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In this study, it is aimed to reveal the images formed in the minds of high school students
about the concept of mathematics with the help of their own expressions and drawings. In this
qualitative study, the core of 100 high school students’ experiences of math was examined with
a holistic approach using Online Interpretative Phenomenological Analysis (OIPA). In order
to obtain in-depth information about the concept of math from the participants, the purposeful
sampling method was used. It was paid full attention to ensure that the participants were high
school students. The data were obtained by using the OIPA form, which allows students to create
stories and drawings about the concept of math. The data obtained were analyzed in three stages
by the researcher and an expert psychologist. As a result of the analysis, it was seen that there
were deficiencies in students’ mathematical literacy in situations such as understanding the role
of mathematics in daily life and using it to solve real life problems. Additionally, the students
expressed the concept of math using 18 different main themes, most of which contained negative
strong emotions. Students associated math most frequently with the themes of life (44%) and
difficult math language (38%). The students associated math least frequently with the themes of
hate (5%) and unimportant (5%). On the other hand, students explained the math domain with
individual factors (74%) the most and exosystem (15%) the least. In line with the results obtained
in the study, a few recommendations were made.

Issue: 4

Conflicts of interest: None
Funding: None

Key words: Mathematics, Online Interpretative Phenomenological Analysis, Perception Of
Mathematics, Teaching Math, Mathematical Literacy

INTRODUCTION this provided mathematics an important place in schools.
Thus, it is aimed to develop high-level cognitive skills such
as systematic and critical thinking and problem solving in
individuals with the help of mathematical thinking skills
(Boyraz, 2020). This development, which aims to develop
mathematical literacy in the cognitive context, shows that
the learning and teaching of mathematics, which takes place
at every point of life, is a science that needs to be studied
(Alkan, 2019). Mathematical knowledge gains meaning by
transforming daily life problems into skills through mathe-
matical relationships. This is possible through the develop-
ment of mathematical literacy, which enables people to solve
problems in daily life activities where they face challenges

Education plays an important role in the process of prepar-
ing individuals for life. Mathematical science has a high
impact on the development and guidance of the lifelong ed-
ucation process by revealing human talents (Ibrokhimovich
& Mirzaxolmatovna, 2022). In fact, by providing a system-
atic and logical flow of thought, education contributes to
the ability of the mind to solve daily life problems through
generalizations (Baykul, 1999) by abstracting what the mind
receives from the environment (Umay, 1996). The structure
of mathematics that facilitates human life contributes to pio-
neering many sciences and developing technology. The fact

that mathematics is the basis of computers, which are used in
every branch of science and profession today, is an example
of this situation. In this context, it can be said that mathemat-
ics is a discipline that is needed in areas that employ mental
thinking skills in many areas of daily life.

The science of mathematics has become crucial in terms
of providing an infrastructure for activities open to develop-
ment over time and its impact on solving daily life problems.
This situation has been reflected in education programs, and
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(Janah et al., 2019). In order for students to reach mathemat-
ical skills effectively, procedural and conceptual knowledge
is explored gradually (Ergen & Durmus, 2022) by associating
it with other disciplines (Snead et al., 2022). This contributes
to the development of mathematical literacy and many vital
skills that students use in daily life, such as verbal commu-
nication, reasoning, democratic life, social life or teamwork.
However, although it is directly related to daily life, mathe-
matics is among the disciplines that are considered difficult
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to learn by many people today (Yeniel, 2019). One of the rea-
sons for this situation is that mathematics is difficult for stu-
dents because it is a self-consistent discipline (Civelek et al.,
2003). This negative attitude and prejudice against learning
makes mathematics difficult to learn and even prevents learn-
ing (Ma & Xu, 2004; Tatar et al., 2008).

Although being difficult for students is one of the factors
that prevent learning mathematics, it would not be correct
to say that this is the only factor. The social and familial
structure in which individuals live is also an effective fac-
tor in the formation of mathematics fear and anxiety. Fears
and anxieties developed against mathematics are closely
related to learning (Heyder et al., 2020). In fact, the neg-
ative attitude of the society and the family towards math-
ematics can be a factor in the learner’s negative attitude
over time (Thomas & Furner, 1997). This negative situation
causes mathematical literacy not to reach the desired level
(Niss & Jablonka, 2020). On the other hand, teacher atti-
tude (Schaeffer et al., 2021), ineffective teaching methods
(Kossybayeva et al., 2022), and lack of basic mathematical
skills are among the factors affecting attitude towards math-
ematics (Szczygiet, 2020).

Research in the field of mathematics education shows
that students perceive mathematics as a challenge that they
face throughout their lives (Barakaev et al., 2020; Hendriana
et al., 2022; Richland et al., 2012). For this reason, various
studies have been carried out to determine the source of this
perception (Sajan et al., 2022; Stella, 2022). In these stud-
ies, it can be said that metaphor analysis through written ex-
pressions is considered as a powerful method (Blom et al.,
2022; Khatin-Zadeh et al., 2023). However, since there are
limited studies on the subject in the literature, it is thought
that deeper investigations should be conducted on the forma-
tion and functioning of students’ perceptions towards math-
ematics. In this study, it was aimed to visualize and make
sense of students’ inner worlds about the concept of math-
ematics through their written expressions and drawings that
they themselves created. Therefore, in this study, the Online
Interpretative Phenomenological Analysis (OIPA) method
developed by Tanhan and Strack (2020) and adapted into
Turkish by Tanhan (2020) was used to examine in depth the
perceptions of the high school students in Turkey towards
the concept of mathematics.

Online Interpretative Phenomenological Analysis
(OIPA)

This method is one of the innovative analysis methods de-
veloped by Tanhan and Strack (2020) and adapted into
Turkish by Tanhan (2020) in order to use the traditional
Interpretative Phenomenological Analysis (IFA) approach
more effectively. The fact that factors such as time, material
and communication resources can be used more effectively
in OIPA compared to other methods allows a rich study to
be conducted in terms of the situations investigated in which
more factors can be examined by easily reaching various
participants. For this reason, it is more advantageous than
the traditional TPA on which OIPA is based (Tanhan, 2020;
Tanhan & Strack, 2020).

When the literature is examined, it is seen that the OIPA
is generally used to analyze the data (e.g., participant’s per-
spective, thoughts, story) accompanying the photos collect-
ed with Online Photovoice (OPV) (Doyumgag et al., 2021;
Ozkan & Tanhan, 2023; Seydoogullar1, 2023; Subasi et al.,
2023; Tanhan, 2020; Tanhan et al., 2021; Tanhan & Strack,
2020). In addition, the researchers who developed OIPA
stated that it can also be used in the analysis of the data
shared verbally or in writing by the participants, whether
or not there is visual data (Tanhan, 2020; Tanhan & Strack,
2020). These researchers recommend the use of the OPV
rather than traditional IPA and/or content analysis. In her
master’s thesis, Kizilay (2022) examined the attachment
approaches of adults, for the first time without collecting
visual data meaning without using OPV, but using the
key and quite comprehensive and meaningful SHOWED
questions of OPV; you can see SHOWED questions in the
method section of this paper. Then she analyzed the data
collected using OIPA.

Since OPV has many advantages over the traditional
photovoice method (Wang & Burris, 1997) and OIPA has
many advantages over the traditional IPA, both OPV and
OIPA have recently been used by different researchers in
various subjects (e.g., Armiyau et al., 2022; Doyumgag
et al, 2021; Genc et al., 2022; Ozkan & Tanhan, 2023;
Ogiilmiis, 2021; Subasi et al., 2023; Tanhan, 2020; Tanhan
et al., 2021; Tanhan & Strack, Tiimkaya et al., 2021). All of
these researchers emphasized in their studies that OIPA pro-
vides a more effective, practical and useful framework than
traditional methods.

In OIPA, participants are asked to present their perspec-
tives on the research topic verbally or in writing, with or
without a visual. The purpose of using visuals is to reveal
representations that will help other people to see and make
sense of the participant’s inner world with the help of visu-
als (Tanhan, 2020; Tanhan & Strack, 2020). Thus, the in-
ternal voices of the participant are made visible. However,
the participant’s or participants’ perspective on the research
topic can also be addressed with OIPA without visualization
(Kizilay, 2022; Tanhan, 2020; Tanhan & Strack, 2020). The
current study differs from the studies conducted so far us-
ing OIPA (e.g., Doyumgag et al., 2021; Ozkan & Tanhan,
2023; Tanhan et al., 2021). In all the OPV studies mentioned
above, participants first took one or more photographs to
convey their perspectives and then expressed their perspec-
tives using key and meaningful SHOWED questions. The re-
searchers then analyzed these perspectives using OIPA. This
current study differs significantly from all previous OPV or
OIPA papers in that participants drew the visuals themselves.
When used with OPV, OIPA allows the use of pre-created
images or images taken within the scope of the research with
the help of cameras. When OIPA is used only in the anal-
ysis of participants’ verbal or written perspectives without
the use of visuals (Kizilay, 2022; Tanhan, 2020; Tanhan &
Strack, 2020) the richness of research visualization can be
missed (Tanhan, 2020). Compared to other classical analysis
methods, the OIPA adds depth to the research in terms of
time, cost and participant diversity. However, the fact that
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the participants can use ready-made images also allows them
to use any photograph that does not fully reflect themselves.
The fact that the participants were over the age of 18 in
previous studies also affected the use of ready-made visu-
als in those studies. To overcome this disadvantage of the
OPV method, it was decided to use hand drawings that rep-
resent the participants’ own inner worlds and imaginations.
Thus, it was thought that the participants would be able to
reveal their feelings and thoughts more strikingly. It was
also thought that the impact area of the OIPA, which is quite
easy, practical and economical to use, would expand. For
this reason, in the current study, it was decided to determine
the participants’ feelings and thoughts about the concept of
“mathematics” by examining them in depth with the help of
their own drawings.

Research methodologies used in online environments,
such as the OIPA method, provide great convenience to
researchers in terms of the continuity of scientific studies,
especially when face-to-face interviews are impossible due
to the worldwide pandemic. The advantages of the OIPA
methodology during the pandemic have been discussed
in detail by many researchers (e.g., Armiyau et al., 2022;
Doyumgag et al., 2021; Genc et al., 2022; Ozkan & Tanhan,
2023; Subasi et al., 2023; Tanhan, 2020; Tanhan & Strack,
2020). Although not directly related to OPV or OIPA, when
the literature on education is examined, it is stated that on-
line education applications contribute to more successful re-
sults in the majority of the studies (Ananga & Biney, 2017;
Neuhauser, 2002; Paul & Jefferson, 2019). In this respect,
it is thought that the use of an innovative, economical and
practical technique such as OIPA in understanding the per-
ceptions towards mathematics will make a significant contri-
bution to the related literature.

In this study, it was decided to conduct the study through
face-to-face interviews instead of the online interviews rec-
ommended in OIPA in order to create a warm and sincere
environment with the participants. Face-to-face was cho-
sen due to the participants’ young age and to prevent their
drawings of mathematics concepts from being affected by
a different stimulus. In this face-to-face respect, although
the study presents a framework that is closer to the tradi-
tional IPA, it has the characteristics of the OIPA in terms of
the type of questions asked and the type of data collected
(e.g., SHOWED questions, visualization) and the way the
data analysis is handled to reveal common themes. In other
words, the themes in the study were not determined by the
researcher as in the IPA; it was handled in the form of the
participants creating their own themes as suggested in the
OIPA.

In this current study, OIPA was followed in all other stag-
es except face-to-face data collection. Thus, it was ensured
that the emotions and thoughts of the participants were han-
dled with the themes that emerged directly in line with their
own views without being affected by any stimuli.

As explained in detail in the method and analysis section
of this study, the researcher followed OIPA (Tanhan, 2020)
and received its training in order to use OIPA as effectively
as possible with a new perspective. The researchers received

supervision from the OIPA developer (Tanhan, 2020) in the
whole process. It is thought that this situation provides a
more objective evaluation in the study.

METHOD

Since this study aims to determine the images formed in
the minds of the high school students about the concept of
“mathematics”, the study has qualitative research character-
istics. In order to examine the students’ views on the subject
in depth, Online Interpretative Phenomenological Analysis
(OIPA) method, which aims to effectively address the cur-
rent situations, was used in the study. In the current study,
OIPA method, which is adapted from the Interpretative
Phenomenological Analysis (IPA) method (Tanhan, 2020;
Tanhan & Strack, 2020), was adapted and used in this study
to provide a holistic description of the essence of students’
experiences of the concept of mathematics.

Participants

One hundred high school students participated in this study.
The researchers (Tanhan, 2020; Tanhan & Strack, 2020),
who developed the OIPA, recommended at least 100 partic-
ipants for a reliable analysis. However, they stated that this
number may decrease as the age decreases and in subjects
where it is difficult to find participants. These researchers
also stated that 100 is already a very good number for qual-
itative research. Participants were selected on a voluntary
basis using purposive sampling method. Purposive sampling
envisages the selection of information-rich situations in the
context of the purpose of the study (Patton, 1997). For this
reason, the study was conducted with the high school stu-
dents who had enough experience with the concept of math-
ematics and who could express their feelings and thoughts
through drawing. Thus, the participants were selected among
11" grade equal weight and numerical students. Fifty eight
percent (n=58) of the participants were male and 42% were
female (n=42). Sixty two participants (62%) were studying
in the equal weight department and 38 participants (38%)
were studying in the numerical department.

Data Collection Tools

In this study, the data on the images formed in the minds
of the high school students about the concept of mathemat-
ics were obtained by following the “drawings” made by
the students and the SHOWED questions in OPV or OIPA
as suggested by the researchers (Tanhan, 2020; Tanhan &
Strack, 2020). In the study, OIPA was used to determine the
students’ stories about the concept of mathematics and to
analyze these stories. Before starting data collection, time
was spent with all the students and the aims of the study
were explained to them. The participants and their parents
were also informed about the subject, and their consent was
taken. The data collection process consisted of two main
stages: demographic information (Part 1) and the form
for understanding the perception of mathematics with the
OIPA (Part 2).
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1* Section: Demographic Information

In the first part of the data collection, information on the
demographic characteristics of the students was collected.
Thus, answers were sought to questions such as gender,
grade level, age, and department of the students participat-
ing in the study.

2" Section: OIPA Form to Understanding the
Perception of “Mathematics”

This section consisted of the following five steps.

1* step: first words/concepts that come to mind

At this stage, the students are asked to express the first word
or words that come to mind when they think of the concept
of mathematics.

2 step: drawing/picture preparation

At this stage, students were asked to draw a representative
visual that defines, symbolizes or describes these words that
came to mind when they thought of mathematics in the first
step. They were told that their own drawings were believed
to be more valuable than photos taken or downloaded from
internet. However, they were asked to be careful not to par-
tially or fully draw any real human beings in their drawings
and not to use recognizable elements that belong to the pri-
vate property of third parties.

3 step: adding a whole meaningful paragraph-story-
perspective that includes showed questions

At this stage, students were asked to express their draw-
ings in writing. In other words, they were asked to add a
story/comment to their drawings to make them more un-
derstandable. It was stated that a comprehensive and whole
story including SHOWED questions would prevent misun-
derstandings by the researcher and make their drawing and
story more meaningful. Because even though a picture/pho-
tograph tells a lot on its own, a well-written comment will
contribute greatly to the picture/photograph coming to life.
In order to make this situation more understandable, it was
suggested that they use the SHOWED questions. However,
instead of using (answering) the questions one by one, they
were asked to create a meaningful paragraph that could an-
swer the questions as one part. Since these comments will be
used in the analysis of the study, the students were warned
to take care not to include identifiable personal information
when writing comments. SHOWED questions are used to
create a more effective and meaningful story. When these
stages are followed, it is aimed to prevent different interpre-
tations of the participant story written and to hear, feel and
convey the interpretation more effectively. The SHOWED
questions are as follows:

S: What do you SEE in your drawing about mathemat-

ics and anything related to it?

H: WHAT IS HAPPENING in the drawing (briefly de-

scribe/describe the drawing)?

O: How does what is happening in the drawing relate to
YOU (either as an individual or as a community)?

W: WHAT(S) is enabling or causing this situation or
factors to occur?

E: What are you EXPERIENCING (bodily sensation,
emotion, thought, behavior) while you are making the
drawing and writing this now?

D: When you think about all of this - your drawing and
your story about the concept of mathematics - all of us
(math teachers, mental health professionals, peers, re-
search and service organizations, administrators, and
others) WHAT CAN WE DO to make mathematics in
your life more meaningful?

4™ step: summary words: please use at least three
summary word groups and no more than 10 word groups
(e.G., “Protecting nature” is a word group)

At this stage, students were asked to think about all the work
and processes they had done and to identify words that en-
compassed and summarized all of them. Thus, through these
summary words, themes or metaphors, other people can
comprehend their drawing and story in a concise and mean-
ingful way and store it in their minds and hearts more easily.
Moreover, they can take useful steps forward from this ex-
tracted meaning.

5™ Step: Attributing “approach to mathematics” to
Systems

At this stage, students were asked to express what factors
or systems best describe their thoughts and experiences in
mathematics. These systems included individual/intrinsic
factors (e.g., feelings, thoughts, behaviors, attitudes, gen-
der, education level); microsystem factors (family, school,
peers, physical environment, religious/spiritual resources);
exosystem factors (media, neighbors, social services, local
governments, local organizations); macrosystem factors
(government policies, community values, economy).

Data Analysis: Online Interpretative Phenomenological
Analysis (OIPA)

In this study, the study was conducted through face-to-face
interviews in order to create a warm and sincere environ-
ment with the participants and to prevent their drawings of
the concept of mathematics from being affected by a differ-
ent stimulus. In the elicitation of the stories, the SHOWED
questions as suggested (Tanhan, 2020; Tanhan & Strack,
2020) and the OIPA (Tanhan, 2020) were followed in terms
of the way the main themes were analyzed. In other words,
the themes in the study were not determined by the research-
er as in traditional IPA; it was handled in the form of the
participants creating their own themes as suggested in OIPA.
Thus, it was ensured that the emotions and thoughts of the
participants were handled with the themes that emerged di-
rectly in line with their own views without being affected
by any other researcher bias. The researcher, on the other
hand, combined the themes put forward by the students as



Understanding Mathematics Perception through Drawing: An Online

Interpretative Phenomenological Analysis (OIPA) Study

301

suggested in OIPA themes (Tanhan, 2020; Tanhan & Strack,
2020) and ensured that the main were formed. It is thought
that this situation provides a more objective evaluation in
the study.

In this study, since the visuals formed in the minds of
the high school students about the concept of mathematics
were based on the themes and drawings obtained from the
participants through the OIPA form, the data were analyzed
following OIPA. The data set was analyzed jointly by the
researcher and an expert psychologist in order to make in-
depth meaning and interpretation of emotions such as hate,
love, anxiety, motivation, etc. that may arise in students’
views on the concept of mathematics. This also increased the
validity and reliability of the study. Thus, the themes that the
participants put forward with their own expressions about
the concept of mathematics were evaluated and grouped in a
holistic manner with the help of their drawings. Main theme
groupings were made in line with the themes identified by
the participants (Section 1: Step 4: Summary Words). When
it was not clear to the data analysts which main theme to
place the theme that the participants stated about the con-
cept of mathematics, the stories written by the participants
and the visuals they drew were used. At least three different
theme groupings were made for each participant.

Finally, in the analysis, when it was determined that the
theme groupings were not expressed by 3% or more of the
total number of participants, they were included in the clos-
est theme group by interpretation (as suggested by Tanhan,
2020; Tanhan & Strack, 2020). Thus, the data analyzers made
main theme groupings three times. With the analysis, the ex-
pressions that students used in common in the visuals they
drew for the concept of mathematics and their explanations
about the visuals were evaluated with a holistic approach.

FINDINGS

In the study, the images formed in the participants’ minds
about the concept of “mathematics” were examined with the
help of their own expressions and visuals. In the first stage
of the data collection process, information about the demo-
graphic characteristics of the students was collected. Thus,
it was determined that the participants were studying at the
11" grade level, the majority of them were male, their aver-
age age was 16, and they were mostly studying in a major
that gives equal attention to all courses rather than heavily
stressing science or verbal courses.

In the second stage of the study, the students’ perceptions
of the concept of mathematics were examined through their
own stories and drawings using OIPA. OIPA consists of five
steps. With the help of the first four items of the form, data
on students’ own drawings and explanations of the concept
of mathematics were obtained. As a result of the analysis of
the data obtained, the final number of main themes was 18.
When the data were first analyzed, 43 themes emerged. The
themes that were not expressed by 3% or more of the total
number of participants were included in the closest theme
group by interpretation. For example, the theme of “hope”
that emerged in the first analysis was combined with the
theme of “a step for the future” in the second analysis. Thus,

the number of themes decreased to 31. The themes that were
not expressed by 3% or more of the total number of partic-
ipants in the second analysis were reanalyzed and included
in the closest theme group by interpretation. Students’ draw-
ings and stories about the concept of mathematics were taken
into consideration during these processes. Thus, as a result of
the third analysis, the total number of themes was reduced to
18 and the analysis was finalized. The themes obtained are
presented in Table 1.

When Table 1 is examined, it is seen that the high school
students associated the concept of “mathematics” with 18
different themes including strong emotions. Tanhan (2020)
suggested coding under at least three main themes if the
summary words conveying the perspective of each partici-
pant are rich enough to fall under three main themes. This
basic principle was followed in all of OPV and OIPA studies
(Doyumgag et al., 2022; Genc et al., 2022; Ozkan & Tanhan,
2023; Subasi et al., 2023; Tanhan & Strack, 2020). Since it
was aimed to examine the participants’ perceptions of the
concept of mathematics in depth, each participant’s opinion
was handled with more than one code. For this reason, the
opinions of each participant are included under three main
themes in the table. Thus, a total of 300 coding were made
for the study themes. Participants associated the concept of
“mathematics” with the themes of life (44%), hate (5%), and
unimportant (5%). Most of the participants stated that math-
ematics is difficult (38%) and a separate language involv-
ing numbers, formulas and symbols (38%). In addition, the
numbers of those who stated that mathematics gave them
happiness (22%) and those who stated that it caused them
stress (23%) were quite close to each other. The stories and
drawings that attracted attention in the study are analyzed in
more detail below by themes.

The theme of life was the theme on which the participants
expressed the highest number of opinions (44%). When this
theme was analyzed, it was determined that the participants
mostly thought of mathematics as life itself. Life here in-
cludes the views of “being in life and adding a future to your
life”. “Mathematics is an open reading of the hidden time in
life.” [P29], “it is the account control of life and the world.”
[P30], “It is difficult... it is like a game of life...” [P34], “it is
almost in every aspect of life” [P46], “...it is completely in
life, it affects the formation of the future...it is necessary for
the protection of animals, the environment, nature and us.
[P50], “the key to transformation and progress... it expresses
life and me with the harmony of numbers and terms” [P61].

Some of the participants also think that mathematics has
a structure that directly affects all situations in life. In this
context, P9 expressed the relationship between mathematics
and life as follows:

For me, mathematics means first the world and then the
universe. 1 think everything has developed with mathe-
matics, from the Lydians finding money and using it in
trade to the development of tools used in medicine. For
example, if you are a football fan like me, you will see
that there is mathematics even in the systems used in
football. I think one of the most important ones is the
systematics of traffic lights. On the other hand, if we
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Table 1. Main themes related to mathematics concept

Main Themes

Participants (Total 100 Students) %

1 Life

44(P3,5,7,8,9,14,16,17,23,26,29,30,33,34,37,40,46,47,48,50,52,53,54.,5 44

7,59,61,62,64,66,69,71,73,74,75,76,78,81,85,86,87,89,90,94,99)

2 Difficult

38(P2,4,6,10,11,13,19,26,27,28,29,31,36,37,38,39,41,43,44,45,47,49,51, 38

54,55,65,66,67,74,87,92,93,94,95,96,22,35,82)

3 Numbers, formulas, numbers and symbols
(math language)

38(P8,12,17,30,31,35,36,37,39,41,44,48,49,50,52,53,56,58,59,60,66,67, 38
69,73,75,76,77,79,80,83,84,85,86,89,91,97,68,88)

4 Stress 23(P25,39,41,42,54,55,70,72,82,93,65,28,32,34,38,40,42,45,49,67,96,4,95) 23
5 Happiness 22(P16,18,57,58,59,60,61,62,63,68,71,86,88,14,24,1,3,24,79,81,94,83) 22
6  Astep for the future 18(P6,1,14,20,21,23,74,90,9,17,18,73,10,11,27,97,99,84) 18
7 Asituation that requires effort 16(P5,11,12,13,22,24,34,63,69,78,80,89,95,97,99,71) 16
8 Logical 15(P1,12,62,63,64,84,9,91,81,2,5,30,77,78,16) 15
9  Fear 14(P19,32,45,57,65,72,85,87,15,38,40,42,56,83) 14
10 Seeing important 14(P7.,48,50,52,58,60,68,75,76,77,88,26,33,79) 14
11 Boring 12(P7,28,46,51,100,20,64,22,43,70,98,32) 12

12 Feeling sad

13 Lack of motivation

14 Instructor not responsive to the student
15 Success

16  Seeing math as mandatory

17 Hate

18  Unimportant

7(P8,15,51,55,56,92,72) 7
7(P3,20,93,21,91,96,47) 7
7(P4,13,10,15,19,21,44) 7
7(P6,18,53,2,33,80,90) 7
7(P23,31,61,98,100,29,25) 7
5(P25,70,82,92,27) 5
5(P6,43,46,98,100) 5

As suggested in Tanhan (2020), each participant provided at least three different summary words and if they were rich enough, they were

coded under three main themes

take astronomy, we see that there is an intense use of
mathematics there too. Who knows, maybe mathematics
will lead us in the search for life in space against the
danger of not living on this earth. [P9].

From the ninth participant’s explanation, it is under-
stood that the impact of mathematics in today’s life has been
present from the past to the present. In fact, it is revealed
that mathematics concerns many fields (medicine, football,
traffic, astronomy) and is integrated with life in today’s
conditions.

“Mathematics is the beginning of everything. There
cannot be life without mathematics. It is used in the whole
universe.” [P16]. The participant not only associated
mathematics with life itself through her expressions and
drawing (Figure 1), but also stated that mathematics is a very
logical system and gives her happiness. This approach of the
participant shows that she has a positive perspective on
mathematics. Some of the participants partially separated the
existence of mathematics in life and its existence for their
own lives. For this reason, some of the data were separated
from the life theme and analyzed under the theme of a step
for the future (18%). P18 (Figure 2) can be shown as an
example of this situation.

If we take success as a black background, mathematics

is a path that must be traveled to encourage people to

succeed with white stripes on that black background.
The collection of operations it contains is useful both in
our daily lives and in all areas of life. For this reason,

1 think we should adopt it in all areas of our lives and

walk on the bright path with a positive perspective to
reach this black ground. [P18§]

While explaining mathematics, it is seen that the partic-
ipant handled it on the axis of life, thinking about his own
future. The student stated that mathematics is directly relat-
ed to success. While explaining this situation, he makes us
feel that he thinks that mathematics is necessary for him to
be successful in life. On the other hand, he also associated
mathematics with happiness and revealed the factors that
make up his future. Another remarkable explanation within
the theme of happiness was made by the participant 79",

During my education process, I realized that mathe-
matics is related to numbers and symbols. Being able
to do mathematics using these symbols is so beautiful
and meaningful... I mean, it really makes you feel very
happy. As long as you can do it, you become hungry for
knowledge. [P79]

It is understood from the statement made by the partici-
pant that he considers mathematics important and feels happy
when he succeeds through numbers, symbols and formulas.
In the study, it is seen that most of the students stated that
mathematics is a course that is conducted using numbers,
symbols and formulas (38%). In the analysis, it was deter-
mined that 21 students in this theme associated this situation
with the theme of happiness and 17 students thought that this
situation caused mathematics to become boring.

Students who thought that mathematics was boring usu-
ally expressed these thoughts along with other negative emo-
tions. “There are plenty of formulas. It doesn t help anything.
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It is a complete waste. It makes me unhappy and depressed.
I mean, I get stressed.” [P70]. “Mathematics tires the brain
because both questions and subjects are difficult. Some math
questions are even brain-burning. But I have to learn this
unimportant subject.” [P100], “Mathematics is one of the
biggest obstacles to my university dream. The more I try to
overcome it, the more stressed I get because it is very diffi-
cult for me. It is very boring.” [P28], “I want to gain knowl-
edge in mathematics. I push myself. I try. It requires effort,
but it is extremely boring.” [P22], “I cannot get rid of it even
if I travel from continent to continent and from country to
country. I encounter it everywhere and I think I am the only
one who doesn't know it, which gives me anxiety and fear.
1t is a very repulsive lesson, but I still can't get it out of my
mind.” [P32], “I have no interest in mathematics because
we have always seen it since we were little. I want to be an
agricultural engineer, so I need to learn it. But I have no
motivation.” [P20], “When I think of mathematics, I think
of a complex, difficult and boring lesson. I feel sad because
it forces me a lot.” [P51], as can be seen from the explana-
tions, most of the students who found mathematics boring
also associated mathematics with negative emotions such as
stress, hatred, seeing it as unimportant, compulsory, difficult,
requiring effort, fear, lack of motivation and feeling sad.

Only participant 64 stated that although mathematics is
boring, it is related to life and makes sense. “We cannot have
a profession without being able to do mathematics. As such,
it affects our lives a lot. Yes, it is a very logical course, but
not everyone has to understand everything.” [P64].

It was observed that most of the students who had teach-
er-related problems explained the meaning of mathematics
for themselves with similar negative emotions. Thus, it was
determined that some of the students (7%) who addressed
mathematics by referring to the problems caused by the in-
structor also associated mathematics with themes such as
difficult, boring, requiring effort, feeling sad, and fear. “It
is quite difficult, but it can be done with effort. I got a bit
discouraged because of a teacher who treated me badly.”
[P13], “My teacher always told me that I couldn 't do it and 1
got discouraged from mathematics.” [P10], “Some teachers
discouraged me from working hard. Therefore, I am unde-
cided whether I can do it.” [P15], “Mathematics is a difficult
exam for me. Mathematics is always difficult for me as long
as it is in my life. The formulas go around my head, but they
don't enter my brain. I have a lot of difficulty because I do
not get enough support from my teachers.” [P19], “To solve
my math problem, we should start from the basics. Because
I was not guided correctly by my teachers.” [P44]. The pic-
ture drawn by the participant 21* in this theme is striking
(Figure 3).

It can be said that the participant perceives the world
mathematically. When his own explanations are taken into
consideration, this perception becomes evident as a chal-
lenging situation rather than a positive inference. “I did not
get enough support from my teacher, which hinders my fu-
ture. Life revolves around an incredible wheel. As a matter
of fact, it continues with its difficulties. Mathematics is a part
of life and a necessary branch in the world.” The participant

Figure 1. Participant 16’s hand drawing of the concept
of mathematics
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Figure 2. Participant 18's hand drawing related to
the concept of mathematics
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Figure 3. Hand drawing of the participant 21* related to the
concept of mathematics

stated that he did not receive enough support from her teach-
ers and this situation affected him negatively. In the picture
he drew, it is seen that mathematics is related to the world.
This situation can be explained in the sense that the student
has positive feelings towards mathematics. Because the stu-
dent can reveal how important mathematics is. However, the
student probably lost his motivation towards the mathemat-
ics lesson due to the reasons arising from the teacher.
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Table 2. Attributing the field of mathematics to systems

Attributed Systems Individual

Microsystem Exosystem Macrosystem

Number of person and percentage 74 (39%)

66 (34%) 15 (8%) 37 (19%)

The last item of the OIPA aims to obtain a general evalu-
ation of the systems to which the high school students attri-
bute the domain of mathematics. At this stage, students were
asked to state which of the individual, microsystem, exosys-
tem and macrosystem domains best explained the mathemat-
ics domain for them. It was indicated to the students that
they could attribute to more than one system. The findings
obtained are as follows.

When Table 2 is examined, it is seen that the students
mostly associate mathematics with individual/personal fac-
tors such as emotions, thoughts, behaviors and attitudes.
Microsystem factors including family, school, peers and
physical environment ranked second. Macrosystem factors
such as government policies, community values and econ-
omy ranked third. Exosystem factors such as media, neigh-
bors, local governments and organizations were ranked last.

DISCUSSION, CONCLUSION AND
RECOMMENDATIONS

In this study, the perceptions of the high school students
about the concept of mathematics were tried to be determined
with the help of a five-step OIPA form and their own draw-
ings. Thus, it was determined that the main themes related
to the concept of mathematics were listed as follows: Life
(44%), Difficult (38%); Numbers, formulas, numbers and
symbols (math language) (38%), Stress (23%), Happiness
(22%), A step for the future (18%), A situation that requires
effort (16%), Logical (15%), Fear (14%), Seeing it as im-
portant (14%), Boring (12%), Feeling sad (7%), Lack of mo-
tivation (7%), Instructor not responsive to the students (7%),
Success (7%), Seeing math as mandatory (7%), Hate (5%),
Unimportant (5%).

From the main themes obtained, it is seen that the stu-
dents mostly explained the concept of mathematics using
negative emotions (difficult, stress, fear, boring, ...). This
situation suggests that students have negative experiences
and difficulties related to mathematics. Because a person’s
perception of a subject is formed through experiences.
Previous studies also indicate that negative emotions to-
wards mathematics negatively affect mathematics percep-
tion (Escarez et al., 2022; Finell et al., 2022). The spiral
structure of curricula ensures that students’ experiences in
mathematics increase as their grade level increases. The in-
crease in the cognitive level of the outcomes may cause stu-
dents’ achievement in mathematics to differ in the process
(Meece, 1996). This may have caused negative feelings in
students. Therefore, mathematical language and experience
should be carefully planned and executed to improve stu-
dents’ mathematical literacy.

On the other hand, the study revealed that teachers were
also effective in the formation of negative feelings towards
mathematics. Some of the students participating in the study
stated that teachers’ negative attitudes during the feedback

process caused a lack of motivation in them. Students’ in-
ability to express themselves sufficiently may have led to
the development of negative feelings towards mathemat-
ics and failure in mathematics. Thus, in this study, it was
determined that students had anxiety problems about the
future due to lack of mathematical knowledge. This situa-
tion may cause students not to be competent in using math-
ematical knowledge and skills. The mentioned competence
includes situations such as students’ inability to understand
the problem situation, inability to use mathematics in deci-
sion-making, and negative effects on mathematical literacy
(Niss & Jablonka, 2020). It is known that students’ com-
munication with the teacher affects their attitude towards
the course, success and perception (Cassel & Vincent 2011;
Papanastasiou, 2002; Wright et al., 1997). Therefore, inef-
fective communication with the teacher (Asadi et al., 2019;
Bozkurt, 2020; Keskin & Ozer Kaya, 2020) can be con-
sidered as another factor in students’ negative experiences
and difficulties towards mathematics. This situation can
be improved by teachers communicating effectively with
students. Teachers should emphasize the good aspects of
students, motivate them to succeed, communicate in a way
that supports the correct answer, and approach them with
love.

It was determined that the students’ perceptions of the
concept of mathematics were predominantly associated
with the main theme of life. In the studies conducted at dif-
ferent grade levels in the literature, it is seen that students
associate mathematics with the concept of life (Cagirgan
et al., 2021; Ersoy & Aydin, 2017; Markovits & Forgasz,
2017; Olsen et al., 2020). This shows that students perceive
mathematics as a way of life beyond seeing it as a course.
However, it can also be said that this situation stems from
the students’ implicit anxiety towards the mathematics
course. The fact that students mostly see mathematics as a
science that is difficult and has its own mathematical lan-
guage may be among the reasons for this anxiety. The fact
that most of the themes obtained as a result of the analysis
focused on interrelated negative emotions strengthens this
assumption. The students’ past negative experiences are
part of their negative perceptions of mathematics. These
anxieties in students make it difficult for them to face life
and prevent their problem solving skills from being at
the desired level. Therefore, measures should be taken
to strengthen students’ mathematical literacy (Stacey &
Turner, 2015) so that they can critically evaluate the flow
of information. Mathematical literacy can be developed to
address the positive aspects of students from the first years
of education.

The findings of the study revealed that the high school
students think that because mathematics is difficult, it will
directly affect the life they will live in the future and the
professions they will choose. From the students’ own ex-
pressions and drawings, it was determined that this situation
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caused intense stress and anxiety in students. There are stud-
ies supporting this finding in the literature (Kim et al., 2023).
Students’ readiness levels, negative mathematics experienc-
es, abstract nature of the course, underdeveloped mathemat-
ical literacy, inappropriate methods and techniques used in
teaching the course may have had an effect on the devel-
opment of negative perceptions. Studies show that mathe-
matics is monotonous and incomprehensible to students
because it is difficult, and therefore students develop neg-
ative perceptions (Szczygiel & Pieronkiewicz, 2022). This
perception can be improved by increasing academic success
in mathematics and positive emotional experiences towards
mathematics.

In the study, it was determined that students associat-
ed mathematics with individual factors the most. It can be
said that students’ distancing themselves from the learning
center for various reasons (such as teacher influence, diffi-
culty, etc.) and the negative mood they experience in math-
ematics learning cause this situation. Studies emphasize
that the causes of negative mathematics perception have
not been fully determined (David et al., 2022). However, it
is known that cognitive operations that jeopardize the on-
going activity in working memory can cause math anxiety
and negative perceptions (Ashcraft, 2002). It can be said
that individual factors (such as worry, anxiety.,) have an
intense effect on cognitive processes. In fact, studies show
that a person can form negative perceptions even for irra-
tional reasons (Fadinastasha & Agustin, 2023). Therefore,
it can be stated that the fact that students associate mathe-
matics with individual factors the most is consistent with
the literature. This shows that there is an urgent need to
improve students’ negative perceptions of mathematics
stemming from individual factors. Because negative per-
ceptions can negatively affect the conceptual understand-
ing of mathematics or mathematics performance (Quintero
et al., 2022).

Microsystems such as family, school and peers were the
second factor that students associated with mathematics the
most. Mathematics anxiety, which causes negative mathe-
matics perception, affects students’ attitudes and perfor-
mances. The study did not examine whether the perception
of mathematics differs according to the gender, education
level or participation in communication with the child.
However, studies in the literature emphasize that especially
the mother’s education level affects children’s mathematics
performance and indirectly mathematics perception (Bellon
et al.,, 2022). This shows that macrosystems are effective
in the formation of mathematics perception. As a matter of
fact, it was also found to be an effective factor in the re-
sults of this study. Finally, macrosystems such as govern-
ment policies and community values and exosystems such
as neighbors, media and local governments had the least
influence on students’ mathematics perceptions. In addition
to all these, future researchers can act from a Community-
Based Participatory Research (CBPR; Dari et al., 2021;
Dari et al., 2023; Doyumgac et al., 2021; Hauber-Ozer
et al., 2021; Tanhan, 2020; Tanhan & Strack, 2023; Waegh et
al., 2023) approach to collaborate with the families, teachers

and students to conduct Online Photovoice (OPV; Tanhan
& Erin, 2023; Tanhan & Strack, 2023; Subasi et al., 2023)
with different samples to understand facilitators and barri-
ers from the students’ experience with mathematics. Subasi
(2023a) used OIPA by itself to understand college students’
belonging, and in another study, Subasi (2023b) used OPV
to collect teachers’ post COVID-19’s experiences and used
OIPA to analyze the data. Therefore, future researchers
can use OIPA, OPV, and CBPR to understand the themes
emerged related to mathematics in this current research in
more details.
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