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Article Info Abstract

This study aims to examine primary school fourth grade students' visual estimation

DOI: 10.14812/cufej.821127 and spatial reasoning skills. 445 (219 boys and 226 girls) primary school students

Research Article participated in the study. Correlational model, one of the quantitative research
methods, was used to determine the relationship between students' visual estimation
skills and spatial reasoning skills. In addition, Spatial Reasoning Skills and Visual
Estimation Skills tests were used as data collection tools. Before applying these tests,
validity-reliability analyzes were made. The data obtained from the sub-problems of
the study were analyzed using different statistical methods such as including one-way
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multivariate analysis of variance (MANOVA), correlation and path analysis. According
to the results of the research, the visual estimation skills and spatial reasoning skills of
the students do not differ according to their gender. In addition, it was observed that
the scores of the students' spatial reasoning test positively predicted the scores they
got from the visual estimation skills test.
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ilkokul Ogrencilerinin Gérsel Tahmin Becerileri ile Uzamsal Akil Yiiriitme
Becerileri Arasindaki iliskinin incelenmesi

Makale Bilgisi Oz
DOI: 10.14812/cufej.821127 Bu galisma, ilkokul dérdiincii sinif 6grencilerinin gorsel tahmin ve uzamsal akil yuritme
becerilerini incelemeyi amaglamaktadir. Arastirmaya 445 (219 erkek ve 226 kiz) ilkokul
Arastirma Makalesi 6grencisi  katilmistir. Nicel arastirma yontemlerinden iliskisel tarama modeli
Makale Gegmisi: ogrencilerin gorsel tahmin becerileri ile uzamsal akil yiritme becerileri arasindaki
Gelis 04.11.2020 iligkiyi belirlemek icin kullanilmistir. Ayrica veri toplama araci olarak Uzamsal Akl
Diizeltme  15.03.2021 Yiritme Becerileri ve Gorsel Tahmin Becerileri testleri kullaniimistir. Bu testleri
Kabul 17.03.2021 uygulamadan o6nce gegerlilik-glivenirlik analizleri yapilmistir.  Arastirmanin  alt

problemlerinden elde edilen veriler, tek yonli ¢oklu varyans analizi (MANOVA),

korelasyon ve yol analizi olmak tzere farkli istatistiksel yontemler kullanilarak analiz
edilmistir. Arastirma sonuglarina gére 6grencilerin gorsel tahmin becerileri ve uzamsal
akil ylritme becerileri cinsiyetlerine gore farklilasmamaktadir. Ayrica 6grencilerin
uzamsal akil yuritme testinden aldiklari puanlarin, gérsel tahmin becerileri testinden
aldiklari puanlari pozitif yonde anlamli bir sekilde yordadigi gérilmustir.
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Introduction

Estimation skills have taken their place in many learning areas of mathematics such as measurement,
geometry, angles and counting. Similarly, estimation has been claimed to have beneficial effects on
many mathematical skills such as mental computing, number perception, and spatial visualization (Opfer
& Siegler, 2007). Estimation is the task of measuring, comparing, using mental and visual information
while performing these operations without using any measuring instruments. Students generally use
their own calculation skills or visual skills when answering questions that require guesswork (Cilingir-
Altiner, 2018a).

Estimation skills learned through trial and error are skills that develop as predictions are made, and
then feedback is obtained by checking their accuracy. The experiences and mental criteria (reference
frames) developed as a result of these experiences are necessary to approach the correct result and be a
good predictor. Studies show that practices that create mental criteria for measurements and use them
in classroom activities develop much better predictors than those who do not (Joram, Gabriele,
Bertheau, Gelman, & Subrahmanyam, 2005). The mental criteria created by students are usually visual
elements. With reference to these visual elements, students make estimations. Visual estimation skill
can be expressed as the ability to use mental criteria acquired from visual elements in daily life through
trial and error.

The spatial arrangement of the items presented is one of the other factors affecting performance
when asked to make estimations. Elements of similar spatial arrangements are easier to predict than
newly encountered spatial arrangements (Markovits & Hershkowitz, 1993). For example, a student
practicing estimating the number of beads in the shape of a square has less difficulty estimating the
number of paper clips shaped as a square. According to the standards of mathematic programs
developed by the National Council of Mathematics Teachers (NCTM), they emphasized that spatial sense
is just as important as the number sense that is part of the estimate. Spatial sense is defined as "an
intuitive sensation for its surroundings and the objects within it" (NCTM, 1989). Spatial sense and skills,
which are also thought to have an impact on people's estimating, are a common and used skill in
everyday life.

Spatial skills are the ability to interpret and draw, to create mental representations, to imagine
objects in different dimensions, to visualize and differentiate changes, to take perspective. It includes
topics such as understanding, using and modifying complex data and converting these concepts into
concrete ideas and generalizing to other situations in the environment. However, spatial reasoning, also
known as spatial thinking or more broadly spatial cognition, is a way of thinking that covers all subject
areas and provides a deeper understanding (Thom, 2018). Spatial reasoning includes assembling
furniture, navigating using the map, using the phone, planning what to do tomorrow, choosing the right
container for leftover food.

Given the importance of spatial skills in many activities of daily life such as environmental learning,
academic competences such as science and mathematics, or motor skills, it is very important to
determine whether these skills are interchangeable and at what age they develop. According to Thom
(2018), spatial reasoning is something learned, it is variable, and all people, regardless of age, can
develop this skill. Spatial reasoning has not yet entered school mathematics programs as an
independent learning domain. However, spatial reasoning is integrated with all types of learning and
cognition (Kell, Lubinski, Benbow, & Stieger, 2013) and supports all STEM (Science, Technology,
Engineering, and Mathematics) disciplines (Thom, 2018). There is also evidence that spatial reasoning
programs (including disadvantaged children) supported in early childhood can improve learning and
predict better success (Verdine, Golinkof, Hirsh-Pasek, Newcombe, Filipowicz, & Chang, 2014).

Visual Estimation Skills

Visual estimation occurs when it is desired to evaluate the number, length, quantity and other
qualitative characteristics of large pictures and objects in a short time. Visual estimation also contains
elements such as evaluating relative angle sizes, making comparisons with lengths, and imagining
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folding or opening pieces of paper. Visual perception and experiences play an important role in visual
estimation skills, the ability to get as close to the exact number as possible when guessing. It is also
stated that working with continuous measurement devices prevents the development of students' visual
estimations (Markovits & Hershkowitz, 1993). However, visual estimation skill is a great way to predict
the correct, fast and reliable measurement at that time (Brydges, 2013).

Students use strategies when making visual estimations. These strategies are as follows:

e Mental criteria developed by students. For example, a student who knows that the size of his
height is one meter can guess the door length.

e Separating or grouping objects. By estimating the approximate length of the windows when
estimating the length of an apartment building, it is counted how many windows there are, and the
length of the approximate apartment building can be estimated by multiplying the estimated length by
the number of windows. Beads can be grouped according to the previously known spatial shape and
estimated according to the number of groups.

e Comparison. By looking at the two pictures (of candy ), they can interpret which one contains more
sugar.

e Visualization. When a student is asked a guessing question, it is to visualize the object being asked
and perform mental processing. For example, a centipede estimates the number of feet. When asked
about the number of wheels on a vehicle, they can make an estimate by visualizing the vehicle and
complementing its rear or invisible wheels with their imagination.

e An estimate of situations that are constantly exposed and familiar. For example, an attendant who
allows a weight-based device to be boarded at an amusement park can now guess his weight by looking
at the person and decide whether to get on the recreational device.

e Counting. It is trying to count a large number of objects during the allowed time period. For
example, when you're driving around and you're guessing the number of apples on a tree, you can count
as many as you can and guess the rest and say an approximate value (Cilingir-Altiner, 2018).

Visual estimation skills are very important not only for daily life but also for professional groups. For
example, a midwife nurse should be able to estimate the amount of bleeding of a woman who gives
birth (Kti¢likoglu, 2019), a dietitian needs to be able to estimate the amount of portion he recommends
to his client (Kawasaki and others, 2016) and how many calories his plate will have, the plastic surgeon
may need to make a visual estimate to calculate the angle between the fingers (Rose, Nduka, Pereira,
Pickford, and Belcher, 2002), visual estimating skills are again used to determine whether water is
sufficient in field irrigation (Jones, 1979).

In addition, the use of visual estimation skills in many areas (e.g. education, physics, mathematics,
medicine, physical therapy, diet ...) shows that it is an important content for STEM education. This
suggests that the acquiring of this skill will be helpful in interdisciplinary fields and not in a single field.

Spatial Reasoning

Spatial reasoning is a term that encompasses many different abilities that include the mental
representation and manipulation of spatial information such as object rotation, mental folding, scaling,
perspective taking, and navigating (Van der Heyden, Huizinga, Kan & Jolles, 2016). Spatial reasoning skill
is a feature that can be developed to improve students' learning outcomes (Ramful, Lowrie, & Logan,
2017). This has been cited as one of the goals of mathematics education from kindergarten to university
to ensure excellence in different fields and prepare students for the future (Cheng & Mix, 2014).

Considering the studies, history and increasing importance of recent years, it is understood that
spatial reasoning is an important skill both in mathematics, in other disciplines and outside of school.
Additionally, there are some reasons why it is still inadequate for studies on spatial reasoning. The first
of these reasons is the lack of consensus in terms of the spatial reasoning elements and the structures
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that make up the spatial reasoning. Second, little is known about the developmental progression of
spatial ability from adolescence to adulthood. However, although studies generally draw attention to
preschool years (Sinclair & Bruce, 2014), the intensity of main studies is on undergraduate students
(Uttal et al., 2013) and studies at primary school level are limited.

Morris (2018) examined five interchangeable skills in spatial reasoning processes in his study. These;
spatial relations, spatial perspective, mental rotation, spatial orientation and spatial visualization.
Lowrie, Logan and Ramful (2016) discussed only three dimensions of spatial reasoning skills. They have
developed a test that contains mental rotation, spatial orientation and spatial visualization skills. In this
research, the studies of Lowrie and others (2016, 2017) were referenced and these three skills were
studied, which were emphasized in the mathematics teaching program.

Estimation and Spatial Reasoning

Chrysostomou, Pitta-Pantazi, Tsingi, Cleanthous, and Christou (2012) found that pre-service teachers
with a spatial representation cognitive style were more successful in number sense and mathematical
reasoning. Accordingly, it has been claimed that the use of familiar spatial structures for children will
contribute to children's sense of number and their understanding of the relationships between
numbers.

In the studies conducted by Mohring, Frick, and Newcombe (2018), the role of spatial scaling and
proportional reasoning skills used by children aged five to seven years was examined in predicting the
number line. At the end of the study, it was revealed that spatial skills were related to students'
estimations. In the study, it was stated that children who have the skills to visualize and transform (for
example, zoom) spatial information are more successful in estimating numerical sizes. It was determined
that students who are successful in spatial skills, regardless of age, are also successful in estimating
skills. In another study, researchers studied spatial operations and split spatial operations into spatial
estimation and spatial scaling (Newcombe, Moéhring, & Frick, 2018). According to the researchers, spatial
estimation is a skill that exists even in infancy and develops with age. In the research, in the activity
related to spatial estimation, it is desired to estimate the position of the hidden toy in the sandbox. The
fact that the child creates categories and codes regarding the location of the toy and makes estimations
close to the real position gives more accurate results with age.

Current Research

Visual estimation skills are considered to be a skill that needs to be developed in order to make
correct decisions and judgments in our daily life and future professional life. The fact that there are not
enough researches on mathematics emphasizing "visual estimation", and the fact that studies on this
concept cannot be found among the sources examined in the field of education in our country have
created the need for studies in this field. Thus, it is thought that this study will give researchers new
ideas about visual estimation in their studies and this skill will gain a place in larger and applied areas.

It is thought that estimation skills will have beneficial effects on many other mathematical skills such
as mental calculation, spatial visualization, and measurement. Considering that students need visual
representations more at the primary school level, there is a need for a learning environment with
visualization and estimation. Therefore, it was tried to determine how the descriptive analysis related to
visual estimation that emerged with this study affects other skills and which variables are affected. At
the same time, this study is important in terms of adding studies on visual estimation to the literature
and raising awareness in this field. In addition, when the studies on visual estimation were examined
abroad, it was seen that the studies were generally outside the field of education. It was noteworthy
that these studies were mostly conducted in the fields of science, medicine, agriculture and food sector.

Another variable in the research, spatial reasoning, has a limited interest in classroom practices
(Mulligan, Woolcott, Mitchelmore & Davis, 2018). In their meta-analysis study, Uttal and others (2013)
showed that spatial skills are greatly improvable thanks to educational practices. It's worth to note that
only 53 of the 206 studies in the study were conducted with children under the age of 13. Similarly,
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Morris (2018) stated that a limited amount of work has been done on mathematical spatial skills for
students in the second, third, fourth and fifth grades. Although spatial reasoning is a critical concept for
early childhood, there are few evaluations that focus on measuring these structures in young children
(Perry, 2016).

Although there is convincing evidence that spatial skills at levels from pre-school to university are a
reliable recorder of mathematical achievement, there is a lack of research investigating the relationship
between spatial and mathematical achievement during primary school years (Gilligan, Flouri & Farran,
2017; Young, Levine & Mix, 2018; Moris, 2018). It is thought that the study will contribute to this
deficiency in terms of conducting the study with primary school fourth grade students.

The main purpose of this study is to examine the relationship between primary school students'
spatial reasoning skills and visual estimation skills. For this purpose, answers for the following questions
were investigated:

1. Do spatial reasoning skills and visual estimation skills of students differ by gender?
2. What is the relationship between spatial reasoning skills and visual estimation skills of students?
Method

In line with the purpose of the study, correlational model, one of the quantitative research methods,
was used. The correlational models are models in which relational statistics types are used to measure
and define the relationship between two or more variables (Creswell, 2014).

Participants

In the study, appropriate sampling was preferred from non-random sampling techniques.
Appropriate sampling is the inclusion of people who are already willing, volunteers or who can easily be
included in the study (Christensen, Burke, & Turner, 2015). The sample of the study consists of a total of
445 fourth grade students studying at four different public schools in the 2017-2018 academic year. 219
of the students are boys and 226 of them are girls.

Data Collection Tools

Two data collection tools were used in the study. These are Visual Estimation Skills Test and Spatial
Reasoning Test.

Based on the work of some researchers (Markovits & Hershkowitz, 1997; Markovits & Hershkowitz,
1993; Ansari, Donlan & Karmiloff-Smith, 2007), a 30-question test was originally developed for the
Visual Estimation Skills Test. Half of these questions are about guessing on the shape (guessing the
marked point on the number line, estimating the angle, proportion - estimating how much is used,
estimating the amount, estimating the size of the shape using the reference ...) and the other half
involving the number of points used by other researchers. It is about guessing (from 1 to 20). A
PowerPoint presentation was prepared for each question and expert opinions were received on how to
organize and present the questions. For each slide, the times determined by Healey, Booth and Enns
(1996) and Ansari et al. (2007) were determined as 250 milliseconds. This period is an ideal time to
prevent the student from choosing to count instead of guessing. After the student sees the slide he will
guess, a blank slide appears on the screen, and the student is given time to say his estimation.

Initially, 66 students were asked 30 questions, with a time of 250 milliseconds for each slide to be
predicted with a 15-inch computer. The test is given two points for each correct answer, one point for
partially correct answers, and zero points for incorrect answers. Partially correct answers were
determined according to the students' answers and partially correct answer range for each question
standardized according to the degree of proximity to the correct answer.

The item analysis was made by examining the answers to 30 questions. As a result of the item
analysis, item difficulty indexes were calculated and a test of 20 questions was obtained by dropping
items above .30. The Cronbach's Alpha value of the created test was found to be .67. Tavsancil (2006)
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and Ozdamar (2002, p. 667) stated that the test is reliable when the Cronbach's Alpha coefficient is
between .60 and .79. Lawshe analysis was conducted to ensure the content validity of the test.
Confirmatory factor analysis, another factor analysis, was used to determine the structural validity of
the test after the arrangements from the experts were made. As a result of the confirmatory factor
analysis, it was determined that the fit indices of the test were among the limit values (x2 (244) =
190,182, p =, 058; GFl =, 93; AGFI =, 91; CFl =, 85; SRMR =, 056; RMSEA =, 027).

The second test used in the study is the Spatial Reasoning Test. The Spatial Reasoning Test
developed by Ramful, Lowrie, and Logan (2017) was used to measure students' spatial reasoning skills.
The test consists of 3 categories: spatial visualization (10 questions), mental rotation (10 questions) and
spatial orientation (10 questions). The test is prepared for primary school students. The item difficulty
indexes were calculated as a result of the initially 30-question test, item analysis (spatial visualization (6
questions), mental rotation (7 questions) and spatial orientation (7 questions), and a test of 20
questions was obtained by dropping items above 30. then the KR-20 value, which indicates the test is
reliable, was calculated as 71.

Collection of Data

Quantitative data collection tools were used to achieve the targeted purpose in the study. After the
development of data collection tools, testing their structural suitability, and carrying out validity-
reliability studies, the implementation process started. In this process, first of all, necessary permissions
were obtained from the Ministry of National Education (Ministry of National Education) and working
groups were determined. Later, the teachers who will be practiced in their classes were informed about
the purpose of the study, application and data collection processes. It was ensured that the student who
did not want to participate in the study was not included in the process. The Spatial Reasoning Test was
applied to determine the spatial reasoning skills of the students. This test was completed in a 40-minute
class hour. In order to determine visual estimation skills, Visual Estimation Skills Test was applied with
the help of Power Point presentation. The data of this test were collected by calling the students one by
one in an environment that the school administration deemed appropriate (classroom, activity class,
guidance counselor's room). Care was taken that there was no material in the environment that could
distract the student. With a 15-inch computer brought by the researcher, the students were provided
with estimations by showing the previously prepared Powerpoint slides for an average of 250
milliseconds. The estimations made by the students were noted by the researcher. Each student took an
average of 6 minutes to answer the questions.

Data Analysis

Whether the students' spatial reasoning skills and visual estimation skills differ according to their
gender was examined according to the one-way MANOVA analysis. Whether there is a relationship
between spatial reasoning skill and visual estimation skill was decided by looking at the correlation
matrices. IBM SPSS 24.0 program was used to make these analyzes. It was observed that the variables
were distributed normally, so the analysis methods used for parametric tests were preferred. In
addition, Path Analysis was used to test the hypothesis that “Spatial reasoning skills of students
significantly predict visual estimation skills”. Path analyzes are carried out in order to analyze the
relationships of the variables in the hypothesized model and their effects on each other simultaneously
and to examine whether the developed path model is suitable (Muthén & Muthén, 2006). The standard
Maximum Likelihood Estimation method is used to assess model fit to estimate free parameters in
structural equation models. Accordingly, an insignificant chi-square (x2), as well as the Root Mean
Square Error of Approximation (RMSEA) of 05 or less, and a Comparative Fit Index (CFl) value above 95
indicates a strong fit (Kline, 2005 ).

Findings

One different MANOVA analysis was used to examine whether the students' spatial reasoning skills and
visual estimation skills differed by gender. A single use MANOVA is used to test whether a single
independent variable is true for more than one variable (Kalayci, 2010). The normality with variable
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variables, which is one of the assumptions of one-way MANOVA, was seen as normal. For multivariate
normality, Mahalanobis distances of variables were examined, extreme values were seen, and
multivariate normality of variables was observed. Other assumptions need to be a varying relationship
between variable variables, and variable matrices of different categories to dependent variables must
be homogeneous. It was revealed that the variables showed a positive relationship by calculating
multiple correlation coefficients whether there was a correct relationship for the dependent variable. To
test the homogeneity of variance-covariance matrices, Box's M Test and Levene Test were also found to
be homogeneous during the analysis. Since Box's M test result was greater than .05, Wilk's Lambda test
result was preferred as a multiple comparison test. The Wilk's Lambda Test results did not create a list in
the category of associative components of problem solving, visual estimation skills and spatial reasoning
scores (A = .996, F (1,443) = .574, p = .633). Descriptive analysis of variables according to students'
gender is useful in Table 1.

Table 1.
Descriptive Analysis of Variables According to Gender
Variables Gender X s N
Boy 12.10 4.03 219
Spatial Reasoning Skills Girl 11.97 3.79 226
Total 12.04 3.91 445
Boy 3.91 1.73 219
Mental rotation Girl 3.84 1.61 226
Total 3.88 1.67 445
Boy 3.31 1.50 219
Spatial visualization Girl 3.44 1.44 226
Total 3.37 1.47 445
Boy 4.79 1.81 219
Spatial orientation Girl 4.65 1.71 226
Total 472 1.76 445
Boy 18.62 4.95 219
Visual Estimation Skills Girl 18.61 5.05 226
Total 18.61 4.99 445

When Table 1 is examined, the average of boy students in the spatial reasoning test is 12.10, while
the average of girl students is 11.97. When the averages were examined, it was seen that the men had a
higher average in the spatial reasoning test. In mental rotation, which is one of the spatial reasoning
skills, the average of boys is 3.91, the average of girls is 3.84; In spatial visualization, the average of the
boys is 3.31, the average of the girls is 3.44; In spatial orientation, the average of boys is 4.79 and the
average of girls is 4.65. Accordingly, the average of boys is higher in mental rotation and spatial
orientation skills while the average of girls is higher in spatial visualization skills. In the visual estimation
skills test, the average of the boys is 18.62, while the average of the girls is 18.61. When the averages
were examined, it was found that boy students had a higher average in the visual estimation skills test.

Table 2 shows the MANOVA test results in terms of gender of students' spatial reasoning, visual
estimation, and problem-solving success scores.

Table 2.
MANOVA Test Results
Dependent Variables Gender N X s sd F p r]p2
. . . Boys 219 12.10 4.03
Spatial Reasoning Skills Girls 296 11.97 3.79 1-443 117 732 .00
. L ) Boys 219 18.62 4.95
Visual Estimation Skills Girls 296 18.61 505 1-443 .001 975 .00

When Table 2 is examined, no significant difference was found between the genders of the students.
When the results of the dependent variables were considered separately in the MANOVA analyzes, it
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was observed that the spatial reasoning skills scores of the students did not differ significantly in terms
of gender (M (1.443) =.117, p> .05). It was determined that the scores of visual estimation skills did not
change according to gender (F (1.443) =.001, p>.05).

In order to determine the relationship between students' spatial reasoning skills and visual
estimation skills, the mean and standard deviation of these variables were examined first. Descriptive
analysis of variables is shown in Table 3.

Table 3.
Mean and Standard Deviation of Variables (N= 445)
Variables X s N
Spatial Reasoning Test 12.04 3.91 445
Mental rotation 3.88 1.67 445
Tests Used in Research Spatial visualization 3.37 1.47 445
Spatial orientation 4.72 1.76 445
Visual Estimation Skill Test 18.61 499 445

According to Table 3, the averages and standard deviations of the students according to the scores
they got from the tests. While the average of their scores from the spatial reasoning test was 12.04, the
average of their scores from the visual estimation skill test was 18.61. Multiple correlation analysis is
used to examine the relationship between two or more variables. In Table 4, multiple correlation
matrices are given to look at the relationship between all these variables.

Table 4.
Correlation Matrix for Four Variables
Variable 1 2 3 4 5
Spatial Reasoning Test -
Mental rotation 810° -
Spatial visualization 755 488" -
Spatial orientation 790" 460" 405 -
Visual Estimation Skill Test 568" 466 482" 392" -

#p < .01 (adjusted for multiple tests.)

When Table 4 is examined, it is seen that there is a positive significant relationship between spatial
reasoning skill and visual estimation skill (r = .568, p <.01). In addition to this relationship, between
visual estimation skill and mental rotation (r = .466, p <.01), spatial visualization (r = .482, p < .01) and
spatial orientation (r = .392, p < .01), a positive and significant relationship was found. Considering the
correlation matrices, the strongest relationship between visual estimation skills and spatial skills
compared to others is between spatial visualization.

Hypothesis: Students' spatial reasoning skills significantly predicted their visual estimation skills.

The model obtained from spatial reasoning and problem-solving variables to test the path model is
presented in Figure 1.

MR @ @

48 SV Hm| Spatial Reasoning | Visual Estimation

S0
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Figure 1. Path Model (MR: Mental Rotation, SV: Spatial Visualization, SO: Spatial Orientation)

As seen in Figure 1, when the path model created with the variables of spatial reasoning skill and
visual estimation skill is analyzed, the results obtained in terms of the relationship between the variables
of spatial reasoning skill and visual estimation skill were found to be statistically significant. When the
values for this path model are examined, it is seen that it mostly corresponds to good fit (x2 (8) = 6.96,
p> .05; RMSEA = .05; SRMR = .02; GFI = .99; CFl = .99). The virtuousness of fit values of the path model
are shown in Table 5.

Table 5.

Path Model of Fit Indices

Goodness of Fit Indices  Second Path Model Good Fit * Acceptable Compliance *
X'/df 2.32 0<x2/df<2 2<x2/df<5

GFI .99 95<GFI<1 .85 <GFI£.95

AGFI .96 95<AGFI<1 .85 < AGFI £.95

CFI .99 95<CFI<1 .80< CFI£.95

SRMR .020 0 < SRMR< .05 .05 £ SRMR< .08

RMSEA .05 0 < RMSEA< .05 .05 £ RMSEA< .08

When Table 5 was examined, the result showed that the scores of the students' spatial reasoning
test positively predicted the scores they got from the visual estimation skills test (B spatial intelligence -> Estimation
=, 57).

Discussion & Conclusion

There is no significant difference between students' spatial reasoning skills according to their gender.
When the average scores of the spatial reasoning skills test are examined, the average of the boys is
higher. However, this situation does not create a significant difference. Voyer, Voyer, and Bryden (1995)
stated that the gender difference in spatial skills cannot occur until the age of 10. Similarly, Rutherford,
Karamarkovich, and Lee (2018) worked with three different age groups. In their study with fifth, fourth,
and third grade students, they found that gender was not effective in determining spatial skills and
there was no significant difference in students' spatial reasoning skills according to gender. In other
studies, conducted with fourth-grade students, it was stated that gender is not a moderator in spatial
thinking skills (Cilingir-Altiner, 2018; Olkun & Altun, 2003). Despite these findings, some researchers
have stated that there are gender differences in spatial skills tests in early childhood, the beginning of
primary school, childhood and adolescence (Lockman, Fears, & Lewis, 2018).

There is an extensive literature examining performance differences between school age boys and
girls in spatial activities. Although some studies have emphasized that gender differences have
decreased in the last 10 years (Spelke, 2005), other studies have stated that there are differences in
favor of men (Hill, 2011; Thomson, De Bortoli, Nicholas, Hillman, & Buckley, 2010). Therefore, it is
considered important to repeat the studies with the gender variable. In different current studies
examined, there is no clear and definite result regarding whether the gender variable in spatial skills
makes a difference.

According to another finding obtained in the study, it was seen that the gender of the students did
not make a difference in visual estimation skills. When the average scores were examined, a very small
difference was found between the averages of boy and girl students in favor of boys, but this did not
show a significant difference. Since there was no study on visual estimation skills and gender variable in
the analyzed literature, studies on estimation and number meaning were examined. Accordingly, a
similar result was obtained in studies in terms of number and it was stated that the gender variable did
not make a significant difference (Mullis, Martin, Gonzalez, & Chrostowski, 2004; Yun-hing, 2007;
Kayhan-Altay, 2010). Similarly, Tekinkir (2008) stated that gender has no effect on measurement
estimation skill. However, LeFevre et al. (2013) stated in their study at the second, third and fourth
grade levels that boys performed better than girls in predicting the number line. Brydges (2013) found
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that both age and gender were statistically significant in the visual estimation of eighth grade and
university-level angles.

In the study, a positive significant relationship was found between spatial reasoning skill and visual
estimation skill. According to the studies examined to support this finding, Thorndyke and Goldin (1983)
stated that individuals frequently use their spatial performance and estimation skills in every
environment in their daily life. According to the researchers, they defined the spatial ability to predict
distances along a route or between the place where the crows fly, predicting the origin of an invisible
location from the current location. In addition, studies (Shumway, 2013; Coffman-Wolph, Gray, & Pool,
2018) show that students with strong spatial reasoning skills have a better "number sense" and at the
same time, these students have shown that they "see" (visualize) the mathematics in their minds. They
stated that it was more successful in quantities. The reason for the close relationship between spatial
reasoning skill and number line estimation skill was shown as the realization of both skills in students'
minds (Mo&hring et al., 2018). For example, the student needs to understand the size of the number at a
point on the number line and map the possible number ranges for this size flexibly in their minds. Such
mapping may also be required during spatial scaling. For example, the child uses the size of an area
taken as another reference to determine the size of an area shown on a small map. The ability to flexibly
transform this size information can be seen as an important link combining spatial reasoning and
estimation skill (Mix & Cheng, 2012). Hogan and Brezinski (2003) drew attention to the importance of
spatial skills in measurement estimates. Ansari et al. (2007) stated that visual-spatial operations are very
important in determining numerical quantities when making visual estimates. This shows that the
results obtained from other studies support the results of this study and that similar theories have been
put forward.

The hypothesis that "students' spatial reasoning skills significantly predicted their visual estimation
skills" suggested in the path model was confirmed (B = .57). According to the result, it was shown that
the spatial reasoning skills of the students positively predicted their visual estimation skills. Jones,
Gardner, Taylor, Forrester, and Andre (2012) also stated that visual-spatial skills can contribute to
estimation. In some studies, it has been determined that spatial skills predict increasing the ability to
estimate the number line (B = .69) (LeFevre et al., 2013), (B = .37) (Frick, 2018).

Conclusion and Recommendations

As a result, the gender factor was not found to be effective in this study. When other studies are
considered, it cannot be said that the gender factor is a definite determinant. Because, in these studies,
there is no extensive research about the education students received in their past lives. It has been
stated that receiving education has great success in reducing gender differences in children with low
spatial performance (Lockman et al., 2018). In the study of Joh (2016), although there was a difference
in spatial reasoning skills in terms of gender when children received additional education, it was
observed that there was no significant difference between their genders when they did not receive
additional education. The gender gap is thought to be related to education and learning opportunities.
Therefore, it may be a mistake to generalize without knowing the experiences of the students in their
past lives and the education they received.

It was found that the spatial reasoning skills of the students were correlated with their visual
estimation skills, and it was found that spatial reasoning skills predicted their visual estimation skills.
While supporting spatial reasoning skills that seem to affect various disciplines (e.g. STEM); Again, it is
important to support visual estimation skills that are thought to affect various disciplines (eg science,
mathematics, medicine). By doing more studies on visual estimation skills in the field of education, other
variables that affect this skill can be determined.
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Tiirkge Siirimiui

Giris

Tahmin becerileri 6lgme, geometri, agilar, sayma gibi matematigin bircok 6grenme alanlarinda yerini
almistir. Benzer olarak yine tahminin, zihinsel hesaplama, sayi hissi, uzamsal gorsellestirme gibi birgok
matematiksel beceri Uzerinde de faydali etkileri oldugu iddia edilmektedir (Opfer ve Siegler, 2007).
Tahmin herhangi bir 6lgme aleti kullanmadan Ol¢ciim yapma, karsilastirma yapma ve bu islemleri
yaparken zihinsel ve gorsel bilgileri kullanma isidir. Ogrenciler, tahmin gerektiren sorulara cevap
verecegi zaman, genellikle kendi gelistirdikleri hesaplama becerilerini ya da gorsel becerilerini
kullanmaktadirlar (Cilingir-Altiner, 2018a).

Deneme-yanilma yoluyla 6grenilen tahmin becerileri, tahmin yapilip ardindan dogrulugu kontrol
edilip geri bildirim aldikca gelisen bir beceridir. Dogru sonuca yaklagmak ve iyi bir tahmin edici olmak igin
deneyimler ve bu deneyimler sonucu gelistirilen zihinsel olgltler (referans cergeveleri) gereklidir.
Arastirmalar, Olgimler igin zihinsel Olgltler olusturan ve bunlari sinif aktivitelerinde kullanan
uygulamalarin, kullanmayanlara goére ¢ok daha iyi tahmin ediciler gelistirdigini géstermektedir (Joram,
Gabriele, Bertheau, Gelman ve Subrahmanyam, 2005). Ogrencilerin olusturdugu zihinsel &lgiitler
genellikle gorsel 6gelerdir. Bu gorsel 6geleri referans alarak 6grenciler tahminde bulunur. Gérsel tahmin
becerileri de bu deneme yanilma yoluyla goérsel 6gelerden edinilen zihinsel olgitleri giinliik yasamda
kullanma becerisi olarak ifade edilebilir.

Tahmin yapilmasi istendiginde performansi etkileyen diger faktorlerden birisi de sunulan 6gelerin
uzamsal diizenlemesidir. Benzer uzamsal diizenlemedeki 6gelerin tahmini yeni karsilagilan uzamsal
diizenlemelerden daha kolaydir (Markovits ve Hershkowitz, 1993). Ornegin kare seklinde dizilmis
boncuklarin sayisinin tahmini ile alistirma yapan 6grencinin daha sonra kare seklinde dizilmis ataslarin
sayisinl tahmin etmede daha az zorlanmaktadir. Matematik Ogretmenleri Ulusal Konseyi'nin (NCTM)
gelistirdigi matematik programlari standartlarina gore, tahminin bir pargasi olan sayi hissinin oldugu gibi
uzamsal hissin de 6énemli oldugunu vurgulamistir. Uzamsal hissi, “cevresi ve igindeki nesneler igin
sezgisel bir his” olarak tanimlanmistir (NCTM, 1989). insanlarin tahmin etmelerinde de etkisi oldugu
diistintlen uzamsal his ve becerileri, glinlik hayatta sik¢a rastlanilan ve kullanilan bir beceridir.

Uzamsal beceriler, yorumlama ve c¢izim yapma, zihinsel temsiller olusturma, nesneleri farkli
boyutlarda hayal etme, yapilan degisiklikleri goérsellestirme, farklilastirma, perspektiflerini alma
yetenegidir. Karmasik verileri anlama, kullanma ve degistirme ve bu kavramlari somut fikirlere
donistiirme ve cevredeki baska durumlara genellestirme gibi konulari igerir. Bununla birlikte, uzamsal
diisinme veya daha kapsamli olarak, uzamsal bilis olarak da bilinen uzamsal akil yiritme, tim konu
alanlarini kaplayan ve daha derinlemesine anlasiimasini saglayan bir diisinme seklidir (Thom, 2018).
Uzamsal akil yiritme becerisi mobilya montajini, haritayl kullanarak yon bulmayi, telefon kullanmaysi,
yarin ne yapacagini planlamayi, arta kalan yiyecekler i¢cin dogru kap se¢cmeyi icerir.

Uzamsal becerilerin, cevre 6grenimi, fen ve matematik gibi akademik yeterlilikler veya motor
beceriler gibi glinlik yasamin bircok aktivitesindeki 6nemi g6z o©nilinde bulunduruldugunda, bu
becerilerin degistirilebilir olup olmadigini ve hangi yasta gelistiklerini belirlemek ¢ok 6nemlidir. Thom’a
(2018) gore uzamsal akil ylritme 6grenilen bir seydir, degistirilebilirdir ve yasa bakilmaksizin tim
insanlar bu beceriyi gelistirebilir. Uzamsal akil ylriitme henlz okul matematigi programlarina tek basina
bir 6grenme alani olarak girememistir. Halbuki uzamsal akil yiriitme, her tirli 6grenme ve bilisle
ayrilmaz batindir (Kell, Lubinski, Benbow ve Stieger, 2013) ve STEM (Bilim, Teknoloji, Miihendislik ve
Matematik) disiplinlerinin tamamini desteklemektedir (Thom, 2018). Erken c¢ocuklukta desteklenen
uzamsal akil yariatme ile ilgili 6gretim programlarinin (dezavantajli cocuklar da dahil olmak Gzere),
6grenmeyi iyilestirebilecegini ve daha iyi bir basariyl 6ngorebildigini gbsteren kanitlar da bulunmaktadir
(Verdine, Golinkof, Hirsh-Pasek, Newcombe, Filipowicz ve Chang, 2014).
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Gorsel Tahmin Becerileri

Gorsel tahmin, biylk bir resim, obje, nesne sunulup; kisa bir siire iginde sayilarinin, uzunluklarinin,
miktarlarinin ve diger niteliksel 6zelliklerinin degerlendirilmesi istendiginde ortaya ¢ikar. Gorsel tahmin,
goreceli olarak agi boyutlarini degerlendirmek, uzunluklar ile karsilastirmalar yapmak ve kagit
parcalarinin katlanmasini veya agilmasini hayal etmek gibi 6geleri de iginde barindirir. Gérsel tahmin
becerilerinde, tahmin yaparken tam saylya mimkin oldugunca yaklasabilme becerisinde, gorsel algi ve
deneyimler 6nemli bir rol oynar. Ayrica 6zellikle siirekli 6lgcme aletleriyle galisilmasi, 6grencilerin gorsel
tahminlerinin gelismesine engel oldugu ifade edilmistir (Markovits ve Hershkowitz, 1993). Oysaki gorsel
tahmin becerisi o anda dogru, hizli ve glivenilir 6lcim 6ngérmek igin harika bir yoldur (Brydges, 2013).

Gorsel tahmin yaparken 6grenciler bazi stratejiler kullanirlar. Bu stratejiler soyledir:

o Ogrencilerin gelistirdigi zihinsel 6lcitler. Ornegin boyunun 6lgiisiiniin bir metre oldugunu bilen bir
o6grenci kapi boyunu tahmin edebilir.

e Nesneyi parcalara ayirma veya gruplama yapma. Bir apartmanin boyunu tahmin ederken
pencerelerin yaklasik uzunlugunu tahmin ederek, kag pencerenin oldugu sayilir ve tahmin edilen
uzunlugun pencere sayisiyla ¢arpimi ile yaklasik apartmanin boyu tahmin edilebilir. Boncuklar daha énce
bilinen uzamsal sekle gore gruplandirilip grup sayisina gére tahminde bulunulabilir.

e Karsilastirma. iki resme bakarak hangisinde daha fazla seker olduguna dair yorum yapabilirler.

e Gozde canlandirma. Ogrenci bir tahmin sorusu soruldugunda sorulan nesneyi géziinde
canlandirip zihinsel islem yapmasidir. Ornegin bir kirkayagin ayak sayisi tahmininde oldugu gibi. Bir
aracin teker sayisi soruldugunda, araci gézde canlandirip arka veya géziikmeyen tekerlerini de hayal
glcuyle tamamlayarak tahminde bulunabilirler.

e Siirekli maruz kalinmis ve asina olunmus durumlarin tahmini. Ornegin bir lunaparkta kiloya gére
bir alete binilmesine izin veren bir gérevli artik kisiye bakarak kilosunu tahmin edebilir ve eglence aletine
binip binmemesine karar verebilir.

e Sayma. izin verilen siire boyunca ¢ok sayida nesneyi saymaya calismaktir. Ornegin arabayla
giderken bir agacin Ustiindeki elma sayisi hakkinda tahminde bulunurken gérebildikleri kadarini sayip
kalanini tahmin edip yaklasik bir deger séylemedir (Cilingir-Altiner, 2018).

Gorsel tahmin becerisi sadece giinlik yasam icin degil ayni zamanda meslek gruplari icin de c¢ok
dnemlidir. Ornegin bir ebe hemsirenin dogum yapan kadinin kanamasinin ne kadar oldugunu yaklasik
olarak tahmin edebilmesi gerekir (Kuglikoglu, 2019), bir diyetisyenin danisanina 6nerdigi porsiyonun
miktarini (Kawasaki ve digerleri, 2016) ve tabagindakinin kag kalori olacagini tahmin edebilmesi gerekir,
plastik cerrahin parmaklar arasindaki aciy hesaplamasi igin gorsel tahminde bulunmasi gerekebilir (Rose,
Nduka, Pereira, Pickford, ve Belcher, 2002), tarla sulamalarinda suyun vyeterli olup olmadiginin
belirlenmesinde yine gorsel tahmin becerileri kullaniimaktadir (Jones, 1979). Bunu yaninda gorsel
tahmin becerilerinin bircok alanda (or., egitim, fizik, matematik, tip, fizik tedavi, diyet...) kullanihyor
olmasi STEM egitimi icin 6nemli bir icerik oldugunu géstermektedir. Bu da bu becerinin kazaniimasi tek
bir alanda degil disiplinler arasi alanda basari saglayacagini diisindirmektedir.

Uzamsal Akil Yiiritme

Uzamsal akil yuritme, nesneyi dondirme, zihinsel katlama, olcekleme, perspektif alma ve
navigasyon gibi uzamsal bilgilerin zihinsel temsilini ve manipilasyonunu iceren bircok farkli yetenegi
kapsayan bir terimdir (Van der Heyden, Huizinga, Kan, ve Jolles, 2016). Uzamsal akil yiritme becerisi,
6grencinin 6grenme sonuglarini iyilestirmek icin gelistirilebilir bir 6zelliktir (Ramful, Lowrie ve Logan,
2017). Bu, uzamsal akil yUritme becerilerinin gelisiminin, farkli alanlarda mikemmellik saglamak ve
ogrencileri gelecege hazirlamak igin anaokulundan (niversiteye kadar matematik egitiminin
hedeflerinden biri olarak ifade edilmistir (Cheng ve Mix, 2014).
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Son yillarda yapilan galismalara, tarihine ve artan 6nemine bakilacak olursa uzamsal akil ylritmenin
hem matematikte, hem diger disiplinlerde, hem de okulun diginda 6nemli bir beceri oldugu
anlasiimaktadir. Bunun yaninda uzamsal akil yaritme ile ilgili calismalara hala yetersiz olduguna dair bazi
gerekgeler vardir. Bu gerekgelerden birincisi, uzamsal akil yGritme unsurlari Gzerinde ve uzamsal akil
yiriitmeyi olusturan yapilar agisindan fikir birligi bulunmamasidir. ikincisi, ergenlikten yetiskinlige kadar
uzamsal becerinin gelisimsel olarak ilerlemesi hakkinda ¢ok az sey bilinmektedir. Bununla birlikte yapilan
¢alismalar genel olarak okul dncesi egitim yillarina (Sinclair ve Bruce, 2014) bir derece dikkat ¢ekilmesine
ragmen asil ¢alismalarin yogunlugu lisans diizeyindeki 6grenciler tizerinedir (Uttal ve digerleri, 2013) ve
ilkokul diizeyinde caligmalar sinirlidir.

Morris (2018) ¢alismasinda, uzamsal akil yiiritme sireglerinde birbirinin yerine de gegen bes beceriyi
incelemistir. Bunlar; uzamsal iliskiler, uzamsal perspektif, zihinsel dondiirme, uzamsal yonelme ve
uzamsal gorsellestirmedir. Lowrie, Logan ve Ramful (2016) ise uzamsal akil ylritme becerilerinden
sadece (¢ boyutunu ele almiglardir. Zihinsel déndirme, uzamsal yonelme ve uzamsal gorsellestirme
becerilerini icine alan bir test gelistirmislerdir. Bu arastirmada da Lowrie ve digerlerinin (2016, 2017)
calismalari referans alinarak, matematik 6gretimi programinda da 6nemine vurgu yapilan bu {i¢ beceri
Uzerinde gahisiimigtir.

Tahmin ve Uzamsal Akil Yiiritme

Chrysostomou, Pitta-Pantazi, Tsingi, Cleanthous ve Christou (2012) yaptigi ¢calismada uzamsal temsil
bilissel sitiline sahip 6gretmen adaylarinin sayi hissi ve matematiksel akil ylritmede daha basaril
olduklari gorilmustir. Bu dogrultuda cocuklar icin bilindik uzamsal yapilarin kullaniimasinin ¢ocuklarin
sayI hissini ve sayilar arasindaki iliskileri anlamalarinda katkida bulunacagi iddia edilmistir.

Mohring, Frick ve Newcombe (2018) calismalarinda bes ve yedi yas araligindaki ¢ocuklarin sayi
dogrusu tahminlerinde bulunurken kullandiklari uzamsal Ol¢ekleme ve orantisal akil yiritme
becerilerinin roll incelenmistir. Arastirmanin sonunda uzamsal becerilerin 6grencilerin tahminleriyle
iliskili oldugu ortaya ¢ikmistir. Arastirmada uzamsal bilgiyi (6rnegin, yakinlastirma) gorsellestirmede ve
donistiirmede yetenekli olan ¢ocuklarin, sayisal biylklikleri tahmin etmede daha basarili olduklari
belirtilmistir. Yastan bagimsiz olarak uzamsal becerilerde basarili olan 6grencilerin tahmin becerilerinde
de basarili oldugu belirlenmistir. Arastirmacilar bir diger ¢alismada uzamsal islemler tizerinde calismislar
ve uzamsal islemleri uzamsal tahmin ve uzamsal 6lgeklendirme olarak ikiye ayirmislardir (Newcombe,
Mohring ve Frick, 2018). Arastirmacilara goére uzamsal tahmin bebeklik dénemlerinde bile var olan ve yas
ilerledikce daha da gelisen bir beceridir. Arastirmada uzamsal tahmin ile ilgili etkinlikte kum havuzuna
gizlenen oyuncagin konumunun tahmin edilmesi istenmektedir. Cocugun oyuncagin vyeri ile ilgili
kategoriler ve kodlamalar olusturmasi, gercek konuma yakin tahminlerde bulunmasi yasla birlikte daha
dogru sonuglar elde edilmesini saglamaktadir.

Mevcut Arastirma

Ginluk yasantimizda ve gelecek mesleki yasantimizda dogru kararlar ve yargilar olusturmak igin
gorsel tahmin becerilerinin gelismesi gereken bir beceri oldugu disinilmektedir. ‘Gorsel tahminin’
vurgulandigl matematik ile ilgili arastirmalarin yeterli sayida bulunmamasi, tlkemizde bu kavramla ilgili
yapilmis calismaya egitim alaninda incelenen kaynaklar iginde rastlanilamamasi bu alanda galisma
yapilmasi ihtiyacini dogurmustur. Boylece bu calismanin arastirmacilara, yapacaklari ¢calismalarda gorsel
tahminle ilgili yeni fikirler verecegi ve bu becerinin daha genis capli ve uygulamali alanlarda yer
edinecegi duslintilmektedir.

Tahmin becerilerinin zihinsel hesaplama, uzamsal gorselleme, dlgme gibi diger bircok matematiksel
becerilerin {izerinde de yararl etkileri olacagi disiiniilmektedir. Ogrencilerin gérsel temsillere ilkokul
diizeyinde daha c¢ok ihtiya¢ duydugu da goz oniinde bulunduruldugunda goérselleme ve tahminin
bulundugu bir 6grenme ortaminin olusmasina ihtiya¢ duyulmaktadir. Dolayisiyla bu galismayla ortaya
citkan gorsel tahminle ilgili betimsel analizlerin diger becerileri nasil etkiledigi ve hangi degiskenlerden
etkilendigi belirlenmeye calisiimistir. Ayni zamanda alan yazina gorsel tahminle ilgili ¢alismalarin
eklenmesi ve bu alanda farkindalik kazanilmasi bakimindan bu c¢alisma onemli gorilmektedir. Ayrica
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yurtdisinda gorsel tahminle ilgili yapilan g¢alismalar incelendiginde galismalarin genellikle egitim alani
diginda oldugu goérilmustir. Bu galismalarin ¢ogunlukla fen, tip, tarim ve gida sektori alanlarinda
yapildig dikkati gekmistir.

Arastirmadaki bir baska degisken olan uzamsal akil yirttmenin roli sinif uygulamalarinda sinirli bir
ilgi gérmektedir (Mulligan, Woolcott, Mitchelmore ve Davis, 2018). Uttal ve digerleri (2013) yaptiklari
meta-analiz ¢calismasinda, egitim uygulamalari sayesinde uzamsal becerilerin biiyiik oranda gelistirilebilir
oldugunu gostermistir. Arastirmadaki 206 calismanin sadece 53'Uniin 13 yasin altindaki ¢ocuklarda
yapildigi dikkati ¢ekmektedir. Benzer olarak Morris (2018), ikinci, Gglncl, dordiinci ve besinci
siniflardaki 6grenciler igin matematiksel uzamsal beceriler tizerinde sinirli miktarda g¢alisma yapildigini
belirtmistir. Uzamsal akil yuritme erken g¢ocukluk igin kritik bir kavram olsa da, kuglik ¢ocuklarda bu
yapilari 6lgmeye odaklanan az sayida degerlendirme vardir (Perry, 2016).

Okul o6ncesinden universiteye kadar olan seviyelerde uzamsal becerilerin matematik basarisinin
givenilir bir yordayicisi olduguna dair ikna edici kanitlar olmasina ragmen, ilkokul yillarinda uzamsal ve
matematik basarisi arasindaki iliskiyi arastiran bir arastirma eksikligi vardir (Gilligan, Flouri ve Farran,
2017; Young, Levine ve Mix, 2018; Moris, 2018). Calismanin ilkokul dérdiinci sinif 6grencileriyle
yurutlilmesi bakimindan bu eksiklige katki sunacagi disiiniilmektedir.

Bu calismanin temel amaci ilkokul 6grencilerinin uzamsal akil ylritme becerileri ve gorsel tahmin
becerileri arasindaki iliskiyi incelemektir. Bu amag¢ dogrultusunda 6grencilerin;

1. uzamsal akil yuritme becerileri, gérsel tahmin becerileri cinsiyetlerine gore farklilasmakta midir?

2. uzamsal akil yurtitme becerileri, gorsel tahmin becerileri arasindaki iliski nedir? sorularina cevap
aranmistir.

Yontem

Arastirmanin  amaci dogrultusunda nicel arastirma yontemlerinden iliskisel tarama modeli
kullaniimistir. iliskisel tarama modelleri, iki veya daha fazla degisken arasindaki iliskiyi 6lgmek ve
tanimlamak icin iliskisel istatistik tirlerinin kullanildigi modellerdir (Creswell, 2014).

Katilimcilar

Arastirmada tesadifi olmayan 6rnekleme tekniklerinden uygun 6rnekleme tercih edilmistir. Uygun
ornekleme, hali hazirda var olan istekli, gonilli ya da kolaylikla érnekleme dahil edilebilecek kisileri
arastirmaya katmadir (Christensen, Burke ve Turner, 2015). Arastirmanin 6rneklemi 2017-2018 egitim-
ogretim yilinda dort ayri devlet okulunda 6grenim goren, toplam 445 dérdiinci sinif 6grencisinden
olusmaktadir. Ogrencilerin 219’u erkek, 226’si kizdr.

Veri Toplama Araglari

Arastirmada iki veri toplama araci kullanilmistir. Bunlar, Goérsel tahmin Becerileri Testi ve Uzamsal
Akil Yurutme Testidir.

Gorsel Tahmin Becerileri Testi icin bazi arastirmacilarin (Markovits ve Hershkowitz, 1997; Markovits
ve Hershkowitz, 1993 ve Ansari, Donlan ve Karmiloff-Smith, 2007) ¢alismalarina dayanarak, baslangicta
30 soruluk bir test gelistirilmistir. Bu sorularin yarisi sekil Gzerinden tahminle ilgilidir (sayr dogrusunda
isaretli noktayr tahmin etme, agiyi tahmin etme, oranti - ne kadar kullanildigini tahmin etme, miktari
tahmin etme, referansi kullanarak seklin boyutunu tahmin etme ...) ve diger yarisi, diger arastirmacilar
tarafindan da kullanilan nokta sayisini (1'den 20'ye kadar) tahmin etmekle ilgilidir. Her soru icin bir
PowerPoint sunumu hazirlanmis ve sorularin diizenlenmesi ve nasil sunulacagl konusunda uzman
gorusleri alinmistir. Her slayt icin Healey, Booth ve Enns'in (1996) ve Ansari ve digerlerinin (2007)
calismalarinda belirlemis oldugu siireler dikkate alinarak 250 milisaniye olarak belirlenmistir. Bu siire
dgrencinin tahmin yerine saymayi tercih etmesini engellemek igin belirlenen ideal bir siiredir. Ogrenci
tahmin edecegi slayti gérdikten sonra ekranda bos slayt belirmekte 6grencinin tahminini séylemesi igin
ogrenciye siire taninmaktadir.

44



Emel CILINGIR ALTINER & M. Cihangir DOGAN — Cukurova Universitesi Egitim Fakultesi Dergisi, 50(1), 2021, 31-56

Baglangicta 66 Ogrenciye 15 inglik bir bilgisayarla tahminde bulunulacak her slayt icin 250
milisaniyelik bir slire taninan 30 soru sorulmustur. Testte her tam dogru cevap icin iki puan, kismen
dogru cevaplar icin bir puan ve yanlig cevaplar igin sifir puan verilmistir. Kismen dogru cevaplar
ogrencilerin cevaplari dogrultusunda dogru cevaba yakinlik derecesine gore standartlastiriimis her soru
icin kismen dogru cevap araligi belirlenmistir.

30 soruya verilen cevaplar incelenerek madde analizi yapilmistir. Madde analizi sonucunda madde
glclik indeksleri hesaplanmis ve ,30 Uzerindeki maddeler atilarak 20 soruluk bir test elde edilmistir.
Olusturulan testin Cronbach's Alpha degeri ,67 olarak bulunmustur. Tavsancil (2006) ve Ozdamar (2002,
s. 667) testin Cronbach’s Alpha katsayisinin ,60 ile ,79 olmasi durumunda testin gilivenilir oldugunu
belirtmislerdir. Testin kapsam gegerliligini saglamak igin Lawshe analizi yapilmistir. Uzmanlardan gelen
diizenlemeler yapildiktan sonra testin yapisal gegerliligini belirlemek igin diger bir faktér analizi olan
dogrulayici faktoér analizi kullanilmistir. Dogrulayici faktor analizi sonucunda testin uyum indekslerinin
sinir degerleri arasinda oldugu belirlenmistir (x2 (244) = 190,182, p =,058; GFl =,93; AGFIl =,91; CFl =,85;
SRMR =,056; RMSEA =,027 ).

Arastirmada kullanilan ikinci test, Uzamsal Akil Yurtitme Testidir. Ramful, Lowrie ve Logan (2017)
tarafindan gelistirilen Uzamsal Akil Yriutme Testi 6grencilerin uzamsal akil yiiritme becerilerini 6lgmek
icin kullaniimistir. Test 3 kategoriden olusmaktadir: uzamsal gérsellestirme (10 soru), zihinsel dondiirme
(10 soru) ve uzamsal yonelme (10 soru). Test, ilkokul seviyesindeki 6grenciler icin hazirlanmistir.
Baslangicta 30 sorudan olusan test, madde analizi (uzamsal gorsellestirme (6 soru), zihinsel rotasyon (7
soru) ve uzamsal yonelim (7 soru) sonucunda madde gigliik indeksleri hesaplanmis ve ,30’un lizerindeki
maddeler atilarak 20 soruluk bir test elde edilmistir. Daha sonra testin glvenilir oldugunu gosteren KR-
20 degeri, 71 olarak hesaplanmistir.

Verilerin Toplanmasi

Arastirmada hedeflenen amaca ulasmak igin nicel veri toplama araglari kullanilmistir. Veri toplama
araglarinin  gelistiriimesi, yapisal uygunluklarinin test edilmesi, gecerlik-glivenirlik g¢alismalarinin
yapilmasinin ardindan uygulama siirecine gecilmistir. Bu slirecte oncelikle MEB’den (Milli Egitim
Bakanligl) gerekli izinler alinmis, calisma gruplar belirlenmistir. Daha sonra siniflarinda uygulama
yapilacak 6gretmenlerin calismanin amacindan, uygulama ve veri toplama siireclerinden haberdar
edilmistir. Arastirmaya katilmak istemeyen 6grencinin siirece dahil edilmemesi saglanmistir. Ogrencilerin
uzamsal akil yiritme becerilerini belirlemeye yonelik Uzamsal Akil Ylriutme Testi uygulanmistir. Bu test
40 dakikalik bir ders saatinde tamamlanmistir. Gorsel tahmin becerilerini belirlemek icin ise Power Point
sunumu yardimiyla Gorsel Tahmin Becerileri Testi uygulanmistir. Bu testin verileri okul idaresinin uygun
gordigl bir ortamda (derslik, etkinlik sinifi, rehber 6gretmenin odasi) 6grencilerin tek tek ¢agirilmasiyla
toplanmistir. Ortamda 6grencinin dikkatini dagitacak herhangi bir materyalin olmamasina dikkat
edilmistir. Arastirmacinin getirdigi 15 inglik bir bilgisayarla daha 6nceden hazirlanmis ortalama 250
milisaniyelik siireyle Powerpoint slaytlari gosterilerek 6grencilerin tahminde bulunmalari saglanmistir.
Ogrencilerin yaptiklari tahminler arastirmaci tarafindan not alinmistir. Her bir 6grencinin sorulari
cevaplama siiresi ortalama 6 dk stirmistar.

Veri Analizi

Ogrencilerin uzamsal akil yiiriitme becerilerinin ve gorsel tahmin becerilerinin cinsiyetlerine gére
farklilagip farklilasmadigl Tek yonlii MANOVA analizine gore incelenmistir. Uzamsal akil ylriitme becerisi
ile gorsel tahmin becerisi arasinda iliski olup olmadigina ise korelasyon matrislerine bakilarak karar
verilmistir. Bu analizleri yapmak igin IBM SPSS 24,0 programi kullanilmistir. Degiskenlerin normal
dagildigi gézlenmis, bu ylzden de parametrik testler icin kullanilan analiz yontemleri tercih edilmistir.
Bunun yaninda “Ogrencilerin uzamsal akil yiiriitme becerileri gérsel tahmin becerilerini anlamli bir
sekilde yordamaktadir” hipotezini test etmek igin Yol Analizi kullaniimistir. Yol analizleri, hipotezi kurulan
modeldeki degiskenlerin es zamanh olarak iliskilerini ve birbirlerine olan etkilerini analiz etmek ve
gelistirilen yol modelinin uygun olup olmadigini incelemek amaciyla yapilmaktadir (Muthén ve Muthén,
2006). Yapisal esitlik modellerinde serbest parametreleri tahmin etmek icin standart Maksimum
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Likelihood Estimation ydntemi, model uyumunu degerlendirmek icin kullanilmaktadir. Buna gore,
anlamli olmayan bir ki-kare (x2), bunun yaninda ,05 veya daha duslk bir hata karelerinin ortalamasinin
karekékii (RMSEA) ve ,95'in Uizerindeki bir Karsilastirmali Uyum indeksi (CFI) degeri giiglii bir uyumu
gosterir (Kline, 2005).

Bulgular

Ogrencilerin uzamsal akil yiiriitme becerileri ve gérsel tahmin becerileri cinsiyetlerine gére farklilasip
farklilagmadigini incelemek igin tek yonlii MANOVA analizi kullanilmigtir. Birden fazla bagimh degiskene
tek bir bagimsiz degiskenin anlamli farklilik goésterip gostermedigini test etmek amaciyla tek yonla
MANOVA kullaniimaktadir (Kalayci, 2010). Tek yonli MANOVA’'nin sayiltilarindan biri olan bagiml
degiskenlerin tek degiskenli normalligi sagladig gdrilmustur. Cok degiskenli normallik icin degiskenlerin
Mahalanobis uzakliklarina bakilmis, u¢ degerlerin olmadigl gorilmis ve degiskenlerin ¢ok degiskenli
normalligi sagladigi gérilmistir. Diger sayiltilar ise bagimli degiskenler arasinda dogrusal bir iliski olmasi
ve bagimli degiskenlere iliskin puanlarin varyans kovaryans matrisleri homojen olmasi gerekmektedir.
Bagimli degisken icin dogrusal bir iliskinin olup olmadigina ¢oklu korelasyon katsayilari hesaplayarak
degiskenlerin pozitif yénde dogrusal bir iliski gésterdikleri ortaya ¢ikmistir. Varyans-kovaryans matrisleri
homojenligini test etmek igin, analiz sirasinda Box’s M Testi ve Levene Testi kullaniimis bu matrislerin
homojen oldugu gorilmistir. Box’s M testi sonucu ,05'ten bilylk oldugu icin, coklu karsilastirma testi
olarak Wilk’s Lambda testi sonucu tercih edilmistir. Wilk's Lambda Testi sonuglari, 6grencilerin problem
¢6zme, gorsel tahmin becerileri ve uzamsal akil yidriatme becerisi puanlarinin  dogrusal
kombinasyonlarinin cinsiyetleri agisindan anlamli bir farkhlik olusturmadigini géstermistir (A= ,996,
F(1,443)= ,574, p= ,633). Ogrencilerin cinsiyetlerine gére degiskenlerin betimsel analizi Tablo 1’de
gosterilmistir.

Tablo 1.
Cinsiyetlerine Gére Degiskenlerin Betimsel Analizi
Degiskenler Cinsiyet X s N
Erkek 12,10 4,03 219
Uzamsal Akil YlrGtme Becerileri Kiz 11,97 3,79 226
Toplam 12,04 3,91 445
Erkek 3,91 1,73 219
Zihinsel déndiirme Kiz 3,84 1,61 226
Toplam 3,88 1,67 445
Erkek 3,31 1,50 219
Uzamsal gérsellestirme Kiz 3,44 1,44 226
Toplam 3,37 1,47 445
Erkek 4,79 1,81 219
Uzamsal yénelme Kiz 4,65 1,71 226
Toplam 4,72 1,76 445
Erkek 18,62 4,95 219
Gorsel Tahmin Becerileri Kiz 18,61 5,05 226
Toplam 18,61 4,99 445

Tablo 1 incelendiginde uzamsal akil yliritme testinde erkek 6grencilerin ortalamasi 12,10 olurken, kiz
ogrencilerin ortalamasi 11,97’dir. Ortalamalar incelendiginde uzamsal akil ylritme testinde erkeklerin
daha yiiksek ortalamaya sahip oldugu gorilmiistir. Uzamsal akil ylriitme becerilerinden olan zihinsel
dondirmede erkeklerin ortalamasi 3,91, kizlarin ortalamasi 3,84; uzamsal gorsellestirmede erkeklerin
ortalamasi 3,31, kizlarin ortalamasi 3,44; uzamsal yonelmede erkeklerin ortalamasi 4,79, kizlarin
ortalamasi 4,65’tir. Buna gore erkeklerin ortalamasi zihinsel déndirmede ve uzamsal ydnelme
becerilerinde daha yiiksek iken kizlarin ortalamasi uzamsal gorsellestirme becerilerinde daha yiksektir.
Gorsel tahmin becerileri testinde erkeklerin ortalamasi 18,62 iken, kizlarin ortalamasi ise 18,61’dir.
Ortalamalar incelendiginde gorsel tahmin becerileri testinde erkek 6grencilerin daha yiksek ortalamaya
sahip oldugu ortaya ¢cikmistir.
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Tablo 2, 6grencilerin uzamsal akil yuritme, gorsel tahmin ve problem ¢dzme basari puanlarinin
cinsiyetleri agisindan MANOVA test sonuglarini géstermektedir.

Tablo 2.

MANOVA Testi Sonuglari

Bagimli Degiskenler Cinsiyet N X s sd F p r]p2
- — Erkek 219 12,10 4,03

Uzamsal Akil YirGtme Becerileri Kiz 226 11,97 3,79 1-443 ,117 ,732 ,00

. . I Erkek 219 18,62 4,95

Gorsel Tahmin Becerileri Kiz 226 18,61 505 1-443 ,001 ,975 ,00

Tablo 2 incelendiginde, 6grencilerin cinsiyetleri arasinda anlamli bir farklihk bulunmamistir. MANOVA
analizlerinde bagimli degiskenlerin sonuglari ayri ayri ele alindiginda 6grencilerin Uzamsal akil yuritme
becerileri puanlarinin cinsiyet agisindan anlamli bir farkhhk géstermedigi gozlenmistir (F (1,443)= ,117,
p> ,05). Gorsel tahmin becerileri puanlarinin cinsiyete gore degismedigi belirlenmistir (F (1,443)=,001,
p>,05).

Ogrencilerin uzamsal akil yiriitme becerileri ve gdrsel tahmin becerileri arasindaki iliskiyi belirlemek
icin oncelikle bu degiskenlerin ortalamalarina ve standart sapmalarina bakilmistir. Tablo 3’te
degiskenlerin betimsel analizi gésterilmistir.

Tablo 3.
Dediskenlerin Ortalamalari ve Standart Sapmalari (N= 445)
Degiskenler X s N
Uzamsal Akil YirGtme Testi 12,04 3,91 445
Arastirmada  Kullanilan Zihinsel dd{rdijrme ' 3,88 1,67 445
Testler Uzamsal gérsellestirme 3,37 1,47 445
Uzamsal yénelme 4,72 1,76 445
Gorsel Tahmin Becerisi Testi 18,61 4,99 445

Tablo 3’e gore Ogrencilerin yapilan testlerden aldiklari puanlara goére ortalamalari ve standart
sapmalari verilmistir. Uzamsal akil yiiriitme testinden aldiklari puanlarin ortalamasi 12,04 olurken, gorsel
tahmin becerisi testinden aldiklari puanlarin ortalamasi 18,61'dir. iki ya da daha fazla degisken
arasindaki iliskiyi incelemek icin c¢oklu korelasyon analizi kullanilir. Tablo 4’te tim bu degiskenler
arasindaki iliskiye bakmak igin coklu korelasyon matrisleri verilmistir.

Tablo 4.
Dért Degisken icin Koreldsyon Matrisi
Degisken 1 2 3 4 5
Uzamsal Akil YiirGtme Testi -
Zihinsel déndiirme ,810° -
Uzamsal gérsellestirme ,755* ,488* -
Uzamsal yénelme ,790° ,460° ,405 -
Gérsel Tahmin Becerisi Testi ,568" 466 482" ,392" -

#p < .01 (¢oklu testler igin ayarland.)

Tablo 4 incelendiginde uzamsal akil yliritme becerisi ve gorsel tahmin becerisi arasinda pozitif yonde
anlaml bir iliski oldugu gorilmektedir (r= ,568, p < ,01). Bu iliskinin yaninda goérsel tahmin becerisi ile
zihinsel dondirme (r= ,466, p < ,01), uzamsal gorsellestirme (r= ,482, p <,01) ve uzamsal yonelme (r=
,392, p <,01) arasinda da pozitif yonli manidar bir iliski tespit edilmistir. Korelasyon matrisleri dikkate
alindiginda, gorsel tahmin becerileri ile uzamsal beceriler arasindan digerlerine gére en gigli iligki
uzamsal gorsellestirme arasindadir.

Hipotez: Ogrencilerin uzamsal akil yiiriitme becerileri gérsel tahmin becerilerini anlamh bir sekilde
yordamaktadir.

47



Emel CILINGIR ALTINER & M. Cihangir DOGAN — Cukurova Universitesi Egitim Fakultesi Dergisi, 50(1), 2021, 31-56

Yol modelini test etmek igin uzamsal akil yiirlitme ve problem ¢ézme degiskenlerinden elde edilen
model $ekil 1’de sunulmustur.

MR Q @
43

/49

{ :

o SV M Uzamsalakilytritme  |—%= Gorseltahmin
40[

SO

Sekil 1. Yol Modeli (MR: Zihinsel Déndiirme (Metal Rotation), SV: Uzamsal Gérsellestirme (Spatial
Visualization), SO: Uzamsal Yénelme (Spatial Orientation)

Sekil 1'de gorildUgi Gzere, uzamsal akil yiritme becerisi ve gorsel tahmin becerisi degiskenleri ile
olusturulan yol modeli analiz edildiginde uzamsal akil ylritme becerisi ve gorsel tahmin becerisi
degiskenleri arasinda kurulan iliski bakimindan elde edilen sonuglarin istatistiksel olarak anlamh oldugu
ortaya ¢ikmistir. Elde edilen bu yol modeline iliskin degerler incelendiginde ¢ogunlukla iyi uyuma karsilik
geldigi goriilmektedir (x2 (8) = 6,96, p >,05; RMSEA =,05; SRMR =,02; GFl =,99; CFl = ,99). Tablo 5’te yol
modeline ait uyum iyiligi degerleri gosterilmektedir.

Tablo 5.

Yol Modeli Uyum lyiligi indeksleri

Uyum iyiligi indeksleri  ikinci Yol Modeli iyi Uyum* Kabul Edilebilir Uyum*
x'/df 2,32 0<x2/df<2 2<x2/df<5

GFI ,99 ,95<GFI<1 ,85 < GFI £,95

AGFI ,96 ,95<AGFI<1 ,85 < AGFI £,95

CFI ,99 ,95<CFI<1 ,80< CFI £,95

SRMR ,020 0 < SRMRg<,05 ,05 < SRMRg,08
RMSEA ,05 0 £ RMSEAZ,05 ,05 < RMSEA<,08

Tablo 5 incelendiginde elde edilen sonug, 6grencilerin uzamsal akil yiritme testinden aldiklari
puanlarin, gorsel tahmin becerileri testinden aldiklari puanlari pozitif yonde anlamli bir sekilde

yordadlgml gt’)stermistir ([3uzamsaIaklI%Gt’jrseItahmin= 157)
Tartisma ve Sonug

Ogrencilerin cinsiyetlerine gdre uzamsal akil yiiriitme becerileri arasinda anlamh bir farklilik yoktur.
Uzamsal akil yliritme becerileri testinden aldiklari puan ortalamalari incelendiginde erkeklerin
ortalamasi daha yiksektir. Ancak bu durum anlaml bir farkliigi dogurmamaktadir. Voyer, Voyer ve
Bryden (1995) uzamsal becerilerdeki cinsiyet farkinin 10 yasina kadar ortaya ¢ikamayacagini belirtmistir.
Buna benzer olarak Rutherford, Karamarkovich ve Lee (2018) (¢ farkl yas grubuyla calismistir. Besinci,
dordiinci ve Gglnct sinif 6grencileriyle yaptiklar ¢alismada cinsiyetin uzamsal becerileri belirlemede
etkili olmadigini ve cinsiyete gore 6grencilerin uzamsal akil yiritme becerilerinde anlamli bir farklihk
olmadigini ortaya ¢ikarmiglardir. Dérdinci sinif 6grencileriyle ¢alisilan baska galismalarda da uzamsal
diistinme becerilerinde cinsiyetin moderator gorevi olmadigi yoniindedir (Cilingir-Altiner, 2018; Olkun ve
Altun, 2003). Bu bulgulara ragmen, bazi arastirmacilar, erken gocuklukta, ilkokulun baslangicinda,
cocukluk ve ergenlik doneminde uzamsal beceri testlerindeki cinsiyet farkliliklarinin mevcut oldugunu
belirtmislerdir (Lockman, Fears ve Lewis, 2018).
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Okul ¢agindaki erkekler ve kizlar arasindaki uzamsal etkinlikler arasindaki performans farkliliklarini
inceleyen kapsamli bir literatir bulunmaktadir. Bazi arastirmalar, son 10 yilda cinsiyetten kaynaklanan
farkhhklarinin azaldigini vurgulamasina ragmen (Spelke, 2005), diger arastirmalarda erkeklerin lehine
ortaya c¢ikan farkliliklar oldugunu belirtilmistir (Hill, 2011; Thomson, De Bortoli, Nicholas, Hillman ve
Buckley, 2010). Bu yizden cinsiyet degiskeni ile yapilan ¢calismalari tekrarlamak 6nemli gorilmastdr.
incelenen farkli giincel arastirmalarda da uzamsal becerilerde cinsiyet degiskenin farklilik yaratip
yaratmadigi ile net ve kesin bir sonu¢ bulunmamaktadir.

Arastirmada elde edilen bir diger bulguya goére 6grencilerin cinsiyetlerinin onlarin gorsel tahmin
becerilerinde bir farklilik yaratmadigi gortlmustiur. Puan ortalamalar incelendiginde kiz ve erkek
Ogrencilerin ortalamalari arasinda erkekler lehine ¢ok az fark bulunmustur, ancak bu anlamli bir farkhhg
gdstermemektedir. incelenen literatiirde gorsel tahmin becerileri ve cinsiyet degiskeni ile ilgili calismaya
rastlanmadigi icin tahmin ve sayi hissi ile ilgili yapilan incelenmistir. Buna gore sayi hissi ile ilgili
calismalarda benzer bir sonuca ulasiimis ve cinsiyet degiskeninin anlamli bir farklilik olusturmadig
belirtilmistir (Mullis, Martin, Gonzalez ve Chrostowski, 2004; Yun-hing, 2007; Kayhan-Altay, 2010).
Benzer olarak Tekinkir (2008) da olgiim tahmin becerilerinde cinsiyetin bir etkisinin olmadigini
belirtmislerdir. Ancak, LeFevre ve digerleri (2013) ikinci, lglncl ve dordinci sinif dizeyinde yaptig
¢alismada erkelerin sayr dogrusu tahminlerinde kizlara goére daha iyi performans sergilediklerini
belirtmislerdir. Brydges (2013) calismasinda sekizinci sinif ve Universite dizeyinde acilarin gorsel
tahmininde hem yas hem de cinsiyetin istatistiksel olarak anlamli oldugunu bulmustur.

Arastirmada uzamsal akil yiritme becerisi ile gérsel tahmin becerisi arasinda pozitif yénde anlamh
bir iliski bulunmustur. Bu bulguyu desteklemek icin incelenen arastirmalara gére Thorndyke ve Goldin
(1983), bireylerin gunliik yasaminda her ortamda uzamsal performanslarini ve tahmin etme becerilerini
sikhikla kullandiklarini belirtmislerdir. Arastirmacilara gore bir glizergah boyunca ya da kargalarin ugtugu
yer arasindaki mesafeleri tahmin etmeyi, mevcut konumdan gériinmeyen bir konumun baslangicini
tahmin etmeyi uzamsal beceri olarak tanimlamislardir. Ek olarak, calismalar (Shumway, 2013; Coffman-
Wolph, Gray ve Pool, 2018), glicli uzamsal akil ylriitme becerilerine sahip 6grencilerin daha iyi “sayi
hissine” sahip olduklarini ve ayni zamanda bu 6grencilerin kafalarindaki matematigi “gérme” (zihinde
canlandima) gibi niceliklerde daha basarili oldugunu belirtmislerdir. Uzamsal akil yiritme becerisi ile
sayl dogrusu tahmin becerisi arasindaki yakin iliskinin sebebi olarak her iki becerinin de 6grencinin
zihinlerinde gergeklesmesi olarak gdsterilmistir (M&hring ve digerleri, 2018). Ornegin dgrencinin say!
dogrusu Uzerindeki bir noktadaki sayinin buyiikligini anlamak ve bu biiylklik icin olasi sayi araliklarini
esnek bicimde zihinlerinde haritalamalari gerekmektedir. Uzamsal dlgekleme esnasinda da bu sekilde bir
haritalama gerekebilir. Ornegin cocuk, kiigiik bir haritada gosterilen bir alanin biyiklGgini
belirleyebilmek icin baska referans olarak alinan bir alanin buytkligini kullanmaktadir. Bu buyaklik
bilgisini esnek bir sekilde dontistirme kabiliyeti, uzamsal akil yiritme ile tahmin becerisini birlestiren
onemli bir baglanti olarak gorilebilir (Mix ve Cheng, 2012). Hogan ve Brezinski (2003), 6lgme
tahminlerinde 6zellikle uzamsal becerilerin dnemine dikkat ¢ekmistir. Ansari ve digerleri (2007) gorsel-
uzamsal islemlerin, gorsel tahmin yapilirken sayisal biydiklikleri belirleyebilmede ¢ok énemli oldugunu
belirtmislerdir. Bu da diger arastirmalardan elde edilen sonuglarin, bu arastirmadaki sonuglari destekler
nitelikte oldugu ve benzer teorilerin ileri strildiglint géstermektedir.

Yapilan yol modelinde &ne siiriilen “Ogrencilerin uzamsal akil yiiriitme becerileri gérsel tahmin
becerilerini anlamli bir sekilde yordamaktadir” hipotezi dogrulanmistir (= ,57). Elde edilen sonuca gore,
6grencilerin uzamsal akil ylritme becerileri, gérsel tahmin becerilerini pozitif yonde anlamli bir sekilde
yordadigini géstermistir. Jones, Gardner, Taylor, Forrester ve Andre (2012) de gérsel-uzamsal becerilerin
tahmine katkida bulunabilecegini belirtmistir. Yapilan bazi galismalarda ise uzamsal becerilerin sayi
dogrusu tahmin becerilerini arttirmayi 6ngordigi belirlenmistir (B=,69) (LeFevre ve digerleri, 2013), (B=
,37) (Frick, 2018).

Sonug ve Oneriler

Sonug olarak cinsiyet faktorii bu c¢alismada etkili bulunmamistir. Diger calismalar g6z oniine
alindiginda ise cinsiyet faktoriinin kesin bir belirleyici oldugu séylenemez. Clinkl bu arastirmalarda da
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Ogrencilerin gegmis yasantilarinda aldiklari egitimleri hakkinda genis bir arastirma yapilmamistir. Egitim
almanin dusik uzamsal performans gosteren ¢ocuklarda, cinsiyetten kaynaklanan farkliliklarini
azaltmada biyik basariya sahip oldugu belirtilmistir (Lockman ve digerleri, 2018). Joh (2016) yaptig
calismada cocuklarin ek egitim aldiklarinda cinsiyetleri bakimindan uzamsal akil yiritme becerileri
arasinda farkhhk bulunmasina ragmen, ek egitim almadiklarinda cinsiyetleri arasinda anlamh farkhligin
olmadigr gozlenmistir. Cinsiyet farkinin egitim yoluyla ve 06grenme firsatlariyla ilgili oldugu
disinilmektedir. Bu ylizden 0Ogrencilerin gegmis yasantilarindaki deneyimleri ve aldiklar egitimler
bilinmeden genelleme yapmak hata olabilir.

Ogrencilerin sahip olduklari uzamsal akil yiriitme becerileri ile gérsel tahmin becerilerinin iligkili
oldugu bulunmus ve uzamsal akil yiritme becerilerinin gérsel tahmin becerilerini yordadigi
gorulmuistur. Cesitli disiplinleri (6rn: STEM) etkiledigi gorilen uzamsal akil yiriitme becerilerini
desteklerken; yine gesitli disiplinleri (6rn: fen, matematik, tip) etkileyecegi distntlen gorsel tahmin
becerilerinin de desteklenmesi dnemli goriilmektedir. Egitim alaninda gorsel tahmin becerileri ile ilgili
calismalarin daha fazla yapilmasiyla bu beceriyi etkileyen diger degiskenlerin belirlenmesi saglanabilir.

Tesekkiir: Calisma, 1649B031500067 nolu 2015/1 dénemi 2211-A Yurtici Doktora Burs Programi
kapsaminda TUBITAK tarafindan desteklenmistir.
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Appendix
Appendix A:

Visual Estimation Skills Test / Gorsel tahmin Becerileri Testi
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Appendix B:

Spatial Reasoning Skills Test / Uzamsal Akil Yiiriitme Becerileri Testi

Yapi Uzamsal Beceriler Karakteristik Ozellikleri Soru Tipleri
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