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In this article we explore female learners’ perceptions of learning Grade 11 geometry. Many learners have difficulty in learning
geometry in mathematics, thus, teachers and researchers are constantly searching for reasons why learners have challenges
with learning geometry with the aim of developing suitable pedagogic strategies to alleviate these challenges. An improvement
in female learner performance advances learners’ pass rates in mathematics, which has the potential to improve the economic
status of South Africa. Data was generated from 1 secondary school for girls in the KwaZulu-Natal province, South Africa.
Qualitative data was generated through the use of learner journal entries and focus group interviews. All generated data was
coded and analysed using the NVivo software program. Employing Piaget’s constructivist theory as a lens to analyse the data
generated, the article highlights that the participants (N = 30) held both positive and negative perceptions of learning Grade 11
geometry. Findings from this study suggest that if teachers wanted to improve female learners’ performance in mathematics,
then important steps needed to be taken to alleviate learners’ negative perceptions of learning Grade 11 geometry. Some
suggestions are provided.
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Introduction
Globally, the lack of female learner participation in mathematics has been of concern to researchers (Mandina,
Mashingaidze & Mafuta, 2013; Yazilitas, Saharso, De Vries & Svensson, 2017), since mathematics is an essential
requirement to pursue careers that are important for a country’s economic growth and development. These career
fields include among others, medicine, mathematics, physical sciences, chemical sciences, agricultural sciences,
engineering, computer and information sciences. Currently in South Africa there is a shortage of qualified
individuals in these fields, and this shortage is as a result of fewer tertiary students graduating within these fields
(Alexander, Lotriet & Pieterse, 2014). This dwindling interest in mathematics-related subjects is a concerning
matter in developing countries such as South Africa. This declining interest could be due to gender differences,
ability levels of learners, curriculum transformations, or the increased intricacy of mathematics content (Frenzel,
Goetz, Pekrun & Watt, 2010). Moreover, geometry in mathematics has also been considered challenging for many
learners (Hanna & De Villiers, 2012).

Hence, in the study reported on in this article, we aimed at exploring the following research questions:
1) What are female learners’ perceptions of learning geometry in Grade 11?
2) How can teachers accommodate these perceptions when designing appropriate learning tasks?

Literature Review

Exploring the teaching of mathematics in South Africa

Secondary school learners in South Africa write an exit examination called the National Senior Certificate (NSC)
examination at the end of their Grade 12 year. The NSC exit examination is considered significant since learners
who are successful in the examination are allowed admittance to higher education to study for a higher certificate,
diploma or bachelor’s degree (Grussendorff, Booyse & Burroughs, 2010). The mathematics examination
comprises of two papers. Paper 1 focusses on algebra and equations; patterns and sequences; finance, growth and
decay; functions and graphs; differential calculus and probability. Paper 2 focusses on statistics; analytical
geometry; trigonometry and Euclidean geometry and measurement. Geometry is considered a challenging subject
at secondary school level (Luneta, 2014), and in recent years learners have found Euclidean geometry problematic
(Siyepu & Mtonjeni, 2014). Similarly, research (Van Putten, Howie & Stols, 2010) maintains that learners in
South Africa who want to become mathematics teachers do not have a comprehensive understanding of geometric
concepts.

It must be noted that only a small percentage of the learners who choose to study mathematics in the FET!
phase achieve university entrance requirements in mathematics at the end of their Grade 12 year (Alexander et al,
2014). Furthermore, Barry (2000) maintains that learners are intimidated by mathematics due to the statistics
published regarding the poor performance of learners in the national examinations. Considering the current
economic realities of South Africa, it is crucial for mathematics teachers and researchers to take steps to ensure
that more students choose to study mathematics and pass mathematics in the FET phase.
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The importance of learning geometry in
mathematics

Geometry involves learning about the geometric
properties of a figure that do not change when the
figure is revolved or transformed (Tabak, 2004).
These properties include points, lines, planes, an-
gles, different shapes, and dimensions. Geometry is
an important discipline of mathematics and has been
acknowledged as a domain of mathematics which
has the capacity to enliven mathematics (Chambers,
2008). Geometry appeals to our different (visual, in-
stinctive, and aesthetic) senses and captures the at-
tention of learners when we use shapes and con-
structions that learners may relate to within their
real-world contexts (Siyepu & Mtonjeni, 2014).
Learner’s thinking abilities are enhanced when
working with geometric constructions (Hanna,
1998) and this notion is supported within the current
South African mathematics curriculum. The South
African Curriculum Assessment and Policy State-
ments (CAPS) captures the notion that it is impera-
tive for learners of mathematics to be able to ques-
tion, examine, conjecture, and experiment (Depart-
ment of Basic Education, 2014). The skills neces-
sary to examine, question, conjecture, and experi-
ment may be acquired through learning geometry.
These attributes promote logical thinking in learners
and engage them in analytical and rigorous thinking.

The importance of learner perceptions of learning
geometry in Grade 11

Perceptions may be defined as the comprehension of
our environment created from information acquired
by way of our senses (Johnson, 1994). This compre-
hension provides individuals with the opportunity to
create meaning of their environment (Cunningham,
1989). Perceptions in this article refers to a learner’s
opinion of learning Grade 11 geometry within their
classroom contexts. The influence of aspects such as
challenges in completing activities in geometry,
teaching and learning resources, interest in geome-
try, and views about learning geometry were
acknowledged as notions of perceptions that influ-
enced learners’ performance in geometry in mathe-
matics.

The understanding of perceptions in this article
revolves around the views of Sharma (2015).
Sharma (2015) proposes the opinion that percep-
tions are founded by the manner in which individu-
als shape and understand the stimuli they acquire to
assign significance to their milieu. Learners are
unique, thus they hold different insights of the same
object and what they observe may not be an exact
replica of reality. Perceptions are important because
they shape an individual’s behaviour and every indi-
vidual is distinctive because of their perceptions
(Abou Elnaga, 2012). Moreover, if a learner has not
grasped the fundamental ideas in mathematics, the
learner may find it difficult to interact within a les-
son (Department of Basic Education, 2014).

Perceptions also have an effect on one’s ac-
complishments in mathematics (Pehkonen &
Torner, 1998). Hence, if minimal connections are
developed within a learner’s understanding of math-
ematical concepts, this may have an undesirable in-
fluence on the learner’s achievement in mathemat-
ics. It is therefore essential that learners’ perceptions
of mathematics, more specifically perceptions of
Euclidean and analytical geometry, be explored in
order for teachers to consider these perceptions to
enrich their teaching of Euclidean and analytical ge-
ometry.

Theoretical Framework

In this study we sought to explore female learners’
perceptions of learning Grade 11 geometry. This ex-
ploration was premised on constructivist ideas. Ac-
cording to Von Glasersfeld (1990), constructivism
encompasses psychological theories that emphasise
how knowledge is constructed rather than how
knowledge is transmitted. Using this perspective, all
learning is viewed as involving mental constructions
as learners create and adjust their internal mental
schema to accommaodate their growing and evolving
knowledge. Thus, within a constructivist educa-
tional milieu teaching is learner-centred, whereby
teachers differentiate activities based on learners’
thinking (Bosman & Schulze, 2018). Learning is
motivated by experiences and incited by an external
environment or a teacher (Piaget, 1964).

Moreover, Piaget, in his theory of constructiv-
ism, argues that learners create knowledge and
shape meaning based on their experiences (Bada,
2015). Thus, within the ambits of Piaget’s theory of
constructivism, knowledge is viewed as distinctive
to the learner regardless of the process through
which it is learnt (Muthivhi, 2009). This implies that
although learners are taught within the same class-
room milieu, all learners do not develop the same
understanding of the concepts being taught. These
notions assisted in developing the research instru-
ments which were essential in generating data for
this study.

Individual learner perceptions, through the use
of personal journals, were solicited from all partici-
pants. Additionally, focus group interviews were
used to provide the opportunity for each participant
to share their perceptions and experiences. The par-
ticipants interacted freely, as peers, in a group, rather
than in individual one-on-one interviews. Such en-
gagement provided a form of legitimisation and val-
idation of the views expressed. This is in line with
Piaget’s constructivist frame of thought since every
learner’s input is valued. Learning is regarded as a
shared practice, hence learners learn collaboratively
through debates and the discussion of concepts — as
was evident during the focus group interviews.
Thus, through the use of a constructivist lens, focus
group interviews were used in an attempt to explore
learners’ experiences and perceptions of learning
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geometry in Grade 11 within their educational mi-
lieu.

Methodology

We sought to explore female learners’ perceptions
of learning geometry in Grade 11. Although the fo-
cus of the study was on female learners’ perceptions
of learning geometry in Grade 11, the learners were
also asked questions regarding learning mathematics
in general. The idea was to obtain an overall impres-
sion of learners’ perceptions of mathematics as a
subject. Data was generated through the use of focus
group interviews (FGIs) and personal journal entries
(JEs), which were completed by each participant for
the duration of the study.

Participants

One Grade 11 mathematics class at Ulwazi Second-
ary School (USS) was selected for this study. This
is a school for girls, which is situated in KwaZulu-
Natal, South Africa. In this school there were two
Grade 11 mathematics classes; learners from one
class participated in the pilot study, and learners
from the second class participated in the main study.
Two focus groups with eight participants each were
used to generate data through focus group interviews
(FGI 1 and FGI 2) (see Table 1). The learners who
participated in the focus group interviews in the
main study were selected by their peers to represent
the class. Our aim was to investigate the learners’
perceptions and perspectives on learning mathemat-
ics in general and geometry in particular.

Table 1 Learners who participated in the focus
group interviews
Focus group interview 1 Focus group interview 2

Ayanda Amy
Londy Jackie
Maxine Krishnie
Meena Nolwazi
Nonhlanhla Pam
Pinky Rekha
Wendy Samke
Vani Sbu

The participants indicated that the 16 partici-
pants (Table 1), would best represent the Grade 11
mathematics class with respect to providing a
greater insight into why learners have specific per-
ceptions of learning mathematics in general and ge-
ometry in particular. In addition, all participants
completed personal journals during the course of the
study.

Instruments and Methods

Participants’ views and perceptions of learning ge-
ometry were solicited through learner journals and
focus group interviews. Before commencing with
the pilot study, the focus group interview schedule
was peer reviewed by colleagues within similar re-

search fields. The questions in the focus group inter-
view schedule were formulated to explore partici-
pants’ views and perceptions of learning mathemat-
ics in general and learning Grade 11 geometry.

The focus group interview schedule comprised
of both open and closed-ended questions. The main
questions in the focus group interviews included:

e What are your perceptions of learning mathematics in
Grade 11?

e What are some of your experiences of learning math-
ematics in Grade 11?

e What are your perceptions of learning geometry in
Grade 11?

e What are some of your experiences of learning geom-
etry in Grade 11?

Prompts were used to ensure that the conversation

flowed freely. All data generated during the focus

group interviews was video or audio recorded and

transcribed.

Working within the ambits of constructivism,
personal journal entries were useful in capturing in-
dividual learner’s experiences and perceptions of
learning Grade 11 geometry. Since the study
spanned two school terms, learners were asked to
write their experiences and perceptions of learning
mathematics in general and Grade 11 geometry in
particular in their personal journals. Learner journals
were collected, and entries were transcribed and an-
alysed. Data analysis began during the focus group
interview stage and was completed when all per-
sonal journal entries were collected.

Transcriptions of all focus group interviews
and learner journal entries were typed. These tran-
scriptions were useful since they could be examined
throughout the data analysis stage. The NVivo soft-
ware program™ was used to analyse the transcribed
video and audio recordings of the focus group ses-
sions.

Ethical Considerations

Permission to conduct this study was granted by the
university, the Department of Education, the school
governing body, the parents/guardians of the partic-
ipants as well as the participating learners. Letters of
informed consent were issued to and signed by all
participants. Once transcriptions were completed the
learners were asked to read each transcript to ensure
that their views were correctly captured and repre-
sented.

Findings and Discussion

Within the ambits of constructivism, an important
part of the learning process involves learners reflect-
ing on, and discussing, their perceptions and experi-
ences. One needs to acknowledge that learners ar-
rive in the classroom with prior perceptions and
knowledge. This prior knowledge is the foundation
for new knowledge that learners will construct.
Thus, using the principles of constructivism as a ba-
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sis, during the focus group interviews, learners were
prompted and encouraged by the researcher to re-
flect on their perceptions and experiences of learn-
ing mathematics in general and geometry in particu-
lar.

In exploring learners’ perceptions of learning
geometry in mathematics, consideration had to be
given to learners’ perceptions of mathematics in
general before moving specifically to learners’ per-
ceptions of learning geometry. While an attempt was
made to include data collected from all data sources,
selected extracts from learner JEs and FGI tran-
scripts that best highlight the emerging themes are
included in this article. Content analysis was used to
manually code, classify, and organise focus group
interview data. Coding was an important method
used to shape data so that the underlying signifi-
cance depicted by the data may become clearer
(Theron, 2015).

Thus, through the use of coding, the following
themes emerged: mathematics is difficult, confusing
and stressful; mathematics is time-consuming; Eu-
clidean geometry is difficult and confusing; and ge-
ometry is all about proofs. These themes are dis-
cussed in more detail in the section that follows.

Mathematics is Difficult, Confusing and Stressful
This notion was a result of learner perception that
mathematics is confusing and stressful. When the

participants were asked about their perceptions of
learning mathematics in Grade 11, they responded
by claiming that mathematics was:

... very hard and confusing ... (Amy, FGI 2).

... very difficult, especially geometry ... (Maxine,

FGI 1).

... demanding ... a lot of effort is needed ... (Krish-

nie, FGI 2).

... a little bit confusing and stressful because one

minute you are in class and you understand every-

thing ... the next minute you go home and you at-

tempt the homework and, eish, you can’t remember

anything. You don’t know whether to start from A or

whether to start from Z ... . (Nolwazi, FGI 2)
The participants believed that they were able to
work independently on the mathematics problems
during lesson time, however when they went home
and were required to complete mathematics prob-
lems on their own, they could not “remember any-
thing.” They found the mathematics “hard and con-
fusing” and as a result, could not solve the mathe-
matics problems independently. Curtis (2016) sup-
ports the participants’ opinions and concedes the
view that mathematics is a confusing subject. Simi-
lar views permeated throughout the learners’ JES
where some learners acknowledged the necessity to
learn mathematics although it was difficult and
stressful for them to grasp certain concepts. Selected
learners’ perceptions of their experiences of learning
mathematics are depicted in Figure 1.

JE).
(Pam, JE).

succeed ifit try ... (Vani, JE).

1t is real stressful ... but I need this for my career ... so I have to learn maths ... (Meena,
1 know it is difficult ... but it is important for me to learn ... I need to pass this subject ...

This is the most difficult subject ever ... it is so hectic ... but I will master this ... I will

Figure 1 Learner perceptions of learning mathematics extracted from personal journal entries

The perceptions exhibited in the preceding
journal entries resonate with those found in a study
by Nardi and Steward (2003) in that mathematics
was perceived as being a difficult subject at school
level. This perception was ascribed to the difficulty
of the subject and stress felt by some learners when
confronted with difficult concepts in mathematics
(Curtis, 2016). Some of these difficult concepts in-
clude constructing mathematical meanings of sym-
bols or proving theorems involving circle geometry
(Euclidean geometry) (Charles-Ogan & George,
2015). Additionally, Curtis (2016) highlights learn-
ers’ thoughts of feeling inferior to their peers as a
reason why they stressed when confronted with dif-
ficult concepts in mathematics. Beilock and Willing-
ham (2014) maintain that mathematical stress is an-
other reason for learners’ feelings of confusion when
working with mathematical problems.

Moreover, based on anecdotal evidence, learn-
ers are generally not provided with an overall view

of the different mathematics sections and how they
are related to each other, but rather their interaction
with mathematics is syllabus driven and limited to
what is of importance for the final examinations.
Through this examination-driven teaching of math-
ematics, learners are subjected to what is tested in
the examination, which fragments learners’
knowledge and results in a loss of content con-
sistency (Julie, 2013). It is in this way that the teach-
ing and learning of background information and key
preliminary notions revolving around specific math-
ematical concepts are incomplete or marginalised.

Furthermore, Ireland (2016) proposes that
learner difficulties in mathematics could be related
to prior negative encounters when learning mathe-
matics and the lack of confidence when working
with problems in mathematics. The lack of confi-
dence in executing mathematical procedures was
also prevalent in the current study as can be seen
from the following journal entries (JE).
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Sometimes I don’t understand what the maths symbols are ... | know we did this last
year but I have to ask my friends and this is a bit awkward ... (Krishnie, JE).

The lesson today was very interesting ... but using the formulae to calculate and
remember ... this was a bit tricky ... (Rekha, JE).

Figure 2 Learner experiences of learning mathematics extracted from personal journal entries

As is evident from Figure 2 above, as was the
case in the focus group interviews, participants indi-
cated that mathematics was a difficult, stressful and
confusing subject. Learners did not “understand
what the maths symbols are” and “using the formu-
lae to calculate and remember ... was ... tricky.”

Mathematics is Time-Consuming
Participants expressed the belief that mathematics
was demanding and time-consuming. This view
seemed to have emerged from the fact that learners
spent a copious amount of time over the same math-
ematics question, sometimes without success. When
learners were asked about their experiences when
learning mathematics, learners indicated that:

... it takes too long to arrive at a solution ... many

steps and processes ... (Londy, FGI 1).

... Yes ... it does take time ... | am always running

out of time in the exam too ... (Wendy, FGI 1).

... | find mathematics demanding, maths needs your

time, like your 99.9% time ... you have to think about

it, in your mind you have to think only about maths.

You cannot think about two things at the same time.

It needs your full time ... . (Jackie, FGI 2)

... you are trying to do it ... it doesn 't work out ... it

takes hours ... (Rekha, FGI 2).

... because I can’t solve the problem ... it takes

longer ... just too many steps ... (Pam, FGI 2).

... to be successful ... try and practice as much as

possible ... one problem ... too long to solve ...

(Samke, FGI 2).
Gafoor and Kurukkan (2015) suggest that the diffi-
culty in comprehending concepts in mathematics is
related to the need for more time to grasp concepts.
The journal entries that follow in Figure 3 posit that
the participants tended to easily forget what they had
learnt.

When we started ... I knew we had to solve the proof first in class and then practice
questions in class | was okay with that but when | had to do this at home it just took too
much that 7 lost interest ... . (Wendy, JE)

1 think I would like doing maths more if it did not take so long ... I just feel I have no
time for anything else, it’s all I do ... (Pinky, JE).

Figure 3 Learner perceptions of their experiences of learning mathematics extracted from personal journal

Generally, the participants indicated that math-
ematics was not only time-consuming, but required
one’s total dedication and focus although they did
“try and practice as much as possible ... one prob-
lem ... too long to solve.” This proposition is in line
with the comments made by Ashbacher (2015). Ad-
ditionally, we maintain that to do mathematics a
learner ought to consider the problem from different
points of view. Ireland (2016) compares mathemat-
ics to playing a sport, where constant and consistent
practice is required to achieve success. This implies
that a learner is required to invest time and effort
when engaging with mathematics to be able to mas-
ter mathematical concepts. This may be problematic
since at Grade 11 level in South Africa learners are
also expected to study at least six other subjects be-
sides mathematics. To realise academic success,
learners ought to have adequate time to focus on
their other six subjects apart from focussing on
mathematics.

Another perception of the participants was that
mathematics revolved around numbers. Learners in-
dicated that “when the word mathematics is men-
tioned numbers comes to mind.” They did not

acknowledge that shape and space were also con-
tained in the mathematics curriculum. The partici-
pants were of the view that anything that was pre-
sented to them as mathematics had to be represented
in an algebraic arrangement. Such a view is substan-
tiated by the following excerpts:

... when the word mathematics is mentioned num-

bers comes to mind ... (Pinky, FGI 1).

.. it is all about working with numbers ... (Vani,

FGI 1).

... you cannot do maths if you don’t know how to

work with numbers ... the most important aspect ...

(Pam, FGI 2).

... if we were good at working with numbers we will

do well in maths ... | don’t know about that anymore

... (Amy, FGI 2).

... | have no interest in anything with numbers ...

(Maxine, FGI 1).
It is evident from the preceding excerpts that the par-
ticipants could not link anything to mathematics that
was not algebraic in nature. This is supported by re-
search findings (Ozerem, 2012), which indicate that
learners have problems learning mathematical con-
cepts and how they are related. This could be as a
result of a teacher-centred, examination-driven or
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textbook-oriented approach to teaching mathemat-
ics, whereby learners are not provided with the op-
portunity to experiment and discover relationships
between mathematical concepts independently.
Mathematics is taught in a traditional manner in
which learners’ imagination and background
knowledge are ignored (Moloi, 2013).

Another notable finding was that the partici-
pants in general viewed mathematics negatively,
however they did favour certain sections in mathe-
matics. When asked about their experiences of
learning mathematics, the participants spoke about
mathematics topics they enjoyed learning. This is
evident in the excerpts that follow:

... when working with the Theorem of Pythagoras

we had to learn using the discovery learning method

... I learnt new work and also had fun ... (Vani, FGI

1).

) this section was interesting, as | usually learn to

use the theorems not actually proving or looking at

how they were invented ... (Nonhlanhla, FGI 1).

1 really learnt something very good because I didn'’t

know how the Pythagoras’ Theorem came about ...

(Pam, FGI 2).

As is evident, participants did not dislike all sections
of mathematics; participants enjoyed mathematics
lessons that were interesting and fun, which was as
a result of an innovative method of teaching called
discovery learning. Discovery learning is a construc-
tivist-based pedagogic strategy that enhances in-
quiry-based learning (Baker, 2016). Learners are en-
gaged in interesting lessons that are designed for
learners to discover the concepts and principles
through their own constructions (Herdiana,
Wahyudin & Sispiyati, 2017). This notion is corrob-
orated by the excerpts that follow:

... the lesson was mind awakening ... (Samke, FGI

2).

) the lesson was very interesting ... (Londy, FGI

1).

) being able to do it by ourselves, on our own, it

was like a victory, like you have won a battle ... you

could do it yourself, you could prove it right without
actually getting frustrated, being stressed trying to

figure out a way forward ... . (Ayanda, FGI 1)

... the lesson was fun and realistic because we were

using objects we can see and we were doing our

work all by ourselves, interesting because we were

proving what we did, on our own ... (Rekha, FGI 2).
Based on the interviews it was evident that partici-

pants felt that when creative learning was encour-
aged in the mathematics classroom, the lessons be-
came more interesting. Learners were of the view
that “the lesson was fun and realistic” and that the
“lesson was very interesting” since they were using
objects that they could “see” as well as “we were do-
ing our work all by ourselves.” Participants also felt
that through the use of concrete manipulatives (ob-
jects), and group work, mathematics became more
stimulating. Effectively, Yadav (2016) maintains
that children learn better when they interact with
each other and manipulate concrete objects as a
group within their educational milieu.

Euclidean Geometry is Difficult and Confusing
When learners were asked about their perceptions of
learning geometry in Grade 11, their responses were
generally discouraging. Learners perceived Euclid-
ean geometry to be difficult and confusing. When
probed further during the interviews, the following
reasons were provided by the participants:

... mathematics is very difficult, especially geometry

... (Maxine, FGI 1).

... geometry is very confusing and it is difficult to

make sense of ... theorems ... (Rekha, FGI 2).

... Euclidean geometry is so difficult ... (Wendy,

FGI 1).

... with the circles, the lines and angles, it has theo-

rems so it’s like all varied ... that it is why it iS SO

hard ... we can’t understand ... (Ayanda, FGI 1).

... if we are asked to provide reasons then this be-

comes ... a nightmare to us ... (Sbu, FGI 2).
In the learners’ minds, their understanding of geom-
etry was limited to Euclidean geometry only. When
working within Euclidean geometry learners seek to
understand the geometry of flat, two-dimensional
planes. Learners work with axioms and theorems to
solve problems involving plane and solid geometry
and they use knowledge from previous grades as a
foundation to work from. Ayanda’s perception that
Euclidean geometry was difficult was due to the as-
sortment of theorems. This appeared to be a sign that
the learners had problems with calculating given an-
gles while justifying their answers using appropriate
theorems. Work by other researchers such as Hanna
and De Villiers (2012) suggest that learners do have
difficulties with Euclidean geometry. These senti-
ments were also evident from the learners’ personal
journal entries depicted in Figure 4.

JE).

1 just feel that there is too much to remember in geometry ... I have to make the links
between the theorem and the problem and this becomes too confusing and it becomes
more difficult as we go more into the section ... . (Samke, JE)

| can learn the theorem off but when | get to the test | get all mixed up with the lines
and the angles and the instructions ... I just can’t do the question anymore ... (Londy,

Figure 4 Learner perceptions of learning geometry extracted from personal journal entries

Based on Ayanda and Londy’s perceptions, it
appeared as though learners perceived geometry as

the mathematics that dealt with “circles, lines and
angles.” It was their view that geometry dealt with
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finding the length of sides and missing angles, which
they did not perceive as problematic as long as the
question was (i) numeric in nature and (ii) did not
require of them to give reasons to justify how they
arrived at their solutions. It was only when the activ-
ity required of them to provide reasons and justifica-
tions for their solutions that geometry became “a
nightmare” as suggested by Sbu. Nightmares are
considered to be exceedingly terrifying dreams and
extremely emotional encounters (Thinker, Norpoth,
Von Aspern, Ozcan & Pietrowsky, 2014). Shu’s re-
sponse suggests that geometry created an emotional
experience of fear for him. Fear may further obstruct
the achievement of knowledge as learners may reject
the notion of understanding as a result of this fear
(Van Putten et al., 2010).

This defeats the purpose of learning proofs,
since proofs assist in understanding the Euclidean
geometry being taught as it explains why a statement
is true (Magajna, 2013). Moreover, proof is believed
to be one of the foundations of mathematics, which
assist in solving real-world problems and requires
logical and critical thinking skills (Bayuningsih,
Usodo & Subanti, 2018). In this regard, it may be
deduced from Sbu’s experience that the objectives
that participants set for themselves during the prov-
ing process may have been contradictory to what the
teacher expected of them (Zazkis, Weber & Mejia-
Ramos, 2015).

Comprehending learners’ thoughts during the
problem-solving process improves a teacher’s per-
ception of their learners (Canturk Gunhan, 2014).
Not being aware of what your learners understand
and what your learners do not understand creates a
challenge for the teacher with respect to which con-
cepts ought to be emphasised when teaching a les-
son. Thus, through improved perception, teachers
become aware of how their learners think and also
gain insight into whether or not learners have
grasped the different mathematical concepts crucial
for problem-solving activities. This awareness may
also equip teachers with ideas on how to develop fu-
ture lessons to assist with remediating challenges

learners may experience.

Geometry is All about Proofs

When participants were asked about their experi-
ences of learning geometry, the view that geometry
became difficult when proofs were required to solve
problems was maintained by all learners in both fo-
cus group interviews. This is captured in the ex-
cerpts that follow:

... the moment | have to prove to find the solution it

becomes difficult ... (Meena, FGI 1).

... solving using the proof or making links to the

proof is always a challenge ... (Pinky, FGI 1).

... all about proving ... and locating angles and link-

ing one angle to the next ... we then need to remem-

ber the theorem and what it says to try and solve the
problem ... sometimes we have to try and link more

than one theorem ... . (Sbu, FGI 2)

... proving this is this and this is equal to this and

this is what this is ... it is so hard and confusing ...

I can’t keep up and I can’t make the link ... I can’t

see the link ... . (Samke, FGI 2)

... yes, just solve for X, proving with reasons, no it’s

difficult ... I can’t see what is happening in the dia-

gram ... (Krishnie, FGI 2).

Based on comments made during the interviews, Eu-
clidean geometry became challenging in instances
where learners had to remember, link different
proofs, and think about the problem as well as carry
out proofs involving different statements and theo-
rems. Proof in geometry involves critical thinking
and integrating this type of thinking within the prob-
lem-solving process. Similarly, Jones (2002) attrib-
utes difficulties learners experience in geometry to
the complexity of learning to prove the given con-
cepts, theorems, and axioms. These challenges may
lead learners to make false interpretations or limit
the learners’ ability to make acute inferences that are
needed to write a proof (Zazkis et al., 2015).

Since proving involves representing interpreta-
tions, the results from this study show that the ab-
sence of an algebraic solution, and providing rea-
sons to justify the steps taken to arrive at some con-
clusion, became challenging for the learners. These
perceptions were also apparent from the personal
journal entries as depicted in Figure 5.

... (Sbu, JE).

| try to work step by step with the proof but it becomes harder because it is not about
balancing the sides now it’s now about giving the correct reason for something ...
mathematics becomes difficult for me ... (Maxine, JE).

Geometry is all about proofing [sic] and making the links between statements and angles
... if I get mixed up then it will not work and I am scared because I would lose all the marks

Figure 5 Learner perceptions of their experiences of learning geometry extracted from personal journal entries

The perception that geometry was difficult as
maintained by the participants in both focus group
interviews and journal entries is supported by re-
search (Makgato & Mji’s, 2006).

What emerged from our study was that partic-
ipants’ perceptions of Euclidean geometry were in
many ways similar to their perceptions of mathemat-
ics, that is, they all had both positive and negative



8 Naidoo, Kapofu

perceptions of mathematics. This position was fur-
ther exemplified when indicated that they enjoyed
the section on analytical geometry, which they did
not consider to be geometry.

The main reason for the perception that analyt-
ical geometry was not part of geometry was that no
reasoning or proofs were required of learners in that
section. During the interviews learners maintained
that analytical geometry required a simple applica-
tion of the formulae learnt. Within analytical geom-
etry learners worked with space and shape using al-
gebraic formulas and a coordinate system within a
Cartesian plane. It was of interest to note the learn-
ers’ use of vocabulary when referring to analytical
geometry. They used words like “simple and easy”
compared to words such as “challenging, stressful,
difficult,” which were used to refer to Euclidean ge-
ometry and mathematics in general.

Moreover, during the interviews learners al-
luded that analytical geometry was an easy section
due to the use of pre-determined formulae. This
statement is corroborated by excerpts from the inter-
view transcripts that follow:

. in analytical geometry the formulae do not
change ... this makes working on these questions
easy ... (Wendy, FGI 1).

.. its formulae are so easy to remember such that
you cannot forget them ... so it’s simple to solve ...
(Ayanda, FGI 1).

.. it is easy to remember as opposed to other sec-
tions of mathematics like Euclidean geometry ...
(Sbu, FGI 2).

... 1 know what'’s happening in analytical geometry
... it is easy to follow and it is easy to solve the ques-
tions ... (Rekha, FGI 2).

In general, the participants agreed and seemed to ap-
preciate some sections of mathematics, for example
analytical geometry, provided that it did not involve
critical thinking. Analytical geometry involves the
study of geometry using a coordinate system and en-
compasses algebraic notions and notations (Pierce,
2014). For the learners it was important that they
continued using the same formulae which they
would have mastered either by rote learning or re-
peated use. The participants were reluctant to ven-
ture into new situations that involved applying ac-
quired knowledge within a critical and novel con-
text.

Conclusion

In this study we sought to explore female learners’
perceptions of mathematics at Grade 11 level. After
an analysis and interpretation of the results, it would
appear that the participants had both negative and
positive perceptions of learning mathematics in gen-
eral and Euclidean geometry in particular. The find-
ings reveal that the participants experienced mathe-
matics as difficult, confusing and stressful, that
mathematics was time-consuming, that Euclidean
geometry was difficult and confusing, and that ge-
ometry was all about proofs. Learners, however, did

perceive the learning of the Theorem of Pythagoras
and analytical geometry positively and found math-
ematics interesting and fun when innovative teach-
ing strategies and concrete manipulatives were used
during the teaching process.

Teaching strategies, which prioritise teaching
to accommodate national norms have become rec-
ognised as suitable, however this may not always be
the most appropriate or relevant teaching strategy
for a specific group of learners or may not work
within a particular educational milieu. Therefore, an
exploration of learners’ perceptions prior to the
teaching of concepts or topics may assist teachers in
identifying the tacit perceptions that may exist
among learners concerning that specific topic in
mathematics or any other subject.

The teaching of geometry enhances learners’
thinking skills using visual images (Tieng & Kwan
Eu, 2014) and promotes critical, logical, analytical,
and rigorous thinking (Canturk Gunhan, 2014).
These enhanced thinking skills assist learners in
improving their performance in mathematics
(Chukwuyenum, 2013). With an improvement in
performance, learners would then have positive per-
ceptions of learning geometry in mathematics. Thus,
once the teaching of a section in mathematics is
complete, it may be useful for the teacher to interro-
gate learners’ perceptions of learning the Section to
develop the necessary tasks to support learners with
challenges experienced during learning. Learning
tasks may support learning and transform learners’
existing perceptions of specific topics or sections in
mathematics. This may be done over and above the
traditional assessment of learners’ understanding
and content knowledge development of each mathe-
matics concept or section that needs to be taught.
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