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Introduction

Visuals are in every part of our life, affect our lifestyle, and their importance of
solving daily problems in daily life is getting increasingly higher every day. This paves the
way for the concept of visual perception in individuals, and as a result of using and applying
this concept, the visualization perception concept emerges. Although perception occurs with
the interaction of all senses, the visual perception has an important place in perception. In
visual perception, the individual recognizes and distinguishes visual stimuli and interprets
them by combining them with previous experiences (Kog, 2002). Lappan (1999) defines
visualization as cognitive comprehension of visual information. According to Arcavi (2003),

visualization is a product, ability, and process of creation. In other words, it is a kind of
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suggesting the ideas that were unknown before and improving the understandings. Visual
perception refers to information about the size, shape, and color of an object, and
visualization includes the ability to mentally rotate and change two- and three-dimensional
objects (Kurt, 2002).

With visualization, the concept of spatial thinking has emerged, and the concept of
spatial visualization, which is the combination of these two concepts, has been included in
the literature. Spatial visualization is defined as one of the most important subdivisions of
spatial ability (Sezen-Yiiksel & Biilbiil, 2014). Olkun and Altun (2003) define spatial ability
as the ability to envision the new situations that will be occurred as a result of the movement
of two-dimensional and three-dimensional objects and the parts them. Goktepe (2013)
defines the concept of spatial visualization as the unfolding of a visually given object, the
ability to rotate, twist or invert in the mind. The geometry learning area is seen as the
learning area in which the concept of spatial visualization for mathematics is directly related
and influenced. It is necessary to have spatial visualization skills to interpret geometric
shapes, understand the relationships between shapes and visualize at the end of various
transformations (Kosa, 2011). The individuals mostly believe that learning how to structure
geometric figures and graphics, is enough for learning the visualization in math (Duval,
1998). Based on geometry, there are factors of visualization and drawing of geometric
concepts and shapes, and generalization of them (Kdse, 2008). A visual stimulus at the heart
of this discipline supplies lots of information for organisms about the environment. Three-
dimensional visual-spatial figurations are based on visual clues. The world is sensed as
three-dimensional, because the visual-spatial codes are three-dimensional (Kurt, 2002). These
visualization and perception processes in geometry have brought geometric thinking along
with it. Thus, together with geometry, the concept of geometric thinking was formed, and
scientists researched this process. Duval (1998) reviews geometric thinking as three cognitive
processes: visualization, formation, and reasoning. Visualization in this thinking process is
the visual representation of the geometric expression or the intuitive or experimental
exploration of a complex geometric situation.

Another concept that includes the concept of geometric thinking and is considered
directly related to this concept is mathematical visualization. Mathematical visualization is
the process of shaping images in the mind, with paper and pencil or with the help of

technological tools, and using images effectively to explore and understand mathematics.
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(Zimmermann & Cunningham, 1991). Mathematical visualization is exactly the ability of
students to present a concept or problem, to use a diagram to support problem-solving to
achieve understanding, to draw the appropriate diagram with pencil and paper, or in some
cases using a computer (Uysal-Kog & Bager, 2012). Drawing a simple shape to express a
mathematical problem, interpreting them comprehendingly, and using them as a support to
solve problems are basic visualization skills (Zimmermann & Cunningham, 1991). The fact
that the individuals need a graphical approach to solve a problem, interpret the graph they
draw to guide the algebraic approach and their intuitive thoughts play a role in leading them
to the correct solution are the main parts of mathematical visualization that require high-
level skills. Appealing to more than one sense of the learner, which is a necessity of a modern
learning environment, has highlighted the necessity of supporting the algebraic approach in
mathematics with different approaches and the visualization approach (Uysal-Kog & Basger,
2012).

Visualization helps the individual with both configuring and isolating the concepts in
math. As a matter of fact, according to Strong and Smith (2001), each individual has unique
visualization skills. Moreover, it can improve the students’ abilities to convert abstract
concepts or systems into concrete or semiabstract environment or vice versa (Konyalioglu,
2003). Guzman (2002) stated four kinds of visualizations in terms of the similitude degree of
concrete figuration and mathematical situation as follows:

1. Isomorphic visualization: Explaining the concrete concept that is isomorphs with
the abstract concept that is perceived by the former senses in explaining the
abstract concepts in math.

2. Homomorphic visualization: Using the homomorphic objects in the visualization

3. Analogical visualization: placing the studied object, which is already discovered to
another object, the features and behaviors of which are known better.

4. Diagrammatic visualization: It presents schematically the common features and
relations of objects in our minds and supports the thinking process.

Literature Review

The examination of the studies in the literature on the concept of visualization shows
that studies on the concept of spatial visualization in mathematics education are also in the
foreground (Topuz & Birgin, 2020; Wakil, Khdir, Sabir, & Nawzad, 2019). Sezen-Yiiksel and

Biilbiil (2014) conducted an undergraduate level scale development study to measure spatial
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visualization ability. Olkun and Altun (2003) examined the relevance between students’
computer experiences and spatial thinking and geometry success of primary education
students. Delice, Aydin, and Kardes (2009) evaluated the usage of visual items in math
course books as if there were mathematics teacher candidates. Isik and Konyalioglu (2005)
investigated the visualization approach in mathematics education and gave detailed
information about this concept in the relevant study. Ozdemir, Duru, and Akgiin (2005)
stated in their study that, in addition to traditional teaching techniques, using the
visualization that made it possible for students to see some details better would improve the
quality of identity teaching. Ozer and San (2013) examined the effect of visualization on the
learning level of identity. In this study, researchers examined the effects of visual material-
aided teaching activity on teaching the subject of identities, by comparing the traditional
teaching activity. Uysal-Kog and Bager (2012) investigated the role of the visualization
approaches in attitude and achievement towards mathematics and stated that the
visualization approach has a positive effect on mathematics achievement and attitude. When
these studies are examined, it is seen that the concept of visualization is important in
mathematics education and should be used in teaching processes. It is also seen that the
concept has been examined according to some variables. For example, Turgut and Yenilmez
(2012) examined by mathematics teacher candidates’ visualization skills in terms of gender in
their study. Diindar, Yilmaz, and Terzi (2019) evaluated the spatial visualizations of
mathematics teacher candidates in terms of gender and grade variables in their study. Based
on these points, the mathematical visualization perceptions of mathematics teacher
candidates, who will be the teachers of the future, were investigated in this study; It was
evaluated in terms of gender, class, and parental education status variables. The fact that
there is no study in which variables of the study about mathematics teacher candidates and
statistical methods were included and the mathematical visualization perception was
investigated after the literature review was conducted reinforces the original side of the
study.

Aim of the Research and Sub-Problems

The aim of this study is to examine by mathematics teacher candidates” perceptions of
mathematical visualization in terms of some variables. In line with this general purpose, the
following sub-problems were sought:

Mathematical visualization perceptions of mathematics teacher candidates;
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1. How are the descriptive statistics?

2. Does it differ significantly in terms of gender variable?

3. Does it differ significantly in terms of the class variable?

4. Does it differ significantly in terms of the parental education status variable?

Method

Research Design

This study was conducted to examine whether the mathematical visualization
perceptions of mathematics teacher candidates differ in terms of gender, grade level, and
parental educational status. Therefore, the relational survey method was used. The
relational survey method is expressed as a research model aimed at determining the

presence or degree of change between two and more variables (Karasar, 2002).
Research Participants

The research participants consisted of mathematics teacher candidates who studied at
the faculty of education of a midsize university in the Southeastern Anatolia part of Turkey.
The sample of the study consisted of 231 mathematics teacher candidates (159 Female, 72
Male) chosen by simple random sampling method from this population. A simple random
sampling method is a sampling type in which all units in the population have the chance to
be selected equally and independently (Karasar, 2002).

Data Collection Tools

The Mathematics Visualization Perception Scale was developed by Ilhan & Tutak
(2021). The scale consists of 42 5-Likert type items. The scale has 6 factors and these factors
and Cronbach Alpha values are as follows: Additional Drawing (0.971), Spatial Thinking
(0.977), Concept of Direction (0.976), Relationship with Daily Life (0.976), Transition from
Algebra to Geometry (0.984) and Transition from Geometry to Algebra (0.987). Also, the
Cronbach Alpha value of the scale was 0.938 and it was found to be 0.868 for this study
(Ilhan & Tutak, 2021). The sample items related to the Mathematics Visualization Perception
Scale are as follows: "If there is more than one additional drawing in a question, I believe that
I can solve that question”, "I can find the location of the vehicle I transport or park outside",
"I can use what I learned in geometry in problem situations I encounter in my daily life",
“Verbal 1 do not have difficulty solving geometry questions given as" I like algebraic

operations in solving geometry problems.
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Data Analysis

The Mathematics Visualization Perception Scale was scored between 1 “Never” and 5
“Always”. Levene test was conducted to determine whether the variances were
homogeneously distributed in the study. Since Levene test result is p > 0,05 for the scale (Z =
0,483, p = 0,81) applications, it was determined that the variances are homogeneously
distributed (Biiytikoztiirk, 2016). Also, the skewness and kurtosis values were analyzed and
it was determined that these values were between -2 and +2, and the z-skewness and z-
kurtosis values were between -1.96 and +1.96. However, it was observed that the mode,
median, and arithmetic mean were also close to each other (Cameron, 2004). The Shapiro-
Wilk test was conducted to determine whether the data were normally distributed. Findings
related to this test are given in Table 1.

Table 1. Shapiro-Wilk test results of the scale

Group Statistics df P
Female 0.95 158 0.26
Male 0.96 71 0.36
1. grade 0.97 65 0.12
2. grade 0.94 55 0.21
Mathematics 3. grade 0.95 53 0.34
Visualization 4. grade 0.93 54 0.16
Perception Mliterate 0.91 28 0.23
Primary School 0.97 99 0.14
Secondary School 0.92 38 0.25
High School 0.94 41 0.18
University 0.95 20 0.19

Biiytikoztiirk (2016) stated that if the group size is less than 50, the Shapiro-Wilks test
should be used to examine the conformity of the scores to normality. For this reason, the
Shapiro-Wilk test was preferred. As a result, it was determined that the scale applications
were (p > 0.05) for each data set and showed normal distribution. With the help of research
data, whether or not the visualization perception levels of mathematics teacher candidates
differ in terms of gender variables, was examined by an independent sample t-test, and

whether there is a difference in terms of grade level and parental education status was
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examined by one-way analysis of variance (ANOVA). The LSD test was used to determine

that this difference is between in which classes or parental education status.

Findings
In this part of the study, the mathematical visualization perception levels of the
mathematics teacher candidates were examined in terms of variables of gender, class, and
parental education status. First, descriptive statistics were investigated in the study, then it
was examined whether the difference regarding the variables was significant or not.
Descriptive Statistics of Mathematics Teacher Candidates” Math Visualization Perception Levels
The descriptive statistics of mathematics teacher candidates” math visualization

perception levels are shown in Table 2.

Table 2. The descriptive statistics of mathematics teacher candidates” math visualization perception

levels

N M % SD

Mathematical Visualization Perception 231 3.40 68.46 0.66

When the perception of mathematical visualization in Table 2 is compared, it is
determined that the mean of 3.40 and percentage of %68.46.
Findings Regarding the Mathematics Visualization Perception Levels of Mathematics Teacher
Candidates According to Gender Variable

The descriptive statistics of gender variables are shown in Table 3.

Table 3. The descriptive statistics of gender variables

Gender N M % SD

Female 159 3.36 67.22 0.63
Mathematical Visualization Perception

Male 72 3.44 69.70 0.77

When the perception of mathematical visualization in Table 3 is compared according to
gender variable, it is determined that the percentages of male are higher than females. After
analyzing the descriptive statistics about the gender variable, independent sample t-test
statistics of the gender variable were conducted (Table 4).

Table 4. t-test results of mathematical visualization perception scores according to gender variables
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Gender N M SD df t p
Female 159 3.36 0.63

229 -0.75 0.46
Male 72 3.44 0.77

According to Table 4, mathematical visualization perception mean scores of female
mathematics teacher candidates are lower than the mean scores of males. However, the
difference between these mean scores was not statistically significant [t (229)=-0.75; p > 0.05].
Findings Regarding the Mathematics Visualization Perception Levels of Mathematics Teacher
Candidates According to Grade Level Variable

Descriptive statistics related to grade-level were analyzed and the results were given in

Table 5.

Table 5. The descriptive statistics of grad-level

Grade N M % SD

1. grade 66 3.30 66.08 0.74

g g c 2. grade 56 3.35 66.98 0.60

é % ‘% 3. grade 54 3.57 71.48 0.39

S £ 8 4. grade 55 3.42 68.34 0.83
Total 231 3.41 68.12 0.67

The percentage values of the variables in Table 5 shows that mathematics teacher
candidates have a mathematical visualization perception with a ratio of approximately
68.12%. When mathematics visualization perceptions of mathematics teacher candidates are
evaluated, it is seen that the perception of visualization from the first grade to the third grade
increased while the fourth grade decreased compared to the third grade. The difference
between the mathematical visualization perception scores of mathematics teacher candidates

was investigated by ANOVA and LSD tests. The results are shown in Table 6.

Table 6. ANOVA and LSD results on mathematical visualization perception scores by grade level
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Grade N M SD F p LSD
1. Grade 66 3.30 0.74
2. Grade 56 3.35 0.60

1<3(p=0.03)
3. Grade 54 3.57 0.39 2.61 0.04

2<3(p=0.01)
4. Grade 55 3.42 0.83
Total 231 3.41 0.67

According to Table 6, the mathematical visualization perception average of the third-
grade mathematics teacher candidates is higher than the other grades, and the mathematical
visualization perception average of the first-grade mathematics teacher candidates is the
lowest. As a result of the ANOVA test, the difference between the mean scores of
mathematical visualization perception was found to be statistically significant (F 2220 = 2.61; p
< 0.05). The LSD test was used to investigate the difference between the groups and the
difference between the mathematical visualization perception scores of the mathematics
teacher candidates at the third grade and the mathematical visualization perception scores of
the first and second-grade mathematics teacher candidates were found to be significantly
different in favor of the third-grade students.

Findings Regarding the Mathematics Visualization Perception Levels of Mathematics Teacher
Candidates According to Parental Education Status Variable

Descriptive statistics about parental education status are presented in Table 7.

Table 7. Descriptive statistics about parental education status

Education Status N M SD %
Illiterate 29 3.22 0.71 64.30
Primary School 100 3.28 0.77 65.64
.EE .§ o Secondary School 39 3.43 0.41 68.66
%E) ;g % High School 0 3.58 0.60 71.64
S £ £ University 21 3.59 0.53 71.70
Total 231 3.38 0.67 67.62

When the mathematical visualization perceptions of the mathematics teacher

candidates in Table 6 are analyzed, it is seen that the perception of visualization increases as
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the education level of parents increases. After the difference between the mathematical
visualization perception scores of mathematics teacher candidates was investigated by grade
variable, ANOVA and LSD tests were used to determine whether there was a significant

difference according to parental education status. The results are shown in Table 8.

Table 8. ANOVA and LSD results related to mathematical visualization perception scores according

to the parental educational status variable

Parental Educational Status N M SD F p LSD
(A) Llliterate 29 3.22 0.71
(B) Primary School 100 3.28 0.77

A<D (p=0.02)
(C) Secondary School 39 3.43 0.41 2.53 0.04

B<D (p=0.02)
(D) High School 42 3.58 0.60
(E) University 21 3.59 0.53

According to Table 8, the mathematical visualization perception scores of the
mathematics teacher candidates whose parents are educated at the university level are
higher than the other groups and the mathematics teacher candidates in the illiterate group
have the lowest mean mathematical visualization perception scores. The mathematical
visualization perception mean scores of mathematics teacher candidates were statistically
significant (F 2229= 2.53; p < 0.05). The differences between these groups were investigated by
LSD test, mathematical visualization perception scores of mathematics teacher candidates
whose parental education status is high school and non-illiterate and mathematical
visualization perceptions of mathematics teacher candidates whose parental education status
is primary school level were found to be significantly different in favor of those whose

parental education status is high school.

Discussion and Conclusion

In this study, the mathematical visualization perception levels of the mathematics
teacher candidates who will be the instructors of the future were investigated in terms of
gender, class, and parental education status. The mathematical visualization perception
scores of the male mathematics teacher candidates included in the study were higher than

the female mathematics teacher candidates while there was no significant difference between
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the mathematical visualization perception scores in terms of gender variable. In other words,
mathematical visualization perception scores of female and male mathematics teacher
candidates are similar. A brief literature review shows that it is possible to find similar or
overlapping studies similar to the results of this study (Dokumaci-Siitgii, 2021; Orhun, 2007).
Celik (2018) stated that students' mathematics visualization perception did not change in
terms of gender variables. Unlii (2014) stated in his study with eighth-grade students that the
spatial visualization skills of the secondary school students were low and the geometry
achievements were moderate. According to the results of the study conducted by Rafi,
Samsudin, and Said (2008), it is emphasized that the spatial visualization ability is higher in
male students than in female students. Dursun (2010) determined that the spatial
visualization scores of boys were found to be significantly higher than girls'. Orhun (2007)
found that there was a cognitive deficiency between formal arithmetic and visualization in
his study on fractions with fourth-grade students. Although the researcher found no
significant difference between female and male students in this study, he determined that the
perception of visualization was low in general. Burin, Delgado, and Prieto (2000) stated that
there is no significant difference in spatial visualization tasks according to gender in their
study of solution strategies and gender variables in spatial visualization tasks. Orhun (2007)
reported that male students were more successful than girls in visualization questions about
fractions. In the study, it was also found that in general, there was no significant difference
between female and male students in terms of their success in fractions. Kakmaci (2009)
found that the spatial visualization skills of male students were higher than the female
students in his study with sixth-grade students. In the study of Abay, Tertemiz, and
GoOkbulut (2018), the mean score of the mathematics teacher candidates obtained from the
spatial visualization test did not show a significant difference according to their gender.
Turgut and Yenilmez (2012) found that mathematics teacher candidates had low spatial
visualization skills and did not differ according to gender variable.

When mathematics visualization perception scores of mathematics teacher candidates
are evaluated in terms of grade variable, it is seen that mathematical visualization perception
mean scores of the third-grade mathematics teacher candidates are higher than the other
mathematics teacher candidates in the other grades and the mean scores of the mathematics
teacher candidates in the first grade are the lowest. The difference between the mathematical

visualization perception mean scores was seen as statistically significant. The mathematical
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visualization perception scores of the mathematics teacher candidates at the third-grade level
and the mathematical visualization perception scores of the first and second-grade
mathematics teacher candidates were found to be in favor of the third-grade students. In
other words, the grade level of mathematics teacher candidates has had an impact on
visualization perceptions. The reason for this may be that mathematics teacher candidates
have taken the pedagogy or geometry lessons in undergraduate education. It is possible to
come across a study determined that spatial abilities do not make a significant difference in
terms of grade variable. Dokumaci-Siit¢ii (2018) did not find a significant difference between
the mean scores of the mathematics teacher candidates on the spatial abilities.

In the study, the mathematical indicators of mathematics teacher candidates
according to their parental education status were examined. As a result, it was seen that the
mathematical visualization perception scores of the mathematics teacher candidates at the
university level were higher than the other groups, and the mean scores of the illiterate
teachers were the lowest. In other words, mathematical visualization perceptions of
mathematics teacher candidates increased as parental education status increased. This
difference was significant between the mathematical visualization perception to mean scores.
In other words, the maternal and paternal education status of teacher candidates was
effective in mathematical visualization perceptions. When a literature review is performed, it
is possible to find similar or overlapping studies like the results of this study. Behavioral
psychologists are also of the opinion that the source of difference in spatial ability is related
to the family's educational status, child-rearing, learning opportunities, and social
expectations (Sundberg, 1994).

As a result, the mathematical visualization perception means scores of male
mathematics teachers who were included in the study were higher than female mathematics
teacher candidates while there was no significant difference between the mathematical
visualization perception scores. When mathematics visualization perception scores of
mathematics teacher candidates are evaluated in terms of class variable, it is seen that
mathematical visualization perception mean scores of the third-grade teachers are higher
than the other teacher candidates in the other classes and the mean scores of the teacher
candidates in the first grade are the lowest. The difference between the mathematical
visualization perception mean scores was statistically significant for the class variable. It was

seen that the mathematical visualization perception scores of the mathematics teacher
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candidates whose parental education status was at the university level, were higher than the
other groups, and the mathematical visualization perception scores of the teachers who are
not literate were the lowest. Also, this difference between the mathematical visualization
perception mean scores was statistically significant. Within the scope of the findings of the
study, the following suggestions were made to the researchers who want to work in this field

in the future:

e Mathematics teacher candidates in the Southeastern Anatolia region were included in
the study. Therefore, the perceptions of mathematical visualization of mathematics
teacher candidates can be evaluated by choosing a sample group with a wider
audience (in different departments or universities).

e Gender, grade, and parental education status variables were included in the study.
Mathematical visualization perceptions of teacher candidates can be evaluated by
considering different variables.

e The relationship between mathematical visualization perceptions and other cognitive
or affective skills of mathematics teacher candidates can be examined by using

statistics such as correlation, regression, or path analysis.
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