "the teacher encounters a host 
comprehensive definitIOn 0 
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of interconnected and Com . 
petlOg decision . 

Scenanos wh 'l I . 
during teaching TI Ie p annmg to teach and 

. lere are 'd 
no 1 eal Or optimal . 

28). solutIons to these decisions" (p. 

Mr Yamoah op I . ' 
en y dIscussed the chall . 

enges he has faced while seeking to 
a balance between depth obtain 

and breadth f th . o e mathematIcs content. He 
recognises that he is somet' I" 

Imes Imlted in th I' e qua Ity of experiences he can 

provide for his students Mo t f h' 
. SOlS concerns are about the students themselves. 

Are they learning correct kn I d ? 
ow e ge. Am I meeting each student's needs? He said 

that each class is different a d th t h n a e must change his approach from one class to 

another and somewhat every year to adapt to the class. 

One of Mr Yamoah's primary challenges is how to get the students to 

move from their old ways of thinking about mathematics (drill and practice of 

computations, memorisation of rules and formula etc.) to new ways (such as 

relational understanding and communicating their thinking among others). How 

can he help them to begin to articulate their thinking? He talked about how the 

students were slow to communicate their thinking at the beginning of the year. 

You have to respond to each class. At the beginning of the year, the students were 

not used to interacting during the mathematics class. They wanted to give cut and 

d Mr Yamoah thinks that after several years in classrooms in which 
ryanswers. 

h h tics through drill and practice of computations, students 
teachers taug t mat ema 

k 
. k to explain their thinking about solutions. He struggles 

are very slow to ta e ns s 

h 
h will accept their answers and their ideas without 

with assuring students t at e 

making judgments. 
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than having to deal with 
some off-task b h . 

e aVlOur like doing things with the 
manipulatives that you d ' 

o not Want them t d o o. 

Perhaps, the most serious d'l 
I emma that Mr Yamoah reports concerns 

assessment-how to understand d' . 
an Interpret hIS students' thinking. In some cases, 

the students are not clear When the . . . . 
Y explam their thInkmg. He thinks that it has 

been difficult to leal11 how to d 
un erstand what they say. He says, "It's hard to 

respond to the students' respo d . 
nses- un erstandmg and trying to work with [what 

they say].The researcher had a hard time with u d t d' . h b . . " n ers an mg III t e egmnmg. 

Since sometimes it is difficult to understand what they say, Mr Yamoah often 

needs to help students find other ways to explain their thinking (e.g. drawing 

diagrams). Because he wants to build his instruction on students' prior knowledge, 

resolving this dilemma is extremely important. Mr Yamoah also says he 

sometimes has difficulty in knowing how far he can help students to extend their 

thinking. Mr Yamoah then discusses how important it is for a teacher to know his 

students. 

Teaching children not only to construct mathematics knowledge but to 

t th atl'cal knowledge intensifies the challenges that must be construct correc ma em 

. . d that accepting that these will be challenges and 
resolved. Lampert matntatne 

. h tryin a to resolve everyone of them. Learning to 
cope with them IS better t an 0 

. wer to shape the direction and the outcomes of their 
manage gIves teachers the po 

. d not result in a forced choice" (Lampert, \985, p. 
work. "Facing a dJlemma nee 

, . challenges concerning teaching mathematics by 
182), Mr Yamoah manages hIS 

. I teacher should be-helping his students 
h th inks hIS ro e as a 

remembering what e · 
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learn to think mathematical! 
y and value their thinki 

to oetting child . ng. Mr Yamoah says, 'The key 
b ren to lmprove tl . . 

leLr problem I' 
I 

so vmg ability is first to make sure 
teac lers are committed t th 

o e role of he I . 
pmg students understand." 

Planning for Instruction 

Clark (1988) pointed out that to u d d . . 
n erstan teachers plannmg IS to 

understand how teachers transfi d . 
orm an mterpret their knowledge as they prepare 

for instruction. To study teacher I . 
p annmg can help explain why and how the 

teachers make curriculum and instructl'onal ch ' .f". I olces lor c assroom instruction. 

Researchers on teacher thinking and dec' . k ' ISlOn rna mg have attempted to 

differentiate and separate teachers' proactive, interactive, and post active phases of 

teacher's planning (Brown and Borko, 1992; Clark, 1988; Jackson, 1968). 

However, Shavelson and Stem (1981) suggested that there is no differentiation in 

a teachers' thinking before, during, and after instruction. These researchers wrote 

that the pre-active, interactive, and post-active decision-making processes of 

teachers are related components in which teachers develop and enact agendas. 

The researcher chose to agree with Shavelson and Stem; therefore, the researcher 

discussed Mr Yamoah's thinking by not separating his thinking processes into 

categories or phases of planning. Mr Yamoah's knowledge and beliefs about 

. . h' thinkin a about instruction and classroom practice. He 
mathematICs play out In IS to 

d 
. es his teaching. He makes planning decisions 

constantly analyzes an examm 

. fI tion that he has collected about what each child 
before class based on the In onna 

ture his teaching to provide the means for each child 
knows and how he can struc 

to learn. 
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When Mr Yamoah ak 
m es pia . 

nnIng decisions he . 
Some factors that h. ' consIders several factors. 

e consIders are ( ) . 
a the potential d"ffi . 

encounter with spe 'fi I Icultles students might 
CI IC concepts, (b) th I . 

(
c) th e earnIng needs and interests of students 

e concepts that he w ' 
ants students to I 

I 
. . . earn, (d) the types of problems or the 

earnIng sItuatIons that '11 h 
WI elp teach the 

concepts, (e) the difficulty level of 
problems, (t) his knowled f 

ge 0 students' prio kid r now e ge, (g) the strategies he 

will use to present problems (h) th 
, e assessment of students, (i) the materials that 

students will use to solve problems U) th . 
, e tune allowances for concepts or topics, 

and (k) the organization of stud t I h . 
en s. n t e followmg sections, the researcher will 

discuss several of the . prevIous factors that Mr Yamoah considers when 

formulating his plans. 

Choices of Mathematical Tasks 

The National Council of Teachers of Mathematics (NCTM) first identified 

the mathematical task in its (1991, 2008) Professional Teaching Standards as 

"worthwhile mathematical tasks" (p. 24). Boston and Smith (2009) later provided 

this succinct defmition: "A mathematical task is a single complex problem or a set 

of problems that focus students ' attention on a specific mathematical idea" (p. 

136). 

Mathematical tasks include activities, examples, or problems to complete 

h I I 
. all groups or individually. The tasks provide the rigour 

as a woe c ass, III sm ' 

I ning from the conceptual understanding, procedural 
(levels of comp ex reaso 

. . f the tasks) that students require and thus become an 
fluency, and apphcatlOn 0 

h 's collaboration and discussion with his students. In 
essential aspect of the teac er 
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short, the tasks are th 
e problems teachers choose . 

student learning a d to determme the pathway of 
n to assess stud 

. ent success along that pathway. 
The decIsions one m k 

a es about what and h 
ow a student learns each day is 

based on the mathematical t k . 
as s chOices one ill k fi 

a es or every lesson, every day. 
Those choices are a lot ofp I 

ower. As Lapp dB· an an nars (1995) state. "There is no 
decision that a teacher make th h s at as a greate . r Impact on students' opportunities 

to learn and on their perceptions about . . 
what mathematIcs IS, than the selection or 

creation of the tasks ·th h· 
WI w Ich the teacher engages students in studying 

mathematics" (p. 139). 

The selection of useful mathematical tasks is so important that it is one of 

the eight research-informed instructional strategies listed in Principles to Actions 

(N CTM, 2014). And, it is two of the ten high leverage team actions (HL T A's) in 

Beyond the Common Core Handbooks (Solution Tree, 2015). A key collaborative 

team decision, then, is to decide which tasks to use in a particular lesson or unit to 

help students attain the essential learning standards. A growing body of research 

links students' engagement in higher-Ievel-cognitive-demand tasks to overall 

increases in mathematics learning, not just in the ability to solve problems (Hattie, 

2012; Resnick, 2006). 

Mr Yamoah's choice of mathematical tasks seems to follow the above 

ld 
to class most of the time with questions that one 

description. He wou come 

d
· t tbooks and they were most of the time engaging 

would not normally fm III ex , 

. I day Mr Yamoah decided to pose this question to 
and challenging. On one typlca 

. d of the class for discussion during the next meeting: 
hIS students almost at the en 
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You are given a bottl if 
eo water d 

all offered 1/3 0 • 
bottle, or you are 01'1: if.[ the price for the same size 

'JJered 1/3 
"'ore water at the sa . 

better offer for 10 me price. Which of them is a 
J u as lhe COllsumer? 

Mr Yamoah asked the stude t 
. . n s to try and bring their solutions to class for 

discussion during the next . 
meet mg. Unfortunately, When the students came for the 

next mathematics class nobod d·d· 
, y I It correctly, but they were praised by Mr 

Yamoah for the serious attempts th 
ey made. He told the class to continue trying 

till they get it right. 

Choice of Mathematical Tools 

The mathematical tools m Mr Y amoah's classroom are the concrete 

materials or manipulatives that support the students' efforts to link the concepts 

with the procedures. Mr Yamoah plans activities that provide an opportunity for 

students to perform meaningful actions with the concrete materials. Mr Yamoah's 

choices of mathematical tools depend upon the concepts that he wants his students 

to think about. Lappan (1993) wrote that manipulative materials should offer the 

"potential for students to engage in sound and significant mathematics as part of 

accomplishing the task" (p. 525). Manipulatives are tools to be used thoughtfully 

by students to help them make sense of mathematics. Mr Yamoah values 

. I . . I r.or students' leamina . He said that to teach mathematics so 
mampu atlve matena s " b 

. Id I to think critically you "can't just open the book and let 
that children wou earn ' 

d 
h Manipulatives are wonderful aids that help me 

them do page such an suc . 

d ts to think about." Mr Yamoah uses manipulatives 
generate ideas for the stu en 

. d fr ction strips to help the students understand 
such as fraction cIrcles an a 
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fractional concept H 
s. e Used base-lO block 

b . sand g ·d 
a out penmeter and are H fJ paper to help children learn 

a. e Used th 
e plane and solid h 

geoboards to help child s . apes, pattem blocks, and 
ren learn to thO k m aeom . . . '" etncally M Y 

consideratIOns whe h . . r amoah explained his 
n c ooslllg h mat ematical tools " 

students think d ' I know how my JHS 1 
.. . . an the kind of . 

matenals I need t b· 
understand the co 0 ring to class to help them 

ncept I want to teach" Mr Y 
h . h . . amoah says one factor in decidin a 

W IC mampulatives to use is "I tl ·nk '" , 11 of wh t I . h a earnmg materials I can choose 

t at would provide me with th . e most effective ad · n easiest way for the students to 

understand the concept I am ab out to teach." 

Lampert (1989) suggested that manipulatl·ves are essential because 

"representations f o a concept contribute to long-term understanding and 

knowledge use" (p. 256). Students should use manipulative materials that will 

~ mampulatives can help help them model their mathematical thinking. USI·ng . 

stimulate thinking and help children build their knowledge. Manipulatives can 

also help to promote reflective thought (Baroody, 1989). 

Sources of Mr Yamoah's Problems for Classroom Discussion 

Mr Yamoah sometimes chooses the content of his lessons through 

reactions to a student's statement or question. For example, one student had stated 

that he did not find what they were doing under measurement to be very useful in 

any way- changing inches to feet, to yards and metres. Mr Yamoah used this 

doubt to plan the next day's lesson. During the next day's activity, Mr Yamoah 

asked eight students to come up front and hold out their rulers until they reached 

96
. h H h I·d tJu·ee-yard sticks on top of the rulers and asked, "What do 
mc es. e t en at 
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you think about that?" Th . ey d 'd 
eCI ed during this disc . 

left over without ad' USSlon that there were 2 feet 
yar stick I . . 

aymg on top of them 
yards. From this d . . That meant there were 2 2/3 

emonstratlon they d 'd 
' eCI ed th 96 ' M Y at Illches = 8 feet = 2 213 yards. 

r amoah went further to I 
ay metre sticks on top of the yard and rulers and 

asked, "What do you th' k 
III about this also?" Th . e class finally concluded that 96 

inches = 8 feet = 2 21.3 yard "=2(2) s - IS metres. 

Mr Yamoah ended that lively discussl'on b y asking the students to 

brainstorm and fmd ways that k . 
nowmg how to change inches to feet to yards and 

metres could be helpful. He talked about this m' th fc II . e 0 owmg statement. 

Yesterday, when Moses indicated that he didn't think that having to 

change from inches to feet or yards and metres would be useful to know I , 

decided to have them look at that in today's measurement activity. I knew that we 

would be looking at 96 inches. I planned this problem because it was divisible by 

12 and also divisible by 3 (12 inches in a foot, 3 feet in a yard). When I saw that I 

was dividing by 3, it immediately clicked because they know the divisibility rule 

for 3. So we could look at yards. When Mr Yamoah planned his lessons, he did 

not use just the teacher's guide. Even though he would look at the chapter to see 

what the book was emphasising, he used a variety of sources to develop his plans. 

He would not proceed directly through the book. He would have a scope of 

d k
'll h t h would want the students to learn, but he did not have a 

concepts an SIS t a e 

H. d 
d the concepts that he would teach based on the 

planned sequence. e or ere 

. I dy understand. Duckworth (1987) suggested that 
concepts the chIldren a rea 

. h structivist approach to learning do not often 
teachers who teach With t e con 
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prescribe a scope se 
, quence, or a timel ' c: 

me tor learning t' All 
interfere with a t d OPICS, these can 

S u ent's ability to understa ' . 
nd comphcated concepts 

According to experts th ' 
, e top el<>ht co 

'" mponents of a well written lesson 
plan are: Objectives (or G I) , , 

oa s, Anhclpat S 
, ory et (approximate time), Direct 

InstructIOn (approximate f ) G ' 
Ime Ulded Pr t ' ( , ac Ice approximate time), Closure 

(approximate time), Independent Prac ' , , 
tlce, ReqUired Matenals and Equipment and 

Assessment and Follow-Up, 

Anticipatory Set: In th A " , e nhclpatory Set portIOn, you outline what you 

will say and present to your students before the direct instruction of the lesson 

begins, The purpose of the anticipatory set is to provide continuity from previous 

lessons, allude to common concepts and vocabulary as a reminder and refresher. 

Tell the students briefly what the lesson will be all about. Assess the students' 

level of collective background knowledge of the subject. This will help inform 

your instruction. Activate the students' existing knowledge base, Whet the class's 

appetite for the subject at hand. Briefly expose the students to the lesson's 

objectives and how you wiIl get them to the result 

Organization of Students 

h the nature of the activity to be undertaken to help him 
Mr Yamoa uses 

. ' th tudents Mr Yamoah believes that children of all 
decide how he Will orgal1lze e s . 

k 
ther He believes that low-achieving and high-

ability levels should wor toge ' 

k 'th all the others students. He believes that his 
achieving students should war WI 

'th their classmates, All students in his class 
students learn more if they stay WI 

. king on the same tasks or activities, The 
h arne time wor 

learn mathematics at t e s 
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NCTM (1989, 1991) 
recommended h 

t at students in th 
mathematics altoo tl e same grade learn 

be ler rather than in b'l ' ' 
a I Ity groups d h , " b an t at the same topics and 

actIvItIes e used, Different t 
ypes of classroom 0' ' , 

oroalllsatlOn that Mr Yamoah uses 
are cooperative !rroups ind' 'd 

<:> , IVI uals work in 'd 
gill ependently, and the whole group, 

Cooperative Groups: Sometimes the ' 
cooperatIve group is four or five 

students or a pair of stude t S ' 
n s, omehmes Mr Yamoah puts weaker students 

together so that they are "forced t ' 
o CommUlllcate to solve their problems," He 

says, 'They have to say the wo d t I " " 
r s 0 exp am It. He sometimes puts more vocal 

students together because they are 'forced to listen to other people's ideas," 

Yackel, Cobb, and Wood (1991) stated that during whole-gro~p instruction a 

teacher could encourage in-depth discussions among children as they explain their 

mathematical thinking, These discussions are important for srudents' 

mathematical development as they socially interact. This researcher added tbat 

whole-group discussion after students have worked in cooperative groups is 

valuable for students to explain their solution attempts and get other students' 

interpretations of those attempts, 

Assessment Choices 

Mr Yamoah believes that the purpose of assessment is to improve his 

, d' I amino Mr Yamoah understands that to develop 
instruction to Improve stu ents e 0' 

d d are ready for he must listen carefully and 
instruction that the students nee an 

, h'nk 'ng While assessing his students' thinking, 
t f therr t I I ' 

assess the developmen 0 

he looks for what to e 
, h t the next steps should be, and how to 

mphaslse, w a 

'd' principle of cognitive guided instruction is 
' h'nk' A gUl Illg challenge therr t I mg, 
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that instructional de . . 
CISlons h 

s ould be based 
knowledge. If a teach on careful analyses of students' 

er structures th I . 
e essons based h' 

the learning s't . on IS assessment of students, 
1 uatlOn wilJ 

more appropriately 

development (Fennema a d C 
n arpenter, 1992). 

conform to the learner's 

As Mr Yamoah assesses 
his students through listening to their 

explanations, he says he can d 
un erstand the students' depth of knowledge and use 

these explanations as beginn' . 
mg pomts to lead them to construct new 

understandings. Mr Yamoah believes that he can learn more about what his 

students understand by asse' th h' . ssmg em w lIe he IS teaching. He observes their 

interactions with him and others students and their use of manipulative materials. 

He says these assessments tell him more about what his students know than 

written assessments. He says that the complex part of understanding what students 

are thinking must be done by listening to the students' reasoning. He can assess 

whether this knowledge is memorized procedures or constructed knowledge that 

has been internalized. Lambdin (1993) made this point by noting that written tests 

often tell little about children's strategies. Because of this lack of information, 

teachers may jump to inaccurate conclusions about the children's performance. 

Often written tests make it difficult to diagnose children's mathematical 

h as Huinker (1993), suggested that listening to 
difficulties. Researchers, suc 

. II teachers to gain insight into students' conceptual 
student's explanations a oWS 

. d· g problem solving. Listening to students allows 
knowledge and reasonIllg unn 

. I funderstanding, to diagnose misconceptions and 
teachers to "deterrnille the Jeve 0 

verbal ability to communicate mathematics 
. and to assess 

missing connectIOnS, 
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knowledge" (Hulnker 
, 1993, p. 80 . 

). With paper d 
understanding is more an pencil tasks, students' 

likely to be hidden. With t 
detennine whether an . hese tasks, it is difficult to 

mcorrect answ . . 
er IS given beca 

necessary knowled . use a student lacked the 
ge or simply made 

an error. Mr Yamoah think h h' 
assessment is d ' ff! 1 st at t IS type of 

I ICU t because H . I . e IS ookmg tI or conceptual knowledge which 
cannot be easily accessed thr .. 

ough traditional t t N es s. evertheless, he does use 
written assessment at times 

Chapter Summary 

In this chapter, the researcher has presented Mr Yamoah's goals for 

students in learning mathe t' Th . . rna ICS. e researcher has described his thinking about 

instruction and many of his instructional decisions. A common thread is the 

conception of mathematics as a way of thinking which weaves through Mr 
";", ::, . ,. 

Yamoah's thinking, his instructional decisions, his teaching practice, and 

ultimately to what the students learn about mathematics. His knowledge of 

mathematics and his belief that children must construct their knowledge is 

integrated within his conception of mathematics. In his mind, concepts are never 

isolated topics. Mr Yamoah demonstrates with his thinking and planning how 

mathematics should be taught is as important as what is taught. With his planning 

d 
.. k' h seeks to assure that every child has success at some level 

an deCISIon rna mg, e 

. . . I d rstanding of mathematics. To show how his thinking 
m iearnmg a reiatJOna un e 

. ' d nd coherent, the researcher has detailed his reasons 
about instruction IS focuse a 

k his choices of mathematics tools, his decisions 
for choosing problems or tas s, 
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about time, his d .. 
eCISlons about h 

ow to organize d 
decisions stu ents, and his assessment 

Mr Yamoah has been able 
to create a I c assroom atmosphere that 

encourages his students to sh h· 
are t elr thinking b 

a out mathematics with their peers 
freely. The researcher observ d I . 

e a c ass which was devoid of fear and intimidation 

largely because of Mr Yarno h' 
a s respect for learners' views, the absence of 

abusive language derogatory rema k h 
' r s w en wrong answers were given, and lack 

of corporal punishment -such as .. I 
canning m c ass. Many ofMr Yamoah's students 

were free and bo ld to speak th· . d· I . elf mm m c ass. Students even went beyond Just 

sharing their thoughts on a particular mathematics topic to justifying their 

reasoning and reviewing the solutions of their peers on the marker board on many 

occasions. Most often, both boys and girls walked confidently to the marker board 

and wrote their solutions to questions posed by the teacher. Students were not 

afraid of criticisms or corrections from their peers, their teacher- Mr Yamoah or in 

the presence of the researcher. 

I . t ces Mr Yamoah had to "negotiate" the fmal answers with n some IDS an , 

. . . I se in point was when students worked cooperatively 
his students. A partlcu ar ca 

. the circumference of circular discs and lids they 
to discover pi (n) by measuring 

After measuring several circumferences and their 
had brought to class. 

d ts found their "standard value for pi" by 
d · t s the stu en corresponding lame er , 

'" s Unfortunately, the groups' averages did not tally 
finding the average of the 1[ • 

I t accept as the standard value for pi. The 
h ted the c ass 0 

with what Mr Yamoa wan . . 

3.142 was eventually accep 
t dents after some debate and negotiation 

ted by the s u 
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with his students. This negotiatio 
n Was necessary to let the students appreciate the 

fact that their measurements wer 
e not very accurate enough to produce exact 

value for pi hence the need to accept the standard one. 

Furthermore, the researcher observed that whenever students were asked 

to work in groups, they were often seen actively sharing their thoughts and the 

group leaders were always excited when they had to represent their groups to 

share their [mdings with the whole class. 

Some ofMr Yamoah's common questions during his mathematics lessons were: 

Who disagreed with this method or the [mal answer itself? 

Who can explain why this answer is wrong or right? 

Who has an alternative method of solving this question? 

Who solved this question differently from what is on the board? 

Where exactly did he/she go wrong and why? 

What can we add to this solution to make it complete? 

What is missing in this solution on the board? 

fth "s answer? 'fy the correctness 0 I . How do weven 
. ? 

Who doesn't understand the solutIOn. 
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CIiAPTE 
SUMMARY R. FIVE 

, CONCLUSI ONS,AND 
RECOMMENDA nONS 

Overview 

The purpose of th' . 
IS quahtative d ' . , escnptlve stud . 

students experience y was to detenmne how 
mathematics wh 

. en constructivist t h' 
Implemented in a JHS I eac mg and learning is 

c assroom Th . e research . . 
were: questIOns which guided this study 

(i) 

(ii) 

(iii) 

How does the teacher view cons '. truchvlst teaching and mathematics 

learning? 

Do the plans the t h eac er make before his teaching differ from how he 

teaches? 

Are there any connections between the teacher's ideas about constructivist 

teaching and instructional decisions on one hand and his classroom 

practice on the other hand? 

(iv) To what extent does the teacher's experience influence his ideas about 

constructivist teaching and learning? 

(v) How do students experience mathematics teaching when "constructivist 

methods" are used in their classrooms? 

This qualitative research (ethnographic research) study started with the 

identification of 25 JHS one mathematics teachers in X and Y municipal 

assemblies ill Greater Accra Region. A minimum of two JHSI classrooms were 

identified in each school for the observation. After administering an adapted 

Mathematics Beliefs Scales (MBS) to the teachers to assess their level of 
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appreciation of const '. 
ruCt!VISt a 

pproach to math . 
number was cut dow ematlcs teaching and learning, the 

n to 12 and I 
ater to four TI 

the teachers for tw . le researcher finally chose two of 
o reasons: 

(a) They seemed to believ . -h 
e m t e construct" . 

f h . IV\st theory of learning and teaching 
o mat ematlcs as demonstrated i . 

n theIr classroom practice during their class 
observations. 

(b) They had begun imple . 
mentmg a constructivist approach to mathematics 

teaching in their own small way 
either consciously or unconsciously with 

enthusiasm. The two remaining t h eac ers were regularly observed but due to the 

use of video coveraoe aud' d' 
I:> , 10 recor mg and documentation involved the , 

researcher concentrated on only one of the remaining two teachers by name Mr 

Yamoah who was so enthused about the study. To study the teaching and learning 

of this Junior High school one teacher, I used descriptive etlmographic research 

methods to collect and analyze data. I took field notes and videotaped this class 

for nearly three terms. I conducted some informal interviews and three formal 

interviews with the teacher and some students. Also, I carefully examined the 

teacher's lesson notes, resource materials, and children's classwork and took 

photographs of students' work. A summary of the findings are as follows: 

h fi t · n of how the teacher views constructivist teaching and 
On t e ITst ques 10 

d h 
t the teacher sees mathematics as a way of thinking 

learning, it was faun t a 

b
l may be everyday problems like buying from a 

about problems. The pro ems 
. . hange to complex issues like calculating the 

shop or market and recelvmg a c 
deposited at the bank. The teacher's view on 

compound interest on an amount _ 
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mathematics teachin 
g Was that ch'ld 

1 ren should be e 
own knowledge to h nCouraged to construct their 

aVe a relatio I 
na understandin of . 

make mathematics it. g the subject. His focus was to 
n erestmg and 

easy for his studen ' . 
teaching stratecrie th ts as well as put Into practIce 

eo S at he had lear 
nt at the training college. 

The second research question 
was to find out whether the plans the teacher 

makes before his teachin d 'ffi g 1 er from how h h . e teac es? The fmdings revealed that 

about 20% of the time Mr Y 
, amoah had to put aside what he planned to teach for 

that period and rather take his stud t 
en s through what they did not understand fully 

from previous lessons. Whenever students have a shallow understanding of a 

concept, he would review that concept before he moves on to a new lesson. 

The third research question was "are there any connections between the 

teacher's ideas about constructivist teaching, instructional decisions and his 

classroom practice?" The study revealed that Mr Yamoah's view of constructivist 

teaching; his instructional decisions and classroom practice were connected. Mr 

Yamoah's notion about constructivist teaching which is basically about providing 

experiences for his students to think and construct their knowledge influences his 

lesson preparation as well as his classroom practice. One of the key concerns of 

Mr Yamoah was his knowledge of his students' prior knowledge which will form 

the basis of what he intends to teach. His lesson planning mostly involved the 

. . t rials that would be needed to discover the main idea to 
teachmg and leammg rna e 

. . h' he would put the students in groups of five or six 
be learnt. Durmg hIS teac mg, 

h 
nswers to the questions he would pose in class. A 

and tasked them to produce tea 
h' syllabus by the researcher showed that Mr 

critical study of the JHS teac mg 
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Yamoah was virtu II . ' a Y pIck' 
. . mg most of his ideas 

actIvIty column ofth from the teaching a d I . e syllabu n earnmg 
s and add' . mg hIs twist to 't t . . 

The fourth I 0 SUIt hIs lesson 
research . . 

questIon was ''t 
. 0 What ext d 

experIence intluenc h' . ent oes the teacher's 
e IS Ideas about constructivist teach ' o? H . 

years at the Basic Shin". avmg taught for 12 
cool as a h . mat ematlcs teach 

had a profies' I " er, coupled with the fact that he 
Slona tramm g as a teacher (DBE) 

Mr Y h and also a B.A. degree in statistics, 

amoa has extensive knowledge of both mathematics and his students 

thereby enabling him to teach ~ lor understandino h' ", sequence IS lessons properly, 

make transitions between t . OPICS, understand stud t' . en questIOns, prOVIde good 

examples and also maintain th e necessary confidence in front of his students. Mr 

Yamoah is of the view th t a conceptual understanding of the subject will promote 

the love for the subiect a d 't fuln . . . J n I s use ess and applIcation III the real world. The 

teachin'g syllabus also provides useful insight to Mr Yamoah in his lesson 

planning and delivery. 

The fifth and last research question was "how students experience 

mathematics teaching when constructivist methods are employed in their class?" 

I t was found out through this study that there was a high level of social interaction 

among the students. students were free to consult one another for further 

clarifications and explanation of questions they did not understand from their 

friends. The students during their interview with the researcher praised their 

mathematics teacher Mr Yamoah for his style of teaching which helped them to 

. h t' s They talked about group discussions which helped 
learn and like mat ema IC . 

t better by listening to their friends' explanations. 

them to understand concep s 
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Student-centred instruct" 
Ion characterized most 

Y h 
of the mathematics lessons of Mr 

amoa . Thus the role f h 
ate teacher Wa h 

stat of a knowledgeable adult who 
supported the learners to I . 

ac lleve ends th t 
a would have been unattainable if the 

students had worked on their ( . 
OWn Goodchlld,2002b). 

Conclusions 

Examining Mr Yamoah' t h' s eac mg through the lens of what research has 

shown as key elements of ef~e t'" . . 
l' C lve instructIOn, the followmg conclusIOns have 

been reached based on the findings: 

I. A teacher's view of mathematics influences every aspect of the teacher's 

teaching such as decisions about instruction, planning for instruction, assessment 

of students, and interaction with his students in the classroom. 

2. Effective teachers do not stick to their original plans before teaching. 

Classroom situations largely determine what they teach and how they should 

teach for understanding. 

. . t t her can create a learning environment which is rich for 3. A constructlvlS eac 

students to become excited about mathematics. 

. . arts positively on the way he teaches the subject for 
4. A teacher's expenence lffiP 

understanding. 
. thods a teacher can provide the enabling 

5. By using constructivist teachmg me , 

. h tics and extend their knowledge beyond 
d to like mat ema 

environment for stu ents 

the classroom. 
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Recommendations 

] . Since a teacher's view b . 
a out mathemati I I . 

. . cs arge y Influences every aspect of 
his teachll1g, it is recomm d d 

en e that train in (} . . . 
o institutions pay particular attention 

to the views pre-service tea h h 
c ers old about th . 

ma ematlcs before they go to the 
classroom to practice. 

It is also recommended th t h . 
a mat ematlcs teachers who are making serious 

2. 

efforts to use constructivist ap h. . 
proac es m teachmg and learning in their schools 

should be identified and recognised by stakeholders. This will energise them to do 

more to change the way the subject is currently being taught. 

3. To change a teacher's methodology and pedagogy for the better, it is 

recommended that his academic and professional qualifications are enhanced at 

least to a frrst-degree level. 

4. To make students love mathematics and put the phobia behind them, it is 

recommended that teachers adopt constructivist approaches to their teaching and 

learning. 

Suggestions for Future Research 

d· of how teachers use constructivist To gain a better understan 109 

h more remains to be learned about what this approaches in their classrooms, muc 

t tudy I made four recommendations for 
teaching "looks like." From the presen S , 

future research. 

ctical descriptions of teachers using . . . I to have more pra First, It IS crucla 

t· teaching and learning. I would t mathema ICS 
constructivist approaches 0 

. t different class levels to see how it h III thiS area a 
encourage more researc 
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influences students learnino S d h . 
",. econ, t e current study suggests that there IS a 

need for more narratives about teachers who are changing their mathematics 

teaching. Third, this study illustrates the need for long-term qualitative studies of 

teachers. Fourth, it is important to learn more about how universities and colleges 

of education · programmes are helping pre-service and in-service teachers in 

learning to teach using constructivist learning principles. This is very crucial 

because we are far behind in both national and international competitions in 

mathematics. 
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APPENDIX A 

ADAPTED MA THEMA TICS BELIEFS SCALE 

BACKGROUND INFORMA TJON ABOUT THE TEACHER 

1. Which class (s) do you teach? JHS 1 

2. Gender: Male 

3. How old are you? 

Age (Years) 

Below 20 

20 - 25 

26-30 

31-35 

36-40 

41-45 

46-50 

What is your academic qualification? 4. 

Tick 

JHS 2 JHS 3 

Female 

5 Please state . .. . . . . . .. .. . . . . . . . ... . . . . . . .. .. .. .. . . . .. .. .. . . . . .... . . . .. . ... . ..... . . . .. . . . . 

. . . . . .. , ,- . . ..... . .... . ... . . .... .. ... .. . . ... . . . . . . .. .. . . ....... , . 
. . . . .. . . . .... ...... . . .. . . 

. . ? 
. Professional Qualification. 6. What IS your 
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Professional Qualification Qualification Tick 

Teacher ' s Certificate' A' 

Diploma (Education) 

Degree (B . Ed) 

Masters 

Untrained Teacher 

On the following pages is a series of sentences. You are to mark your answer 

'sheets by telling how much you agree that the statements are true. 

As you read the sentence, you will know whether you agree or disagree. I f you 

strongly agree, circle A on your answer sheet. If you agree, but not so strongly, or 

you only "sort of' agree, circle B. If you disagree with the sentence very much, 

circle E for strongly disagree. If you disagree, but not so strongly, circle D. If you 

are not sure about a question or you can't answer it, circle C. Do not spend much 

time with any statement but be sure to answer every statement. Work fast but 

carefully. 

There is no "right" or "wrong" answer, the only correct responses are those that 

reflect what you believe to be true. Be sure to respond to each item in a way that 

reflects your beliefs. 
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THIS INVENTORY IS BEING USED FOR RESEARCH PURPOSES 

ONLY AND NO ONE WILL KNOW WHAT YOUR RESPONSES ARE. 

I. Children should solve word problems before they master computational 

procedures. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

2. Teachers should encourage children to fmd their own solutions to math 

problems even if they are inefficient. 

A=Strongly Agree 

E=Strongly Disagree 

B=Ao-ree 
'" C=Undecided D=Disagree 

3. Children should understand computational procedures before they spend much 

time practicing them. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

4. Time should be spent solving simple word problems before children spend 

much time practicing computational procedures. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

5. Teachers should NOT teach exact procedures for solving word problems. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

d d the meaning of an operation (addition, subtraction, 6. Children should un erst an 

.' d' . . ) before they memorize number facts. multiplIcatIOn, or IVlSlOn 
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A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

7. The teacher should demonstrate how to solve simple word problems before 

children are allowed to solve word problems. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

8. The use of key words is an effective way for children to solve word problems. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

9. Mathematics should be presented to children in such a way that they can 

discover relationships for themselves. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

10. Even children who have not learned basic facts can have effective methods for 

solving problems. 

A=Strongly Agl"ee B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

• • &: h'ld to be a good listener in order to learn how to do 
11. It IS Important lor a c I 

mathematics. 

A=Strongly Agree 
B=Agree C=Undecided D=Disagree 

E==Strongly Disagree 
, fi ut a way to solve simple word problems. 

1 2. Most young children can Igure 0 
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A=Stt·ongly Agree 
B==Agree 

C=Undecided D=Disagree E=Strongly Disagree 

13. Children should h 
aVe many informal experiences solving 

problems before they are 
expected to memorize number facts . 

simple word 

A=Strongly Agree 
B==Agree C==Undecided D=Disagree 

E=Strongly Disagree 

14. An effective teacher sh ld NOT d . 
au emonstrate the nght way to do a word 

problem. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

15. Children should NOT be told to solve problems the way the teacher has taught 

them. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

·Id need NOT be shown how to solve simple word 16. ~ost young ChI ren 

problems. 

A=Strongly Agree 
B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 
r and pencil mathematical problems 

. answers to pape - -
17. Children'S wntten 

I f derstanding. 
indicate their leve 0 un 

A=Strongly Agree 
B=Agree 

E=Strongly Disagree 

C=Undecided D=Disagree 
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18. The wrong w 
ay to teach probl 

k' d f em salvin . 
In 0 problem at . g IS to show childr a tune. en how to solve one 

A=Strongly Agree 
B==Agree 

C==Undecided D=Disagree E=Stronolv D.'sa 
b J gree 

19. It is better to Prov'd . 
I e a vanet f Y a Word proble . . 

A=Stronoly A ms for children to solve 
a oree . 

b B==Agree C=Undecided D=Disagree 
E=Strongly Disagree 

20. Children learn math best b fi . 
Y Igunng out for themselves the ways to find 

answers to simple word problems. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

21. Children usually can figure out for themselves how to solve simple word 

problems. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=StrongJy Disagree 

22. Recall of number facts should NOT precede the development of an 

understanding of the related operation (addition, subtraction, multiplication, or 

divis10n). 

A=Strongly Agree 
B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

d t d
an operation (addition, subtraction, multiplication, 

23. Children CAN un ers an 
t some of the relevant number facts . 

or division) before they mas er 
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A=Stron(Jly Aar 
b b ee 

R==Agree 

E=Strongly Disagree 

24. Most chiidren ca nnot fiQ:ure 

C==Undecided D==Disagree 

'" mathematics NOT 
explicitly taught. out for themselves and must be 

A=Strongly Agree 
B==Agree C==Undecided D=Disagree 

E=Str"ongly Disagree 

25 . Children h ld s ou understand computational procedures before they master 

them. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

26. Children learn math best by attending to the teacher's explanations. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

27 . It is important for a child to discover how to solve simple word problems for 

him! herself. 

A=Strongly Agree B==Agree C==Undecided D=Disagree 

E=Strongly Disagree 

' Id h Id b allowed to invent ways to solve simple word problems 
28 . Chl ren s ou e 

before the teacher demonstrates how to solve them. 

C==Undecided D==Disagree 

A=Strongly Agree 
B==Agree 

E=Strongly Disagree 
. ' omputational procedures before children are 

29. Time should be spent practIcmg c 

expected to understan d the procedures. 
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A=Strongly Agt'ee 
B==Agree 

C==Undecided D=Disagree E=Strongly Disagree 

30. The goals of inst . . 
ruCtion In mathe . 

. matlcs are best achieved when students find 
theIr own methods for s 1 . 

o vmg problems. 

A=Strongly Agree 
B==Agree C=Undecided D=Disagree 

E=Strongly Disagree 

31. Allowing children to d' h 
ISCUSS t eir thinking helps them to make sense of 

mathematics. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

32. Teachers should allow children who are having difficulty solving a word 

problem to continue to try to fmd a solution. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

33, Children can figure out ways to solve many math problems without formal 

instruction. 

A=Strongly Agree 
B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

h 
hould tell children 

who are having difficulty solving a word 

34. Teac ers s 

I the problem. 
problem how to so ve 

A=Strongly Agree 
B==Agree 

E=Strongly Disagree 

c==Undecided D=Disagree 
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35. Frequent drills 
on the ba~ic f: 

u .acts are essent" I . 
them. la III order for children to learn 

36. Most youno- child 
'" ren Can fi 19ure out a way I to so ve many mathematics 

problems without adult h I e p. 

A=Strongly Agree 
B==Agree C=Undecided D=Disagree 

E=Strongly Disagree 

37. Teachers should allow child 
ren to figure out their own ways to solve simple 

word problems. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=S1rongly Disagree 

38. It is better to teach children how to solve one kind of word problem at a time. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 

39. Children should not solve simple word problems until they have mastered 

some number facts. 

A=Strongly Agree B=Agree C=Undecided D=Disagree 

E=Strongly Disagree 
. h'ld must be a good participator in the 

. thematlcs a C I 
40 To be successful m ma ' 

learning process. 

A=Strongly Agree 

E=Strongly Disagree 

A=Strongly Agree 

E=Strongly Disagree 

B==Agree 

B==Agree 

C=Undecided D=Disagree 

C==Undecided D=Disagree 
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APPEND!XB 

STRUCTURE . 
. D INTERVIEW QUESTIONS 

Post-obsenation Questions 
These questions are 

those that I 
. pre-planned for interviews 

questions often lead t . 
o many others th t I h 

a ave not written here. 

However, these 

1. How do you deduce What student ' . 
s are saymg 111 class? 

2. When you are interpreting and re hr . 
p asmg students' answers are you trying to 

get their ideas across or are ou t . 
Y rymg to help them make arguments? 

3. Do you have a purpo ... I . se lor ettmg students act as "teachers?" 

4. Do you think students like this interaction in mathematics? 

5. How long does it take to really get them talking and justifying their answers? 

6. Have you found that every student become accustomed to this interaction? 

7. Have you changed the way you approach this type of teaching at all? 

8. On many occasions, you said, 'The answer is not important. What is important 

. h th'nkm' g about it" Would you elaborate on that? 
IS ow you are I . 

. ld have handled a test in a different way if they are 
9. Do you thlOk students wou 

not tauaht how to justify their answers? 
<> 

t dents estimating their answers before they 
t g about s u 

10. Why are you so s ron 

solve them? 

11. What are the reasons 
h 

. es ofthinas to measure? 
for your COle b 
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12. Why do you em . 
phaslze pred' t' IC Ion? 

13. \Vhy is itimpOftant£ 
Or students t 

o USe correct vocabulary? 

14. What mathematicsd 
o you See ~n th . 

e ·penmeter activities? 

15. How do you dist-i-ngu'- 'h b 
IS etween a st d ' . . 

u ents vahd or Invalid answer? 

16. Generally, how do you h 
c oose what manipulatives or materials that you are 

going to use? 

17. What is it you are tryino to a I' h . h h '" ccomp IS Wit t e connection between standard 

and metric measure? 

18. ¥/hat advantages do you see with cooperative groups? What disadvantages? 

19. When students are in cooperative groups, how do you evaluate individuals? 

How do provide for individual accountability? 

20. Does everyone in one group get the same grade if they tum in one thing? 

d k on1e Students from doing more of the work and more of the 
21 . How 0 you eep s 

thinking? 

22. How do you choose the problem of the day? 

hrase another student's answer? 
23. Why is it important for a student to rep 

h· ? 
d 

. 0 your teac mg. 
24. What is your role unn" 

25 . How would you te 

for it? 

b t this kind of teaching? How to plan 
II a new teacher a au 
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Bow to do it during class? H 
ow to evaluate it? 

26. What is mathematics t 
o You? 

27. What are your "oals for 
'" YOur students in learning mathematics? . 

28. Do you ever have to explain . 
your mathematIcs teaching to parents? 

29. How do you decide which stud t' . 
en s response to bUild the lesson upon? 

30. If students come to a way of thinking about some concept that is 

mathematically incorrect, do you tell them it is incorrect? Who is the authority? 

33. What is the role of being a student in your class? What do you expect from 

your students? 

34. Can you tell me some of the progression in how you got to where you are now 

. ? in your approach to teaching mathematICS. 

h practice, what kinds of 35. With the type of mathematics teaching t at you 

d think a teacher needs to know? knowledge 0 you 
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APPENDIX C 
PRE 0 

-OBSERVATIONAL 
. INTERVIEW QUESTIONS 

(These questtons are th 
e ones for which th 

e researcher asked the teacher to write 
answers.) 

Pre-observational Questions 

I. Could you tell me What 
you are planning to do when I come to observe your 

lesson? 

2. Can you give me some details about what the students will actually be doing? 

3. Why did you decide to do this lesson? How does it relate to the rest of your 

work in mathematics? 

4. Is there anything in particular you are hoping to have happen today? 

5. How likely is it that this (#4) will happen? What will it depend on? What might 

upset your plan? 

6. Will this be difficult for any of your students? Why? 

h
· I h uld especially pay attention to while I am observing your 

7 . Is there anyt mg s 0 

lesson? 

h aration time did this lesson take? 
8. How muc prep 

°d Id? How will it help the students 
t the outS1 e wor 0 

9. How will this lesson relate 0 

in their real life? 

10. Were you prompted to 
b ause you found the students 

teach this lesson ec 

'l't or knowledge? 
lacking some abl 1 Y 
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11. \Vhen you plan your lessons do you like to think. through the entire lesson and 

plan for the kinds of questions you will ask or do you set aside the children's 

comments or questions? 

12. Suppose that during the lesson you ask a child a question and he/she hesitates. 

Win you rephrase the question, ask a similar question, explain the problem, or ask 

another student . 

.. 
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