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Figure 1. The Metaphors Regarding Mathematics Produced by Pre-Service Teachers

Table 1. All Metaphors Produced by PHSMT on the Concept of Mathematics

Item No (IN) Metaphor Frequency (f) IN Metaphor f
1 Way 4 19 Book 1
2 Sea 3 20 Handbag 1
3 Human 3 21 Bird 1
4 Food 3 22 Labyrinth 1
5 Water 2 23 Tune 1
6 Phone 2 24 Oxygen 1
7 Brother 1 25 Ocean 1
8 Bee 1 26 Play dough 1
9 Friend 1 27 Pi 1
10 Atom 1 28 Picture 1
11 Blank paper 1 29 Clock 1
12 Frame 1 30 Duster and pen 1
13 Democracy 1 31 Watermark 1
14 House 1 32 Poem 1
15 Factory 1 33 Traffic 1
16 Calculator 1 34 Rain 1
17 Deserted island 1 35 Healthy food 1
18 Mother-in-law 1

Total (T) 46

According to Table 1, it was seen that pre-service high school mathematics teachers have
produced 35 different metaphors related to the concept of mathematics. As seen in Figure 1, the
most frequently repeated metaphors by pre-service teachers are way, sea, human, food, water,
and phone. The way metaphor was produced by four, and the metaphors of sea, people, and food
were produced by three pre-service teachers each. Examples of these metaphors and their reasons
are as follows.

Mathematics is like the way because everything in life passes through math. (PHSMT12)
Mathematics is like the sea because it has no end. (PHSMT28)
Mathematics is like a human because it is so difficult to understand. (PHSMT33)

Mathematics is like food because it appeals to everyone in all areas of life. Everyone needs it. (PHSMT35)

These metaphors are followed by water and phone metaphors produced by two pre-service
teachers. Other metaphors were produced by one pre-service teacher. Some of these metaphors
are bee, friend, house, etc. Examples of these metaphors and their related facts are presented
below.
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Mathematics is like water because it is always needed everywhere. (PHSMT37)
Mathematics is like a phone because it has multifunctional features inside. (PHSMT31)

Mathematics is like a maze because no matter how many ways you try, the result is unique. (PHSMT12)

The second sub-problem of this research was determined as, "Under which conceptual
categories are the metaphors PHSMT produced about the concept of mathematics?" The aim
here is to show how the pre-service teachers see mathematics in more detail. As a result of the
evaluation made in this context, it was found that the metaphors produced regarding the concept
of mathematics were collected in six different conceptual categories. These categories are
Everything, Infinity, Necessity, Yield/Benefit, So-So, and Other. Findings related to these
categories are as follows.

Everything

It has been determined that there are seven metaphors in the conceptual category of everything.
These metaphors are handbag, way, phone, democracy, mother-in-law, clock, and pi. When these
metaphors are examined, it is stated that mathematics is included in everything and that
everything is in mathematics. For instance;

Mathematics is like a handbag because everything you're looking for always comes out of that bag.
(PHSMT3)

Mathematics is like the way because everything in life passes through math. (PHSMT11)

Infinity

It has been determined that there are a total of nine metaphors in six different categories in the
infinity category. These metaphors are bird, blank paper, sea, way, ocean, and deserted island.
When these metaphors and their explanations were examined, it was determined that
mathematics had an endless structure that always contained new things to be learned. For
1nstance;

Mathematics is like the sea because it has no end. (PHSMT27)

Mathematics is like the ocean because it never ends. There are always new things to be learned.
(PHSMT35)

Necessity

It was determined that a total of nine different metaphors were produced regarding the necessity
category. These metaphors are healthy food, water, traffic, way, food, oxygen, human, and atom.
When the explanations of these metaphors were examined, it was revealed that mathematics is
necessary for life and a life without it is unimaginable. For instance;

Mathematics is like water because it is life. It is a basic need in all areas of our life. (PHSMT10)

Mathematics is like oxygen because life without it is unimaginable. (PHSMT40)
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Yield/Benefit

It was found that four different metaphors were produced regarding the Yield/Benefit category.
These metaphors are book, friend, phone, and calculator. In the explanations of the metaphors, it
was seen that mathematics is expressed “the one that helps to change the perspective by
facilitating the operations by expanding our horizons from which we get efficiency”. For
1nstance;

Mathematics is like a friend because it broadens my horizons, can change my perspective. (PHSMTS)

Mathematics is like a calculator because it simplifies operations. (PHSMT39)
So-So

It was determined that six different metaphors were written about the So-So category. These
metaphors are frame, rain, tune, human, picture, and bee. When the explanations of the
metaphors were examined, it was seen that mathematics was complex/difficult and easy, bitter
and sweet at the same time. For example;

Mathematics is like a bee because we taste its both bitterness and sweetness. (PHSMT43)
Other

In the other conceptual category, there were metaphors that did not match the categories
specified above. In this context, 10 different 11 metaphors in total are included in this category.
These metaphors are play dough, food, house, labyrinth, factory, poem, human, duster and pen,
watercolor, and brother. According to the explanations of the metaphors, it was seen that the
following features of mathematics were mentioned. Mathematics;

is enjoyable if taught in judgment.

is indispensable.

includes one solution.

inputs are important for the quality of the outputs.
is difficult.

e is colorful

The third research problem was determined as "What are the metaphors PHSMT developed
about the concept of mathematics teacher?” It was observed that the pre-service teachers
produced 44 metaphors for the concept of mathematics teacher. These metaphors are firstly
presented in the mathematics teacher metaphor cloud in Figure 2 below.

According to the mathematics teacher metaphor cloud presented in Figure 2, the metaphors
highlighted by the pre-service teachers are compass, book, mother and clock. Findings regarding
all these metaphors presented in Figure 2 are as presented below in Table 2 on frequency basis.
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Figure 2. The Metaphors Regarding Mathematics Teacher Produced by Pre-Service Teachers
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Table 2. All Metaphors Produced by PHSMT on the Concept of Mathematics Teacher

IN Metaphor f IN Metaphor f
1 Compass 5 18 Pen 1
2 Book 4 19 Pirate 1
3 Mother 3 20 Box 1
4 Clock 2 21 Loadstar 1
5 Open buffet 1 22 Candle 1
6 Cell phone 1 23 Navigation 1
7 Chef 1 24 Ocean 1
8 Sunflower 1 25 Psychology 1
9 Dye 1 26 Color 1
10 Roof 1 27 Painter 1
11 Diamond 1 28 Novel 1
12 A little boy 1 29 Sports trainer 1
13 Google 1 30 Versifier 1
14 Rose 1 31 Umbrella 1
15 Idol 1 32 Yellow pages 1
16 Medicine 1 33 Stereo 1
17 First aid kit 1 34 Road banner 1
Total 44

When Table 2 is examined, it is seen that pre-service high school mathematics teachers have
produced 34 different metaphors about mathematics teachers. Compass metaphor was produced
by five and book metaphor by four pre-service teachers. Examples of these metaphors and their
reasons are as follows.

Mathematics teacher is like a compass because he/she shows our way. (PHSMT14)

Mathematics teacher is like a book because he/she teaches us new things as we read. (PHSMT17)

Three pre-service teachers produced the mother metaphor and two produced the clock metaphor.
Other metaphors were produced by one pre-service teacher. Examples of these metaphors and
their reasons are as follows.

Mathematics teacher is like a mother because mothers teach life. (PHSMT11)

Mathematics teacher is like a clock because we need him/her in every hour of the day. (PHSMT42)

The fourth and final sub-problem is “Under which conceptual categories are the metaphors
PHSMT produced about the concept of mathematics teacher?” The aim here is to reveal in more
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detail how pre-service teachers see the mathematics teacher. In this context, it was determined
that the metaphors produced about the mathematics teacher were grouped into five different
conceptual categories. These categories are Guide, Indispensable person, Tutorial, Wisdom, and
Other. Findings about these categories are as follows.

Guide

It was determined that a total of eight different metaphors were produced in the Guide category.
These metaphors are in the form of compass, navigation, road banner, and first aid kit. When the
explanations of the metaphors were examined, it was determined that the guiding side of the
mathematics teacher was emphasized. For instance;

Mathematics teacher is like a road banner because he/she guides you in achieving your goals. (PHSMT12)

Mathematics teacher is like a compass because he/she shows our way. (PHSMT13)
Indispensable Person

It was determined that there are three different metaphors associated with the indispensable
person category. These metaphors are the cell phone, roof, and clock. When the explanations of
the metaphors were examined, it was determined that the sine qua non characteristic of a
mathematics teacher that we need at all hours of the day is emphasized. For example;

Mathematics teacher is like a clock because we need him/her in every hour of the day. (PHSMT43)
Tutor

It was determined that there were 10 different, a total of 12 metaphors in the tutor conceptual
category. These metaphors are mother, chef, book, versifier, sports trainer, rose, psychologist,
painter, candle, and pen. According to the explanations, it was determined that informative role
of a mathematics teacher was focused on. For example;

Mathematics teacher is like a mother because mothers teach life. (PHSMT10)

Mathematics teacher is like a candle because he/she gives information to students and enlightens them.
(PHSMT39)

Wisdom

It has been determined that there are a total of nine metaphors in eight different concepts in the
category of wisdom. These metaphors are novel, open buffet, Google, yellow pages, book, clock,
box, and sunflower. According to the explanations of the metaphors, it was stated that the
mathematics teacher has various information and everything that is sought can be found in
him/her. For example;

Mathematics teacher is like an open buffet because it has a wide variety of information. (PHSMTS)

Mathematics teacher is like Google because you can find everything you're looking for in it. (PHSMT9)
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Other

This category contains metaphors that do not match the above categories. In this context, it was
determined that 12 different metaphors are included in this category. These metaphors are
medicine, color, mother, tape, loadstar, painter, ocean, pirate, umbrella, a little boy, diamond,
and idol. According to the explanations, the following features about the mathematics teacher are
revealed.

Mathematics teacher repeats the same things all the time.
He/she is the brightest among all teachers.

His/her glow brightens his/her surroundings.

Everyone wants to be like them.

Conclusions, Discussion, and Suggestions

In this research, 35 different metaphors were produced by pre-service high school mathematics
teachers to explain the concept of mathematics. Through these metaphors, it has been determined
that mathematics is perceived by pre-service high school teachers as "in addition to its eternity, it
is difficult to understand, but a need that is in everything and everybody needs". This result
showed that more than one metaphor is needed to express mathematics. Lim (1999) concluded
that adults use more than one metaphor to express mathematics. Noyes (2006) in his study with
pre-service high school mathematics teachers and Sterenberg (2008) with pre-service classroom
teachers found that mathematics was explained using more than one metaphor. Wood (2008)
concluded in his study with university students in five different countries that mathematics was
expressed using various metaphors. Giiler et al. (2012) found that pre-service teachers tried to
explain mathematics with 28 different metaphors. Demirkol and Ergin (2017) also stated in their
research that pre-service teachers stated mathematics with various metaphors. The results of all
these studies are similar to the result of this research producing more than one metaphor about
mathematics. This may be due to the fact that a single definition of mathematics cannot be made.
This shows that mathematics is a rich and comprehensive science.

The second result obtained from the study is that mathematics is explained with different
conceptual categories by pre-service high school mathematics teachers. These conceptual
categories are Everything, Infinity, Necessity, Yield/Benefit, So-So, and Other. The results
obtained from the explanations of the metaphors in these categories are as follows. Mathematics;

is connected with everything in life.

contains infinite information.

is a basic need.

offers a different perspective.

provides efficiency and benefit in different jobs.
depends on the situation.

is difficult and indispensable.

contains one solution.

Lim (1999) found in his study that mathematics was addressed under the travel, skill, and
game/puzzle categories. Noyes (2006), Sterenberg (2008), and Wood (2008) found that four
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different conceptual categories related to mathematics were formed in their studies. The
categories obtained in Noyes' (2006) research are language, toolkit, journey, structure, and the
categories obtained in Wood's (2008) research are techniques, applications, life/career, and
creativity. Giiler et al. (2012) determined in their study that mathematics was explained by pre-
service teachers in five different conceptual categories. The categories created are guide, need,
perspective, eternity, and life itself. Demirkol and Ergin (2017) found that the metaphors
produced were grouped under six different categories in their research. The results of all studies
are in line with the result of this study that mathematics is explained with different conceptual
categories. In all of the studies, the concept of mathematics has been discussed under conceptual
categories, although there are different numbers of categories.

In the context of these results, a scale can be developed to determine the perceptions of pre-
service high school mathematics teachers towards mathematics. By applying this developed scale
in different samples, the states of perceptions towards mathematics can be determined. Thus, the
direction of the perceptions can also be determined, and if there are negative perceptions, studies
can be done to correct them.

The third result obtained from the research is explained by pre-service high school mathematics
teachers using 34 different metaphors of the concept of mathematics teacher. These metaphors
showed that the pre-service teachers perceived the mathematics teacher as “a guide and
instructor needed in all areas of life”. Reeder, Utley, and Cassel (2009) also found in their study
that there is no focus on a single metaphor for the concept of teacher. Similarly, Yilmaz et al.
(2013) determined that pre-service teachers who study in different branches formed different
metaphors about the concept of teacher. Demirkol and Ergin (2017) found that 46 different
metaphors related to the concept of mathematics teacher were produced. The results of all the
studies are similar to the result of this study explaining the mathematics teacher with more than
one metaphor. It is thought that this situation may be due to the differences in the lives of all pre-
service teachers with mathematics teachers in the past.

In the context of these results, it is recommended to carry out studies examining the effect of
mathematics teachers on mathematics perception by repeating the study in different samples and
comparing the obtained results.

The fourth result obtained from the research is that the concept of mathematics teacher is
grouped under five different conceptual categories according to pre-service high school
mathematics teachers. These categories are Guide/Guiding, Must-have, Tutorial, Wisdom, and
Other. The results obtained from the explanations of the metaphors in these conceptual
categories are as follows. Mathematics teacher;

is a guide.

is indispensable.

is instructive, and is educative.
is wise.

Reeder, Utley, and Cassel (2009) also determined that the mathematics teacher was explained by
three different conceptual categories by pre-service teachers. These categories are journey,
production, and growth. Yilmaz et al. (2013) found that the concept of teacher is expressed in
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seven different conceptual categories. These categories are guiding, shaping, non-status, source
of information, flexible, holy work, and model. Demirkol and Ergin (2017) found that the
metaphors produced were grouped under five different categories. Although the categories differ
in number and context, the results are similar.

On the basis of these results, the question "How should a mathematics teacher be?" can be asked
to pre-service high school teachers. Thus, the link between pre-service high school teachers'
perception of mathematics teachers and their expressions of how a mathematics teacher can be
examined. It can be investigated whether their perceptions, influenced by their past experiences,
describe the mathematics teacher they aim to become. This research may be seen as limited in
terms of sample selection method and size. In this context, the research can be applied to larger
samples.
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