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ABSTRACT Addition of fraction is dealt with from grade 6 onwards in South African schools topics as prescribed
by the Curriculum and Assessment Policy Statement. This paper reports on a study exploring practical work as a
strategy to sustain rural mathematics classrooms. The conceptual perspective for the design and analysis of this
study was based on a learning ecology framework consolidated by socio-culturalism and situated learning. This
study was a qualitative case study (n = 42). The participants in this study were from a rural school of the Umhlali
ward, which is in the Ilembe district in KwaZulu-Natal, South Africa. The learners engaged in four activities in four
lessons. They used either diagrams or fraction circles to complete the tasks in the four activities. The researcher
analysed the written responses, observed their working in groups and carried out interviews. This case study found
that practical work, in a rural setting, was a suitable strategy to sustain an effective mathematics learning ecology.

INTRODUCTION

Moodley et al. (1992) and Brijlall et al. (2006)
highlighted the relevance of Mathematics, in-
sisting that the academic content of this subject
becomes valuable to a learner if it provides a
valuable context for thinking about and using a
particular aspect of Mathematics outside the
school environment or in the world of work. Also,
Ernest (1998) indicated that mathematical edu-
cation at school ought to make students aware
of themselves in relation to other people. Math-
ematics should make students perceive them-
selves as citizens of a country with certain obli-
gations. These obligations carry with them cer-
tain responsibilities and require an attitude of
understanding and patriotism. For that reason,
Turner etal. (2011) suggested that linking math-
ematical ideas and procedures in a context that
students’ value motivates and develops their
critical consciousness, thus linking Mathemat-
ics ideas to the depth of understanding and
range of contexts in which they apply the Math-
ematics lens.In this paper the researcher provid-
ed opportunity for learners to engage practical-
ly with fractions. After such explorations the
learners will hopefully become prepared for en-
acting the more abstract cognitive traits required
for mathematical problem solving. Fujita and
Jones (2014) in their paper showed how empha-
sis on practical activity could encourage learn-
ers to form conjectures. Their study was on ge-

ometry whereas this paper reports on learners
working with fractions.

Chaplain (2003) suggested that the classroom
should be a pleasant environment where learn-
ers’ interest is captured. To earn psychological
investment (educators’ expectation) educators
have to work hard in producing a positive atmo-
sphere in the classrooms. This is achieved by
developing lessons that are interesting and stim-
ulating and providing a safe environment and
appropriate support of learning. The learning at-
mosphere changes learners in different ways:
Some learners are influenced by classroom lay-
out, seating, temperature and smell as well as the
quality of learner- educator interaction in class
(Chaplain 2003). Morcom (2014) in her study dem-
onstrated how explicit values education scaffold-
ed social and emotional learning and promoted a
sense of togetherness. The researcher in this pa-
per took the lead from Morcom (2014) and en-
couraged learners to work collaboratively.

Mathematics learners are expected to think
creatively. Classroom environment is crucial to
the fostering of creative ability. An environment
full of ideas, experiences, interesting materials
and resources can stimulate creativity (Craft et
al. 2001). The décor and organization of a class-
room should transmit what one expects to be
going on in class. The mathematics educator
should link theories learnt in mathematics (es-
pecially fractions) to the real world. In a mathe-
matics class, posters and concrete objects on
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display are useful. They can rouse interest from
learners and assist them in making sense of math-
ematics. Of course besides creating the appro-
priate environment for effective learning, it is
expected that the mathematics educators have a
thorough understanding of the pedagogical
content knowledge (Brijlall and Maharaj 2014).

The layout of the classroom also affects com-
munication in the classroom. Eye contact, social
distance, posture and gesture can all be en-
hanced by attention to the classroom layout.
Some learners can easily feel excluded because
of where they are positioned in class. To avoid
this happening, the educator should reflect on
who is sitting where and the reason. This exer-
cise develops a positive relationship with learn-
ers who are at risk of social exclusion. Where
the individuals are asked to sit, the nature of
work they are given, the degree to which they
are empowered to ask questions in class and
emotional warmth of the environment all have
an influence on learners. The above influences
how students think, learn and feel about them-
selves and how they subsequently behave in
class. Organizing the classroom directly influ-
ences both the nature of the interaction and the
style of teaching and in addition should match
the educators’ behavioural goals. This is the type
of learning ecology we kept in mind when de-
signing this study

Using Practical Work to Create a Sustainable
Mathematics Learning Ecology

Practical work in fractions involves giving
learners different representations and models to
manipulate. It also entails hands-on activities,
involving manipulation of concrete objects and
drawing diagrams and pictures. Witherspoon
(1993) suggested that to gain complete under-
standing of fractions learners needed to be ex-
posed to the following representations: symbols,
concrete models, real-life situations, pictures and
spoken language.

Representations should be treated as essen-
tial elements in supporting students’ understand-
ing of mathematical concepts and relationships;
in communicating mathematical approaches, ar-
guments, and understandings to oneself and to
others (Brijlall et al. 2011). Concrete models are
critical forms of representation and are needed
to support students’” understanding of, and op-
erations with, fractions. Other important repre-
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sentations include pictures, contexts, students’
language, and symbols. Translating among all
these representations makes ideas meaningful
to students. We propose that these representa-
tions are achievable in rural settings and also
sustain a mathematics learning ecology.

The Curriculum Assessment Policy State-
ment (CAPS) (DoBE 2011) describes mathemat-
ics as the subject that assists learners to devel-
op mental processes that enhance logical and
critical thinking, accuracy and problem solving
that will contribute in decision-making. To
achieve this, CAPS suggest active and critical
learning amongst learners thus encouraging an
active and critical approach to learning, rather
than rote and uncritical learning of given truths.
Learning of mathematics aims at giving learners
an opportunity to gain deep conceptual under-
standings in order to make sense of mathemat-
ics and acquisition of specific knowledge and
skills necessary for the application of mathe-
matics to physical, social and mathematical prob-
lems. So, CAPS encourages practical work in a
mathematics learning ecology.

It has been argued that concrete experienc-
es were a basic constituent for practical activi-
ties. Also noting the importance of concrete ex-
periences is Ott et al. (1991: 7) who pointed out
that “familiar concrete experience, actual or re-
called should be the first step in the develop-
ment of new abstract concepts and their sym-
bolisation”. Dienes (1964) championed the use
of collaborative, group work and concrete mate-
rials, as well as goals such as democratic access
to the process of mathematical thinking, long
before the dictates of constructivism. Dienes in-
vented blocks which allowed students to explore
the numeration system and how the operations
on numbers were addressed by the system. Ott
etal. (1991) pointed out that “....familiar concre-
teexperience-actual or recalled-should be the first
step in development of new abstract concepts
and their symbolization”

According to Piaget (1985), the concrete
operational stage typically develops between
the ages of 7-11 years. Intellectual development
in this stage is demonstrated through the use of
logical and systematic manipulation of symbols,
which are related to concrete objects. Thinking
becomes less egocentric with increased aware-
ness of external events, and involves concrete
references. With reference to Piaget’s sugges-
tions the researcher saw practical activities as
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relevant for learners in grade six. Learners in this
grade are about eleven years old, meaning that
they are at concrete operational stage. They need
to be given an opportunity to manipulate ob-
jects in order to learn. Hence, for this study we
formulated the research question:

1. How can sustainable rural mathematics
learning ecologies be created? With this in mind
we created learning ecologies involving practi-
cal work. We then asked the following sub-ques-
tions to unpack the critical research question:

2. What are the learners’ attitudes towards
practical work? This question helped to deter-
mine whether learners found it interesting to
manipulate concrete objects they have been giv-
en, and whether this helped them to understand
the addition of fractions better.

3. Which materials do learners prefer be-
tween diagrams and fraction circles? Thisques-
tion helped the researcher to determine which
used material was most preferred by learners.
This would give the researcher the opportunity
to look at why the material was not preferred by
learners and if justifiable to omit in the teaching
process. Figure 1 illustrates one group of learn-
ers using fraction circles to carry out their tasks.
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Conceptual Framework

Barron (2006) pointed out that the learning
ecology framework draws on ecological perspec-
tives. In our case we studied the creation of a
classroom environment within which the central
stakeholder (the mathematics learner) interact-
ed with the designed activities and peer learners
to promote the learning of mathematics. This
ecology also relied on constructs developed
from sociocultural and situated learning. Such a
learning ecology was organised and managed
by the researcher. The researcher was thus ex-
pected to provide experiences, guide discussions
and assume a supportive role in the process of
learners’ attempts of developing understanding.

Borrowing from (\Mygotsky 1978; Breen 1992)
children learn from people around them and their
surroundings. VWygotsky further claimed that
central to the process of learning is the role
played by society in the development of higher
cognitive situations. She also contends that
learners work with their peers in collaborative
situations or they complete tasks and /or activ-
ities with the educator as a facilitator (\ygotsky
1978). Also relevant to VWygotsky’s views, as ar-

Fig. 1. Learners actively engaged in activity 1
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gued by Billet and Lave (1993) cited by Mokapi
(2002), that knowledge that individuals con-
struct, organise and store in memory is embed-
ded in the context or “community of practice”
(Laveetal. 1991) where it is learned. According
to Lave (1996: 64) “learning is recognised as a
social phenomenon constituted in the experi-
enced, lived-in world.” In this study, practical
problem-solving skills involving fractions were-
explored as a strategy to sustain a mathematics
learning ecology drawing from the relevant in-
formation provided by the above-mentioned
theorists.

METHODOLOGY

The researcher was granted permission to
do this qualitative study at a rural school of the
Umhlali ward, which is in the llembe district. The
enrolment of the school is currently about sev-
en hundred and sixty and there are twenty-two
educators. This class consisted of forty-two
mixed ability learners. The age of these learners
ranged from eleven years to fifteen years. Most
of them started school in the same school and
they live in the farm around the school. The pur-
pose of taking a small group of learners was to
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uncover in-depth information about what hap-
pens when learners learn addition of fractions
using practical means. It is argued that “Qualita-
tive inquiry typically focuses on relatively small
samples, selected purposefully to permit inqui-
ry into and understanding of phenomenon in
depth” (Cohen et al. 2007)

During teaching learners were seated in
groups (see Fig. 2). This arrangement allowed
them to work together and help one another to
solve problems. Problems were written on activ-
ity sheets. This gave the researcher an opportu-
nity to move around and observe learners inter-
acting with one another. After group work, learn-
ers were given enough time to complete their
individual activity sheets. Each activity sheet
consisted of ten problems to solve. While learn-
ers were working individually the researcher
observed learners and helped those learners who
were struggling. All assessed scripts were col-
lected for data capturing.

Creating Mathematics Learning Ecologies
With the assumption that these learners had

been exposed to fractions before,although not
addition of fractions with different denomina-

Fig. 2. Learners in action
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tors, the decision was to engage them in four
lessons on four consecutive days. On each day
the lesson involved the learners engaging with
different activity sheets.

Activity one was on “addition of fractions
with the same denominators™. In this activity
learners were asked to use fraction circles to
find answers. This was done with an intention
that learners should find it easy to add pieces
that are the same, as this would capture their
interest. Also, another aim was to prepare them
for the next activity, in which the researcher want-
ed them to discover for themselves that: 1) it is
not possible to add fractions with different de-
nominators, 2) to add fractions it is always im-
portant to make denominators to be the same, 3)
once the denominators are the same only the
numerators are added not the denominators, 4)
if the numerator is the same as the denominator,
that makes a whole and 5) answers are always
left is their simplest form, as this would help
them to do factorisation in the senior phase.

Activity two dealt with “addition of frac-
tions with different denominators’(one denom-
inator is a multiple of the other). Each group was
given its own problem. The researcher gave them
fractions circles to solve problems. Learners tried
to match pieces that they were adding, but they
were unable to come out with the final answer.
They did not know whether the answer was to
be in sixths or thirds. It was very interesting to
note that some groups were able to see that one
third equals to two sixth. It was at that time that
diagrams were introduced. Diagrams helped
learners not only to learn addition of fractions,
but also: 1) the concept of equivalency, 2) fac-
tors and multiples of numbers, 3) drawing cor-
rect diagrams to represent fractions and 4) sim-
plification of fraction

The third activity involved “addition of frac-
tions with different denominators” (none of the
denominators is a multiple of the other). In this
instance diagrams were used to: 1) consolidate
equivalency and 2) to demonstrate that differ-
ent numbers can have the same multiples.

For activity four the tasks were on ““‘addi-
tion of mixed fractions”. In this case they dis-
covered: 1) that a whole is made of eight pieces
if we talk about eighths using fraction circles
and 2) how improper fractions are formed.

The research instruments that were used to
bring out the required data were specifically as-
sociated with qualitative studies. These instru-
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ments were: 1) semi- structured observation dur-
ing teaching, 2) semi- structured interviews with
learners and 3) questionnaire.

RESULTS AND DISCUSSION

From observing learners’ marks, it was evi-
dent in that in the class of forty-four learners all
learners got correct answers for activity one in
lesson one. The learners used fraction circles,
as they are colourful and easy to handle. They
made it easy for the researcher to explain that if
you add one-eighth and two-eighths for exam-
ple they add up to three-eighths. This eradicat-
ed the learners” misconceptions (in majority of
the cases) that if you add fractions you also add
denominators. In Table 1 the researcher shows a
record of learners” marks for activity one. The
researcher notes that for this activity no learner
got any task wrong. The majority (over ninety
two percent) of the leaners got the tasks com-
pletely correct. For this task learners used frac-
tion circles and these seemed to have contribut-
ed to the good performance of the learners.

Table 1: Performance in activity one

Incorrect
response

Corret
response

Question
number

Partially
correct
response

39
40
42
42
41
42
41
42
41
0 40

POO~NOUTAWN P
NFPORFRPRORFRPROOMNW
[ojeolojofolofojoleNo)]

The researcher shows in Figure 3 Learner
L28 who was coded as “partially correct”. For
this task L28 added both the numerators and
denominators of the two fractions to get an an-
swer of 6/16 (of course a further error in simplifi-
cation resulted in 2/8). Learner L28 added the
denominators in task 1 as well. However, she

2 k i JERRNERS &
5 — ' — -

g #

Fig. 3. The written response of learner L28 to
task 9 of activity one
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got the other eight tasks correct. This could mean
that she was reasonably successful in employ-
ing concrete objects (in this case fraction cir-
cles) to add fractions in activity one.

For Activity two more than ninety percent
(see Table 2) of the learners got each task cor-
rect. This activity expected the learners to en-
gage in using diagrams as a practical tool to
solve the tasks. To highlight this category of
responses weexplore the written response of
learner S10 in Figure 4.

Table 2: Performance in activity two

Incorrect
response

Corret
response

Question
number

Partially
correct
response

42
42
38
42
42
40
42
38
42
0 39

P OONOUTAWNE
OO0 O0OOCOOO0OOO
WwohrONOOMOO

Learner L10 firstly decided to use two large
rectangles and secondly divided them into twen-
ty squares. The researcher presume that he
counted all the shaded squares and attained nine
such and hence realised the number of shaded
squares as a fraction of the total number of
squares was 9/20. We note that the diagrams
aided conceptual understanding of the opera-
tion of fractions in this task. In fact those teach-
ers who prefer algorithms could use diagrams as
a basis to introduce the use of the lowest com-
mon denominator (LCD), in this instant using 20
as an LCD of 4 and 5. In using diagrams one
should bring to the attention of the learners that
the initial rectangles used must be of the same

Fig. 4. The written response of learner L10 to
task 8 of activity two
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size and that so should the smaller squares. For
teachers to design tasks to address a variety of
suitable mathematical competence and skills it
is expected that these teachers have a firm
grounding in their pedagogical content knowl-
edge (Brijlall and Maharaj 2014).

For activity three all the learners got tasks 1
and 2 correct (see Table 3). Task 7 was relatively
poorly answered. This task was: Add 1/4+1/5.
We analyse the written response of leaner L1.

Table 3: Performance in activity three

Question Corret Partially Incorrect
number  response correct response
response
1 42 0 0
2 42 0 0
3 41 0 1
4 41 0 1
5 38 0 4
6 31 10 1
7 38 0 4
8 39 0 3
9 39 3 0
10 37 0 5

Learner L1 managed to use the first pair of
rectangles to denote the fractions 1/8 and 1/4
correctly. It seemed that L1 did not go back and
reflect on the shaded squares in the second pair
of rectangles. She therefore counted the two
shaded squares. It also seemed that she merely
added the denominators 8 and 4 to get 12.

| P

.1 —
o + (=5
B ]

= | ' | 4 |
[ [

Fig. 5. The written response of learner L1 to task
7 of activity three

Activity four was designed with tasks that
involved the addition of mixed fractions. For this
activity learners engaged the tasks using either
practical tool (fraction circles or diagrams). Task
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1 provided no difficulty to the learners (see Ta-
ble 4). However, the overall performance in this
activity was the worst when compared with the
previous three activities. The worst performed
task was task ten. We show the written response
of learner L38 to task 10 in Figure 5.

Table 4: Performance in activity four

Question Corret Partially Incorrect
number  response correct response
response
1 42 0 0
2 40 0 2
3 30 10 2
4 28 11 3
5 31 12 1
6 37 5 0
7 36 5 1
8 35 1 6
9 37 0 5
10 28 8 6

Learner L1 managed to use the first pair of
rectangles to denote the fractions 1/8 and 1/4
correctly. It seemed that L1 did not go back and
reflect on the shaded squares in the second pair
of rectangles. She therefore counted the two
shaded squares. It also seemed that she merely
added the denominators 8 and 4 to get 12.

Activity four was designed with tasks that
involved the addition of mixed fractions. For this
activity learners engaged the tasks using either
practical tool (fraction circles or diagrams). Task
1 provided no difficulty to the learners (see Ta-
ble 4). However, the overall performance in this
activity was the worst when compared with the
previous three activities. The worst performed
task was task ten. We show the written response
of learner L38 to task 10 in Figure 5.

In Figure 6, learner L28 did not represent the
mixed fractions by correct diagrams. For instance
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the mixed fraction 2% should have been repre-
sented as

1

Instead she drew two rectangles and then
inserted the half of a rectangle into the one al-
ready drawn. This could mean that she did not
have a complete conceptual understanding of the
concept of a mixed fraction from her previous
years learning. So, present learning needs to take
into cognisance prior learning to contribute to an
effective mathematics learning ecology.

Learner Perception on Practical Work

To gather information about the learners’
perceptions to practical work, the researcher
observed the behaviour of the learners. Their
facial expressions were observed, for example
as young learners when they encounter prob-
lems one could read from their faces. Some do
frown or smile when they were pleased and en-
joyed the task they were given. In this class
everybody even those who were shy communi-
cated with others and showed via their facial
expressions that they enjoyed what they were
using, particularly the fraction circles. Enjoy-
ment in classroom activity is shown to foster
appreciation for learning (Morcom 2014).Some
learners did struggle a bit with diagrams, but
finally got into understanding how to draw them.
In order to gather the learners’ perception or
attitudes towards practical work we carried out
interviews with learners. We denote the research-
er by I and the learner by L. The following dia-
logue ensued with learner L1 and L3:

I:  What did you understand about doing
practical work when learning fractions?

Fig. 6. The written response of learner L28 to task 10 of activity four
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L1: In practical work we used fraction circles
and drew diagrams to find answers to the
questions.

I What did you understand about doing
practical work when learning fractions?

L3: It was when madam you asked us to use
the pieces of fractions to complete our
activities. We sorted these pieces to find
answers.

These learners showed that they understood
what entailed practical work. To them it was about
using fraction circles and diagrams to find an-
swers in addition of fractions. To enquire wheth-
er learners previously engaged with practical work,
learners L1 and L4 provided the following verbal
responses to queries raised by the researcher:

I:  Have you been engaged in practical when
you learn addition of fractions? If yes,
what did you use and how did you use
that?

L1: No. Our teacher in grade 5 taught us to
find the denominator of the two numbers.

I:  Have you been engaged in doing practi-
cal when you learn addition of fractions?
If yes, what did you use and how did
you use that?

L4: No. I did not know practical work before.

This typical response highlighted the rare
use of practical work by teachers.

Responses to the preferences of fraction cir-
cles to diagrams indicated that most learners
preferred using fraction circles as compared to
diagrams. This we infer from a dialogue like:

I In the four lessons that we had, we used
fraction circles and diagrams. Which one
did you find interesting to use? Explain
for each one.

L3: I loved both of them, but I liked fraction
circles more.

I: In the four lessons that we had, we used
fraction circles and diagrams. Which one
did you find interesting to use? Explain
for each one.

L4: 1 liked using fraction circles

I Why?

L4: They were easy to use and they are beau-
tiful

For the last question learners’ responses
showed that they enjoyed using practical work.
They said everything became very easy for them.
The following are some responses which dem-
onstrated this:

I (Patting the learner’s shoulders) You tried

very hard, okay let’s look at each ques-

DEONARAIN BRIJLALL

tion. In question 5 your diagrams are cor-
rect, but when you wrote your final an-
swer, you wrote your denominator as 7
instead of 14, as you diagrams suggest.
Why?

L4: Hawu! ngenzeiphutha. | made a mistake

I Also your question 7 your first diagrams
are correct, with second diagrams one is
correct, but the other one has thirty-eight
pieces instead of twenty spaces. How
come.

L4: 1 don’t want to lie, madam | was exhaust-
ed, | was lazy to count.

I Oh! no your laziness has costed you
marks.

L4: 1 m happy madam, because | know these
sums.

I Okay, please we still have activity 4 to do
make sure you complete it.

L4: Thanks

CONCLUSION

Starting from what learners know played a
crucial role in introducing the series of lessons
that learners were going to be engaged in. In
grade six actually they were supposed to add
fractions that have different denominators where
one is the multiple of the other. But our reasons
for starting with addition of fractions with simi-
lar denominators were to identify misconcep-
tions that they had in addition of fractions and
to capture their interest in the lessons that they
were to be engaged in the next coming days.

This paper also found that the practical work
had promoted successful addition of fractions.

There are reasons why concrete objects are
also recommended in the teaching of addition of
fractions. One of the reasons is that learners’
learning styles are not the same. Some are audi-
tory, some kinetic, some are visual and some
learn better if they do. So concrete objects facil-
itate understanding to those types of learners.
In order to keep learners’ attention in the lesson
sometimes learners have to be engaged in hands
on activities. For young learners materials should
be colourful and durable for their use. At college
the researcher learnt that when learners do ac-
tivities they remember them, it is unlike when
they see them or hear them.

The analysis of the data for this study also
found that dialogue within the mathematics learn-
ing ecology led to better conceptual understand-
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ing of the addition of fraction. This was evident
to most of the learners worked collaboratively,
when they drew their diagrams they just drew
without taking note of the fact that fractional
pieces should be equal and also labelling frac-
tions did not matter to them. It was noted only
when they were with the researcher assessing
at each script, that learners realized the impor-
tance of accurate drawing and writing of frac-
tions. The researcher observed that some learn-
ers got lost when the researcher was using En-
glish throughout.

Although this paper reports on a small scale
case study the researcher admits that the find-
ings cannot be generalised. This case study
found that practical work, in a rural setting,was
a suitable strategy to sustain an effective math-
ematics learning ecology.

RECOMMENDATIONS

The researcher provided tasks which start-
ed with addition of fractions with similar de-
nominators in order to identify misconceptions
that the learners had in addition of fractions
and to capture their interest in the lessons that
they were to be engaged in the next coming
days. The researcher therefore recommends
that learning of previous concepts be consid-
ered before proceeding with extensions of these
concepts to create effective mathematics learn-
ing ecologies.

The analysis of the data for this study also
found that dialogue within the mathematics learn-
ing ecology led to better conceptual understand-
ing of the addition of fraction. The researcher rec-
ommends that dialogue between the teachers and
learners should be done throughout the lesson.
This develops the trust between the two partici-
pants and most importantly it gives the teacher the
opportunity to investigate learners’ conceptual
understanding of mathematical concepts.

The researcher also recommends that learn-
ers be allowed to speak in languages they were
comfortable with especially in multilingual class-
es. The researcher observed that the learners-
began to be relaxed when code switching was
used. Code switching is recommended, because
some terms are missing and difficult in vernacu-
lar and also some are explained clearly in ver-
nacular. Academics have argued that there are
two types of knowledge acquisition: spontane-
ous and scientific or scholastic. Teachers have
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to see to it that they identify learners’ knowl-
edge about each concept.
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