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Abstract

This paper discusses the images and metaphors of mathematics held by university students
through their experiences of learning mathematics and the application of mathematical knowl-
edge in real life. The study involved two hundred and four university students selected using
purposive sampling and data was obtained through a question form shared online. The analysis
was based on descriptive statistics, namely comparing percentages among the responses, since
the measurement level of the data collected was either categorical or ordinal and there was no
continuous data collected. The findings indicate that images and metaphors related to mathe-
matics held by university students focused more on physical aspects rather than non-physical.
Thus, the lack of understanding and imbalance in mathematics learning involving metaphysical
domains needs to be observed in detail.
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1 Introduction

Educators have different views about mathematical knowledge. According to one view, math-
ematical knowledge is regarded as an idea built by an individual based on their own experiences,
and not as symbols on paper or a set of objects in empirical realms [12]. The fundamental point
underlying this view is that the process of mathematical knowledge involves the development of
mathematical knowledge, and the effort is operative. Furthermore, the quest for mathematical
knowledge is full of value and is influenced by cognitive, affective, and metaphysical factors such
as beliefs, conceptions, attitudes, motivation, feelings, and emotions. In-depth research on affec-
tive factors and the role of affect in mathematics education conducted by [10] shows that belief
systems affect cognition, although some individuals may not be aware of their beliefs. However,
Thompson [17] explains that the theoretical discussions about beliefs and belief systems in math-
ematics education have not been made entirely. The differences between beliefs and knowledge
can hardly be explained. Furthermore, over the past decade, discussions and research on stu-
dent images and metaphors related to mathematics and mathematical learning have become an
important focus in mathematics education.

The purpose of this study is to identify the beliefs and subjective thoughts that university stu-
dents have about mathematics and the mathematical learning experiences that they have. Such
beliefs and thoughts are represented in the form of certain images and metaphors. This study uses
a survey study design with a written question form technique and a purposive sampling method.
Images and metaphors owned by university students about mathematics and mathematical learn-
ing involving circles of understanding are interconnected with each other. The findings of the
images and metaphors of university students can provide a glimpse of the development of their
conceptions and beliefs about mathematics. Hence, the study of these images and metaphors can
serve as a component of epistemological knowledge of mathematics for the development of higher
education among university students.

2 Literature Review

This study aims to identify the images and metaphors of university students on mathematics.
Recent studies related to images and metaphors related to mathematics were mostly carried out
to assist in providing information on how to learn mathematics, the way mathematics was taught
to students, and how certain phenomena influenced the teaching and learning of mathematics.

Saban and Kocbeker [15] assert that metaphors can be used as a pedagogical tool to help stu-
dents comprehend and describe abstract and complex concepts using much simpler and more
understandable language. Educators can use metaphor analysis to assist prospective teachers in
determining their teaching and learning values, beliefs, and philosophies. Saban and Kocbeker
[15] discovered that the sun, sculptor, parent, compass, lighthouse, gardener, candle, tree, painter,
and tour guide are the most frequently used metaphors to describe the concept of ‘teacher’ given
by prospective teachers.

A study by Erdogan et al. [5] found out that among the top five metaphors to explain the con-
cept of ‘Mathematics’ given by the prospective teachers are water, puzzle, ocean, sea and riddle.
More than three quarter of the prospective teachers perceived Mathematics as ‘limitless’, “intercon-
nected’, ‘basically needed’, ‘fun’, ‘cumulative’, ‘indispensable” and ‘foundation of other sciences’.
The study suggests that the prospective teachers with positive opinion about mathematics can
teach students the Mathematics subject in a professional way. While for the prospective teachers
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with negative opinion given about Mathematics, an integration between mathematics, history and
nature need to be incorporated into the curriculum in order to improve the negative attitude.

Yee [19] stated that metaphors are regularly used by mathematics teachers to relate difficult or
complex concepts. The study investigated students” and teachers’” metaphors about ‘Mathematics
problem solving” and found out the most popular metaphors are problem solving is a journey,
discovery, searching, building, visualization, process, and partitioning. Meanwhile, Davis et al.
[4] also found out that mathematics teachers discussed knowledge, teaching and learning based
on extensive transcripts, and focusing on images and metaphors.

Valdez and Saulo [18] studied Philippines students’ metaphors for addition, subtraction, mul-
tiplication, and division. The study discovered that the four operations’ metaphors resemble the
popular food metaphor. The findings show that learners view mathematical operations as emo-
tional rather than mechanical processes.

Latterell and Wilson [9] investigated the mathematics metaphor between elementary educa-
tion and mathematics teaching majors. About half of elementary education majors saw mathe-
matics as a roller coaster ride. A quarter of them compare mathematics to walking through a field
of bombs. More than half of mathematics education majors see mathematics as a way of think-
ing. Several of them describe mathematics as an essential body of content for other disciplines.
Their findings show that the two groups with different major courses use different mathematical
metaphors.

Cekirdekci [3] recently examined primary school students’ perceptions of mathematics lessons
and discovered 64 distinct mathematical metaphors. Among the top five metaphorical percep-
tions of mathematics are mathematics as a game, mathematics as a brain game, mathematics as
a book, mathematics as a world, and mathematics as a sun. Additionally, the study classifies the
metaphors as mathematical knowledge, mathematical teaching principles, mathematical abilities,
and affective characteristics toward mathematics.

Osman et al. [13] explored the mathematical images and metaphors of achievers and non-
achievers in two secondary schools in Pahang, Malaysia. The study discovered that images and
metaphors about mathematics for both groups of students are classified into two major contexts in
their lives, which are school and their daily routine as teenagers. Mathematics lessons are depicted
in both groups as images of a teacher in the classroom, students learning without a teacher, math-
ematical symbols, books and tools, and real-life applications. The majority of students in both
groups perceived mathematics-related activities as solving a riddle, followed by doing magic and
exercising. Kahrizsangi and Barwell [7] used Cameron etal.’ s [1] categorization to investigate the
metaphor of mathematicians” discussions in radio broadcasts. They discovered seven systematic
metaphors of mathematics in the contexts of negative numbers, symmetry, pi, the Poincaré con-
jecture, and prime numbers: slog, system, discovery, building and constructing, key, visuospatial,
and mysterious.

In other studies, Carter [2] analyzed the presentation of mathematics diagrams and introduced
the notion of faithful representation based on images and metaphors. The things studied in the
study of the images and metaphors of students and teachers regarding mathematics include ef-
fective elements such as attitudes, motivations, values, emotions, and beliefs; learning methods of
mathematical operations; teacher education such as in-service training, education of trainee teach-
ers, and professional development; and cultures such as gender, culture-wide comparisons, and
the role of language in mathematical learning. Past studies related to the images and metaphors of
mathematical learners involve multiple aspects, except for metaphysical aspects involving meta-
physical elements. One obvious thing is that this study relies heavily on empirical experience and
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rational domain thinking, and there is no explicit and prominent attempt to consider religious
teachings in discussion and research on student mathematical conceptions and mathematical ed-
ucation.

Sam [16] defined the term “image of mathematics’as a mental representation or vision of math-
ematics that is probably formed as a result of social experiences mediated by school, parents, class-
mates or the media. However, in this study, the term images refer to personal images of mathe-
matics. Such images involve a personal representation or depiction of mathematics through the
use of a specific type of representation. Cognitive and affective dimensions can be present in such
representations. An individual’s mathematical image may contain implicit elements that the in-
dividual is unaware of or may be displayed to the public without conscious consideration [11].
According to Inan [6], evaluating students” and teacher” perceptions of the images reflected in
mathematics is important. Therefore, it would be helpful when you are engaging in mathematics
with students.

The majority of research on mathematical images and metaphors has concentrated on mate-
rial and physical aspects, with no consideration given to or discussion of metaphysical aspects.
This study examines mathematical and metaphorical images associated with mathematics learn-
ing that are used by university students, while also considering the metaphysical aspect. It encom-
passed spiritual dimensions as well as cognitive and affective dimensions. Thus, in comparison
to other secular perspectives, a holistic perspective, such as a universal integrated perspective, is
deemed more appropriate for use as a framework theory in this study. A universal integrated
perspective is a philosophical, psychological, and sociological analysis of humanity’s religious be-
liefs and education in a holistic and integrated context consistent with Malaysia’s stated National
Philosophy of Education [12].

3 Methodology

This study employed an online questionnaire where data was collected through a Google Form.
This method of data collection has its advantages, such as a faster response rate, cheaper, more
convenient, and data is quickly analyzed. Purposive or selective sampling was used since there
was no intention of making generalizations about the population based on the sample selected.
The question form link was distributed to undergraduate students and shared for two weeks to
give ample time for them to respond. The design of the online question form was adapted from
research conducted by [14]. The online question form consisted of five parts, which were back-
ground information, things or situations related to mathematics, participants” opinion on state-
ments given on the source of mathematics, participants” opinion on mathematics knowledge and
the parable on learning mathematics. The validity of the items in the question form was veri-
fied by a very knowledgeable and qualified Professor of Mathematics Education. The reliability
or external consistency of the questions was established by conducting a test-retest procedure on
25 participants. A correlation of 0.87 was obtained, indicating a high test-retest reliability. The
analysis was based on descriptive statistics, namely comparing percentages among the responses,
since the measurement level of the data collected was either categorical or ordinal and there was
no continuous data collected.
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4 Findings

The number of participants who responded to the online questionnaire was 204, where 66.2%
were female and 33.8% were male university students. Around 97% of them were Malays, with
an age ranging from 17 to 23 years old. Diploma and degree level students comprised 58% and
19% of the participants respectively, while 22.9% were at the pre-university level (Foundation).
The majority of them were interested in mathematics (88.5%), 9.6% were neutral and only 1.9%
indicated they were not interested in mathematics.

4.1 Metaphors Related to Mathematics

Participants were asked in the questionnaire their choice of what represents mathematics with
respect to activity, profession, instrument and element. Most participants (78%) perceived solv-
ing riddles as a metaphor for doing mathematics activities (refer to Figure 1), followed by doing
exercise (30.7%) and only 9.8% considered doing mathematics activities as performing religious
activities or ibadah. Thus, mathematics activities were regarded by participants as strongly related
to physical aspects but not so to metaphysical aspects.

Mental exercise | 0.5%
Solving Riddle 1 78.0%
Baking Pizza s 5.49%
Selling Insurance :_ 6.3%
Doing Magic |e— ]9.5%

Exercise 30.7%

Ibadah (Religious Activity) | 9 8%

Figure 1: Activities related to mathematics.

Others = 3.0%
Nurse | 0.5%
Islamic Cosmographer (Ahli Falak) 48.3%
Engineer : 72.9%
Bank Manager | 87.4%
Businessman 73.9%
Religious Teacher (Ustaz) ] 11.1%
Handyman ] 43.0%

Fisherman | 17.4%

Figure 2: Professions related to mathematics.

Others 1.5%
Pencil | 49.3%
Qiblah Compass | 19.8%
Exercise Book 43.5%
Ruler | 58.0%
Prayer Beads (Tasbih) | 22.7%
Compass | 30.9%
Computer | 47.3%
Calculator | 98.1%

Figure 3: Instruments related to mathematics.
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Quranic Recital 10.6%
Islamic Calendar 41.5%
Equations | 69.6%

Tables | 52.7%
Graphs | 77.3%
Crossword Puzzle |—]8.4%
Numbers | 92.8%
Maths Formula | 82.6%

Figure 4: Elements related to mathematics.

For metaphors regarding profession; bank manager, businessman and engineer were the pre-
ferred choices, 87.4%, 73.9% and 72.9% respectively (refer to Figure 2) compared to a lowly 11.1%
on religious teacher but a moderate 48.3% on Islamic cosmographer. For metaphors regarding
instruments that were perceived to be related to mathematics, almost all participants (98.1%)
chose calculator (refer to Figure 3). Metaphysical instruments such as prayer beads or giblah
compass gathered just 22.7% and 19.8% of participant’s choices. Number and mathematical for-
mulas (92.8% and 82.6% respectively) were the top choice by participants on metaphors that relate
with mathematical elements (refer to Figure 4). Metaphysical elements such as Islamic calendar
gathered 41.5% and a low 10.6% on Quranic recital. The findings obtained about physical aspects
seemed to be consistent with the findings by [14].

4.2 Sources of Mathematics

The following four figures show the responses to four statements about the source of mathe-
matics. The statements were as follows:

i) To me, knowledge of mathematics is part of the content of the universe and such knowledge
is discovered by human through sensory experiences.

ii) To me, knowledge of mathematics is part of the content of the universe and such knowledge
is inherent in the human thinking.

iii) To me, knowledge of mathematics comes from God and such knowledge is constructed by
humans based on their thinking, sensory experiences and guidance from God.

iv) To me, knowledge of mathematics does not come from God but is constructed by man based
on his thinking and specific experience only.
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52.9%
0,
41.2% 328%

22.1% 21.1% 0
05% 34% 9.3% 12.7% 3.9%
Highly Agree Unsure Disagree Highly Highly Agree Unsure Disagree Highly
Agree Disagree Agree Disagree
Response rate on Statement 1 Response rate on Statement 2
49.5% 34.3%
38.2% 27.5%

22.5%

12.3%

10.8% 34%

0.5% 1.0%
Highly Agree Unsure Disagree Highly Highly Agree Unsure Disagree Highly
Agree Disagree Agree Disagree
Response rate on Statement 3 Response rate on Statement 4

Figure 5: Response rate corresponding to Statements 1,2,3 and 4.

Based on Figure 5, majority of the participants seemed to be highly agree or agree on statement
3 (87.7%) which states that knowledge of mathematics comes from God and such knowledge is
constructed by humans based on their thinking, sensory experiences and guidance from God.
Statement 1 was agreed by 75% of the participants followed by statement 2 (50.5%). Only 15.7%
of the participants agreed with statement 4 that knowledge of mathematics does not come from
God but is constructed by man based on his thinking and specific experience only.

4.3 Nature of Mathematics

Participants’ perception on the nature of mathematics was obtained through five items, namely,
dynamism or the degree that mathematics changes, truthfulness, concreteness, origin and impor-
tance of mathematics. Based on Figure 6, 26.5% of participants considered mathematics to be
changing sometimes while another 26.5% considered that there are not many changes in mathe-
matics. More than half (61.8%) of the participants were in the opinion that mathematics is true
in some situations, while less than half (25.5%) participants considered mathematics is true in all
situations. In the aspect of concreteness, most participants (35.3%) considered mathematics may
be reflected in a concrete way, while only 1% of the participants considered mathematics cannot be
described in concrete terms. In terms of origin, 37.3% of the participants considered some parts of
mathematics are created by human beings, while 27% of the participants considered mathematics
as created totally by human beings. Finally, majority of participants (71.1%) considered mathe-
matics as highly valuable, 24% valuable and only 0.5% viewed mathematics as not valuable.

No Change at All
Not Much change
Unsure

26.5%

Sometimes Changing 26.5%

Always Changing

Figure 6: Perception toward dynamism of Maths.
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Not True in All Situations
Not True in Some Situations
Unsure

True in some Situations
True in All Situations

61.8%

Figure 7: Perception toward truthfulness of Maths.

Cannot be Presented Concretely
May not be Presented Concretely
Unsure

May be presented Concretely

Can be Presented Concretely

35.3%

Figure 8: Perception toward concreteness of Maths.

Totally not Produced by Human Beings
May not be Produced by Human Beings
Unsure

Some Produced by Human Beings

Totally Produced by Human Beings

2.4%
8.3%
25.0%
37.3%
27.0%

Figure 9: Perception toward origin of Maths.

Highly not Valuable
Not Valuable
Unsure

Valuable

Highly Valuable

71.10%

Figure 10: Perception toward importance of Maths.

4.4 Metaphors of Learning Mathematics

Participants responses in completing the sentence, ‘Learning Mathematics is like ........ " were
analyzed by grouping them according to a common theme as suggested by [9]. Two of the themes
were consistent with their findings which were ‘Thinking Process” and ‘A Struggle’. In this study,
more than half of the participants (70.1%) viewed mathematics as a thinking process. Examples
of statements that fall into this theme are as follows:

o Learning mathematics is like solving a jigsaw puzzle. Need to find the correct pieces and
think about the whole picture of the jigsaw.
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e Learning mathematics is like solving Sudoku. Need to think, strategize, focus and be patient.
Feel real satisfaction if successful in solving it.

e Learning mathematics is like baking a cake. Need to get all the right ingredients to success-
fully bake the cake.

e Learning mathematics is like fishing. You need a lot of patience and good planning.

The next theme that emerged from the responses were that learning mathematics is a struggle
(24%), indicating that mathematics is a difficult subject. Some statements that fall in this category
are:

e Learning mathematics is like solving a friend’s problem, so difficult.
e Learning mathematics is like climbing a mountain, need to think and exhausting.
e Learning mathematics is like a never-ending thing whenever you get an incorrect answer.

e Learning mathematics is like climbing the stairs. Once you fall at the bottom, you will never
get to the top.

The next theme is unique in such a way that the statements relate learning mathematics to
one’s life and religious activity (Ibadah) (5.88%). Below are a few examples of such statements.

e Learning mathematics is like solving problems in life.

e Learning mathematics is like learning knowledge that are closely related to human'’s life
since every of our actions relate to numbers, for example the time the action occurs.

o Learning mathematics is like searching for a solution to life problems that need patience and
strategy.

e Learning mathematics is like doing ibadah or metaphysical activity that need to do often in
order to understand better and easier.

e Learning mathematics is like to know the Creator of the universe.

e Learning mathematics is ‘ilmu kifayah” and an act of worship to Allah.

The metaphors formed by participants to explain their role during mathematical learning can
be classified into three categories: metaphors that satisfy some of the universal integrated per-
spective features, information processing, and social perspective (see Table 1). In this study, the
dominant perspective and influence on most of the metaphors formed by the participants was the
perspective of information processing. When a metaphor is classified as a representation with
the features of a certain perspective, such as information processing, it does not mean that ex-
plicit beliefs and conceptions of information processing have been identified. On the other hand,
an attitude, tendency, or set of values similar to an information processing perspective has been
concluded. Furthermore, based on the student’s explanation of the metaphor that they designed,
there is an overlap between some of these explanations. In other words, the explanation contains
a mix of features from two or more different perspectives. Therefore, there is a metaphor that does
not entirely fulfill the characteristics of a single perspective. In this context, clarification is based
on the perspective features that are more prominent than in other perspectives.
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Table 1: Distribution of participants according to the category of metaphors.

Category of Metaphor Frequency Percentage (%)
Universal Integrated Perspective 12 5.88
Information Processing 143 70.1
Social Perspective 49 24.0

5 Conclusion

The findings of this study on metaphors related to mathematics, sources of mathematics, and
the nature of mathematics are consistent with the results of previous research by [13]. The meta-
phors formed by participants to explain their role during mathematical learning can be classified
into three categories: metaphors that satisfy some of the universal integrated perspective features,
information processing, and social perspective (see Table 1). In this study, the dominant perspec-
tive and influence on most of the metaphors formed by the participants was the perspective of
information processing. When a metaphor is classified as a representation with the features of a
certain perspective, such as information processing, it does not mean that explicit beliefs and con-
ceptions of information processing have been identified. On the other hand, an attitude, tendency,
or set of values similar to an information processing perspective has been concluded. Furthermore,
based on the student’s explanation of the metaphor that they designed, there is an overlap between
some of these explanations. In other words, the explanation contains a mix of features from two or
more different perspectives. Therefore, there is a metaphor that does not entirely fulfill the char-
acteristics of a single perspective. In this context, clarification is based on the perspective features
that are more prominent than in other perspectives.

The development of an understanding of something involves raising awareness about the in-
terconnectedness of certain things, internal experimentation, inward action, and intuition or in-
spiration. Everything can lead to a meaningful acquisition of something if the process is carried
out in accordance with religious teachings (for example, the principles contained in the Absolute
Frame of Reference). The images and metaphors owned by university students about their role
as mathematical learners are related to their conceptions, beliefs, values, and their understanding
of mathematics and the role of mathematical learners. If students have a holistic, integrated, bal-
anced, and clear concept and understanding of mathematics and their role as mathematical learn-
ers, the choice of images and metaphors they describe in mathematics and mathematical learning
will likely highlight constructive features. However, the dependence on names for the mathemat-
ical and metaphorical images used by university students to visualize mathematical learning can
lead to conclusions that do not reflect the current situation. The findings show that there are sit-
uations in which university students have different explanations, although the meanings of the
metaphors they use are the same. For example,

Learning mathematics is like solving a friend’s problem. It is so difficult. Learning
mathematics is like solving problems in life.

In this case, the researcher needs to be careful when discussing and classifying the students’
metaphors. They need to consider the explanations provided by the students about the metaphors
they use and identify the names of the metaphors. This view is consistent with the assertion
made by Kittay [8] that the metaphor has a specific cognitive meaning and is not merely a literal
meaning. The metaphors of mathematics learning among the university students described above
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are significantly classified as information processing. These metaphors can serve as a component
of epistemological knowledge of mathematics for the development of higher education among
university students.
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