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ABSTRACT

MSc Thesis

INVESTIGATION OF SIXTH GRADE STUDENTS' SPATIAL ABILITIES
AND SPATIAL LANGUAGE AND STRATEGIES USED IN GEOMETRICAL
TASKS

Asli Merve ALA

Erzincan Binali Yildirim University
Graduate School of Natural and Applied Sciences
Department of Mathematics and Science Education

Supervisor: Prof. Dr. Mehmet BEKDEMIR

The aim of the research is to investigate the sixth-grade students' spatial abilities and
spatial language and strategies used in geometrical tasks. The method of the study was
the mixed research methods. As a method, convergent parallel design from the mixed
research methods was used. The participants of the study were selected by the convenience
sampling method. Quantitative data were collected on math test results, Spatial Ability Test
(SAT) and C-test. quantitative data were collected on building 3D objects with Lego
implication. In data analysis, quantitative data were used with simple and partial correlation
analyzes and the analysis of qualitative data was carried out with content analysis. As a result
of this study, a moderate, positive, and significant relationship was found between
mathematical performance, language proficiency and spatial ability scores. Not seeing the
construction stages of the object, being persistent in trying, communicating effectively are the
important factors that positively affect the success in the geometrical task. Again, the control
strategy was found to be one of the key strategies that boosts task success. It is recommended
to teachers that in the geometric tasks to be done in the classroom, observing the construction
stages of the object, being persistent in trying, and establishing effective communication stand

out as important factors for students’ success in geometrical tasks.
2023, 127 Pages

Keywords: Geometrical tasks, Middle school students, Spatial ability, Spatial
language and strategies.



OZET

Yiiksek Lisans

ALTINCI SINIF OGRENCILERININ UZAMSAL YETENEKLERI VE
GEOMETRIK GOREVLERDE KULLANDIKLARI UZAMSAL DiL VE
STRATEJILERININ INCELENMESI

Asli Merve ALA

Erzincan Binali Yildirim Universitesi
Fen Bilimleri Enstittsu
Matematik ve Fen Bilimleri Egitimi Anabilim Dali

Danisman: Prof. Dr. Mehmet Bekdemir

Arastirmanin amaci, altinci sinif 6grencilerinin matematik derslerinde uzamsal goérevlerin
yeniden yapilandirilmasi, uzamsal yeteneklerini, geometrik gorevlerde kullandiklari uzamsal
dili ve stratejileri incelemektir. Calismanin yontemi karma arastirma yontemlerinden
yakinsayan paralel desen kullanilmistir. Katilimceilar kolay ulasilabilir 6rnekleme metoduyla
secilmigtir. Veriler matematik sinav sonuglar1, Uzamsal Yetenek Testi (SAT) ve C- testi ile 196
altinc1 sinif 6grencisinden toplanmustir. Nicel veri analizi basit ve kismi korelasyon analizleri
ile nitel verilerin analizi ise igerik analizi ile gergeklestirilmistir. Calismanin sonucunda,
matematik basarisi ile dil yeterliligi ve uzamsal yetenek puanlarinin arasinda orta diizey, pozitif
yonli ve anlamli iligki bulunmustur. Uzamsal gorevde basariyi; denemede 1srarli olmak, etkili
iletisim kurmak ve objenin yapim asamalarin1 gérmek olumlu etkileyen 6nemli faktorler olarak
one ¢cikmaktadir. Yine uzamsal dil stratejilerinden kontrol stratejisi gorevdeki basariyi arttiran
onemli stratejilerden biri oldugu sonucuna varilmistir. Smifta yapilacak geometrik gorevlerde
objenin yapim asamalarini 6grencinin goérmesi, denemede 1srarli olmasi ve etkili iletigim

etkileyen 6nemli faktorler olarak 6ne ¢ikmaktadir.

2023, 127 Sayfa

Anahtar Kelimeler: Geometrik gorevler, Ortaokul 6grencileri, Uzamsal yetenek, Uzamsal dil
Ve stratejiler.
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1. INTRODUCTION

To make sense of daily life in our lives, we need skills such as problem-solving,
communication, cooperation, creative thinking, mathematical thinking, and language
proficiency, as well as spatial ability. The concept of spatial ability was first mentioned
in Galton's article published in 1880 as "the power to imagine shapes vividly in mind".
Definition of spatial ability by years; It has been expanded as the ability of individuals to
visualize, organize and translate a shape, to imagine how an object looks from a different
position, to rotate two or three-dimensional geometric objects as a whole in mind, and to
recognize them in different positions (Linn and Petersen, 1985; Lohman, 1988; Van De
Wall et al. 2014; Hendroanto, 2015). In short, spatial ability; is the ability to make sense

of the physical properties, positions, and processes of the object in space.

In the literature, some studies reveal not only the definitions of spatial ability but also the
relationship between spatial ability and sub-topics of mathematics as well as mathematics.
Accordingly, there seems to be a weak or moderate relationship between spatial ability
and mathematical performance (Hegarty and Waller, 2005; Newcombe, 2010; Pittalis and
Christou, 2010; Passolunghi et al., 2014; Cheng and Mix, 2014). It has been revealed that
there is a significant positive moderate relationship with geometry, which is the sub-
learning domain of mathematics (Kyttéld and Lehto 2008; Le Fevre et al., 2010; Frick,
2019). On the other hand, spatial ability, numerical estimation, comparison of sizes (Cui
et al., 2017), arithmetic fluency (Zhang, 2019), number ability (Cornu et al., 2018; Le
Fevre et al., 2010), calculation (Kyttdld and Lehto 2008; Lefevre et al., 2010), problem-
solving (Ménnamaa et al. 2012; Meyer et al., 2010) was also found to be related.

In addition to studies examining the connection between spatial ability and mathematics,
research addressing the questions "how?" and "why?" in attempts to explain this
relationship in more detail have gained attention recently. Some of these studies, from a
biological point of view, have revealed that spatial and mathematical abilities are closely
related, as they benefit from similar neurological processes in the same brain regions
(Sokolowski et al., 2017; Seydell-Greenwald et al., 2017). In some studies, examining
mathematics education, it has been revealed that mathematical performance increases

because of the development of spatial ability (Cheung et al., 2020; Frick, 2019).



There are many explicit and implicit gains in spatial concepts in mathematics teaching
programs of all education levels from preschool to universities. It is because spatial ability
is both related to mathematics and subjects in mathematics and contributes to the
improvement of students' success and thinking. Since spatial ability is generally
associated with geometry, it is seen that spatial ability is given more weight in
mathematics teaching programs, especially in the achievements of geometry and
measurement sub-learning domains (MEB, 2018). However, considering that spatial
ability is only related to geometry and not related to other sub-learning areas of
mathematics may cause some important issues in mathematics education (success,
creative thinking, establishing relationships, etc.) to be ignored. Again, considering
spatial ability as a whole may cause many subjects and relationships to be ignored in
mathematics education. Therefore, in recent years, many factors of spatial ability have
been defined. More research has begun on their relationship to mathematics and how they
relate to mathematics.

Although many factors of spatial ability have been defined, the most commonly used
factors in these studies are "spatial visualization”, “spatial orientation” and "spatial
relations"(Lohman, 1988; Goktepe Yildiz, 2019; Shawky et al, 2021; Rahmawati et al,
2021). Spatial visualization is the ability to manipulate and move objects in mind; while
spatial orientation can be defined as the ability to imagine how the image of an object is
from a different position, spatial relations can be defined as the ability to turn two and
three-dimensional geometric objects in one's mind as a whole and to recognize them in
different positions (Lohman, 1988; Goktepe Yildiz, 2019). In research on the factors;
between spatial visualization ability and solving word problems and geometry success
(Lowrie, 2019); between spatial orientation ability and success in arithmetic operations,
logic-spatial functions, and geometry (Frick, 2019) similarly, between spatial relation
ability and mathematical operations (Citta et al., 2019; Yang and Yu, 2021) were found
positive relationships. In addition to studies revealing the relationships between
mathematics and spatial ability and its factors, there are studies investigating language
proficiency, which is thought to be related to these two concepts (Garcia et al., 2021;

Chan et al., 2022).



Language proficiency is required for the sake of ensuring active participation in the
lessons in teaching mathematics and in the learning processes of students, to explain
mathematical concepts and to express mathematical ideas well. Understanding
mathematics is through understanding the mathematical language and understanding
what the concepts mean fully and clearly (Adam, 2003). Spatial concepts come to the fore
in mathematical language. The concepts used in the mathematical language include
number-shape names, quantitative concepts that enable comparison, and spatial concepts.
Spatial language is the terminology used to describe the language used to communicate
spatial concepts and spatial interactions (Gilligan-Lee et al., 2021). Studies with spatial
language claim that the spatial language used by students predicts spatial ability (Pruden,
Levine, and Huttenlocher, 2011; Miller et al., 2016; Simms and Gentner, 2019; Geary et
al., 2021).

Spatial ability emerges with perceptions of physical objects in mind (Lohman, 1988;
Wolbers and Hegarty, 2010; Chen et al, 2020). To understand how spatial ability is in
mind, spatial thinking needs to be analyzed. Spatial thinking is differentiated into flexible
strategy choice and meta-representational competence (Hegarty, 2010). In this study,
With the goal to develop a deeper knowledge of spatial ability, it would be extremely
valuable to identify distinctions in how people use spatial strategies and spatial terms to
conduct geometrical tasks in relation to their levels of spatial ability.

Importance of Research

At the middle school level, students generally start to have difficulties in the sixth grade
in mathematics and especially in geometry (Tas, 2020). Because for sixth-grade students;
possibility, hypothesis and reasoning in logical thinking and new spatial concepts is a
critical period for abstract processing (Piaget and Inhelder, 2013). The more abstract

algebra concepts in the Mathematics Curriculum begin at this grade level.

In addition, for the solution of skill-based questions in the mathematics section of the
High School Entrance Examination (LGS) nationally and the Program for International
Student Assessment (PISA), and The Third International Mathematics and Science Study
(TIMSS) exams, language skills and spatial ability plays an important role (Unsal and
Kaba, 2022). Because, parallel to understanding the verbal part of these questions, it is



emphasized that they can be solved by using the association of geometric shapes and

generalization of geometric ideas (Kiirtiincii and Kurtulus, 2021).

On the other hand, the relationship between mathematical performance and language
proficiency differs according to the developmental levels of students (Chen and
Chalhoub-Deville, 2016). For this reason, the relationship between mathematical
performance and language proficiency of students studying at different grade levels
should be revealed. It is important for the effective teaching of mathematics in the

classroom and for increasing the success of mathematics.

It is necessary to reveal which strategies and words used or preferred by the student in
each geometric task affect their performance positively or negatively. This is because of
its importance for the selection and implementation of tasks for later use by teachers
(Falco,2020).

Again, it is thought that revealing how the spatial and mathematical language differs
according to the situations in which the students see the task (spatial object) directly or
not in geometric tasks. This will help the planning and utilization of different geometrical
implementations (Eliam ve Alon, 2019). Based on all these, it is aimed to determine the
relationships between mathematical performance, spatial ability and language proficiency
through spatial language usage in geometrical tasks . In addition, this study was designed
to determine how to change them and occur various situations at the sixth-grade level,
which is the critical period for students for possibility, hypothesis, and reasoning in

logical thinking and new spatial concepts and abstract operations.

Purpose of the Research

The aim of this study is to examine the spatial language and spatial language strategies
used by sixth grade students in spatial-geometrical tasks. Accordingly, it was planned to
investigate the sixth-grade students' spatial abilities and spatial language and strategies
used in geometrical tasks and especially in spatial tasks in the geometry sub-learning

domains, and mathematics performance.



Research Problems

« Is there a relationship between mathematical performance, language proficiency and

spatial ability and its factors?
* What is the completion status of geometrical tasks?
» How are spatial language terms used in geometrical tasks?

* Do the spatial language strategies used in geometrical tasks vary according to the spatial

ability factors?

* s there a relationship between the spatial language in which students use geometrical-
verbal tasks and their mathematical performance?

Limitations of the Research
* The research is limited to Sixth-grade students in the fall semester of 2021-2022.

* For the qualitative dimension of the research, the participants are limited to those whose

parents are allowed to participate in the research.

* The data of the study is limited to the answers given by the participants to the data
collection tools, their performances during the activity and their expressions.

Assumptions of the Research

« Participants were prevented from influencing each other, and it was observed that they
filled and answered the data collection tools willingly. Therefore, it was assumed that the
participants gave sincere answers and expressed their thoughts or answers without being

influenced.

* During the implementation, the researcher followed the process closely and intervened
in situations that would adversely affect the research. For this reason, it was assumed that
the participants did not engage in behavior and interaction that would affect the outcome
of the research.



» The data were collected in the fall semester when the partial effect of the pandemic
continued at the end of the process. Participants completed one semester in the 4th grade
and the entire fifth-grade level with distance education. In this process, it is assumed that
every student benefits from distance education opportunities and learning opportunities

equally.

* Since the participants were randomly selected from schools in different socio-cultural
environments, it was assumed that the quantitative data represented the sixth-grade

students in the province where the study was conducted.



2. LITERATURE REVIEW

Looking at the content of this study, examining the relationship between spatial ability,
language proficiency and mathematics achievement and examining students' spatial
language use and spatial language strategies are investigated. Studies examining spatial
ability and mathematical performance, spatial ability, spatial ability factors, language
proficiency, spatial language, and finally, spatial language strategies are included in the

literature.

2.1. Research on Mathematical Performance and Spatial Ability

Weijer-Bergsmaet al. (2015) investigated the effect of visual-spatial and verbal working
memory on mathematical performance. Division, subtraction, addition and multiplication
operation performances were examined in different age groups of primary school
students. They found that while the predictive value of visual-spatial working memory
for mathematical performance decreased with increasing age, the predictor value of

verbal working memory increased as age increased.

Pirrone et al. (2015) conducted a study on teaching mathematics by manipulating and
imagining block play for students between the ages of 10 and 12. As a result of this
research, they stated that the effect of block play on mathematics was mostly due to
mental images. The children are providing regular reminders through the manipulation of
blocks’ imagination which allows them to create a specific shape for their many images,
and simultaneously consolidate it. In this way, they can obtain similar abilities and apply
basic principles of mathematics and geometry which they learn gradually in school. They
concluded that spatial visualization plays a mediating role in explaining the relationship

between block play and mathematical skills.

Casey et al. (2015) conducted longitudinal research about relations of spatial, algebraic
and verbal skills in first-grade through fifth-grade girls. It is found that early spatial skill
is a predictor of numerical skills math reasoning skills and algebraic skills. Verbal skills
indirectly mathematical reasoning. Spatial skill predicts schematic representations, and
computational skills when solving higher-level number and algebra problems. It is

explained that when doing mathematics, students must generate mental representations.



Especially, in not well-defined mathematical problems, students must transform verbal
numerical information into spatial array representations of equations of the problem.

Lauer and Lourenco (2016) examined the effects of Spatial Processing on mathematics
and spatial ability at an early age in a study conducted between infants 6 to 13 months of
age. In their study, they performed the measurements with the visuospatial change-
detection task. Based on the results found, Spatial Processing predicts mathematical and
spatial competencies. Also, early spatial processing skills supervise symbolic and math

concepts at 4 years of age.

Green et al. (2017) demonstrated that children and adolescents (6 to 21 years old)
correlated various mental representations, showing that fluent reasoning predicts future
mathematical performance. Their research with longitudinal cohort sequential design
made measurements with an interval of 1.5 years. It was found that there was a positive
medium-level relationship between mathematical fluency and applied problem and
language proficiency, while a positive high-level relationship was found with spatial

ability.

Kovacevic (2017) studied spatial reasoning in mathematics education in teaching and
learning geometry at the university level. The researcher stated that students generally
lack spatial experiences not only in 3-D objects but also in 2-D objects and relations. It is
important to comprehend geometrical concepts and principles first and then apply the
acquired knowledge when solving spatial-based mathematical problems. Geometry
education should be used as a means of developing students' spatial-visual skills and
deductive reasoning in logical thinking. Graphical programs provide more complex
visuals, including protector geometry. These programs can be utilized in advanced

geometry education.

In the study they conducted on preschool students by Rittle-Johnson et al. (2019), they
found that when language ability was controlled, spatial ability and repeated patterning
and spatial ability were related and were separate predictors for mathematical success. To
increase mathematics performance, especially numeracy knowledge, it has been
suggested that scaffolding can be done for student development by making teacher-

guided block plays implementations.



In the longitudinal research conducted by Frick on 119 students in 2019, it was found that
the spatial ability in the preschool predicted the success of second-grade mathematics and
geometry in the research conducted at the first and second-grade levels. They conducted
research based on early spatial transformation skills and basic calculation skKills.
Accordingly, the ability to create mental rotation and spatial scaling arithmetic
operations, numeric-logical and spatial functions as well as geometry cross-sectioning,
and perspective taking allows a better understanding of abstract mathematical concepts

with spatial simulations.

Mix (2019) focused on the possible reasons for the relationship between mathematics and
spatial ability in his research. He concluded that the relationship between mathematics
and spatial ability is valid for all spatial subskills and the entire mathematical domain.
Possible reasons are the spatial ability to decode the symbolic representations in
mathematics according to the spatial locations of the mathematical equations and
diagrams. Secondly, creating maintaining and manipulating mathematical models with
symbols (i.e., numerals and operational signs) can be done by mapping mental
representations to real-world problems. Thirdly using spatial representation and tools

(i.e., number line) to understand mathematical terms.

In a study including 250 third-grade students, Gilligan et al. (2019) examined the effects
of extracurricular spatial training programs that consisted of implicit and explicit
instructions on student spatial ability and mathematics success. For spatial ability, the
effects of practicing mental rotation and spatial scaling trainings with educational videos
and feedback on the success of missing terms problems, number line estimation tasks and
geometry tasks were examined. A weak to medium positive correlation was found
between mathematical tasks and spatial ability. Effects on proportional reasoning and
mental visualization abilities, far transfer from spatial scaling and mental rotation. Except
for the geometry task, they found that the spatial trainings consisting of implicit and
explicit instructions did not change the effect on success.

Mix et al. (2021) conducted research on 258 first-grade and sixth-grade students. Their
pretest spatial training and posttest training consist of spatial visualization training and

Form perception/Visio-spatial working memory training regardless of the kinds of



training and notational spacing, place value, word problems, calculation, missing

terms/algebra problems, and number line estimation.

Geary et al. (2021) examined the predictors of mathematical competency in the research
they carried out on students from 6 to 7 classes. They based their study on the variables
of mathematical aptitudes, complex spatial abilities, verbal memory, visual-spatial and
verbal working memory, mathematical anxiety, attentive behavior in class and
intelligence. When 6"-grade mathematics achievement was taken under control, they
found that while spatial ability and in-class attention were the most important predictors
for 7"-grade math achievement, word reading achievement was not as a plausible
predictor as these variables. The largest gains in mathematics proficiency are in the

groups of participants with average-above average spatial ability.

Safrina et al. (2021), in their study on 30 students, examined spatial training and geometry
problem-solving skill development in the eighth grade. The training program was
performed 5 times in sessions between 80 and 120 minutes. As a result of this study,
improvement was observed in students' geometry-solving skills. In addition, it was found
that students with high spatial ability plan the problem-solving process more easily and

understand the questions.

Wulandari et al. (2021) conducted a qualitative study on two students with 1Q in the
superior intelligent category, to find out which sub-domains (verbal, spatial, numerical,
social science, and mechanical ability abstract thinking) are used by students with
different 1Qs while solving mathematical problems. As a result of this research, a
distinction was made according to the problem-solving stages of Polya. They found that
spatial relationships and numerical ability were used together in understanding the
problem and planning stages. In other stages, the participants used their abstract thinking,

speed-accuracy,and numerical ability abilities.

Hawes et al. (2022) conducted a meta-analysis study about the effects of spatial ability
training in mathematics. The findings are that the usage of concrete materials in training
is more effective than computerized training. The training becomes more efficient by
increasing age from three to twenty. Spatial training improves spatial thinking,

mathematical understanding as well as mathematical performance. They suggested that
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spatial training is not separate from mathematics, and spatial training can be inserted in

mathematics and the curriculum of mathematics should be “spatialized”.

Johnson et al. (2022) examined the relationships between spatial ability and mathematical
skills according to sex, age, and socio-economic status in their study on 1592 preschool,
third and sixth-grade students. Mathematics spatial performance of students in the high-
income group outperformed then other groups. They argued that boys' spatial
performances are better than girls’ in all age groups. Therefore, it was found that in
mathematics performance of girls was better than boys, except for the preschool group.
They found that the relationship between spatial ability and mathematical skills was
separate but correlated as a latent structure for all variables.

2.2. Research on Spatial Ability and its Factors

Newman et al. investigated the impacts of structured block play training on spatial ability
with measured brain activities in 2016. In the measurements, activity was detected in
spatial processing and spatial working memory. Improvement in reaction time and
accuracy was observed in group trainees. No significant improvement was detected for

the mental rotation task.

Haciomeroglu (2016) conducted research on 348 high school students who took advanced
calculus courses. In this research, he found that verbal-logical reasoning ability, spatial
ability, and mathematical performances were significantly correlated each other. In the
study, object visualization and spatial visualization were found to differ according to
cognitive styles. While spatial visualizers found higher spatial abilities than object
visualizers, no difference was found between their mathematical performances and verbal
skills.

Bokhove and Redhead (2017) conducted a study on 85 seventh-grade students, and a
training application including building a house with 3-D cubes was made. These training
programs examined the effect on performance in standard mental rotation tests. The
performance of the mental rotation test depends on accuracy and speed. As a result of the
training, they found that while accuracy increased, there was no decrease in speed. They

stated that it is difficult to explain and learn mental rotation. Since MR skill improves
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general mathematic ability, they suggested that trainings that improve general spatial
ability should be added to the mathematics curriculum.Permatasari et al. (2018) studied
the spatial ability of slow learners. Which differences they possess when learning and
which aspects of spatial ability are needed and strengths for those learners. They found
that when the position of objects is changed, they can describe the other shape of them.
They know the materials of objects and describe them from other perspectives. However,

they have struggled to rotate and describe relations with the same objects.

Lowrie et al (2019) investigated the effect of spatial reasoning skills, especially spatial
visualization, on mathematical success in their study of 327 fifth and sixth-grade students.
Three-week period of spatial visualization interventions was applied. They improved the
mathematical performances of the intervention group in geometry tasks and word
problems more than the control group. They found that there was no difference in graphic

problems compared to the control group.

Hawes and Ansari (2020) examined possible relationships between spatial visualization
skills and basic numerical competencies in their study. Explanatory accounts are Spatial
representation of numbers, shared neural processing spatial modeling, and working
memory. Moreover, they studied which spatial visualization abilities are malleable and
transferable to numerical reasoning. They hypothesized that spatial training might help
numerical reasoning with the following accounts. Number representations may be more
precise in mental number lines. Spatial modeling may help strategy usage in numerical
tasks. Shared neural processing is spatial training change and improves neural activities
in numerical reasoning. In terms of Working memory, spatial training is like working

memory training.

Eilam and Alon (2019) conducted research on first and fourth-grade students about spatial
orientation skills namely object structure perceptive taking skills. In this study,
Perspective taking performance and mathematical achievements were examined. They
found that spatial orientation ability was positively correlated with Math achievements,
while negatively correlated with egocentric error. It was found that, while the
mathematical performance was higher with the achievements of the fourth-grade

students, the spatial orientation performance of the first-grade students increased more as
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a result of the implementation. They found that using multiple spatial strategies when
doing spatial orientation-related problem-solving improves perspective-taking
performance. In addition, it was found that young participants had difficulty in imagining

views from different sides in tasks with low visual hints (e.i. Dept and details of shapes).

2.3. Research on Language Proficiency

Vukovic and Lesaux (2013) investigated the relationship between linguistic skill and
arithmetic performance in their study on 287 third-year students. They did mediation
analysis. According to the findings of this study, general verbal skill is associated with
the numerical reasoning of children. As a result, verbal skills support math

comprehension and reasoning with numbers.

Chow and Ekholm (2019) examined the relationship between language ability and
mathematical performance in first- and second-year students. Contrary to the studies in
the literature that focused more on vocabulary, they were interested in vocabulary along
with the syntax of the language (Word order rules of the languages). They found Syntax
to be a powerful predictor of math performance. For receptive vocabulary, they stated

that there cannot be the most predictive factor for mathematics learning for this age group.

Gomez et al. (2020) conducted a literature review examining the studies conducted
between 2015-2019. The ones that contain studies about reading comprehension and
mathematical performance of primary and middle school students in literature language
proficiency were selected. In this study, they concluded that mathematics and reading
skills are complementary skills for students. They stated that mathematical performance
does not only consist of numbers and mathematical operations, but reading
comprehension is required to understand relationships and solve real-word problems.
They suggested that teachers should teach necessary strategies to reduce cognitive

demands created by problems for students.

2.3.1. Research on spatial language

Ferrara et al. (2011) investigated the examination of spatial language in block play in a

study with 36 young children aged ranged from 3 to 4.5. In the research, a block play
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situation was created with three types of parents namely, free play with blocks, guided
play, and lastly, play with preassembled structures. In the guided play, parents and
children produced a higher number of spatial words. It was found that spatial words were
used very lowly in material-free spatial activities compared to those performed with block
play. It is suggested that since block play encourages spatial language, it will be useful
for teachers to use in their lessons.

Taylor and Tenbrink (2013) studied origami folding, a spatial visualization task, in 24
undergraduate university students. With thinking aloud while solving a task, the study
investigated the discourse of spatial terms and their impact on the solution of the task.
The findings of this study are that using new spatial terms different from instructions
helped the success of spatial tasks. As the conceptual base is developing, spatial thinking
is increasing in solving spatial tasks. In this way, it is recommended that spatial concepts

vocabulary, especially spatial transformations, should be included in spatial training.

Farran and Atkinson (2016) examined spatial terms and representations of spatial
language in spatial categories between the ages of four and seven. According to the study
conducted on 75 children, children have three levels of understanding. First, they divided
the relationship between specific understanding and fixed objects, secondly, abstract
understanding as generalizing the relationship to any object, and finally, assuming that
prototypical and non-prototypical examples are in the same category. In the last case, they
gain an understanding similar to that of adults. Spatial categories evolve as you encounter
different examples. According to the findings of the research, it was found that at the age
of five, in and under, on, below, behind and in front, they began to understand the third
level of spatial categories at six years and older. They suggest that left and right spatial
terms cannot reach the last level of spatial category development in these age groups and

that these terms should be investigated.

Miller et al. (2016) studied spatial language usage in spatial recalling performance for
four-aged children. They have conducted two experiments. Firstly, performance during
tasks requiring intrinsic reference frames (egocentric and allocentric) was improved
thanks to providing verbal encoding namely location-descriptive cues and child
performances were predicted from the description of a spatial task. Secondly, drawing
attention to objects' relationships nonverbally supported the performances of children less
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according to the first experiment. They concluded that verbally represent relationships
are potentially affected by developmental changes when selecting intrinsic references in

spatial recall tasks.

Tenbrink et al. (2017) conducted a qualitative study in which they examined 48 young
adults (ranging from 16 to 26) communicating in a spatial dialog. In this study, they had
furnishing doll houses and spatial object arrangements made. As a result of this study, it
was found that the tasks in which the spatial orientation information is too high do not
always acquire the desired success. In addition, they found that word production and
spatial relationship and success increased when the terms were more. Another result is
that using too many words and doing too many essays in non-functional arrangements

has no effect on success.

Ayranci studied the development of language in childhood in 2018. It is stated that If
language skills are not too advanced, academic success may not improve. For the
development of eleven- and thirteen-year old children, it may be made group-based

discussions and activities that encourage the ability to express themselves.

Borriello and Liben (2018) conducted a study on 41 preschool students and examined the
effects of mothers on the spatial guidance of children during block play when they
provided spatial guidance. The mothers were told about spatial thinking and
developmental motivations, especially while playing games. The mothers in the control
group were told to play as usual. It was observed that mothers who were given instruction
produced spatial words and provided spatial guidance to their children. It was found that
the children in this group used more spatial words and were more engaged in the process.
They found that the use of spatial language is an important way to promote spatial

thinking in children.

Miler-Zdanowska (2018) examined the spatial descriptions of fifty blind children aged
range from six to twelve in his research. As a result of this examination, it was determined
that they followed different strategies according to sighted people, differences in
presenting information, and differences in the words they used. It has been determined
that Spatial Narrative differs according to the experience gained and age. For the

development of this ability, precise and detailed information about spatial relations is
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provided. They stated that the use of different strategies while acquiring spatial
information did not differ according to seeing persons in their understanding and
expression of spatial relations. They found that blind and seeing persons use similar
spatial words. It is stated that especially for the development of the narrative features of
blind individuals, people who undertake intermediary duties (teachers, parents etc.) have
important responsibilities.

Bower et al. (2020) investigated the relationship between comprehension of spatial
language and mathematics and spatial skills in their study on 192 3-year-old children.
They aimed to find out that spatial language has a mediator role between spatial skill and
mathematical skill and how socioeconomic status and gender variables affect this
relationship. According to the results, it was found that girls have higher spatial language
comprehension than boys, and those with high SES have higher spatial language
comprehension than the low-SES group. In the relationship between mathematical skills
and spatial skills, they found that it is a mediator of spatial language comprehension only

for girls.

2.4. Research on Spatial Language Strategies

Lohman (1993) stated that while performing geometrical-spatial tasks, people with high
spatial ability but low verbal ability apply the same spatial strategies, which may be

because these people do not need to use different strategies.

Gliick and Fitting (2003) investigated the differences in the use of spatial strategies and
the use of strategy while determining the level of spatial ability in their literature review.
As a result of this research, they focused on analytical and holistic strategies. According
to them, more time is spent on analytical strategies while using less effort. They stated
that while the use of holistic strategies remained the same in difficult tasks, the number

of analytical strategies increased.

Lin (2016) investigated the effect of design training on spatial ability factors and spatial
strategy selection. According to their findings, spatial visualization and relations factors
affected the strategy selection. However, when choosing solution strategies, he found that

the design group tends to use holistic strategies and the non-design group tends to use
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analytical strategies. He concluded that since mental rotation test scores and holistic
strategies, one of the spatial solution strategies, are positively related, the strategies affect

spatial task performance.

Hegarty (2018) aimed to determine the strategies used while performing mental rotation
tests in his research on 47 undergraduate students. Although it was thought that spatial
transformation skills were used in the tests, it was revealed that analytic skills were also
used. It was observed that the number of participants using both strategies was high. The
use of the global-shape strategy has increased the accuracy. He found that most successful
students avoid mental imaginary and do diminish answer choices. He suggested adding

parts that can use analytical strategies to mental rotation tests.

Suh and Cho (2020) researched spatial ability and creativity in three-dimensional designs
in undergraduate interior design university students. They investigated which spatial
ability dimensions are necessary for designs that require in three-dimensional volumetric
exploration. They examined the strategy choices of individuals with different levels of
spatial ability. According to the results spatial visualization and mental rotation are
correlated in generating and creating 3-d designs. They found that the participants with
high spatial ability turned to the form generation strategy, while the participants with

medium and low levels to the additive approach strategy.
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3. THEORETICAL FRAMEWORK

In this section, to provide a comprehensive understanding of the concept of spatial ability,
its development over time in the academic literature is discussed. After examining the
conceptual framework, definition ranges and factors of spatial ability, spatial language
and spatial language strategies have been explained.

3.1. Spatial Ability

Human beings are social creatures that are constantly interacting with their environment
(Indriyani et al, 2021). While maintaining a large part of their daily life, they spend
interacting with the objects around them. In this process, their first designs the interactions
they experience, and after passing through mental filters, they adopt and perform the

behaviors that are most suitable for their purpose (Sun, 2019).

At every moment of being mentally active, the spatial ability is used at every stage of life
by making some meaning in mind according to the physical properties, functioning and
positions of the objects in space (Mohiuddin, 2022). Sometimes, there is a spatial ability
behind what is done unconsciously. Spatial ability, we use it when parking the car,
preparing suitcases, making maps, making quantitative comparisons and trying to locate
a forgotten item. In addition to these, it is also used in surgical operations, software
architectures, in the opening of the satellite route, in the arrangement of the

intercontinental natural gas pipeline and especially in sculpting.

While "vivid imagining in the mind" (Galton, 1880) has served as the first definition of
spatial ability for years, it has been differentiated and modified over the years. Lohman
(1979) ; defined spatial ability as the ability to produce and manipulate concrete objects
while preserving their originality by coding, remembering, transferring, and matching
spatial stimuli. Linn and Petersen (1985) defined spatial ability as a skill to present,
generate and remember symbolic, nonlinguistic information. Van De Wall et al. (2014),
on the other hand, defined it as being able to perceive objects from different perspectives,
to create composed and decomposed of these objects in mind, and to establish the
relationship between two- and three-dimensional objects. According to Hendroanto
(2015), he characterized relationships as the ability to visually understand, manipulate,
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rearrange, and interpret. Taking into consideration all definitions of spatial ability, it is an
ability to comprehend physical properties, positions as well as functions of objects in

space.

3.1.1. Factors of spatial ability

There is no consensus in the components of spatial ability. When the studies conducted
in the historical process are examined, it is seen that researchers generally reach a
common judgment as three factors, but they differ in the naming and definition ranges of

these factors. Below are the leading factors.

Barratt (1953) identified spatial components in three main components namely spatial
relations, spatial visualization, and spatial orientation. Spatial relation is the ability to
rotate an object around a plane or axis entirely or partly. Then, rotated objects are checked
to correspond to another figure in the same plane. Spatial visualization is the ability to
visualize the spatial relations of objects in dynamic situations. Spatial orientation is the

ability to decide which position you are looking at objects.

Lohman (1979) defined spatial ability as three main factors, including spatial relation,
spatial orientation and visualization. He stated that each factor requires mental rotation.
Lohman, while defining the Spatial relation, saw it as a skill that has mental rotation as
its most basic element but that allows problems to be solved quickly. Spatial orientation
is a skill that helps to decide the positions of objects according to reoriented oneself and
imagined perspectives in space. Visualization, on the other hand, is a skill that is usually
unspeeded in two-dimensional objects and enables the resolution of relatively complex
tasks. Minor factors were stated as Closure Speed, Perceptual Speed, Visual Memory and
Kinesthetic. These factors are the skills required for encoding, recalling, modifying and
comparing spatial stimulus, which are the most basic features for spatial thinking. He

noted that these minor skills only appeared on similar tasks.

Linn and Petersen (1985) were describing spatial components as spatial visualization,
mental rotation and spatial perception. Spatial visualization is an ability to manipulate

complicated spatial information that demands multistep strategies. Mental rotation is
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rotating objects with or without speed. Spatial perception is that spatial relations are
induced orientation according to the subject’s own body.

Carroll (1993) divided spatial ability into five factors, including visualization, speed
rotation, closure speed, closure flexibility and perceptual speed in this research.
Visualization ability is manipulating difficult and complex visual patterns or handling
visual stimuli materials efficiently with no time restriction. Speeded Rotation is
manipulating simple visual patterns speedily by transformation and rotation. Closure
Speed comprehending and recognizing an unknown or disguised visual pattern speedily
without knowing it. Closure Flexibility is noticing and uncovering Concealed Figures or
disguising a visual pattern speedily. Perceptual Speed finding same visual Pictures

pattern or comparing one or more patterns accurately and speedily.

In the study conducted by Uttal et al. (2013), the spatial ability factors were made
differently than the previous spatial ability factors. Here, the separation is made as
intrinsic vs extrinsic and dynamic vs static. If an ability contained in an object's
information is necessary for classification purposes, it is referred to as intrinsic. On the
other side, between objects information is what is needed; then it is called extrinsic.
Objects that move in the mind are classified as "dynamic", and objects that do not move
in the mind are classified as "static". Here, intrinsic vs intrinsic and dynamic vs static
pairs are grouped from spatial information depending on the situation (for example,

intrinsic-dynamic, extrinsic-dynamic etc.).

In this study, Lohman’s (1979) main factors are used as a based. The purpose of taking
the main factors created by Lohman is that these factors have similar or close definitions
in different studies (Barratt,1953; Mc Gee,1979; Linn and Petersen,1985; Maier, 1994).
The fact that students' spatial ability is good in some factors does not mean that their
spatial ability is good in general (Permatasari et al., 2018). For this reason, in this study,
aimed not only to focus on the effect on general spatial ability and mathematical
performance, but also to investigate the relationship between spatial ability factors and

mathematical performance.
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3.2. Spatial Language

The language of communication established by using spatial concepts and spatial
relations is called spatial language (Gilligan-Lee et al., 2021). The other definition of
spatial language is encoding spatial relations about pairs of objects and object parts.
Spatial relations and language are encoded familiar structures in language as well as
spatial relations. This encoding identified good or bad if spatial relation in the
configuration of object/s is similar to prototypical structures (Hayward and Tarr, 1995).
However, spatial relations encoded in spatial language and spatial relations in memory
reflect the same structures (Landau and Jackendoff, 1993). In the studies conducted with
spatial language in the literature, it has been concluded that the usage of spatial language
predicts spatial ability. (Pruden, Levine, and Huttenlocher, 2011; Miller et al., 2016;
Simms and Gentner, 2019; Geary et al., 2021).

As a result of examining how spatial expression develops in children between the ages of
two and four according to different languages, it has been concluded that in Turkish it is
in the following order (Johnston and Slobin, 1979). The order of development of spatial

terms is as follows:

1. In (i¢inde), on /over (iistiinde), under /below (altinda), beside /next to (yaninda)

2. locative with featured objects: back (arkasinda), between (arasinda), front (6niinde)
3. locatives with featureless objects: front (6niinde), back (arkasinda)

The types of spatial terms used by children at the early school age (6-12 years old) while
creating a spatial definition and their Turkish equivalents are given. The spatial terms
used are given in Table 3.1.
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Table 3.1. Kinds of spatial terms

Spatial Terms

Turkish Translations

To where, everywhere, here, over here,
from here, over there, until there

High: low, near: far, topside, straight
forward, by the side below

Ahead of, by, beside, close by, in front
of, above, below, near around, to the
left, to the right

Drive away, exit, pour, attach, pass,
reach, impact

Far, upper, round, square, front, close,
small

Nereye, her yere, buraya, buraya,
buradan, oraya, oraya kadar

Yiiksek: diisiik, Yakin: uzak, st taraf,
dogru, alt taraf

Oniinde, yaninda, yaninda, yakininda,
Onilinde, istiinde, altinda, yakininda,
sola, saga

Siir, ¢ik, dok, ilistir, geg, uzan, etkile

Uzak, tust, yuvarlak, kare, on, yakin,
kiiciik

* (Miler-Zdanowska, 2018)

In Turkish, “bottom” and “top” are used on the vertical axis to convey location in Turkish.

“Side”, “right” and “left” are used to describe objects that are on the horizontal axis. The

spatial terms “front” and “back” are used to convey the location of an object on the front

axis. At the intersections of these axes, the spatial term “cross” is often used. The most

used spatial words in Turkish are as follows. The most frequently used spatial terms on

the vertical axis are “under” and “above”. The most frequently used spatial terms on the

horizontal axis are “to the left”, “to the right”, “on the left side” and “on the right side”.

Other most frequently used spatial terms were; “above left”, “below left”, “above right”

and “below right” which are used for objects located at the intersection of their two axes

(Ata, 2018).
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3.3. Strategies and Spatial Strategies

Spatial thinking has two components flexible strategy choice and meta-representational
competence (Hegarty, 2010). It is important to examine strategies and how students
represent their spatial knowledge. This study investigates language strategies when doing
spatial-verbal tasks. Students’ choices of strategies guide us to get cues about spatial
ability. In the problem-solving process, a strategy is like a “roadmap” that consists of
describing the problem and the appropriate technique(s) in order to solve this type of task
(Gahamanyi, 2010). Students must choose appropriate strategies to solve spatial problems
in mathematics. Because with using strategies students gain advantages in learning
mathematics and developing mathematical skills like communication, creativity, problem
solving and mathematical reasoning (Tambunan, 2019). These strategies demand
particular spatial abilities in the problem-solving process. In this way, their choice of
strategy reveals students' thinking (Mix, 2019; Hsing et al, 2022).

Different strategies are identified in previous research while doing spatial tasks. Barratt
(1953), the first systematic attempt to understand via verbal cues, studied verbal reports
about individual strategies in spatial tasks. He marked strategic movements namely
folding the pattern, remarking on the relationships of the parts, searching for other cues
such as angle intersections, rotating the entire figure or part of it, using abstract symbols

versus relating some familiar or more concrete object.

Analytic and holistic spatial strategies are the most utilized strategies (Linn and Peterson,
1985; Burin et al., 2000; Sorby, 2009; Janssen and Geiser, 2010; Cohen and Hegarty,
2012; Eilam and Alon, 2018). Analytic spatial strategy (feature comparison) is handling
the task step by step, part by part, with different perspectives, analyzing non-spatial
features with focusing on colors and textures. Holistic spatial strategy (global strategy)
handle objects with the help of transforming, rotating and manipulating objects. Analytic
and holistic solution strategies link to spatial test performance, especially mental rotation
tests that holistic strategies are correlated positively, and analytical strategies are
correlated negatively. Owing to designed spatial training, students begin to use more
holistic strategies (Lin, 2016). These strategies are used in different types of spatial tasks
like mental rotating (Linn and Peterson, 1985) and visual-spatial task (Burin et al., 2000).
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Egocentric and allocentric strategies are used to identify perspective-taking differences
in spatial orientation tasks like reading maps and describing landmark objects
(Fernandez-Baizana, 2019). Egocentric strategy is locating and reorienting objects with
respect to us. Allocentric strategy is describing anobjects with surrounding, related to

other object in which independent of the viewer’s position.

Spatial strategies are also analyzed with language usage in the process of the spatial

problem-solving process. This part is explained in the Spatial Language Strategies.

3.4. Spatial Language Strategies

Spatial language strategies have been variously named in the literature, such as coding
strategies, discourse strategies, and verbal strategies. These strategies are provided a

framework for verbal cues with spatial concepts or descriptions.

Encoding strategies were identified in the study of 3-D object configuration by Kyllonen,
Woltz and Lohman in 1981. They are feature analytics, figure decomposition, verbal
labeling and complexity reduction strategies. Feature analytic strategy is analyzed basic
features like the number of different sides, irregular side orientations and side lengths.
Figure decomposition strategy is that the subject imagines lines and breaks them into
smaller units such as triangles and rectangles. The verbal labeling strategy is using verbal
labels to describe figures adequately. The complexity reduction strategy uses two

strategies together with decomposing figures and labeling them at the same time.

Tenbrink (2011) mentioned discourse strategies in describing complex arrangements
objects descriptions are coded the position of objects according to another object or area.
Object-based relata are that the location of an object is related to another object.
Environment-based relata use environmental features. Speaker-based relata were
described location with speaker self. Other relata are coded if the description includes

more than one spatial relation.

Mizzi (2017) identified spatial language strategies in constructing 3-D objects. Founded
strategies are spatial metaphors, object break-down strategy, assembling strategy, cubes
controlling strategy, and structure controlling strategy. Spatial metaphors are used to

express spatial knowledge and information with everyday metaphors, letter-based
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metaphors and mathematical metaphors. Object break-down strategy is breaking objects
into several parts mentally to make them simpler. the assembling strategy is used to put
together decomposed parts to return the original state of objects. the rotation strategy is
rotating spatial objects around horizontal, vertical and frontal axis. The cubes controlling
strategy is a metacognitive strategy that checks and verifies the construction process by
the controlling number of cubes or parts. Structure controlling strategy is another
metacognitive strategy that describers request builders to explain the current structured
spatial object, and then compare original ones. The spatial language strategies defined by

Mizzi (2017) are given in Figure 3.1 below.

Spatial Language
Strategies

Rotation Assembling Spatial Object break- Structure Cubes
strategy strategy metaphors down controlling controlling
strategy strategy strategy strategy

Everyday Letter based Mathematical
spatial spatial spatial

metaphors metaphors metaphors

Figure 3.1. Spatial language strategies by Mizzi (2017)

Hegarty (2018) identified mental imaginary strategies and three feature-based,
orientation-independent strategies with verbal protocols of participants. Mental
imaginary strategies are mental rotation and perspective-taking. Feature-based,
orientation-independent strategies are counting cubes, local turns, and global shapes.
Firstly, mental rotation was imagining objects in which picking up objects, then turning,
rotating or flipping them. Perspective-taking describes objects by imagining and looking
at them from different orientations and positioning the body with respect to the describe
objects. Counting cubes is to the count number of cubes in objects in different arms of
them. Local turns are using directional terms (up, to the right, toward me, etc.) to explain
the relative directions of the arms of the figure without rotating them. Lastly, global shape
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Is paying attention whether the arms at the ends of the figure are parallel or vertical, or

whether the three sides of the object form a plane.

In this study, the framework of Mizzi (2017) and Hegarty (2018) are assigned to identify
sixth-grade students’ spatial language strategies. They are preferred because of enabling

analysis of the comprehensive and broad spectrum of strategies for this study.
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4. METHOD AND DESIGN

In this chapter, research methods and research design are explained in research design,
the definition of population and features of participants are indicated, the used materials
for research are stated instrumentation, the stages of research study progress are stated in

the pilot study and the main study and lastly, data analysis are explained in detailed.

4.1. Research Design

This research investigated sixth-grade students’ mathematical performance and its
relationship with spatial ability and language proficiency. To better understand this
relationship, the students' use of spatial language while completing geometrical tasks was

also investigated.

In order to reach the research purpose, this research required using quantitative and
qualitative approaches together. Despite this fact, the mixed method approach was
preferred, and the convergent parallel mixed method was used as the research design.
This method provides different types of information and point of view to explain both
types of data (Creswell, 2014). Not only statistical data but also empirical inquiries were
needed to get various sources of evidence. The combination of statistical data and
participant experiences enables a better understanding of the research question in this
regard; it allows research to be more extensive and creative (Creswell, 2014; Johnson and
Onwuegbuzie, 2003). In this study, identifying strategies in the spatial language is
required qualitative analysis, whereas it is easier to make more generalizable results about
relationships between spatial ability. In addition to this, language competency and
mathematical performance with quantitative analysis. For comparing and integrating
results, quantitative and qualitative findings are combined and the connections between

them are presented.

4.2. Participants

The participants were selected with a convenient sample method. Because it is easy to
reach, and it is easy to obtain permission from schools in the city center schools. The

sample selection process is decided on convenience in time and availability, economic
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conditions, and location for researchers (Merriam, 2013). The study was conducted in one
of the city centers, a middle-sized population, in the Eastern Anatolia region. This study
consists of 196 sixth-grade middle school students (NcirLs =88, Neovs = 112) from six
middle schools in different social-cultural environments (low, medium and high socio-
economic status) in the fall semester of 2021-2022. In school selection, it was taken into
consideration that schools were accompanied and helpful to researchers in implementing
research instruments. 196 students participated in the collection of quantitative data and

12 students from those participating in the collection of qualitative data.

Given that four students out of all participants (n=200) did not complete all quantitative
data collection tools, the research was performed using data from the rest of them. For
the second part of the research, 16 Students' parents gave permission. Four of them
participated in the pilot study, and eight of them participated in the main study. The
researcher selected the students who were willing to participate in the convenient
sampling type for this research. The study had approval from a local university.
Permissions from the Ministry of National Education and parents were obtained for the

ethical study.

For all grades in middle schools, students were receiving mathematics instruction for five
lesson hours a week based on the national mathematics curriculum. Moreover,
mathematics course is generally given up to two hours a week as an elective course. The
mathematical curriculum includes four learning subdomains namely Numbers and
Operations, Geometry, Measurement, and Data Processing. Turkish lessons are given 5
to 10 lessons per week (1st -2nd grade 10 hours, 3rd-4th grades 8 hours, 5th- 6th grades
6 hours ,7th -8th grades 5 hours).

During the Corona pandemic period, the participants were in the 4th and 5th grades, and
they had to complete their education through distance education. While the data was being
collected, students returned to their classes for the course. But they had to wear a mask

and stay a distance being at least two meters from each other in a classroom environment.

28



4.3. Data collection

In this study, data will be collected through C-test, Spatial ability test (SAT), Mathematics
exam results, video recordings and interview. Original version of the C-test and SAT are

given in Appendix 2 and 3.

4.3.1. C-test

C-test is used for language proficiency skills for native speakers' reading abilities (Taylor,
1953). It is stated by Harsch and Hartig (2016) that the C-test, which is applied to
determine the level of Turkish language proficiency, measures metacognitive strategies
as well as grammar and skill. As a result of the research conducted in 2018, Demiralp
developed the C-test, which was adapted into Turkish with 5 items. C-test is a cloze test
that deleted words should be completed based on the meaning of contents. 5 Paragraphs
have twenty “fill in the blanks” parts for word completion. Contents of items were derived
from everyday life. The beginning of the test has an example sentence. C-test takes sixty
minutes. Cronbach's alpha coefficient was found to be .96. The scoring of the Turkish C-
test is done according to the dual system. Each answer is given 0 or 1 depending on
whether it is completely correct or not. Alternative answers are considered correct if there
is no change in the meaning of the sentence. If there is a typo, 0 points are given. The
highest score is 100, and the lowest one is 0. Permission for C-test was given by Demiralp
via email. Given some items of the C-test and their alternative answers as shown in Table
4.1.

Table 4.1. Example of alternative answers of Turkish C-test

Students C-test sheets Alternative answers
Text 1 - Mahallem

Burasi benim mahallem. Benimev_ 1 M anacaddede . Eviminkarsisin 1o bir )
lokende  var. Lokan ke servisi glin 4¢ ,ama fiyaslac birazyiiksek ki Bakkal Biife
S(').t t ilelrid"e bas \4: +bakka| Vel = ,ama bii§¢ | dgéil- Arka sokakta Market Buffet
biiyu bir sipermar k¢ var. Geneld¢ orada alisver .$ yaparim.

Yan sokakta kiig il birsinewmea  var. Film izlemek icin giizel bir yer. Genelde Genellikle
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Table 4.1. Example of alternative answers of Turkish C-test (continued)

Students C-test sheets Alternative answers
Text 1- Mahallem —

Buras! benim mahallem. Benim evie ana cadded = . Evimin kargisinole,  bir 3

lok var. Lokan: servisi glize | , ama fiyatlo, biraz yilk= s L ki In general o USU&”y
s0 ileride b bakkal vz, ama biiygk degil. Ar 2 sokakta )

biip ol bir sipermark c.4 var. Genel L Lo orada alisver 3 yaparim. Bir <> Baska
Ya sokakta kg bir sine.neca var. Film izlemek icin giizel bir yer. One Another

4.3.2. Spatial ability test

It was developed by Goktepe Yildiz in 2017 for secondary school students (6,7 and
8M-grade students). It is a paper-pencil test. The test has twenty tree items. It consists of
seven sections. It was prepared based on spatial ability components defined by Lohman
in 1993. Spatial ability test (SAT) also measures factors of spatial ability, namely spatial

relations, spatial visualization, and spatial orientation.

Spatial Relations: 1% and 4™ sections of SAT are related to spatial relations. 1% and 4%
sections are about rotating two-dimensional and three-dimensional figures. The 1% section
has of 2-dimensional figures in rotating forms and the 4™ section consists of 3-
dimensional figures in rotating forms. In these sections, it is wanted to find out the rotating
figure which is not the same as others. Question examples containing 2-D and 3-D figures

activities are given in Figure.4.1.

N
+» ﬁ@

+] <§%(> [4]n mill

vlr] <2§ Y bd D

A (B)

D)

Figure 4.1. Examples of spatial relation questions

Spatial visualization: 3 and 6" sections of SAT are related to spatial visualization. In the
3" section, there are two-dimensional figures and possible parts of the two-dimensional
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object. Students decide to assemble which parts should be used to turn part into whole.
For the 6™ section, which two-dimensional figure is folded to make the 3-dimensional

given object. Third- and fourth-part question examples Figure 4.2. given.

INEL

O

A B (C D

Figure 4.2. Examples of spatial visualization questions

Spatial orientation: 2" 5" and 7" sections of SAT are related to spatial orientation. The
2"d section consists of open-ended questions. They are about placing some objects in the
center of the coordinate system and deciding and estimating the directions of objects

based on the central objects. The second part question example is given in Figure 4.3.

Thasi Sat e ¢t @ & Se ceave of B coorfeaw pyvess Wieet a2t Ga
Sceson, dow S glaces of D00 a8 FLOWER i S mocdiasw lme

i
.‘.‘yn

Figure.4.3. Example of second part (spatial orientation)
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The 5" section is about perspectives of three-dimensional that objects. that is like
somebody looking at the object’s predetermined directions and finding out two-
dimensional views of objects. In the 7" section, it is given upper, above, and side views
of an object and students must consider of different sides of the object to find out the
original three-dimensional object. The fifth and seventh section question examples are
given in Figure 4.4.

A B C) D)
Front view Side view Top view
Top Top
@ v ®) )
..-v@ ._.'N%
Front fg}de Front Side
© Top D) Top

Figure 4.4. Example of spatial orientation questions

Scoring is done by giving “1” for correct answers and “0” for incorrect answers. For two
open-ended questions, participants can have full scores if two figures should be placed in
the coordinate system correctly. The highest score “23” and lowest score “0” can be taken

from the test. Permission for C-test was given by Goktepe Yildiz via email.

4.3.3. The mathematical exam results

The mathematics exam result was the first mathematic exam in 6th grade in fall semester.
Mathematics exams are prepared by their teachers. They included three main subjects

namely operations with natural numbers, multipliers and multiples, as well as sets. These
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exams contain ten open-ended questions related to the relevant topics. This exam was
administered to the participants during one lesson. During the examination process,
students were prevented from influencing each other. As a result of this exam, each
teacher prepared an answer sheet, and students' achievements were evaluated according
to this prepared rubric. As a result of this evaluation, the lowest "0" score can be obtained,
while the highest "100" score can be obtained. A high score indicates high mathematics

achievement, while a low score indicates low mathematics achievement.

4.3.4. Video recordings

All groups were video recorded during the construction of 3D objects with Legos. Later,
a transcription of these video recordings was made. After these transcriptions were made,
the videos were checked again by the researcher to reconfirm the data. These
transcriptions were analyzed by the researcher with content analysis according to the
theoretical framework shown in Table 4.2.

4.3.5. Interviews

During the implementation, students were expected to fulfill eight tasks. At the end of
each task, semi-structured interview questions were asked of the students. These
interview questions were created after the pilot study. Since the purpose of this study is
the analysis of spatial language, attention to detail is given. If there were parts in the
students' explanations, prompted questions asked to be clear enough or understandable.
The main point of the interview is to reveal the places where the students have difficulty

during the implementation.

In the interview, the students were made to feel comfortable, and they were encouraged
to say whatever came to their minds. To prevent important explanations, students are
video recorded during the spatial language task. These recordings are converted into

transcriptions.

4.4. Research Process

In this section, all the research the process is summarized in general. Determining the

33



general outline of the research, data collection process, data analysis and reporting of the
data were carried out respectively. The data collection process and data analysis are
discussed in detail in the following sections. The research process planned and followed

by the researcher is included in the figure Figure 4.5.

Determining the Data collection process

research topic ]
Selecting Data Analysis

implementations .
P o Data analysis of

quantitative
data

Choosing  quantitative
tests

EE I .
Collection of

research questions

quantitative data Correlation analysis Reporting of the research

Selection of students
far pilot study

Pilot study

Finalizing the plan Content analysis
Making D

implementations  with

o  Data analysis of
qualitative data

Conducting
literature

review

Figure.4.5. Diagram of research process

4.4. Data Collection Process

In this section, it is explained which steps were taken during data collection during the
research. Following the purpose of the study, a literature review was conducted. The
researcher determined the tasks and data collection tools as a result of the literature
review. As a result of the evaluation made by the researcher with the domain expert, it
was decided to make four different implementations. First, these four different
implementations were piloted. The pilot study is explained in detail in the pilot study
section. The final plan for how implementations will be put into practice and how the
study data will be gathered has been specified as a result of the pilot study. These stages
are respectively selecting the implementations, choosing quantitative test, collecting data
from the quantitative tests, conducting the pilot study, finalizing the plan, collecting the
data from the quantitative tests, selecting the students, and finally making the 3-D
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implementation with the selected students with Legos. The data collection stages as

shown in Figure 4.6.

L
l Selecting the implementation ] “

[ Choosing quantitative tests I ”

[ Collecting the data from the guantitative tests ] ]]

[ Selecting the students I | I
[ Conducting the pilot study ]—m

[ Finalizing the plan }:D

[ Making 3D implementation with the blocks with the selected students ]

Figure 4.6. Data collection process
4.4.1. Selecting implementations

To determine the implementations, first, a literature review on spatial ability was
conducted. As a result of this review, it was determined that qualitative research on spatial
ability was generally carried out with paper-pen, computer-based implementations and
lastly 3-D objects (Baran et al., 2007; Eilam and Alon, 2019; Bower et al., 2020). Paper
pencil tests and computer-based implementations generally appear to be about reading
comprehension and applying the instructions without thinking deeply. Since these
situations are not suitable for the purpose of this study, these two implementation types
were eliminated. Since the structure of implementations made with materials is more
flexible, an implementation model was sought that would reveal the mathematical and
spatial communication between individuals. In addition, for the purpose of the study,
block playing games (Pirrone et al., 2015) were sought in which the students would use

their imagination and manipulation skills.

In line with these purposes, four implementations in Mizzi's doctoral thesis published in
2017 were selected. These implementations include making shapes with Legos in
different situations (face-to-face and backward). The practices chosen had some

advantages for this research. These advantages are that it encourages group work and
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enables the collection of data on spatial language skills under natural conditions with the

help of communication skills (in terms of sender and receiver).

4.4.2. Choosing quantitative tests

As a result of the literature search for the collection of quantitative data, it has been
determined that spatial ability tests measure commonly one of the spatial ability factors
(for example, spatial visualization). However, this study aimed to examine a few different
factors of ability. It was decided to use the SAT, which was created by Goktepe Yildiz
(2019). Because this test is based on Lohman's (1979) study and tests three separate
aspects of spatial ability. This is explained in detail in the SAT instrumentation section.

In using spatial language, it is aimed to measure the general language proficiency of the
students, since it is important that students convey their spatial thinking in a fluent way.
For this reason, the C-test prepared by Demiralp (2018) was preferred because it provides
the measurement of fluency, correct usage, and vocabulary in students' language use and

is easy to apply. This is explained in detail in the C-test instrumentation section.

4.4.3. Collection of quantitative data

The collection of quantitative data was taken in two lessons. The students were informed
about spatial ability in terms of its importance and where it is used. It was given great
importance to answer all questions and comments. Thus, students' interest in the tests
increased. The tests were applied in the classroom environment. The C-test was
performed in one lesson hour. Before starting the C-test, the rules were explained, and an
example of C-test content was done with the class.

SAT was applied in one lesson hour. Rules and instructions for SAT were explained.
Attention was drawn to the examples before each chapter. Students encountered the
coordinate system for the first time. Before the second section of the test started, the
coordinate system was explained with an example. the example included their school

environment. Landmarks around schools and their placements were explained on board.
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4.4.4. Selection of students for pilot study

It was planned to select the pilot study students primarily according to the information
obtained from the quantitative data. Permission for the study was requested from the
parents of the students. No criteria were used to choose the students because there wasn’t
sufficient parental permission collected. The students who were given permission from

their parents and the students who volunteered to participate in the study were selected.

4.4.5. Pilot study

A pilot study was conducted to test the qualitative part of the research. Four students from
two different schools were chosen (NeirLs =2, Nsovs = 2). The pilot study was carried
out to improve the efficiency of block play implementations in terms of time and finalize

interview questions.

The fact that there is no time limit for the spatial language prevented the students from
feeling more comfortable in the block play and the interviews. It was done to prevent the
time constraint of the students from creating a stressful environment and affecting the
interaction. After the implementation was carried out with two groups, it was seen that
one class hour could be sufficient for the implementation. According to students’
questions and their attitudes toward the instruction, the data collection process was

redesigned. Instructions were made clearer to understand.

Firstly, students made two people groups. Group members were given roles as
“describer” and “builder”. First of all, students were informed about block games. The
rules were explained, and the students were advised to feel comfortable. In the first
activity, the describer’s back is turned to the builder. Thus, the builder was prevented
from seeing the Lego model that was previously made and given to the describer. Hence,
two spatial products were made in a way. Afterwards, the students were seated face-to-
face in the second activity. Two products were built in order. Here, while the builder did
not see the models, the describer was allowed to see the model made by the builder. When
the describer thought something was wrong, the describer could intervene the process. At
the end of all activities, interviews were conducted for each block game. In general, they
were interviewed about the parts that they had difficulty in. There are three main reasons
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for choosing the two activities and methods used in practice. The purpose of doing the
backward activity is to understand how the describer and the builder use the spatial
language only when they hear it, without seeing it. The first is to reveal language use and
group interactions when the describer does not see the product the builder is building.
The purpose of choosing the face-to-face activity was applied to determine the impact of
how describers saw the thing while it was being built on how they used spatial language.
The second is to reveal language usage and group interactions when the describer sees
the constructed object of the builder in the process. Lastly, the third is to reveal the

similarities and differences between these two different situations.

4.4.6. Finalizing the plan

It was decided to make some changes in the main study thanks to the findings obtained
in the pilot study. Describer is wanted to use spatial language dominantly during the
spatial language task. However, that made collected data more insufficient, and students
behaved more rigidly. So, in the main study, students were allowed to interact freely. The
outline of the interview questions was created in the pilot study. In addition, the students
were asked to re-tell the parts that were not understood in their explanations at the end of
the implementation. As a result of the planning, the tasks of the participants and the

researcher become clear. These roles are detailed below.

4.4.6.1. The role of the researcher

The researcher is the person who plans and implements the research. Before starting the
implementation, the materials to be used in the process were prepared by examining the
literature and taking expert opinions (spatial 3D objects with Lego and pictures of real-
world spatial objects). It has decided how the main implementation will be made and how
it will act as a practitioner during the implementation process with a pilot study. During
the main study process, she arranged the environment and the seating arrangements. The
participants were given information about the activities in the implementation. During the
process, she made explanations to the participants about the questions about the process
(for example, reminding them that there is no time limit, etc.). Therefore, the researcher
did not interfere with or explain either the describer’s or the builder's explanations or
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work. Only the participants used encouraging statements while doing the activities in the

process (... You have done well so far. You can tell, you can do etc.).

4.4.6.2. The role of the describer

In the group work, the 3D spatial object was given to the describer by the researcher. The
describer is assigned to explain how to make the object to the builder. The describer does
not show the object to the other group member. Moreover, they cannot interfere with the

object's integrity.

4.4.6.3. The role of builder

In group work, a builder oversees creating the 3D object with blocks in line with the
describer's instructions. During the implementation, the builder can talk to the describer
about the construction process. The builder can ask the describer questions about the
object.

4.4.7. Making 3D implementations with Legos with selected students

The implementation of research includes depicting 3D objects using spatial language in
different ways. A quiet environment for implementation is important in data collection
so, implementation was done in school libraries. At the beginning of it, the rules were
explained to the students. Before starting the implementation, they were asked to express
themselves freely. It was mentioned that making as many explanations as they could
enrich the research. Participants were asked to choose their partners while forming the
group. Because being friends in group studies increases group productivity and
effectiveness overall (Zajac and Hartup, 1997). After the definitions of the roles of
descriptor and builder, the students were allowed to decide on task sharing. The
implementation is a description and construction of four products as a group. Legos are

used to create three-dimensional objects.
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P i

Figure 4.7. The Lego models of spatial language task

The first two Lego models from the left made before are given to the describer in the
Figure 4.7. The describer is given three-dimensional objects previously made of Lego. In
this implementation, two kinds of activity are conducted namely backward activity and

backward activity.

-

i

Figure 4.8. The seating arrangement for backward activities

Two Lego models were made with the descriptor's back facing the builder in the Figure
4.8. The other two Lego models were made in the form of students sitting face to face in
the Figure 4.8 .If the descriptor did not explain enough or if the builder was confused, the
builder was able to ask whatever he/she wanted. If they thought they had made a mistake,
they were allowed to do it again. The group members had the authority to finish the

process whether they completed it or not.
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Figure 4.9. The seating arrangement for face-to-face activities
4.5. Data Analysis

In this section, data analysis of quantitative and qualitative data was mentioned. The
framework of data analysis in qualitative data was explained in detail. The coding,

keywords and explanations used while performing the analysis were presented in tables.

Data collection processes were briefly summarized in this paragraph. Quantitative and
Qualitative data were collected concurrently. Quantitative data was collected with SAT
and C-test and analyzed with correlation. The qualitative data collection process was
decided after the pilot study. The main study consists of the Lego construction of 3D
objects. Content analysis is used in qualitative data analysis. Results of quantitative and
qualitative data analysis obtained through merging, comparing, and relating data. Lastly,
all obtained results were interpreted together. Implementation was led by the study plan

in the Figure 4.10
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Figure 4.10. Diagram of implementation of the study

4.5.1. Data analysis of quantitative data

In this study, first of all, the scores of each of the students on the SAT and C-test were
calculated. While calculating the scores, the test answer key prepared by Goktepe Yildiz
(2017) for the SAT was used for scoring. While scoring, the total score for each student
was calculated by giving "1" points for the correct answer and "0" points for the incorrect
answer. The highest score a student can get from the SAT test is 23", while the lowest

score is "0". A high score indicates high spatial ability, while a low score indicates low

42



spatial ability. A score of “0” indicates the lowest level of language proficiency, not the

absence of spatial ability.

Secondly, in the scoring of the C-test, which was prepared as a fill-in-the-blank test, the
total score for each student was calculated by giving a score of "1" when correct words
were written in the blanks, and "0" in cases where semantic integrity was broken, or
wrong words were written. While the highest score that the student can get from the C-
test is 100", the lowest score is "0". A high score indicates high language proficiency,
while a low score indicates low language proficiency. A score of “0” indicates the lowest
level of language proficiency, not the absence of language proficiency. These scores were
loaded into the SPSS 26 program and analyzed.

To understand which analysis method, the data were suitable for the data, normality tests
were applied to the data as a first step. Skewness (.06, SE=.174) and kurtosis values (-
1.046, SE=.346) of mathematics scores, skewness (.573, SE=.174) and kurtosis values (-
165, SE=.346) of SAT scores have the necessary conditions for a normal distribution.
When visually examined, it is observed that Mathematics exam results and SAT graphs
are relatively bell-shaped distributions in histogram graphs. Again, when the box plot was
examined, it was found that there were no outliers. When all these data were examined,

the SAT and mathematic exam results of the data supported the assumption of normality.

It was determined that the skewness (-2.325, SE=.174) and kurtosis values (5.053,
SE=.346) of the C-test scores were not in the -2/+2 range of skewness and kurtosis values.
It was found that it did not provide a normal distribution. When the histogram graph was
examined, it was seen that the C-test scores had a negatively skewed distribution and
when the Q-Q plot with points was examined, the points formed a curve. Considering all
these values, it was found that the C-test did not provide normality. Because of this

situation, it was decided to perform non-parametric tests.

Simple correlation analysis was performed for the first questions in the form of “is there
a relationship between mathematical performance, language proficiency and spatial
ability?” and “is there a relationship between spatial ability factors “spatial relations”,
“spatial orientation” and “spatial visualization” and mathematical success?” Firstly,

spearman rho analysis is used to test the relationship status for the first and second
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research problems. As a result of this test, the correlation r coefficient was calculated.
The correlation coefficient was used to describe the isolated relationship between the
variables (Huck, 2011). When variables have heavy-tailed distributions or there are

outliers, Spearman coefficient is preferred (de Winter et al., 2016).

Partial correlation analysis method was used for the third research question in the form
of “is there a relationship between spatial ability and mathematical performance when
language proficiency is controlled?”. A partial correlation is defined as free of and
evaluation can be made efficiently like absolute analysis reference (Erb, 2020). The
reason for using Partial correlation analysis here can be explained as follows. The
language proficiency in the third question influences both mathematical performance and
spatial ability. By keeping this effect constant, partial correlation analysis was used to

reveal the relationship between mathematical performance and spatial ability.

4.5.2. Data analysis of qualitative data

Content analysis is used for the analysis of data collected from the qualitative section of
the research. In qualitative analysis, the collected qualitative data are coded, and the
codes are tried to be made meaningful by categorizing them. This is making new
decontextualization. By sorting out, classifying, comparing raw data, data is made more
interesting and useful (Jones, 2007). The sub-problems of the research below were taken

into consideration while performing the analyses.
» What is the completion status of geometrical tasks?
» How are spatial language terms used in geometrical tasks?

* Do spatial language strategies used in geometrical tasks vary according to spatial ability

factors?

* Is there a relationship between the spatial language in which students use geometrical-

spatial-verbal tasks and their mathematical performance?

According to these questions, the spatial discourses of the participants were examined.

While describing and constructing spatial objects, Participants' discourse and utterances
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were analyzed with Maxqda based on Table 4.2. Language strategies in the geometrical
task were utilized to investigate the usage of spatial language. Spatial language strategies
were coded according to the categories on Table 4.2. The theoretical framework of data
analysis was explained (See 4.5.2.1.1). Also, we added codes based on the studies of

Mizzi (2017) and especially Hegarty (2018) in the framework section.

We first divided by group roles (describer and builder) and gave explanations for
strategies. Although the deduction strategy in Table 4.2 was not mentioned in these two
studies, it emerges from the data in this study. The deduction strategy was used as an
approach in the literature (Baran et al,. 2007). However, rather than used as an “approach”
concept, it was used as a “strategy” concept because it was applied at the same level as

other strategies in the data for this study.

In order to make the concepts in the qualitative data more concrete, it was transformed
into a table by the researcher as shown in Table 4.2. In this way, codes for the categories
that form the basis of the study have been integrated so that the study can be measured
and observed more. As Mizzi (2017) stated in his research, these codes were taken.
Although the explanations are not very clear, the codes were created by using the
expressions in the transcripts. Since Hegarty (2018) clearly mentioned the codes in his
study and made examples, the codes were taken as they are.

The sections of the spatial ability test are combined with the definitions of spatial ability
factors and spatial language strategies. Key coding words were determined and classified
in content analysis. These categories and the process of creating them are explained in

the framework of the data analysis section.

The products of the implication were also classified. The analysis was made according to
these classifications. Constructed objects were divided into three groups, namely
uncompleted, partially completed and completed objects. According to original objects,
uncompleted ones have mostly different subparts and configurations. Partially completed
objects have similar characteristics like a number of cubes with roughly similar shapes.
Completed objects are the same as original objects. Scoring based on the completion of
objects is scored as 2 points for completed objects, 1 point for partially completed objects,

and 0 points for uncompleted objects.
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Finally, the data obtained from C-test, Sat and mathematical exam scores were compared
with the data obtained from group work and the reconstruction of 3-d objects, and the
similarities and differences of the data were subjected to content analysis and interpreted.
The content analysis aims to analyze the collected data in depth and to reach the concepts
and relationships that can explain this data. While performing content analysis, similar
data were brought together within the framework of certain concepts and themes, and
these were arranged and interpreted in a way that the reader could understand (Creswell,
2014).

4.5.2.1. Framework of data analysis

In this study, while analyzing qualitative data, the spatial factor definitions classified by
Lohman (1979) were taken as a basis. Spatial language strategies of Mizzi (2017) and
Hegarty (2018) were used while creating the framework to make spatial language
analysis. These strategies are used because they are in accordance with the study's

purpose.

Spatial ability components (spatial visualization, spatial orientation and spatial relations)
spatial language strategies (object break-down, assembling, local terms, perspective
taking, rotation, deduction, cube controlling and structural controlling), explanations,

spatial ability test features of items and coding the keywords on designated roles
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Table 4.2. Coding keywords and explanations on designated roles in spatial language

strategies

Spatial visualization Spatial orientation Spatial relations
o . : Structural Cubes : g
£ | Object break-down Assembling . . . . Rotation Deduction
= controlling Local turns Perspective taking controlling
-] strategy strategy strategy strategy
n : < strategy strategy G
g : , _ ;
° , : . |Putting together Using ﬁ_nnn:o:_m_ H._ccﬁwm o_awzm m.oE Counted the | Rotating Completing
£ | Breaking objects into ' terms to explain | different orientations .
= decomposed parts| Demand builders to ) s number of cubes | spatial subparts,
2 | several parts mentally to i : the relative | and positioning body | . ; _ _
= e to return original | explain structures s _ in the different| object different from the
& | make it simpler : directions of the|with respect to the : e
" state of objects : ; arms of the object | around axes | original product
S arms of the figures | described objects.
= Folding |Forming |2D to 3d Views|Placing objects with|3-D to 2-d Views|2-D objects
W Folding 3d objects Forming figures | 3d figures |from  different | respect to the certain|from  different|rotation and 3
n objects sides (selected) object. sides 3-d rotation
g _ _ . | Putting  together Using ﬁ_nnn:o:_m_ H._ccﬁwm o_awzm m.oE Counted the | Rotating Completing
2 | Breaking objects into ' terms to explain|different orientations :
= decomposed parts| Demand builders to ) s number of cubes | spatial subparts, a whole
g | several parts mentally to i _ the relative [ and positioning body | . ; _ _
@ o to return original | explain structures iz : in the different| object different from the
& | make it simpler : directions of the|with respect to the : e
=] state of objects : ; arms of the object | around axes. | original product
arms of the figures | described objects.
. Divi ; ; Rotating,
_ ivide, . Up. to the right, Counting cubes, :
2 | First part,|, _.." | Put it together, do .| compute P < gh Next to me, toward g turning s
N breaking | Explain, above, below, left, how many | .. . Removing
© | stairway, |. it together : me, 5 flipping the z
v into = right cubes...] ;
objects
Using  directional :
: ; ; : ; 28 Counted the | Askin
% |Demand describers to| Asking which end . terms to explain | Positioning  figure ; e :
o ; .| Explaining : _ | number of cubes | which Asking  what
= |explain parts of the|arms of the object ; the relative | with respect to the|. : S .
A constructed objects. | ..~ . : in the different| directions to | parts to remove
M | object. to assemble. directions of the | describer _
arms of the object | rotate.
arms of the figures
Put it together, do :
=3 it togeth s Up. to the right, Counting cubes, Rotating,
& | g It fogether Explain, 5 turning T
e | First part, stairway ! above, below, left, | Next to me. toward me | how many| .. . Which side?
° compute ; 5 flipping the
9] right cubes...? _
objects

. Means that no item in spatial ability test corresponds to the strategies|
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Table 4.2 was created based on the Mizzi (2017) and Heagrty (2018) explanations of the
strategies and Lohman's spatial ability factor definitions and the characteristics of the
spatial ability test. Strategies and test sections that were suitable for each other are

matched. The categories created by matching were explained in detail below.

While performing geometrical tasks, object break down, assembling and structural
controlling strategies were used by using spatial visualization ability. For the Object
breakdown strategy, the mental breakdown of the spatial object was mapped to the
forming figures part of the spatial test. While this strategy was being encoded, it was
coded as an object break down strategy if describers and builders used terms such as “first
part” and “stairway” and used codes such as “divide” and “breaking into” by naming the
parts by analogy with objects from daily life. For the Assembling strategy, it was aimed
to combine parts that were previously disassembled. Here, folding 3-d object items are
paired with the assembling strategy, since spatial 3-dimensional objects that are made 2D
in mind and given their expansions should be combined. In this strategy, when group
members use words aiming to unite such as “put it together” or “do it together”, it is coded
as an Assembling strategy. In the structural controlling strategy, it is aimed to control the
product made in the process by explaining a part or all of the whole process. This strategy
requires an understanding of the spatial object's configuration and construction algorithm.
For this reason, if the participants use words such as "explain” or "compute constructed

the object" in their explanations, it is coded as a structural controlling strategy.

While performing geometrical tasks, local terms, perspective-taking and cube-controlling
strategies were used by using the spatial orientation capability. In the local terms strategy,
directions should be used while describing the properties and position of the spatial
object. In the test, it is aimed to mentally complete and recognize the 3-D object, which
is given a 2-D image from one direction. For this reason, 2-D to 3-D Views from different
sides part of the test were matched with the local terms strategy since directions are given
as the determining feature in the items for recognition. It is coded as a local term strategy

when directional terms such as “up”, “to the right”, “above”, “below”, “left”, “right” are

used by the describers and builders, especially at the point of combining the parts. For the
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perspective-taking strategy, it is necessary to position the surrounding spatial objects
relative to an object or to the individual's own body. The Perspective taking strategy was
found to be appropriate since it was aimed to determine the placement positions of the
other objects after the object that was asked to the center for the placement objects in the
coordinate plane part of the test was placed. The perspective-taking strategy was coded
in case the parts of the object are described using the terms “next to me” and “toward me”
for the purpose of reference determination when using the directions by the describer and
builders. In the cube-controlling strategy, it is necessary to specify how many cubes or
similar parts are formed by looking at the spatial objects from different directions. In the
3-Dto 2-D Views from different sides of the test it is aimed understanding how the 3D
object will look in 2 dimensions by looking only from one direction. Because it is found
by counting the cubes from different directions or comparing their sizes, it is paired with
the cube controlling strategy. In the discourses of the builder or describer, if the shape of
the object such as “count the cubes from upper side or front view” or “how many cubes
are there,” is confirmed by using the cube number, it is coded as a cube controlling

strategy.

Finally, while performing geometrical tasks, rotation and deduction strategies were used
by using the Spatial relation ability. Since in the rotation strategy, it was necessary to
consider how the objects look after they are rotated in mind, it was compatible with 2-D
and 3-D rotation parts of the test. It was coded a rotation strategy when builders or
describers used "Rotating"”, "turning" or "flipping the objects" to describe all objects or
subparts made. After dividing the spatial object into sections in the Deduction strategy,
in order to describe these sections, the sections must be described as part of different and
more familiar objects in mind. Matching could not be made in this test because there were

no items on the part-whole relationship.

After the describer’s mind has made an object with a different and a greater number of
Legos apart from the original subparts, it is coded as a deduction strategy when used in
utterances to determine the exact location of the cube/s to be removed from the builder as
"remove the cubes ..." and the builder as "which part" in order to resemble the original
subpart.

Spatial language strategies are discussed and explained in more detail below.
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4.5.2.2. Object break-down strategy

To simplify the object's structure and reduce its complexity, describers mentally divide
the object into several internal components. In the geometrical-spatial task of the
reconstruction method, they make it easier to describe the intended spatial object. The
describer explicitly explains how the spatial object is broken down in their spatial
discourse (Mizzi, 2017).

The Describer sometimes named the pieces to make them more meaningful. These
namings usually contain information such as how many cubes they consist of and the
objects they are similar to commonly used objects (stairway, square, column, letters, etc.)
in daily life. In the example given in Figure 4.11, while the describer was describing the
spatial object to the builder, the describer first divided the whole object into parts in

his/her mind and the builder began to describe the parts. It is given in Figure 4.11.

Figure 4. 11. An example of a break-down strategy

4.5.2.3. Assembling strategy

The description of how internal components are put together to construct the spatial object
is another tactic used to complete the geometrical task. With this strategy, the students
explain how the disintegrated spatial objects should be brought together. In the process,
it is necessary to describe the spatial relationship between the spatial parts. This strategy
is the continuity of the object-break-down strategy. Because participants must describe
the breakdown of the spatial object into various parts first then they explain assembling

these parts. In Figure 4.12., the desciber aimed to transform the whole into its original
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form by telling the builder how to assemble the parts he had made during the process. It
IS given in Figure 4. 12.

Figure 4.12. An example of an assembling strategy

4.5.2.4. Structure controlling strategy

In this strategy, the describer uses this strategy to control part of or all object from the
beginning of the construction. The describer demands all information and algorithms of
the construction phase. In this way, the describer can compare and define similarities and

different parts of the constructed object from the original one.

45.2.5. Local terms

If the language used while describing the spatial product includes directional terms, it is
coded as the local terms strategy. Directional terms are up, to the right, above, below, left,
right, back, this side, here and under. Since the describer and the builder see the object in
the face-to-face activity, the words adverbial pronouns of location (here and this side etc)
are used as directional terms, and in these terms, local terms are among the strategy codes.
In this case, their ability to use adverbial pronouns of location is due to the fact that the
builders ask "Is this here™ with their hands when they ask which side while making the
object In the Figure 4.13., the expression "lower left corner" was the use of the local terms
strategy when the narrator said to the constructor in the face to face activity that "take out
the cube at the bottom left of the square according to you™ while describing it to the

constructor. This situation is given in Figure 4.13.
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Figure 4.13. Example of a local terms strategy

4.5.2.6. Perspective taking strategy

In spatial discourse, it is the narrator's positioning himself according to fixed cubes and
making his narration accordingly (Hegarty, 2018). In the perspective-taking strategy,
individuals imagine that they are looking at objects from different directions. These
directions must be positioned as in the coordinate plane, as upper, lower, right, left. In In
Figure 4.14, the describer told the builder to explain the 3x3 square piece in more detail,
“According to you, if you look from the right side, you see the same from the left side.

The describer used perspective taking strategy. This situation is given in Figure 4.14.

Figure 4.14. Example of perspective taking strategy

4.5.2.7. Cubes controlling strategy

Cube controlling strategy, which is another one of the controlling strategies, is trying to
understand the shape and structure of the constructed object by counting the cubes. It is
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tried to determine the differences of the object by asking how many cubes there are from
different directions. If the differences are determined, which parts are made incorrectly
are checked. It is a metacognitive strategy because the whole process is reconsidered
(Mizzi, 2017). In Figure 4.15., in order to confirm the accuracy of the constructed object
, the builder used the cube controlling strategy when he said to the builder “how many do
you see when he looks from above”, or if he says he saw six cubes, or if it was wrong, he
said he saw five. The main purpose of this strategy is to continue the process by asking
how many cubes there are from other directions, if it is correct, and if it is incorrect, giving
information about the part of the spatial object that it was asking. This situation is given
in Figure 4.15.

Figure 4.15. Example of a cube controlling strategy

4.5.2.8. Rotation strategy

This strategy involves imagining what objects would look like if they were rotated. It is
possible to rotate spatial objects around horizontal, vertical and frontal axes. What is
important here is that individuals, especially within the scope of this research, talked
about desciber's turning the objects in their hands without rotating them. In Figure 4.16.,
after the describer asked the builder about the image of the spatial object, the builder use
d the rotation strategy by saying "Turn the letter H to the left" to bring it to the position
desired by the describer. This situation is given in Figure 4.16.
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Figure 4.16. Example of a cube controlling strategy

4.5.2.9. Deduction strategy

In this strategy, the aim is to consider the object to be made as a part of a whole that is
considered independent of the object. The most important feature of this strategy is the
transition from the whole to the parts. When transitioning from the whole to the part, this
transition is made by removing the parts. An example of this strategy is the student

dialogue in Table 4.3.

Table 4.3. examination, the describer first divided the product into two parts and named
these parts as “stairways”. In their first attempt, they tried to make the stairs from 3-2-1
cubes, but this method became unsuccessful. They applied this strategy after their first
attempt. After the describer said to builder to construct a 3 by 3 square, then she wanted
the builder to take it out of the blocks in a way that would resemble the stairway like the
intended object like in Table 4.3.
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Table 4.3. Deduction strategy example

English dialog

Constructed

object

Turkish dialog

Amine (D): Now look, I'm
going to ask you to do
something else. Then we'll take
out a few.

Ayca (B): Ok.

Amine (D): Now I'm going to
ask you to make a square, but
how many squares... there will
be three-three and nine squares.
After the square, I'll ask you to
take out a few from it. At first it
will be a square of nine, but how
will it be three by three?

Ayca (B): Wait.

Amine (D): I’'m waiting... did
you do it, now | want you to take
a square from one side to the top
of my right, there will be two at
the bottom, then | want you to
take two squares on the other
hand

Ayca (B): Two from the top,
right?

Amine (D): You will shoot 2
from the top and one square will
remain.

3 by 3 square

The

Constructed

object

The intended

object

Amine (D): Simdi bak bagka birsey
yapmani isteyecegim bak. Sonra
cikartacagiz birkag tanesini.

Ayca (B): Tamam.

Amine (D): Simdi kare yapmani
isteyecegim ama kagli kare... ¢
tane {i¢ tane dokuz tane kare olacak.
Kareden sonra ondan birka¢ tane
¢ikarmani isteyecegim. Ilk &nce
dokuzluk bir kare olacak ama nasil
iice li¢ olacak

Ayca (B): Bekle.

Amine (D): Bekliyorum... yaptin
mi1 simdi senden benim sagimdan
bir yam iisten bir kare c¢ekmeni
istiyorum altta iki tane kalacak
sonra diger yandan da iki tane
kareyi ¢ekmeni istiyorum

Ayca (B): Usten iki tane dyle degil
mi?

Amine (D): Ustten 2 tane
cekeceksin bir tane kare kalacak.
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4.6. Validity and Reliability of The Study

Cronbach’s alpha coefficient was used to estimate the reliability of the Spatial Ability
Test (SAT) and Language Proficiency Test (C-test) scores. This coefficient is commonly
used in related literature to conduct reliability analysis (Huck, 2011; Tavakol and
Dennick, 2011).

Cronbach's alpha coefficient of internal consistency of SAT was found to be .606. if
Cronbach's alpha coefficient of internal consistency is between .60 and .70, they are
accepted as acceptable according to Streiner (2003). Therefore, the internal consistency

score of SAT is acceptable reliability.

Cronbach's alpha coefficient of the C-test was found to be .96. If Cronbach's alpha
coefficient of internal consistency is bigger than 0.90, they are accepted as excellent
(High-Stakes testing) according to Streiner (2003). Therefore, the internal consistency
score of the C-test is excellent reliability.

Since qualitative research methods are used in this study, the concepts of credibility and
consistency need to be examined. Ensuring credibility is provided by the following
criteria (Patton, 2014). In this study, the data obtained in the implementation for
triangulation were confirmed by the researcher by the interviewer. In the process of
examining the data of the study, peer briefing was used. In particular, these data were
discussed and examined by the expert while deciding on the appropriate themes. While
collecting the data of the study, it was ensured that the points of the participants that were
not fully understood by the researcher were confirmed for member checking. For
prolonged involvement data collection, data for all research sub-questions were collected
in this study. The existing relationships between these data were revealed (Holloway and
Wheeler, 1996).

In order to increase the transferability of the research, the analysis of the collected data
was made, the analysis criteria were described in detail and detailed descriptions were
given. Direct quotations are included in order to increase the intelligibility of concepts

and categories. To ensure long-term interaction in the study, the observer kept the
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application time flexible. The participant groups finished the application with their own
decisions. In this situation, it is aimed to provide interaction for as long as possible.

In order to ensure the consistency of the data analysis process, the researcher and the
thesis advisor discussed together how to analyze the data after the researcher discussed
the collected data. The researchers decided on the analysis method considering the data.
In the analysis of the data at every stage of the analysis, the thesis advisor played an active

role (guided) in the creation of the conceptual framework of the analyses.

Lastly, in order to protect the information of the participants, school names and participant
names were not requested by the participants during the data collection process. School
numbers were used to ensure distinctiveness. In group work, nicknames were used for the

participants.

The products of the implication were classified. The analysis was made according to these
classifications. Constructed objects are separated namely uncompleted, partially
completed, and completed objects. According to original objects, uncompleted ones have
mostly different subparts and configurations. Partially completed objects have similar
characteristics like a number of cubes with roughly similar shapes. Completed objects are
the same as original objects. Scoring based on the completion of objects is scored as 2
points for completed objects, 1 point for partially completed objects, and 0 points for
uncompleted objects.

Finally, the data obtained from C-test, Sat and mathematical exam scores were compared
with the data obtained from group work and the reconstruction of 3-d objects, and the
similarities and differences of the data were subjected to content analysis and interpreted.
The content analysis aims to analyze the collected data in depth and to reach the concepts
and relationships that can explain this data. While performing content analysis, similar
data are brought together within the framework of certain concepts and themes, and these

are arranged and interpreted in a way that the reader can understand (Creswell, 2014).
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5. FINDINGS OF THE STUDY

In this part of the study, the findings obtained from the research, the analysis of the data
and the results of the data analysis are presented. By paying attention to the sub-problems

of the research, findings and comments related to the problems were included.

5.1. Findings Regarding the Relationships Between Language Proficiency, Spatial
Ability, and Mathematics Achievement

In this section, the data obtained from the language proficiency test and the spatial ability
test are given. The answer to the first sub-problem of the research was sought. Correlation
analysis was performed to understand the relationship between Language Proficiency
scores, Spatial Ability Test scores, and mathematical performance and Table 5.1. has also
been presented.

Table 5.1. Correlation between variables

Spatial ability Language Mathematical
proficiency  performance

Spatial ability
Language proficiency 410"

Mathematical

.348™ 425" -
performance

According to Table 5.1, the relationship between mathematical performance and language
proficiency (Imath-Language proficiency =-425, p<.01), and the relation between language
proficiency and spatial ability (I Language proficiency-spatial ability =.410, p<.01) are positive
moderate in strength statistically significant. A weak, positive, and statistically significant
relationship was found between mathematical performance and spatial ability scores (r

Math-Spatial ability =.348, p<.01) (Evans, 1996). This positively low correlation specified that
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students, who were more successful in SAT and Language proficiency test, were also
likely to have high mathematical performance.

Correlation analysis was performed to understand the relationship between spatial
relation, spatial orientation and spatial visualization and mathematical performance,
which are the spatial ability components of Language Proficiency and are presented in
Table 5.2.

Table 5.2. Correlation between variables

Spatial Spatial Spatial Mathematical
relation orientation visualization performance
Mathematical 204" 236™ 182" _

performance

According to Table 5.2, mathematical performance and spatial relation are weakly
positively correlated (rmath-spatial relations=-294 , p<.01). mathematical performance and
spatial orientation are found to have the same relationship (r math-spatial orientation =.236,
p<.01). No significant correlation (very weak) was found between mathematical

performance and spatial visualization (math-spatial visualization=.182, p<.01).

5.2. Findings Regarding the Relationship Between Spatial Ability and Mathematical
Performance when Language Proficiency Scores are Controlled

In this section, the data obtained from the language proficiency test and the spatial ability

test are given. An answer was sought for the second sub-research problem of the study.

The relationship between mathematical performance and spatial ability whilst controlling
for Language proficiency was analyzed and shown in Table3.
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Table 5.3. Partial correlation results between mathematics and spatial ability
when language proficiency score is controlled

Mathematical

Control variable performance  Spatial ability
vogee Nl | Co ow
P . .001
Df 0 193
Spatial ability ~ Correlation(r) 211 1.000
P .001
Df 193 0

According to Table 5.3, when the language proficiency score is controlled, there is a
significantly positive but weak relationship between spatial ability and mathematical
performance (r (193) =.211, p<.01).

5.3. Findings on Completion of Geometrical Tasks

This section seeks to answer the third research sub-question. Data on students' completion

of 3-d objects in implementation are presented.

5.3.1. Completion status in backward activities

In this section, results of first part of implementation are examined. In the first part of
implementation, participants must construct the given objects without seeing each other.
In the backward activity, the participants made two products. The describer has the
original product. The Describer described the builder products without seeing the product

made, as shown figure 5.1.
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Figure 5.1. An example of backward activity

The results are given as group-based finding. Products of first activity of the

implementation were shown in the Table 5.6.

Table 5.6. Products of first and second activity of the implementation (Backward activity)

First activity

Second activity

Uncompleted Partially completed Completed
Low performance Moderate High
performance performance
Cemile &Nehir  Esra & Ece Amine & Ayca Yavuz & Murat

Cemile &Nehir Amine & Yavuz & Murat Esra & Ece

v
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According to the Table 1, most of participants had difficulty in completing the given
tasks. Only one group out of the four completed both the first and the second activity
completely. While completing both activities, two groups could not complete. For
partially uncompleted tasks, 4 out of 6 constructed objects had similar features of original
objects such as number of units and subparts. The unsuccessful groups made a mistake in
forming the shape from the number of sub-parts.

5.3.2. Completion status in face- to face activities

In this section, the results of the second part of the implementation are examined. In the
second part of the implementation, participants are positioned face-to-face. They were
asked to describe the products without showing them to the builder as shown in figure
5.2.

oy

Figure 5.2. An example of face-to- face activity

The results are given as group-based finding. Products of the second activity of the

implementation were shown in the Table 1.
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Table 5.7. Products of first and second activity of the implementation (face-to-face
activity)

First activity Second activity

Products of Geometrical
tasks

According to Table 5.7., in the face-to-face activity, all groups were successful in both
the first and the second activity. In face-to-face activities, students are more successful in
completing geometrical tasks than in backward activities. This may be due to the direct
geometrical task reflection of the communication between the describer and the builder

in the group.

5.4. Findings on the Use of Spatial Language Terms in Geometrical Tasks

In this section, data on spatial terms used by participants in spatial-verbal tasks are given.

An answer to the fourth research question is sought.

5.4.1. Backward activity

In the first and second backward activities, the variables used by the groups (number of
spatial terms of last trial they thought they had completed the task, invested time, various
spatial terms they used, the number of trials they performed, the number of the same trials
and the number of all spatial terms they used) were analyzed and shown in Table 2.
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Table 5.8. The quantitative variables of first and second activity of the implementation
(Backward activity)

[«B] [ qa ko) —
S = @ = Fo 2 = =
[} .0 =c © — =]
: s £ 23 E; Iz 5 E &,
£ 5 3 TS S22 5E 3 E 5 E
L +— [3 L +—
o O > of T s SL& & S =
3 2 §= - =2 HhE = g
o = o ¢ © =
G} O g H
First Activity
High Yes 04:54 19 5 1 0 1 19
Moderate No 05:50 16 5 1 0 1 16
Low No 08:10 20 6 2 1 3 87
Low No 05:40 11 7 2 0 2 26
Second Activity
High Yes 11:21 60 9 1 0 1 60
Moderate No 05:29 31 5 1 0 1 31
Low No 05:53 40 9 1 0 1 40
Low No 08:36 18 7 3 0 3 43

According to Table 5.8. firstly, the high-performance group was able to complete the first
activity. Although attempting once and using a small variety of spatial terms (N=5), but
a large number of spatial terms (N=19), they still acquired success. Only a group was able
to complete the product in the second activity. This group spent the most time (time=
11:21) compared to the other groups and used the most different terms (N=9) and the total
spatial terms (N=60). Also, it has the highest values in each variable in the second activity
in Table 2. The similarity of these two groups which had success used more spatial terms
than the other groups in the last trial. When the data of completed groups were deeply
analyzed, they frequently used spatial terms (bottom, right, left, in, on, attach etc.) in their
explanations.

Secondly, other groups could not complete the first activity. A low-performance group
spent a long time (Time= 08:10) and made a large number of trials (N=3). The group used

more time than the other groups. In the second activity, both of low-performance groups
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also spent a lot of time and trial. They couldn’t complete the given objects despite
attempting too many trials and spending much time.

Thirdly, one of the low-performance groups followed a repeated strategy using the same
terms to describe the configuration of objects. This means that the total number of spatial
terms in their speech has repeating parts and similar term usages for those parts. In Table
5.9. (Transcript 1), the below examples are given about an explanation of the same part

of the first constructed object.

Table 5.9. Explanation of examples of the same part of constructed object

English Dialog (low-
performance group)

Constructed objects

Turkish Dialog

First Trial

Cemile (D): Nehir there is
an upper part of what you
did, not below, but above.
Right there exactly 4 to a
side. 4 to the right, 4 to the

left.

Nehir (B): Yes... above or
below?

Cemile (D): 4 on both sides
of the top and bottom.

Second trial

Cemile (D):.... Look at it
now. 4 Legos will come to
its right. On the end side,
you lined up, 2 on top and 2
on top of the other two.

Birinci deneme

Cemile (A): Simdi Nehir
iistene de. Ust tarafi var
ya o yaptiinin iistii alt1
degil, tistii. Oraya tam
olarak 4 tane bir tarafa
sag. Sag tarafina 4, sol
tarafina da 4.

Nehir (Y): Evet... Gistiine
mi altina mi1?
Cemile (A): Ustiine de
altina da her iki tarafina
da 4 tane

ikinci deneme

Cemile (Y): ...Onun
istiine simdi bak. Sag
tarafina 4 tane Lego
gelecek. Dizdigin ug
tarafina, Uistiine 2 tane
Obliriiniin de 2 tane {istline

iki tane.

In transcriptions 1, two and trials, Cemile utilized “top”, “bottom” “right” and “left”
spatial terms. She insisted on using the same spatial terms and the same algorithm in her
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second trials were led to the same misunderstandings and confusion especially the
builder.

Fourthly, in the first backward activity, one of the low-performance groups used many
differentiated spatial terms (N=7). They used less numbers of spatial terms in the last trial
(N=11) in their speech than other groups. They also made two trials and allocated a short
time for each trial during this activity. In the second activity, although one of low-
performance groups had a large variety of words high-performance, but both groups used
the numbers of spatial terms less in the last trial (N=18). So, they could not complete the
given objects. The reason why this task could not be completed may be because they do
not repeat enough spatial terms even though they have a large number of differentiated

spatial terms.

In the second activity, the large variety of spatial terms did not usually lead to failure.
However, it has been observed that those who are successful have made many spatial

terms at once, in a longer time than other groups.

5.4.2. Face-to-face activities

In the first and second face-to-face activities, the variables used by the groups (number
of spatial terms of the last trial they thought they had completed the task, time intervals,
various spatial terms they used, the number of trials they performed, the number of the
same trials and the number of all spatial terms they used) were analyzed and shown in
Table 3.
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Table 5.10. The quantitative variables of the first and second activity of the
implementation (Face-to-face activity)

C “5 © —_—
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First Activity
High Yes 01:21 6 4 1 0 1 6
High Yes 01:28 9 5 1 0 1 9
High Yes 02:09 15 8 1 0 1 15
High Yes 02:33 18 6 1 0 1 18
Second Activity
High Yes 02:07 17 12 1 0 1 17
High Yes 02:38 15 7 1 0 1 15
High Yes 02:42 8 6 1 0 1 8
High Yes 04:03 42 10 1 0 1 42

In the face-to-face activity, all the participating groups completed objects successfully in
the first and second activity. All groups completed in a single trial and except for one
group, it is seen that the invested time of the groups is close to each other to complete the
activities. It was observed that groups that used more time to complete the activity used
more spatial terms and differentiated spatial terms. In parallel, they spent more time on a
variety of words and the number of spatial terms in the second activity than in the first
activity. In addition, there is a group that achieves success in the first and second activities
without any time difference. The reason for the long time used and the increase in the
variety of words may be due to the structure of the second task. Because the second

activity' construction and structure may be slightly more complex.

According to Table 1 and Table 2, the backward and face-to-face activities can be

compared by the number and variety of spatial terms used, and time invested. It can be
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said that backward activities participants spent more time, used more spatial terms and
used various types of spatial terms, but in face-to-face activities participants completed
all spatial activities. It has been observed that students have more difficulty in backward-
type activities than in face-to-face activities. Using a lot of time and using different words

may not provide success in performing spatial activities.

Table 5.8 and Table 5.10 given the values of backward and face-to-face activities were
examined. Accordingly, it was found that while the number of spatial terms used in
backward activity positively affected success, it was not effective for face-to-face

activity.

In the second activity, two groups using the most and least time successfully completing
the spatial object were compared. Transcripts of the dialogues of the two groups who

spent different times explaining the same subpart are given in Table 5.11.

Table 5.11. Example of dialog between two groups while doing the same part

Yavuz & Murat Cemile &Nehir
invested time: 02:07 invested time: 04:03

Turkish translation
Murat (A): Now  Ece (A):....No,it  Murat (A): Simdi Ece (A): ... Hayir

make a triple is not. You will ticli Bir duvar oyle degil.
wall. combine them. Ok yap. Birlestireceksin onlari.
Yavuz(Y): Wall. now put 3 on the Yavuz(Y): Tamam simdi Obiir
I'll go like this, other side. Duvar. Soyle tarafina da 3 tane koy.
right? Nehir (Y): This gidecegim degil ~ Nehir(Y): Bu tarafina
Murat(A): Yes. side? mi? boyle mi? mi?
Ece (A): No,ontop Murat(A): Evet.  Ece(A): Hayir istiine.
of that. Nehir(Y): Onun
Nehir (Y): You're iistiine de 3 tane
going to put 3 on koyacaksin dyle degil
top of it, it's not like Nehir yanina bak. Ust
that. Look next to tarafini seni nasil
the river. How is the oluyor.
top of you? Nehir(Y): Bu tarafim.
Ece(A): Ust diyorum
obiir taraf
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Table 5.11. Example of dialog between two groups while doing the same part
(continued)

Yavuz & Murat Cemile &Nehir
invested time: 02:07 invested time: 04:03
Nehir (Y): This is Nehir(Y): Bu taraf
my side mi?

Ece(A): | say top, Ece(A): Arka tarafi
the other side Nehir.

Nehir (Y): This Nehir(Y): Bura?
side? Ece(A): Evet orasi
Ece(A): The back tistli oluyor.

side is the Nehir.
Nehir (Y): Here?
Ece (A): Yes, it's
over the top.

Table 5.11. In a shorter time, it was seen that the group used the term "wall", describing
the general and whole object first, while describing the 3 by 3 square piece. Because of
this situation, it is seen that this group uses a holistic approach while describing the object.
On the other hand, it is seen that the other group uses an analytical approach in a narrative
from the part to the whole. Although this group spent a lot of time examining, they used

more spatial terms (over, another side etc.) in spatial disclosure.

Considerin all the data, it can be said that the chosen approaches and strategies have more
impact on success than the terms used in face-to-face activities. For this reason, spatial

language strategies should also be examined to make sense of geometrical tasks.

5.5. Findings on the Use of Spatial Language Strategies

In this section, data related to the answer to the fifth research question are presented.
Findings of spatial language strategies used according to different activity types (Face-

to-face and backward) are given.

5.5.1. First backward activity

In this section, the findings of the spatial language strategies used by students in the first

backward activity are given. The deduction strategy, which is one of the strategies
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examined in the findings, was used only in one activity and by a group and was not

included in the other tables.

In the activity, the spatial ability factors (spatial visualization, spatial orientation, and
spatial relation) spatial language strategies (object break-down, assembling, local terms,
perspective taking, rotation, cube controlling, and structural controlling) strategies are
determined by the roles of the participants (builder and describer) and the performance

status of the groups (low, moderate, high) has been examined and shown in Table 5.12

Table 5.12. Strategies used in the first backward activity according to the performance of
groups and roles of participants.

Low-performance Moderate High

2 y, groups performance performance
s | F 2o lg|2 |58 3 2 |
g | @ e |2 F |28 E : |2
n o [a} [a} a

Object Break
c Down |/ v v | - | VvV
IS
% Assembling
N I N N A N VA I/
Té Structural
& Controlling \/** - \/* . \/ . - -

Local Terms
c VA IR VA VA I - VY
§ Perspective
g Taking \/ \/ - - \/ - - \/
©
=] Cubes
& Controlling v I VIV - V4 V4 - V4

Rotation
=2
g5 S N EVA IV VAR VAR B
Q=
» g

invested time

08:10 05:40 05:50 04:54

*V means strategy used.
** means strategy used in a part of the product.

*= means strategy not used in the product.
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According to Table 5.12., strategy preferences were given in face-to-face activities. It has
been observed that each group uses the object break-down, assembling strategies
examined under the theme of spatial visualization, and local term and cube control
strategies examined under the title of spatial orientation. On the contrary, in the high-
performance group, it was observed that the builder used more active strategies than the
describer. If this situation is detailed, it has been observed that the moderate performance
group uses all strategies except the local terms of the describer, and the builder is partially
successful by using the rotation and cube controlling strategies. It was noted that although
the describers in the low-performance groups used more strategies than those in the
successful group, they were unable to accomplish it. When the strategies used by the
builders were examined, it was observed that 10 of the 12 strategies were the same as the
strategies used by the describers. This is because students may have been affected as they
interact with each other in their spatial dialog. In terms of the describer, it is seen that the
high number of strategies does not guarantee success. The main reason for this may be
that the builders are not active enough; on the contrary, the describers are more active.
An example of this situation is Table 5.13. It was also given by a builder's statement, "If

I had asked more questions... (more active)".

Table 5.13. Dialog example of Describer’s self-criticism

English dialog Turkish dialog
Murat (D): The letter H. Sir, I can't find Murat (A): H harfi. Hocam ben
it... yapamiyorum bunu...

Interviewer: Try to explain, for example, Goriismeci: Anlatmaya calis... mesela H
you said the letter H, for example, tell harfi dedin sdyle mesela ...
me...

Yavuz(B): Does smallness become
greatness? How many inches from bottom
to top?

Yavuz(Y): Kiiciikligi biiyiikligi oluyor
mu?.Asagidan yukari kag santim?

Murat(D): Upwards 5...
Murat(A): Yukariya dogru 5
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When Table 5.13 is examined, it is understood that the describer has difficulty. In this
case, without wasting time, the builder started to help his friend and direct the situation
with questions. Due to his friend's passive behavior in explaining, Yavuz, the builder,

tried to take responsibility of for the role of describer with his questions.

5.6.2. Second backward activity

In this section, the findings of the spatial language strategies used by the students in the

second backward activity are given.

In the second backward activity, the use of spatial ability factors (spatial visualization,
spatial orientation and spatial relation), spatial language strategies (object break-down,
assembling, local terms, perspective taking, rotation, cube controlling and structural
controlling) depends on the roles of the participants (builder and describer). The
performance status of the groups (low, moderate, high) was examined and shown in Table
5.14.
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Table 5.14. Strategies used in the second backward activity according to group
performances and roles of participants

Strategies Low-performance groups Moderate High
performance performance
] . ] . & . ] .
= | 2 T 3 z 5 = 5
i |2 |2 2 | z E
[a) o [a) &)
- Object-Break
'9 Down \/ - \/ - \/ \/ \/ -
g
"E Assembling v v v ) v v v )
(2]
% Structural
% Controlling _ _ S - - - - -
o
(2]
5 Local Terms v V4 V4 v v _ v v
)
£ Pers i
= pective _ ) y ; -
2 Taking v v v
o
= Cubes
8 Controlling v - v : - v - v
2]
Rotation
- - \/ - - - \/ -
_ v
< 5 :
® % | Deduction
o =
n o - - v - - - - -
Invested 05:53 08:36 05:29 11:21
time

* means strategy used.
** Means strategy used in a part of the product.

* = means strategy not used in the process.

Examining Table 5.14. for the backward activity, it was seen that all groups used object
break down and assembling strategies, local term and cubes controlling strategies as in
the first and second activities. In this activity, after dividing the spatial object used by a
describer into sections, he used the deduction strategy, which is defined as describing the
sections as part of different and more familiar objects in the mind, to describe these
sections, but the builder could not understand the strategy used by the describer.
Therefore, the use of this strategy did not contribute to group performance. Again, similar

to the first activity, it was seen that the least used strategies were the rotation and
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deduction strategies spatial relation factor, and the structural controlling strategy of the
spatial visualization strategies. When we look at the strategy use of high-performance
group in the difficult backward activity, it is seen that the builder uses more active
strategies than the describer. It was seen that the moderate performance group used all
strategies except the local terms of the describer, and the builder was partially successful
by using the rotation and cube controlling strategies. It was observed that low-
performance groups used more strategies than the successful group, but they were not
successful against it. When the strategies used by the builders were examined, it was
observed that 6 out of 10 strategies were the same as the strategies used by the describers.
This is because students may have been affected as they interact with each other in their
spatial dialog. It has been observed that if the builders are not active enough, they have

difficulty completing the object even if the describer is active.

When Tables 5.12 and 5.14 are examined together, they used the structural controlling
strategy in the first and second backward activities to control the entire object in the group
that was partially successful in the first activity. In the unsuccessful group, the structural
controlling strategy was used to control the accuracy of the part of the object instead of
the whole object. In the second activity, the group completing the object has done
structural controlling for the control of the entire object. In addition, in the group that
could not complete it, it was found that they used it when describing the part of the
structural controlling object. When the cube controlling strategy is examined, it was found
that the builders of the two groups that completed the Object and the two groups that
partially completed the Object used this strategy in both activities. It has been seen that
cube controlling and structural controlling strategies are used in the creation of the

structure and the final stage while providing the controls.

When the successful and semi-successful groups of groups are examined, the structural
and cube controlling strategies may increase the success of the effect of the structural
controlling strategy on the control of the object made. Cube controlling strategy, on the
other hand, may increase the success because it allows the 3-D object to be thought of as

2D and simplifies it by separating it into units.

79



Secondly, although the group that could not complete the object used two more strategies
in the first activity than in the second activity, and even preferred the strategies they did
not use in the first activity, they could not complete the object in both activities. In the
group that completed the object, it was observed that they did not make any changes in
their strategies in either of the activities. While completing the first activity, they were
able to partially complete the second activity.

5.6.3. First face-to-face activity

In this section, the findings of the spatial language strategies used by the students in the
first face-to-face activity are given.

The use of spatial ability factors (spatial visualization, spatial orientation and spatial
relation), and spatial language strategies (object break-down, assembling, local terms,
perspective taking, rotation, cube controlling and structural controlling) in the first face-
to-face activity depends on the roles of the participants (builder and describer) and the

performance status of the groups (low, moderate, high) and are shown in Table 5.15.
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Table 5.15. Strategies used in the first face-to-face activity according to group
performances and roles of participants

Completed
‘_5 Cemile Esra & Ece Amine & Ay¢a Yavuz & Murat
S 3 &Nehir
22 >
5= 2
e8| &
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X g
Rotation
g5
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*V means strategy used.
** means strategy used in a part of the product.
* - means strategy not used in the process.

When Table 7 is examined, it is seen that all groups completed the products in this
activity. Local terms strategy has been used by both describers and builders. When
examined in terms of time, it was observed that the groups that finished in a shorter time

compared to the other groups used the rotation strategy of spatial relation.
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5.6.4. Second face-to-face activity

In this section, the findings of the spatial language strategies used by the students in the

second backward activity are given.

In the second backward activity, the use of spatial ability factors (spatial visualization,

spatial orientation and spatial relation) and spatial language strategies (object break-

down, assembling, local terms, perspective taking, rotation, cube controlling and

structural controlling) depend on the roles of the participants (builder and describer) and

the performance status of the groups (low, moderate, high) and are shown in Table 5.16.

Table5.16. Strategies used in the second face-to-face activity according to completion
categories of the product and roles of participants

Factors of Strategies Completed
Z\%?Itilg/l Cemile Esra & Ece Amine & Yavuz &
&Nehir Ayca Murat
1 15 S S
[«b] 1 [«b] 1 [«b] 1 [«b] 1
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Spatial Object
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orientation Taking
Local
Terms i v v v i v ) v
Cubes v - - - - - v -
Controlling
Spatial Rotation
relation v v v i v i i i
Invested 04:03 02:38 02:42 02:07
time

*V means strategy used.
** means strategy used in a part of the product.
* - means strategy not used in the process.
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When Table 5.16 is examined, all groups completed the products in the second face-to-
face activity. Object break-down, assembling and local terms strategies were used by all
groups. It was determined that the time used by the groups and the number of strategies
increased according to the face-to-face first activity. Considering the invested time, it was
found that the participants had more difficulty, and in parallel, the number of strategies

increased.

When Tables 5.12, 5.14, 5.15 and 5.16 are considered together, it was determined that
students' strategy use in the backward activity was more than in the face-to-face activity.
It was determined that there was no change in the number of strategies (except the
deduction strategy) in both of the backward activities. It was observed that the number of
strategies used in the face-to-face activity was higher in the second activity, which was
more difficult than the first activity, compared to the first activity. It was determined that
spatial orientation and spatial relation strategies were used more than spatial visualization
strategies in both backward and face-to-face activities. In back-to-back activity, ten out
of 12 strategies were found to be the same strategy for group members, while six out of
12 strategies were found to be the same in face-to-face activity. It was found that spatial
orientation strategies were the most common of these strategies. Although there was a
decrease in the number of strategies used in the face-to-face activity compared to the
backward activity, all groups completed the object. The reason for this is the immediate
correction of mistakes in face-to-face activity. Thus, it has been found that it is easier and

more difficult than the backward activity.

The comparison and analysis of success states (relatively high, high, moderate and low)
to language proficiency scores (0-100) and spatial ability scores (0-23) are given in
Figures 5.3 and 5.4.
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Figure 5.3. Language proficiency scores by groups Figure 5.4. Spatial ability scores by groups

When Figure 5.3 and Figure 5.4 were examined, it was determined that the Esra and Ece
group, one of the most successful groups in group activities, was the distinguishing
feature of the highest language proficiency score. When the other successful group Yavuz
and Murat characteristics were examined, it was determined that they had the highest
spatial ability scores. When we look at the more unsuccessful groups, it was seen that the
difference between the spatial ability scores of the Cemile and Nehir group, which had
the lowest language proficiency score, and the spatial ability scores of the amine and Ayca
groups. As it can be understood from here, it is thought that one of the language
proficiency or spatial ability scores should be high and the other should have an average

degree in the group to achieve success in geometrical task activities.
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6. CONCLUSION AND DISCUSSION

In this section, firstly the results obtained from the research findings are given, then the
similarities and differences of these results with similar research results in the literature

are discussed.

The results obtained from the quantitative data in the research are as follows. It is seen
that there is a moderately positive and significant relationship between mathematical
performance and language proficiency, and spatial ability scores. This result is consistent
with the findings of Geary et al. (2021) on sixth and seventh-grade students and
Haciomeroglu (2016) on high school students revealing a significant positive and
moderate correlation between mathematical performance, language proficiency, and
spatial ability. However, Zhang and Lin’s (2018) research on preschool students
regarding spatial ability and mathematical performance partially support the current
result. Their result supports the conclusion that language proficiency and spatial ability
are predictor variables on mathematical performance in primary school students in the
study conducted by Weijer-Bergsma et al. (2015). Conversely, Green et al. (2017)
conducted a study on a group consisting of children and adolescents. While the correlation
coincides with the result of being in a positive direction, it is seen that it does not overlap

in terms of size since it is at the high and above levels.

The relationship between mathematical performance and factors of spatial ability, spatial
relations, and spatial orientation has been found to be positive, but at a moderate level.
However, it seems that there is no relationship between mathematical performance and
spatial visualization. As a result of the relationship between mathematical performance
and spatial orientation, Eilam and Alon (2019) coincide with the result of their study at
the primary school level that there is a positive weak correlation between mathematical
performance and spatial orientation. The reason for this overlap may be that the sixth-
grade curriculum and its applications have more spatial ability-related topics (i.e.
geometrical shapes, mental manipulation of variables and locating numbers on mental

number lines), as revealed by Eilam and Alon.
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It was concluded that there is a correlation between mathematical performance and spatial
relations. With this result, Gilligan et al. (2019) agree with the result that there is a weak
and above-level correlation between spatial relations (mental rotation) and mathematical
performance. This finding also supports the research of Wulandari et al. (2021), which
found that spatial skills have an impact on problem-solving, one of the fundamental
elements of mathematical performance The conclusion that there is no relationship
between mathematical performance and spatial visualization in this research contradicts
the conclusion of Hawes and Ansari (2020) that the most important factor affecting
mathematical success is spatial visualization. When the language proficiency score was
controlled, the strength of the significant positive relationship between spatial ability and
mathematical performance decreased, but the level did not change. This can be shown as
evidence that language proficiency has a significant effect on mathematical performance
and spatial ability. The result lines up with the findings of studies controlling language
proficiency conducted by Casey and colleagues (2015) on first-year female students and
Georges et al. (2021) on preschoolers. Again, according to the study by Szucs et al.
(2014), controlling the general language proficiency of third and fourth-grade students, it
is in line with the conclusion that there is a relationship between spatial ability and
mathematics. The same study contradicts the conclusion that mathematical performance
and language proficiency are not related to reading comprehension, which is a sub-

dimension of language proficiency.

The results obtained from the qualitative data in the research are as follows. When the
describer did not see the object that the builder had made, groups failed or had difficulty
achieving success. This failure can be seen as the inaccuracy of the figures created with
these parts rather than the number of parts used in the figures. The study of Eliam and
Alon (2019) coincides with the conclusion that young students have difficulty imagining
the views of objects from different directions in tasks where visual cues for perspective-
taking skills (spatial orientation) are low. The finding of the study by Miler-Zdanowska
(2018) is parallel with the result that the precise and detailed explanations about the
environment to visually impaired children positively affect their performance regarding

spatial relations.
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However, they achieve success when the describer sees the builder's object in the process.
This may be because when the describer encounters a situation that goes wrong in the
process, immediate feedback is given to the builder. This finding is consistent with
research done by Ferrara et al. (2011) on preschool students, which showed that success
increased when parents provided the necessary guidance and feedback during a guided
block play activity.

It was concluded that the group using more spatial terms was successful in studies where
the describer builder did not see the objects. With this result, it should be taken into
account that the task where the describer does not see it is more difficult than the task
done face-to-face. The research of Yang and Pan (2021) with preschool students is
consistent with the result that children who construct high-construction structures use
more spatial languages (terms) and achieve success. In addition, this result coincides with
the result of Miller (2016) that spatial language use develops spatial ability. At the same
time, this result supports the conclusion that there is a relationship between mathematical
performance and spatial ability, and even language proficiency, which was revealed with

quantitative data in this study.

The fact that students use a small number of words may be due to their not knowing the
concepts exactly. Miller et al. (2016), in their study on 4-year-old children, found that
spatial orientation (intrinsic reference frame) performances increased as location-
descriptive cues were given in the task of remembering the location of spatial objects. As
a possible reason for this situation, Miller et al. (2016) argue that while language is
conveying spatial information, it also conveys relational information and draws attention
to spatial relationships. Based on this result, it coincides with the conclusion that the use

of spatial words and knowledge is important for spatial performance.

The group that was generally successful continued to insist on a single trial, even if they
spent more words or time. When the unsuccessful ones were examined, they still failed,
although they tried in two or three trials. It is seen that the unsuccessful groups tend to try
other ways in the smallest disagreement without seeing the result. This result coincides
with the result of Lajoie’s (2018) research on adults, that individuals in the less skilled

group (humanities and Phys master's students) in the spatial orientation task change more
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strategies. This may be because, as Lajoie (2018) revealed, less skilled groups cannot
reach the right result by trying different strategies in geometrical tasks and cannot use

these strategies efficiently.

Groups that failed in geometrical tasks by over-trying continued to use the same words in
these different trials. Interestingly, the use of concepts and words is the same or similar
when students change the trial at the slightest disagreement. This result supports the result
obtained from the quantitative data in this study that there is a positive correlation
between language proficiency and spatial ability. Again, this result is in line with the
research conducted by Hayward and Tarr (1995) on undergraduate students and the theory
of prototype categorization (use prototypes and examples to categorize information)
stated by Spicer and Sanborn (2019). However, this result contradicts the result of Miller
et al. (2016) that as the number of trials increases, descriptive clues about spatial objects

performed in geometrical tasks increase.

It was found that the unsuccessful groups were not successful even if they spent more
words and time. The result of this study coincides with the result of the research
conducted by Tenbrink et al. (2017) on young adults. This may be due to the nature of
geometrical tasks with unfamiliar features as Tenbrink et al. (2017) mentioned. This result
shows that the abundance of words and time used in geometrical tasks does not guarantee

SUCCESS.

It has been determined that the spatial language used by the group members is meaningful
to each other, increasing the group’s success. Mizzi (2017) coincides with the result of
his research on fifth-grade students. This might be because, as Mizzi (2017) found, people
with similar spatial abilities communicate spatial information more effectively when
completing spatial language tasks. Although the spatial words used in the face-to-face
activity are less than the spatial words used in the backward activity, success is achieved.
The reason for this may be the meaningful and appropriate use of terminological words
to ensure productive and effective communication, as Ryve et al. (2013) revealed in their

research with sixth-grade students.

It was observed that group members used more similar strategies in the backward activity

than in the face-to-face activity. The reasons for using similar strategies in the backward
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activity may be because they needed more understanding and confirmation (Roberts,
2006). After all, the described object was not seen. On the contrary, since the object
described in face-to-face activity is seen and intervened by the describer during
construction, it may be because the builder focuses more on the correction task during the
intervention process (Holen and Sortland, 2022) and focuses less on strategy. While doing
the activities, it was found that both group members (builder and describer) used spatial

orientation strategies most actively.

It was concluded that a high number of strategies, whether in back-to-back activity or
face-to-face activity, does not guarantee success. This result is in parallel with the result
of Mizzi (2017) who according to his research, every spatial strategy used will not be
useful in spatial communication. Again, Lajoie (2018) coincides with the result of his
research that the group that failed the geometrical task used these strategies ineffectively
despite choosing a large number of strategies. One of the reasons for this may be that the
concepts and words used by the describer in the strategies they choose, as Mizzi (2017)
mentioned, contain ambiguity for the builders. Secondly, it may be because the chosen
strategy is not suitable for that situation even if it is known beforehand (Baran et al.,
2007). On the other hand, the result of this study contradicts the result of the study by
Eliam and Alon (2019) and Suh and Cho (2020) that increasing the number of strategies
increases geometrical task performance. Moreover, object break-down, assembling and
cube-controlling strategies are basic strategies since all groups use them while performing
the activity. However, this result partially contradicts Hegarty (2018), stating that the

cube-controlling strategy in mental rotation tasks is ineffective and time-consuming.

It has been concluded that the structural controlling of spatial visualization strategies is
an important strategy that affects the success in both the construction phase and the
evaluation of the structure. This finding is in line with Lajoie's (2018) research on adults,
which found that those who are successful in geometrical tasks use the structural
controlling strategy and the verifying strategy. However, this result contradicts the
conclusion that the structural controlling strategy affects geometrical task performance
less than other strategies in the study of Mizzi (2017) on fifth-grade students. Although
the Structural controlling of spatial visualization strategies is effective in the completion

of the object, it has been determined that it does not affect the success when used to
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describe any part of the object during the construction phase. This result is supported by
Hegarty's (2018) research on undergraduate students and Pefia et al. (2008) in their
research on adults, with the result that strategies in which the object is considered as a
whole increase accuracy and overall performance. According to Brown and
Chandrasekaran (2014), control strategies are redesigned strategies used to protect the
efforts made. The result of the research is that the whole object can be controlled only by

reviewing the whole process.

It has been concluded that the strategy that supports the completion of other strategies in
completing geometrical tasks is the local terms strategy in the spatial orientation strategy.
This result is consistent with the result of Yang and Pan (2021), in their research with
preschool students, that students mostly use spatial location terms strategy while playing
block play. Again, it coincides with the result of Mizzi (2017) that the local terms strategy
is used when performing geometrical tasks to reduce spatial uncertainty. On the other
hand, Tenbrink et al. (2017) dispute the finding of the study with adults that there is no

relationship between success in the geometrical task and the local terms strategy.

It was concluded that in the difficult activities, the students increased the number of
strategies and created new strategies to find solutions for creating the object. Examples
of these new strategies are the so-called deduction strategy, which is not explicitly stated
in the basic studies (Kyllonen et al., 1981; Gliick and Fitting, 2003; Tenbrink, 2011;
Mizzi, 2017; Hegarty, 2018) but is used explicitly by a builder. After dividing the spatial
object into sections, the spatial language strategy, which is defined as describing the
sections as part of different and more familiar objects in mind, can be shown to describe
these sections. It coincides with the result of the research (Ozgakir and Cakiroglu, 2022),
which states that strategies are produced and developed while performing geometrical
tasks. The result of the strategies used in difficult tasks is consistent with the result of
Baran et al. (2007) that "deductive approach” strategies are used in difficult two-

dimensional geometrical tasks.

Again, the results of Tzuriel and Egozi (2010) and Hsing et al. (2023) accord with the
results of an increase in both the number and the variety of strategies used in the activities

in which the students reported that they had difficulty. Finally, this result is in line with
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the result of Gliick and Fitting (2003) that there is an increase in the number of spatial
ability strategies as more manipulation of spatial information is needed in difficult tasks.
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7. RECOMMENDATIONS

In this section, suggestions are made by using the results of the research.
Suggestions to researchers:

» “What kind of interaction between the describer and the builder in the face-to-face
activity have?” should be investigated in more depth

» Considering that the unsuccessful groups made more than one attempt, it is
recommended that researchers ask students to explain why they are giving up on the paths

they have chosen while collecting data.

» How the relationship between this variable and which variable affects which variable

should be investigated in more detail.

 For communication between speaking parties to be efficient, the describer's descriptions
in geometrical tasks should be as rich in spatial information as possible. At the same time,
the builder must have advanced imagination abilities to understand the spatial
relationships between the parts of the spatial object and process spatial information
correctly. This may be because, as researchers Miler-Zdanowska (2018) and Eliam and

Alon (2019) say. However, it is recommended to investigate this situation in more detail.

» While performing geometrical tasks, it is recommended to investigate in more detail the
result that students give up on trials and insist on using the same spatial words while

starting new trials.

« It is thought that the conflict of the results of the strategies used by the students in the
study and the results of some studies in the literature can be effective on different
variables, strategy and performance. B ecause of this, in geometrical tasks, it is
recommended to investigate in which situations and which spatial strategy affects success

more when selected and changed.

* “Does the effectiveness of the control strategy change as the age and class level of the

individuals increase?” It is recommended to investigate the question.
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Suggestions to teachers:

« For the development of spatial language,teachers are advised to make students explain

the shapes to the students in the classroom.

* The fact that the unsuccessful groups had repeated explanations using the same words
brought about that the teachers may also fall into such repetitions in their expressions.
The fact that teachers focus on the terms they use in their explanations, especially from a
conceptual point of view, increases the success of the students. It is recommended that

they use different concepts and words and explain them.

*In the study, each group completed the object made in the face-to-face activity.lt is
recommended to have a face-to-face activity for students to have positive attitudes when

starting block play activities with groups.
* Teachers can include both face-to-face and backward activities in their teaching.

* As revealed by Tzuriel and Egozi (2010), it can be recommended to perform back-to-
back spatial activities with students in the classroom, in line with the conclusion that

activities that are difficult in geometrical tasks increase students' success.

* In the backward activities, it is recommended that students' geometrical tasks be
described more concretely (letter h, column, etc.) and have them done while creating
small subparts.

* It is recommended that students do activities that require them to be persistent until they
conclude their attempts in geometrical tasks. If they are giving up on the paths they have

chosen, they are advised to ask them to explain why they are giving up.

o Moderate relationship between mathematical performance, language proficiency,
and spatial ability. It is recommended to consider when planning, developing and

implementing activities.

« [t is recommended to create a discussion environment in the classroom about the reasons

why students chose the strategy and if they made any changes, why they changed it.
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* It is recommended to design activities that will use basic strategies (break-down,

assembling and cube controlling) in geometrical tasks and to make in-class applications.
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APPENDIX 2: C-test

Turkish C-test

Text 1 — Mahallem

Burast benim mahallem. Benim ev
kars1 bir lok var. Lokan
fiya biraz yiik . Iki so
\% , ama bl degil. Ar
slipermar var. Genel

Ya sokakta kii¢ bir sin
yer.

Text 2 — Danielle Clausen

ana cad Evimin
servisi gl , ama

ileride b bakkal
sokakta bl bir

orada alisve yaparim.

var. Film izlemek i¢in giizel bir

Danielle Clausen Danimarkali. Otuz sekiz yas . Evli ve iki ¢oc var.
Iki y1l Tiirkiye’de yas dkiy daha kal istiyor.
Es Peter, Danimarka’nin Tirk konsolosu. Danielle de,
haft uc gi konsoloslukta vi boliimiinde cali

Cocuklar, Anna ve Eric, 0z bir lis okuyor. Danielle
anadi disinda Ingi , Almanca ve Fran konusuyor.
Tirk ise zor bul . Ama Danielle’in ak bir Tiirkgesi var.

Danielle Tiirkiye’de yasamaktan ¢cok memnun.

Text 3 — Istanbul

Istanbul, Tiirkiye'nin kuzey batisinda, Avrupa ile Asya kitalar iizerinde uzanir. Diinyada

iki kit birbirine bagl tek ke olan Istanbul, Tiirkiye'nin
ve Avrupa'nin e kalabalik sehr . Kent iilk kiiltiir,
san ve eko baskentidir. Tiirkiye'de bul ulusal ve
uluslar sirketlerin ge merkezleri b kentte y
alir. Istanbul, tar ve cog konumu 1 kozmopolit
b yapiya sahi . Birgok tiy , sinema ve kiil

merkezi vardir. Istanbul’da her y1l cesitli konserler, festivaller ve fuarlar diizenlenir.
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Text 4 — Anakent Koleji

Anakent Koleji, 6grencilerini gelecege tam olarak hazirlamayr misyon edinen bir

kurumdur. Okulumuzda yab dil 6gret biiyiik 6n verilir.
Ogren Ingilizce ve Alm dillerini s1 ortamimda ve
aktiv yoluyla 6gren . Bu siir , hazirlik sinifl
baslayarak 12. s kadar de eder. D ogrenme
konus en 6ne etkinligimiz Yab Diller Kulii
Bu ku kiiresel kon hakkinda uluslar caligmalar yapar.

Yabanci bir dili etkin bir sekilde kullanma adina kuliip ¢alismalarimiz 6nem tasir.

Text 5 - Motivasyon

Motivasyonu yiiksek bir 6grenci derslerine daha fazla calisir. Daha 1 Ogrenir
ve da basarili ol . Dolayisiyla ula istedigi
hede daha hi bir sek ve da kolay
ula . Oprencinin hede ulagmasinda motiva Onemi
¢ biiyiiktiir. Ogret sevmek de motiv artiran b

faktordiir. B nedenle Ogret kendini 6grenc sevdirmesi,
onl rol mo olabilmesi 6nemlidir. Bunu yapabilmek i¢in verdigi

sOzleri tutmasi, 6grencileriyle iyi iliskiler gelistirmesi gerekir.
Text 6 — Koku ve Tat

Koku alma duyunuz tat duyunuz ile baglantilidir. Yiyecegin koku

alamadiginizda muhte tadint da alamaz . Bu dur
yeterince ye yememenize ve ki kaybetmenize ne olur.
Viicu ithtiyaci ol besinleri alamad i¢in vit ve
min eksikligi gi bazi sag sorunlar1 yasar
Koku almam ruh hali de etkileyebilir. Cig , gida ve
ben kokular si yasam sevinci verir. Bu kokular1 almamaniz ise

kendinizi iizgiin veya depresif hissetmenize neden olabilir.
Text 7 — Bilim Kadinlari
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Tiirkiye’deki bilim kadinlar1 hakkinda yapilan hemen her aragtirma kimi ilging olgularin

altini gizer. 1k ola , Universitelerin far kademelerinde y
alan kadin orani s derece yiiks . Sadece 6gr
ya da asis diizeyinde deg , Ogretim 1y ve
yone kadrolarindaki kadin orant da b hayli
kabar . Bununla ber , bilim kadi , kadin olma
dolay1 he hemen hicb ayrimciliga ugramad dile

getirmektedirler. Bu saptamay1 takip ettigimizde 1930’lardan bu yana bir siireklilik

buluruz.
Text 8 - Kiiltiirel Mekan

Mekénin, kiiltiirel siireklilik agisindan gerekli oldugu gergegi géz Oniine alindiginda,
diger alanlarda oldugu gibi halk oyunlar1 alaninda da kiiltiiriin tiretildigi ve aktarildig:
kiiltiirel mekanlarin tistlendigi islevin irdelenme geregi kaginilmazdir. Bu nok

halk oyunl yasatildig1 ve gel kusaklara aktar kiilttirel

mekan yok ol cekincesi, kiilt de yok ol

cekincesini berab getirir. Gelen temsillerde once olan
meka , ginimiiz kosull kiiresel ve ye etkilerle
degis . Bu ned kiltiirel ve meka farklilasma ve
cesit hizlanmistir. Bun birlikte, ya kosullarindaki hizli

degisim, evrensel kiiltiir ile yerel kiiltiirler arasindaki c¢eligki, kiiltiir ve mekén
etkilesiminde yeni boyutlar yaratmis ve gelenek yeniden bigimlenen bu mekanlarda

yasatilir hale gelmistir.

Thank you!
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APPENDIX 3: Spatial Ability Test

Ad Soyad:

UZAMSAL YETENEK TESTI

1. Biliim

Bu béliimde ¢esitli nesneler ve onlarin déndlriilmils hallerini gisteren sekiller bulunmaktadir. Her
bir soruda cizginin {stiinde 1 sekil ve altinda 4 sekil bulunmaktadir. Cizginin altindaki sekillerden 3
tanesi bu seklin déndiriilmils hali, 1 tanesi ise degildir.

Ornek: Asafidaki soruda secenekteki sekillerden hangisi ¢izginin Ostindeki seklin déndiirfilmis

hali degildir?
(A) (B)

A, C ve D seceneklerindeki gekiller yukandaki seklin dondiiriilmis halleridir. B segenegi
seklin dondiiriilmils hali degildir.

() (D)

Bu baliimdeki sorulan drnelaeki gibi goziingz ve gizginin tistindeki seklin dindivilmesi ile glde
edilemeyen sekli bulunuz.

L @7
Db

<) (D)
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2. Biliim

Bu bélimde cesitli nesnelerden olusan bir resim ve bazi nesnelerin aralanndaki yonleri belirlemek
amaciyla bir “koordinat sistemi” verilmistir. Sorulan cevaplarken, bir nesnenin koordinat sisteminin
merkezinde oldufunu hayal etmelisin. Merkezdeki nesnenin konumuna gire verilen difier iki
nesnenin yerini tahmini olarak belirlemeli ve koordinat sistemine yerlestirmelisin.

Ornek: .-"i'
I} J
2o

CICEGIN koordinat sisteminin merkezinde oldufunu hayal et. Bu konumda iken AGACIN ve
ARABANIN yerini koordinat diizlemi {izerinde gister.

Ma

12 ARABA

AGAC

== bd e da LA DN R

L L
SR -00 % 76 54 32 ﬁﬁ'ﬂlﬁz T 13 6 T P I0E 7

-2
3

-l
=

-
=71
5
o
10
-1
12
13

14

3
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Bu bdlimdeki 2 soruyu drnekteki gibi ¢izintiz ve istenilen nesneleri koordinat dizlemi iizerine
verlegtiviniz.

1. KEDININ koordinat sisteminin merkezinde oldugunu hayal et. Bu konumda iken KOPEGIN ve
CICEGIN yerini koordinat dlizlemi Uzerinde gbster,

M
12

11

10
9

L RN SLE - -]

- .
ARN2-10-10 - -8 -7 6 +5 4 3200 1 (203 4785 6 7 B [P Q0f1{203T

1z
2. ARABANIN koordinat sisteminin merkezinde oldufunu hayal et. Bu konumda iken EVIN ve
AGACIN yerini koordinat diizlemi iizerinde gdster.

L
12

= e
AFN2-10 -0 -9 & -7 6 +5 4 3201 ] 1 273 475 6 7 K 9 Q0I1JZI3T
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3. Biliim

Bu biliimde cizginin Ustiinde bir sekil ve altinda onu olusturabilecek cesitli sekiller bulunmaktadir.
Cizginin altindaki sekiller bovutlarn defistivilmeden tstteki sekli olusturmak icin dindiiriilebilir.
Avyrica sekillerin birbirleri ile cakistinlmamasi gerckmektedir. Sorulart _cevaplarken kareli
dilzlemin bivimlerini dikkate afing.

Ornek: Cizginin listindeki sekli olusturmak icin asafida verilen sekil setlerinden hangisinin
kullanilmas: gerekir?

3

h
A

Cizginin Ustiindeki sekli elde etmek icin B sikkindaki sekil setini kullanmak gerekir.

Bu béliimdeki sovularr drekteki gibi gdziiniiz ve her bir soru igin hangi gekil setinin kullanilmas
gerekriging buluniz.
1.

Sk B

- - E BN
wN B 2NN Bl
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4. Boliim

Bu béliimdeki sorularda ¢izginin Gstiinde 1 sekil ve altnda 4 sekil bulunmaktadir. 3 secenekteki
sekil ¢izginin Ostlindeki seklin aymsi olup cesitli agilardan dondirilmesi ile olusmustur, 1
secenekteki sekil ise farkl bir sekildir.

Ornek: Cizginin iistiindeki sekil ile aym olmavan seklin bulundugu segenegi isaretleyiniz.

(A) (B) (C) (D)

A, B ve C segenegindeki sekiller yukandaki seklin dondirilmis halleridir. D secenegindeki
sekil ise farkli bir sekildir.

Bu boliimdeki sorulari ornekteki gibi ¢oziiniiz ve ¢izginin alundaki sekillerden hangisinin
yukandaki sekil ile aymi olmadigim isaretleyiniz.

1.

(A) (B) (€) (D)
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(D)

(&)

(B)

(A)

(D)

(€)

(B)

(A)
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5. Bélim

Asafida goz ile gosterilen yerde bulunan bir kisi kilplerden olusan sekillere bakmaktadir. Kesikli
cizgi. bakis agisimi gdstermektedir. Bu yapilara gosterilen yerden bakan bir kisinin nasil gordiigiini
bulunuz.

Ornek: Cizginin altindaki sekillerden hangisinin verilen yapinin bakis agisima bagli olarak
gériiniimil oldu@unu bulunuz.

(A) (B) (©) (D)

Yukaridaki sorunun cevab: B segene@idir. Verilen sekle istenilen bakis a¢isiyla bakildiginda
altta 3 kilp siralanmaktadir. saida ve solda {ist Uiste ikiser kilp bulunmaktadir.

Asagidaki sorular drnekteki gibi ¢oztiniiz ve ¢izginin altindaki segeneklerden hangisinin yukaridaki
seklin bakis agisina bagl olarak goriniimii oldugunu bulunuz.

1.

(A) (B) (C) (D)

10
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1A) (B) (<) (D)
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6. Biliim

Bu bélimde gesitli nesneler ve agimmlanm gisteren sekiller bulunmaktadie. Cizginin altindaki
sekillerden ¢ tanesinin katlanmasiyla verilen sekil elde edilmektedir. Diger sekil ile ise farkli bir
sekil elde edilmektedir.

Ornek: Asafidaki soruda seceneklerden hangisinin katlanmasiyla cizginin fizerindeki seklin
olusturnlamayacafing bulunuz.

b & B A

A, B ve D seceneklerinin katlanmasi ile ¢izginin lstindeki sekil olusurken, C segenefinin
katlanmasi ile olugmamaktadar.

Asafidoki sorulon drnekteki gibi cdziimiiz ve seceneklerden hangisinin katlanmasola gizginin
fizerinde bulunan geklin elde edilemeyecegini isaretleyiniz.

l_ =

(A) (B) (C) (D)
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7. Biiliim

Bu bilimdeki sorularda ¢izginin lizerinde bir seklin dnden, vandan ve listten goriiniimi ile ¢izginin
altindaki seceneklerden birinde seklin kendisi verilmektedir. Ug farkli yonden goriiniimiini dikkate
alarak sekli bulunuz.

Ornek: Asafidaki soruda énden, vandan ve listten gorintimleri verilen yapiyi bulunuz.

Onden Yandan Ustten

(A) Us.tten (B) Ustten

(C) Ustten (D)

x

. ..,

T

-
# o

Onden Yandan Onden Yandan

Onden, yandan ve {istten gériiniimil verilen sekil C segenefinde yer almaktadir.
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Onden Yandan Ustten

Ustten Ustten

(A) i (B)

'o.'.'
.

Yandan
Ustten

Ustten

(A)

Onden Yandan

(€)
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Onden Yandan Ustten
Ustten Ustten
(A) v (B) v
,-"v Y., .‘...' "'..
Onden .Y‘andan Onden Y.andan
(D) Ustten
B
v
o 'o....
Onden Yandan
Ustten
Onden Yandan I
Ustten

(A)

(€)

(B)
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7. Biliim

Bu balimdeki sorularda cizginin dizerinde bir seklin 8nden, yandan ve Gstten griiniimil ile ¢izginin
alundaki seceneklerden birinde seklin kendisi verilmektedir. Ug farkli yonden gériinimilni dikkate

alarak sekli bulunmz.

Ornek: Asafidaki soruda énden, vandan ve listten gbrilniimleri verilen yapiy bulunuz.

Onden Yandan Ustten

(A) Ustten (B)
Onden
(C) Ustten (D) Ustten
¥ \
'-'N 'I" 'n"' W,
Onden Y andan Onden Yandan

Onden, yandan ve iistten gdriintimil verilen sekil C seceneginde yer almaktadir.
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