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Abstract

This paper is based on a large research studyctirapared teacher quality and student
performance in Southern Africa countries of Botssvamd South Africa. In this paper we
explore the extent to which the primary school beas in Botswana use the constructivist
approach in the teaching and learning of mathiemddata was collected through classroom
videotaping. Sixty out of the 64 mathematics teegheaching at least one mathematics
lesson, and more than one third of the teachere wateotaped twice. A total of 83
mathematics lessons were videotaped. The restltheo study indicated that a large
percentage of lessons observed required learnessnjaly recall rules, while a very small
percentage of the lessons observed required |lsataenvestigate or explore relationships
between mathematical ideas.
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I ntroduction

Constructivism is a learning theory describing thecess of knowledge construction.
Knowledge construction is an active, rather thapaasive process. Constructivists believe
that knowledge should not be just deposited int [#arners’ minds; instead it should be
constructed by the learners through active invokein the learning process. Hausfather
(2001) noted that,

Constructivism is not a method. It is a theory nbwledge and learning that should inform
practice but not prescribe practice. By its verjung constructivism emphasizes the
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importance of the teaching context, student prizovidledge, and active interaction between
the learner and the content to be learned. (p. 18).

In the constructivist perspective, knowledge isstarcted by the individual through his/her
interactions with the environment. Unlike the ttaatial mode of learning whereby the
teacher plays an active role in the teaching/legrrénvironment, and learners passively
receive the content, constructivists believe tlaerimg should be centered on the learner. This
has been acknowledged by Simon (1995) that “wetnartsour knowledge of our world from
our perceptions and experiences, which are themselwediated through our previous
knowledge” (p. 115).

When teachers believe that learners are empty Igessbe filled with the information from
the authority, then teacher domination will alwaysst in the teaching learning environment.
According to Freire (1970) the domination of thedeer is referred to as the ‘banking
concept’ education. The banking concept sees dehés as the only source of information. It
is important that teachers should actively involgarners in their teaching to enable the
students to construct knowledge. According to thlieidational Broadcasting Corporation
(2004) “ in the classroom teaching, constructivisgw of learning can point towards a
number of different teaching practices...it meansoernmging students to use active
techniques (experiments, real-world problem solyifg. 1). Kennedy (1997) also noted that
“what students learn is greatly influenced by hdweyt are taught” (p. 2). Mathematics by
nature is a subject that requires learners to lhedngaged in order for learning to take place.
Therefore, this paper explores the extent to wikderners were given the opportunity to
construct their own knowledge in the mathematissdes.

Statement of the Problem

Botswana students need to learn mathematics ditfgrthan the current practices employed.
Research has revealed that most teachers in Baswad to present mathematics knowledge
to the learners to swallow and regurgitate wheredgand not with the aim of helping them
to develop independent skills to construct theinanathematics knowledge (The Report on
the process of learning in Botswana: An in-depidy of the quality of mathematics
teaching in sixth grade classrooms and its effeclearner achievement, 2011). Teachers
have also been discovered to have insufficientsstal present maths skills to learners (The
Report on the process of learning in Botswana, P0ldachers, therefore, must change their
instructional techniques for learners to be acfivehgaged in their own learning and not
passive recipients. Learners must learn to commatmiand think mathematically. For future
educational growth, , Botswana needs learners wham ative, analytic, problem solvers.
Such skills can be promoted at the school levelubin the constructivist approach.

Review of Literature
Constructivism

The constructivist theory to teaching and learriiag been broadly addressed in a number of
researches in mathematics education (Katic, HmileiS& Weber, 2009; Steele, 1995).
According to this theory, students do not just pasdg receive information but constantly
create new knowledge based on prior knowledge mucation with new experiences. As
opposed to the traditional approaches where stadeatn by copying “word for word” what
teachers say, constructivism has shifted to a maatieal conception of teaching and learning
whereby learners’ fresh ideas are brought to clagknowledged, and enhanced through a
variety of teaching and learning techniques thavely engage them.

A number of studies have shown the effectivenedbeiconstructivist approach in teaching
and learning in contrast to the traditional drijirand reciting approach (Hmelo-Silver,
Duncan, & Chinn, 2007; Steele, 1995). A study bge®t, (1995) on “A construct visit
Approach to mathematics teaching and learning..evVealed that using constructivist
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learning strategies has positive gains. For exangpleh strategies tend to create an exciting
environment for students to learn mathematics arfthiece their self-esteem. According to
this study, when students learn to construct thwim knowledge, they tend to have control of
mathematical concepts and think mathematically.

Another study by Katic, Hmelo-Silver & Weber, (20Gth Material Mediation, suggest that
materials can help to motivate and mediate theqggaents’ collaborative problem solving
discussions. In this study, Katic, et al., teachesed a variety of resources to solve a
mathematics problem and construct explanationstaheuearning process; they, then, posed
questions about the problem to clarify their soln$i. This is a method that is encouraged in
social theories like constructivism, as it gengraksists in keeping the learners on task.
Although constructivist learning theory does ndt tis how to teach mathematics, a teacher
with a constructivist background can facilitate rieas’ construction of knowledge by
applying different constructivist teaching approsshhat are in aligned with this learning
theory. This type of mathematics teaching formshidiss of this study.

Nevertheless, a number of studies in Botswana aches centered versus learner centered
approaches have revealed that teacher centeredampps are dominant in Botswana
classrooms (Prophet, Rowell, 1993; Republic of ®atsa, 1993; Tabulawa, 1997, 1998). For
example a study By Tabulawa, (1997), on Pedagogilzdsroom Practice...... has indicated
that students in the classrooms have been shota passive recipients of knowledge, which
means that they are not given the opportunity tastiact their own knowledge. The
commission on Education (1977) has also highlighitésias a major concern in the education
system of Botswana. According to this policy, teashhave a tendency to dominate in the
classroom as most of the information transmittedttments is often too abstract and mostly
requires them to memorize. This policy in a way wafling for a radical change in the
classroom practices to allow for students’ growitotigh teaching and learning that is learner
driven. Tabulawa, (1998) has also indicated a aonoa the perceptions that teachers have
that influence their classroom practices. In additiTabulawa, noted that there are certain
factors that influence teachers to be dominant ha tlassrooms such as “teachers’
assumptions about the nature of knowledge and thes it ought to be transmitted and the
perceptions of students”. These factors are warés as they tend to perpetuate teacher
centered approaches as opposed to learner cepraeites. The study is out to find out the
extent to which teachers apply the constructivigtoty of teaching and learning when
teaching mathematics. This is a theory that has lpreven beyond reasonable doubt to
enhance students’ independent learning.

M ethodology
Sampling

To address the objective of the study, the reseancded data from Human Research Science
Council (HRSC) -Stanford- University of Botswanagimal Education Study that was
conducted in 2009/10 as a comparative study orhégaguality and student performance in
Botswana and South Africa. Out of 60 sampled schiooBotswana, data was obtained from
58 schools and 64 classrooms (two math classroorss iof the schools taught by the same
teacher in each school). The sample focused ostbatis in Botswana, namely; low-income
schools in five districts within 50 kilometers diet South African border, Gaborone (18
schools, 617 students), Kgatleng (16 schools, 4@6lests), Lobatse (6 schools, 152
students), South East (10 schools, 305 studemd)Sauthern (8 schools, 205 students).

| nstrumentation

Data was collected through videotaping 83 standardhathematics teachers teaching at least
one mathematics lesson. More than one-third oftélaehers were videotaped twice. The
filming was done at the middle and towards the ehthe year by trained personnel of the
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Botswana team from the University of Botswana. Teas whose classes were videotaped
were informed in advance about the research teaitsviThey were further told that the
videos will only be used for the study.

Data Analysis

The videotape analysis was also done by well tdhipersonnel from the University of
Botswana and the U.S.A. From various video analyseslucted, the levels of cognitive
demand were selected based on the relevance qfapés since the focus was on the thinking
process in which the learner was engaged. Thel(Bvef cognitive demand’ in which
learners were engaged in during the lesson wereedefrom a rubric in Stein et al.’s (2000)
classification of higher and lower cognitive demaniese are:

Lower Level Demand

1. Memorization: Memorization recollection of facts, formulae, ofideions

- Task requires the recall of previously learned miateOr the committing of facts,
formulas or definitions to memory.

- Task cannot be solved using procedures becauseduas do not exist or the time
frame in which task is to be completed is too stwrse a procedure.

- Tasks involve exact reproduction of previously seeterial and what is reproduced
is clearly and directly stated.

- Task has no connection to concept or meaning tinderlies the facts, rules, formula,
or definition being learned or reproduced.

2. Processes without Connections: Performing algorithmic type of problems and have

no connection to the underlying concept or meaning

- Task is algorithmic. Use of procedures either ecffically stated or its use is evident
based on prior instruction, experience, or placdroétask.

- Task leaves little ambiguity about what needs tddrge and how to do it.

- No connection or explanation of the concept is rded

- Task focuses on producing correct answers rathem tteveloping mathematical
understanding.

Higher Level Demand

3. Processes with Connections: Use of procedures with the purpose of developing
deeper levels of understanding concepts or ideas

- Task requires use of procedures to devedmper understanding of the concept.

- Task suggests pathways to follow that are broacemgérprocedures rather than
algorithms that are opaque with respect to undeglgioncepts.

- Tasks are usually represented in multiple ways g@sgal diagrams, manipulatives,
symbols, problem situations) Connections amongéipeesentations builds meaning
to concept.

- Tasks require some thinking, although using a mioce it cannot be followed
mindlessly. Students need to engage in concepaakito successfully complete the
task.

4, Doing Concepts and Processes: Doing mathematics complex and non-algorithmic
thinking, students explore and investigate theneatfithe concepts and relationships

- Task requires access of relevant knowledge, sidfeteon on actions, exploring
concepts, processes and relationships in non-gigaad activity.

- Task demands self-monitoring or self-regulatiothiriking.
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- Task requires analysis of constraints that maytIpoissible solution strategies &
solutions.
- Task is unpredictable due to nature of solutiorcess require

The focus in this component (the levels ognitive demand) is the thinking processe
which learners engage in the observed lessons. danatructivist classroom, learners
expected to think at a very high lev- as they are actively involved in their own learni
Apart from the analysi of the levels of cognitive demand, the data aislynembers als
made some observations on how students interaatédthre teacher. They made notes
these observations.

Findings

Levels of cognitive demand in classroom teaching in a sample of Botswana School
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The findings of the study indicated that 7.3.5%hef lessons required learners to recall a
which in fact is memorization, 85% of the lessowspdocedures withoLconnections, an
23% do procedures with connections and only 3%estisdexplore and investigate the na
of the concepts and relationshi

From the video note observations, the data indictitat in most lessons teachers aske(
students questiorend allowed the whole class to call out the ansvilese findings conci
with Arthur's (1998), that “I observed many teac-dominated classroom procedures
particular lengthy recitations of questions by teacand answers by individual or whi
clas” (p. 314). When teachers are the only ones asffirestions and students being
respondents, learning is no longer centered ofetlraer but more on the teact

Discussions

From the findings it is evident that teachers ubedprocedural teaching and students lea
by memorizing facts. When learners do the roteniearthey are not encouraged to th
critically and to construct their own knowledgethe teacher is thene who provides th
content for them. Memorization in Botswana clasBreds very common as evidenced
previous researchers such as Fuller and Snydef)18&hur (1998), Tabulawa (2004, 19¢
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and 1997). Arthur and Martin (2006) in their stuaty comparative classroom teaching and
learning found that most teachers in Botswana ‘lasklevel factual questions, with few
opportunities for pupils...learners do not exerclegrtreasoning powers or imaginations” (p.
195). As data has indicated that lessons wereoprigtately recalling of facts and procedures
without any application to real life situations,eomnay assume that learners were not
constructing their own knowledge but were simplyp@pfed by teachers. The National
Commission on Education of Botswana (1977) alsccemnwith this study that learning is
mostly memorizing and recalling of facts which,dnway, does not add any value to the
learning process. One of the goals of vision 2@1fi the education system of Botswana to
provide quality education that would enable Batsavemadapt to the changing needs of the
country as well as the global changes. This vigjoal can be achieved if teachers adapt to
theories such as constructivism that allow learterexplore and come up with their own
solutions to the problems. Memorization and imitgtiteachers will not give Botswana
learners sufficient wisdom to survive independeritlythis world of socio-political and
economic unrest.

From the data, one concludes that learners wergiveh tasks that challenged their thinking
and the construction of their own knowledge. Hegsén and Stein (1997) noted that
Mathematical tasks are central to students' legrbigcause "tasks convey messages about
what mathematics is and what doing mathematicsIgl{tdCTM, 1 991, p. 24). The tasks in
which students engage provide the contexts in wiiief learn to think about subject
matter, and different tasks may place differingrétige demands on students. (p. 525)
Indeed if learners are given tasks that encouragmarization of ideas, according to Stein et
al.’s (2000) levels of cognitive demands, the leasnare at the lowest level. In this level
students are given formulas to memorize and judbvioprocedures without making any
connections to real life situations. For exampheome of the videos the teacher was teaching
the topic “area”. This is how she taught the les$iost she asked the learners the meaning of
the word area. Learners could not define the wand, instead of the teacher defining it, she
gave the learners the formula for solving the afem square. She then drew some shapes on
the board, solved one as an example and then #iskddarners to use the formula to find
areas of the rest shapes. Indeed using the forgnsa, most learners were able to find the
areas of the shapes drawn by their teacher. Buthealearners apply the idea to real life? The
procedure may be correct. However, did the leammadse any connections to real life? From
the analysis of the data it is evident that mositgagiven to the learners only concentrated on
the low levels of cognitive demand. The task fecusn producing correct answers rather
than developing mathematical understanding.

Various reasons such as examination driven cuwmcuiay have contributed to Botswana
teachers delivering facts (giving lower level tgskslearners rather than allowing learners to
think and construct their own knowledge. The adizted curriculum as well as examinations
does contribute to teacher-domination as teachermare concerned with completion of the
syllabus at a given period. Arthur and Martin (2D@6knowledged that “pupils examination
success provides access to further education isvBmta” (p. 192) forcing teachers to rush
through the syllabus. This has also been confirtmgdlrabulawa, (1998), that teachers’
perceptions of students and the goals of schoblawg a direct influence in the way teachers
teach because teachers see themselves as theramzimitters of knowledge, while students
are passive recipients who must memorize and peodudng examinations. Another reason
may be the large numbers of teacher to studertis’ waich then encourages delivering of
facts rather than allowing learners to construeirtown knowledge.

In a constructivist learning environment, learnégarn best by discovering their own
knowledge. Teachers encourage higher — level ithgngo that students can reach beyond the
simple factual response. Moreover, in a constrigttlassroom, learners are encouraged to
summarize concepts by analyzing, predicting, jvistif, and defending their ideas. Cobb
(1999) noted that “constructivist learning theorgdicts that knowledge encoded from data
by learners themselves will be more flexible, tfarable, and useful than knowledge encoded
for them by experts and transmitted to them bynsitriictor or other delivery agent” (p. 15).
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In constructivism knowledge construction is emphegirather than knowledge reproduction.
Knowledge construction helps the learners to renszmihat they have learned.

The second highest level of cognitive demand eragms ‘use of procedures with the purpose
of developing deeper levels of understanding caiscepideas’. For learners to master the
content, constructivist believe that higher ordeinking skills and deeper understanding
should be emphasized in the learning environmesdurers develop into critical thinkers if
they are actively involved in the learning procasd are encouraged to apply the concepts to
real life situation. By this, learners are makingamingful connections. Learners can use their
experiences to construct new information if givdre topportunity to practice in the
teaching/learning environment rather than havingsfgpoured into them by the one in
authority. The role of the teacher is to serve & #itator.

The highest level of cognitive demand calls for ndpimathematics complex and non-
algorithmic thinking, students explore and investey the nature of the concepts and
relationships. Tasks that learners are supposbkd @mgaged in should help them explore the
relationship between concepts they are learning raatity. For, example, if learners are
doing ‘area’ as a topic of study, let them explthre idea and find out how the topic can be
applied in real life situations. Teachers shouldvige tasks that will lead the learners to
explore, discover, and apply the concepts. Richied by Simon (1995) noted that

It is necessary [for t he mathematics teacher]rtvide a structure and a set of plans that
support the development of informed exploration aeflective inquiry without taking
initiative or control away from the student. Thadber must design tasks and projects that
stimulate student to ask questions pose, probland,set goals. Students will not become
active learners by accident but by design throughuse of the plans that we structure to
guide exploration and inquiry. (118)

It is, therefore, the responsibility of every teacko plan activities that require high level of
cognitive demand.

It is important to note that high levels of cogretidemand require students to use their prior
knowledge as advocated by the constructivists. nitggen and Stein (1997) contended that
“connections with what students already know andeustand also play an important role in
engaging students in high-level thought proces§esb27). For students to perform tasks
that require critical thinking and applying of cepts, experience or prior knowledge used as
a base is crucial.

The findings in this study indicate that teacheis bt engage the learners on tasks that
required them to use higher levels of cognitive deth These findings concur with what
Prophet and Rowell cited by Fuller and Snyder ()19Bat teachers in Botswana classrooms
“ask for factual information through sentence cagtiph exercise with pupils individual or in
chorus simply adding the missing word. Studentsrarely asked to explain the process or
the interrelation between two or more event” (pB)2This is a clear indication that teachers
in Botswana classroom give learners tasks thatragtly associated with the low level of
cognitive demand of which the constructivist thedogs not encourage.

The theory of constructivism also values the unigss of every learner. Students learn
differently. The teacher, as the facilitator, ddoappreciate every learner’s strengths and
weaknesses. Each learner should be given the amgyrtto construct knowledge from
his/her own experiences.

Summary

DeVries, Zan, Hildebrandt, Edmiaston, and Sal28(02) asserted that “teacherswho have
been accustomed to teaching by telling and dirgathildren’s work must shift from seeing
themselves as central in producing learning tonge#iechild as central’(p. 36). From the
study one concluded that there was a lot of speedihg in most classes. Students were not
given tasks that encouraged them to be doers amkkth of mathematics, but rather to be
consumers of mathematics concepts. Knowledge ecansin was very limited in most
classes making learning more teacher-centered.
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The continued teacher domination in the Botswaaahi@g/learning environment will result
in learners who cannot think deeply and criticaiyiowledge is not passively received, but
actively built up by the learners. Constructivisgimerefore, encourages learners to be given
the opportunity to construct their own knowledgenirthe previous experiences so at to be
able to apply theory to practice and to make meagunirconnections to what they learn to the
real world.
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