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and Assoc. Prof. Hülya Kılıç for their precious advices through my research. I had a

chance to improve my study by the help of their valuable feedbacks.
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is a perfect co-worker, especially for being an endless motivation and a great friend.

I owe my special thanks to my family; my mother Nurcan Sarılıcan, my father

Mustafa Sarılıcan and my sister Didem Sarılıcan for their endless love, support and

encouragement during every step of my graduate education in Boğaziçi University.
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ABSTRACT

EFFECT OF USING DIFFERENT INSTRUCTIONAL

METHODS TO TEACH GEOMETRY TOPICS ON FIFTH

GRADE STUDENTS’ SPATIAL ABILITY AND

GEOMETRY ACHIEVEMENT

The aim of this study is to investigate the effects of different instructional meth-

ods (technology-based, hands-on and blended instruction) to teach geometry topics

on fifth grade students’ spatial ability and geometry achievement. The study was

conducted by using quasi-experimental pretest-posttest design. The participants of

this study consisted of 57 fifth grade students from three classes in a private middle

school in Istanbul. Each class received one of the following methods for twenty class

hours: technology-based (n=20), hands-on (n=20) and blended (n=17) instruction. In

technology-based instruction, students used various geometry applications from com-

puters and computer tablets whereas students in hands-on instruction used concrete

manipulatives. The blended instruction group used both technological and hands-on

materials equally during the study. The Purdue Visualization of Rotations (ROT)

Test and Differential Aptitude Test: Space Relations (DAT:SR) were used to evaluate

students’ spatial ability. In order to measure students’ geometry achievement, Ge-

ometry Achievement Test (GAT) was developed by the researcher. The data collected

from each pretest and posttest was analyzed by the nonparametric Kruskal-Wallis Test.

The result of the ROT indicated a statistically significant difference in students’ spa-

tial ability among the groups. Three of the instructional methods improved students’

spatial ability. However, technology-based instruction and blended instruction had sig-

nificantly more effect when compared to hands-on instruction. Furthermore, students

improved their geometry achievement significantly in each group after the treatment.
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ÖZET

GEOMETRİ KONULARINI ÖĞRETMEDE FARKLI

ÖĞRETİM YÖNTEMLERİNİN 5. SINIF

ÖĞRENCİLERİNİN UZAMSAL YETENEKLERİ VE

GEOMETRİ BAŞARISI ÜZERİNDEKİ ETKİSİ

Bu çalışmanın amacı, geometri konularını öğretmede farklı öğretim yöntemlerinin

(teknoloji tabanlı, uygulamalı ve harmanlanmış öğretim) beşinci sınıf öğrencilerinin

uzamsal yetenek ve geometri başarısı üzerindeki etkisini araştırmaktır. Çalışmada yarı

deneysel ön test-son test deseni kullanılmıştır. Araştırmanın katılımcıları İstanbul’daki

özel bir ortaokulda üç farklı sınıfta bulunan 57 beşinci sınıf öğrencisinden oluşmaktadır.

Her sınıfa yirmi ders saati olmak üzere üç öğretim yönteminden biri uygulanmıştır:

teknoloji-temelli (n = 20), uygulamalı (n = 20) ve harmanlanmış (n = 17) öğretim.

Teknoloji tabanlı öğretimde öğrenciler bilgisayar ve tablet bilgisayarlardan çeşitli ge-

ometri uygulamalarını kullanırken, uygulamalı öğretimdeki öğrenciler somut manipü-

latifler kullanmışlardır. Harmanlanmış öğretim grubu, çalışma sırasında hem teknolo-

jik hem de uygulamalı materyalleri eşit olarak kullanmıştır. Öğrencilerin uzamsal

yeteneklerini ölçmek amacıyla Purdue Uzamsal Görselleştirme Testi (Görselleştirmeler)

ve Diferansiyel Yetenek Testi: Uzay İlişkileri kullanılmıştır. Öğrencilerin geometri

başarısını ölçmek için araştırmacı tarafından Geometri Başarı Testi geliştirilmiştir. Her

gruptan toplanan ön test ve son test verileri parametrik olmayan Kruskal-Wallis testi

ile analiz edilmiştir. Purdue Uzamsal Görselleştirme Testi sonucu öğrencilerin uzam-

sal yeteneklerinde gruplar arasında anlamlı bir fark olduğunu göstermiştir. Öğretim

yöntemlerinin üçü de öğrencilerin uzamsal becerilerini geliştirmiştir. Ancak teknoloji

tabanlı öğretim ve harmanlanmış öğretim, uygulamalı öğretim ile karşılaştırıldığında

anlamlı ölçüde daha fazla etkiye sahiptir. Ayrıca, uygulamadan sonra her grupta bu-

lunan öğrencilerin geometri başarısı anlamlı olarak artmıştır.
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1. INTRODUCTION

Geometry is a significant and essential area of mathematics which helps us com-

prehend our environment. According to National Council of Teachers of Mathematics

(2000), geometry is considered as a basic skill. Features and relationships of geometric

shapes promotes to different areas of mathematics such as algebra and measurement.

In addition, geometry has various areas of application such as; architecture, arts, en-

gineering, design and navigation. Everyday situations such as moving objects in the

house, estimating the space while parking the car or using the map of a city requires

basic geometric and spatial abilities.

In middle school, the Ministry of National Education (MoNE) mathematics cur-

riculum expects students to; define, draw, calculate the area and volume of basic ge-

ometrical shapes in respective grade levels (MoNE, 2018). The new curriculum offers

various applications of geometry within the explanation of the objectives. However,

most of the studies have indicated challenges in learning and teaching mathematics

especially in geometry (Akuysal, 2007). Students usually have difficulties in visual-

izing the geometrical shapes, using geometrical reasoning and problem-solving skills

(Battista, 1999; Idris, 2006). In this sense, using technology applications such as dy-

namic geometry softwares and hands-on activities such as drawing, folding, concrete

manipulatives and geoboard exercises can be suggested. The results of both Trends

in International Mathematics and Science Study (TIMSS, 2015) and the Program for

International Student Assessment (PISA, 2015) demonstrated that Turkey has a poor

performance in geometry and mathematics. Underachieved topics in TIMSS (2015)

include geometric shape and measurements (IEA, 2016). Therefore, exploring spatial

sense and geometric reasoning is important for understanding geometry.

Spatial ability can be regarded as a major component of geometry. Compre-

hending different aspects of our environment requires spatial abilities. Spatial ability

is related to various fields such as; mathematics, technology, arts and design, science,

engineering and geometry in particular. Olkun (2003) described spatial ability as “the
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mental manipulation of objects and their parts in 2D and 3D space” (p.8). Researches

have shown that spatial abilities and geometry achievement have a positive correlation

(Clements and Battista, 1992, Erbilgin, 2003; Unal, Jakubowski and Corey, 2009).

Principles and Standards for School Mathematics offers spatial understanding, visual-

ization and geometrical modelling as essentials for solving problems (NCTM, 2000).

Significance of spatial ability is further pointed out in the elementary mathematics cur-

riculum (MoNE, 2018). Furthermore, spatial ability underpins most of the questions

in TIMSS and PISA (Yılmaz, 2009).

An important area to study is methods to improve students’ geometry achieve-

ment. Geometry lessons may be an opportunity to mention spatial abilities which

may lead to increase in geometry achievement (Arıcı and Tutak, 2015; Battista, 1990;

Battista, Talsma and Wheatley, 1982). Lesson plans can be designed in accordance

with developing students’ spatial abilities. Spatial ability is claimed to be improved

with various spatial trainings (Uttal et al. and Newcombe, 2013). Studies show that

technological (Kaufmann, 2017; Kurtuluş and Uygan, 2010; Wolford and De Lisi, 2002)

and concrete (hands-on) manipulatives (Arıcı and Tutak, 2015; Cheng and Mix, 2014;

Mohler and Miller, 2009; Olkun, 2003) aids development in spatial abilities within

school lessons. Furthermore, according to several studies, spatial activities may be

used exchangeable (Alias, 2002; Sorby and Baartmans, 1996a; Kurtuluş and Yolcu,

2013; Olkun, 2003).

Considering the studies on improving spatial ability and geometry achievement

with technological and concrete (hands-on) activities, more research studies are needed.

The previous studies (Kaufmann, 2017; Kurtuluş and Uygan, 2010; Mohler and Miller,

2009; Olkun, 2003; Wolford and De Lisi, 2002) suggests using manipulatives such as

origami, drawing and sketching activities, modeling and applications of dynamic com-

puter softwares. The implementation process for these manipulatives mostly require

extra lesson hours in addition to regular instruction. However, the present study may

assist geometry instructors in implementing the existing curriculum by reconstructing

the lesson plans according to an effective method of instruction. Therefore, the current

study aimed to investigate the effects of different instructional methods for improving
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5th grade students’ spatial ability and geometry achievement.
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2. LITERATURE REVIEW

2.1. Geometry and Geometry Education

Geometry is one of the words that its meaning is best hidden inside. In the word

of geometry, geo refers to the earth or land, and metry, to measure. The emergence

of geometry has arisen from humankind’s desire to recognize and locate themselves in

earth. Geometry occupies an essential part of mathematics by providing an oppor-

tunity to interpret and interfere our environment. Geometry is the subject area of

mathematics that takes the elements of points, lines, shapes and space into consider-

ation. As a branch of mathematics, geometry studies the position of two-dimensional

and three-dimensional figures besides their size and shape.

As a significant constituent of daily life application of mathematics, geometry is

characterized as a basic skill and classifying geometric shapes and understanding its

properties are remarked as a contributor for different fields of mathematics (algebra,

rational numbers and calculation) and solving problems about real life (NCTM, 2000).

Assuming the importance of learning geometry and its contributions to real life, geom-

etry takes place in the school curriculum. The learning objectives in geometry mainly

refer to students’ ability to use geometry in, recognizing the environment, explaining

and understanding the physical world and problem-solving process (Baki, 2001). Stu-

dents’ ability for imagining geometrical relations are expected to advance as they sort,

build, draw, model, trace, measure and construct. In this sense, students are expected

to; recognize, explain, classify and compare geometric shapes; develop a concept of

space, investigate the transformations between the geometric shapes; recognize and

explain three-dimensional objects and classify three-dimensional objects according to

their properties (MoNE, 2018). The study of geometry in middle school requires think-

ing and doing. In the fifth-grade mathematics curriculum, students are expected to

draw and design three-dimensional objects. The curriculum targets covering basic con-

cepts such as, lines, line segments, and rays, two-dimensional forms such as triangles,

quadrilaterals and polygons, and three-dimensional shapes such as rectangular prisms
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and cubes (MoNE, 2018).

According to NCTM (2000), children between kindergarten and twelfth class need

to have the skill of defining spatial relations in the context of geometry. Studies have

indicated that spatial ability is strongly connected with geometry, mathematics and

science achievement (Clements and Battista, 1992; Wheatley & Reynolds, 1999). Fur-

thermore, students’ use of visual-spatial abilities in the process of solving geometry

problems would affect the permanence of teaching (NCTM, 2000). However, students

frequently have challenges in visualization, problem-solving skills and geometric rea-

soning (Battista, 1999; Idris, 2006).

The studies have indicated the difficulties in learning and teaching mathematics

particularly in geometry (Akuysal, 2007). These difficulties might be due to disregard-

ing geometric notions in favor of computational skills (Idris, 2006) such as; algebra,

measurement, numbers and operations which might be an important reason for low

achievement in geometry in middle school. According to the results of PISA (2015),

students in Turkey do not have a good score in mathematical literacy (OECD, 2018).

The scores revealed that Turkey ranked 50 out of 72 country in 2015 (OECD, 2018).

The inferences driven from TIMSS (2015) showed that the performance of Turkey was

also low in geometry. According to the results of TIMSS (2015), 4th grade students’

average score in geometric shape and measurement was 448 in 2011 and 475 in 2015.

The average score of 8th grade students in geometry was 454 in 2011 and 463 in 2015

(IEA, 2016). Although the average score of both 4th and 8th grade constantly increased

since 2011, they are still below the average.

Instructional methods play an important role in geometry education and achieve-

ment. Therefore, studies have investigated the effects of instructional methods on im-

proving students’ understanding of geometry (Bayram, 2004; Dimakos and Zaranis,

2010; Erbaş and Yenmez, 2011; Güven, 2012; Karakuş and Peker, 2013; Olkun, 2003).

The reasons for low performance in geometry could be traditional instruction that con-

sists of deductive teaching and due to focusing on test achievements which promotes

memorizing.
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Approaches which place students in center of learning and learning by experience

should be considered in geometry instruction (Erdoğan, 2009). In this sense, instruc-

tional methods for geometry should be reconstructed as enabling the use of concrete

and technological manipulatives and materials. In the study of Erbaş and Yenmez

(2011), effect of using computer-based geometry application on students’ geometry

achievement in sixth grade was examined. The experimental group received computer

aided instruction and control group received traditional instruction. They found that

computer aided geometry instruction improved students understanding of geometry in

the context of polygons. In addition, students in the experimental group became more

interested in geometry lesson through the study. Similarly, Güven (2012) determined

that using dynamic geometry software to teach geometry topics improved students’

achievement academically. Dimakos and Zaranis (2010) investigated how computer-

based explorations of geometry effect students’ academic achievement in the subject

area. They concluded that using such technological applications is crucial in order to

develop students’ geometry achievement.

On the other hand, activities to be used during the instruction should be consist

of various hands-on implications such as folding paper, modelling and sketching accord-

ing to Bishop (1986). Furthermore, students should be active while learning geometry

topics which especially includes spatial concepts. The instruction should be designed to

enable students to become interactive learners by measuring, drawing and manipulating

the objects. The study of Bayram (2004) investigated the effect of teaching geome-

try by using concrete manipulatives on 8th grade students’ achievement in geometry.

The researcher stated that there was an important development in academic success

of students who received instruction by using concrete manipulatives in the context

of geometry lesson. Olkun (2003) also claimed that concrete manipulatives improved

4th grade students’ achievement in two-dimensional geometry. Similarly, Karakuş and

Peker (2013) found that pre-service teachers improved their geometric thinking level

and spatial ability significantly after using physical manipulatives. Therefore, a greater

emphasis should be given to geometry instruction.
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In addition to geometry introduction, curriculum plays an important role in edu-

cation and achievement of geometry. An emphasis is given on geometry in each grade

level in the mathematics curriculum (MoNE, 2018). Geometric shapes and spatial

relations take places in grade from 1 to 4 as sub learning areas of geometry. In mid-

dle school, geometric shapes are given in grade 5,6 and 8. Grade 7 includes shapes’

views from different directions and grade 8 includes transformational geometry (MoNE,

2018). However, considering the modifications in the new teaching program (MoNE,

2018), a required level of importance was not given to implications of geometry and

spatial ability as it was expected.

2.2. Spatial Ability

Although spatial ability is an area that researchers made a consensus due its

importance, there is not a complete description for spatial ability. Linn and Petersen

(1985) defined it as “a skill in representing, transforming, generating, and recalling

symbolic, non-linguistic information” (p.1482). Olkun (2003), defined spatial ability

as “the mental manipulation of objects and their parts in 2D and 3D space? (p.8).

Newcombe (2013) stated that “spatial thinking concerns the locations of objects, their

shapes, their relations to each other, and the paths they take as they move” (p.28).

In the description of Lohman (1993), spatial ability is “the ability to generate, retain,

retrieve, and transform well-structured visual images” (p.3).

Through the literature spatial ability has been divided into different sub-skills

such as spatial visualization, spatial orientation, spatial relations, spatial perception

and mental rotation (Clements, 1998; Contero, 2005; Lohman, 1979; Linn and Petersen,

1985; McGee, 2005). McGee (1979) stated that spatial ability has two of principal

factors; spatial visualization and spatial orientation. Spatial visualization is defined

as “the ability to mentally rotate, manipulate, and twist two- and three-dimensional

stimulus objects” (p. 909). Spatial orientation is defined as “the comprehension of

the arrangement of elements within a visual stimulus pattern, the aptitude to remain

unconfused by the changing orientations in which a spatial configuration may be pre-

sented, the ability to determine spatial orientation with respect to one’s body” (p.
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909).

Linn and Petersen (1985) defined spatial ability in three subcategories: spatial

perception, spatial visualization and mental rotation. Spatial perception was defined

as “the ability to determine spatial relationships with respect to the orientation of

their own bodies, in spite of distracting information” (p.1482). The definition of spa-

tial visualization included “complicated, multistep manipulations of spatially presented

information” (p.1484). Mental rotation was defined as “the ability to rotate, in imagi-

nation, quickly and accurately two- or three-dimensional figures” (p. 1483).

After analyzing over 140 data sets, Carroll (1993) defined spatial ability under

five major factors. These factors were spatial visualization, spatial relations, closure

speed, flexibility of closure and perceptual speed. The factors defined by Carroll (1993)

are shown in Figure 2.1.

Figure 2.1. Major factors of spatial ability based on Carroll’s (1993) analysis.

Maier (1996) also defined spatial ability as combination of five factors: spatial

visualization, spatial relations, spatial perception, mental orientation and spatial ro-

tation. In the meta-analytic study, according to Lohman (1979), spatial ability is

separable in two main subfactors which are spatial relations and spatial visualization

(Pellegrino, Alderton and Shute, 1984).

After the review of the related literature, it can be concluded that majority of the

studies accepted spatial visualization and spatial relations as an essential part of spatial

ability (Alderton, Pellegrino and Shute, 1984; Burnet and Lane, 1980; Clements and

Battista, 1992; Clements, 1998; Contero, 2005; McGee, 1979; Olkun, 2003; Petersen,
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1985). Among these different approaches, the classification of spatial ability by Marti’n-

Dorta and Contero (2008), limited by the authors (Alderton, Pellegrino and Shute,

1984; Burnet and Lane, 1980; Clements and Battista, 1992; McGee, 1979; Olkun, 2003)

was considered in this study. Therefore, main focus of current study is to measure the

subcategories of spatial ability given as follows:

• Spatial Relations: the capability for envisioning rotations of 2D and 3D shapes

as a complete mass (encompasses mental rotation and spatial perception).

• Spatial Visualization: the capability for envisioning rotations of shapes and their

sections in 3-D spatial via folding and unfolding.

2.3. The Importance of Spatial Ability

Researches have shown that spatial ability is necessary for many areas such as

mathematics, engineering, architecture, visual arts and design. According to Diezmann

and Watters (2000), spatial ability is also valuable in careers such as aviation, engi-

neering or technical drawing since interpreting spatial information is needed in these

work areas. There is a wide range of academic works published that aim to prove the

importance of spatial ability and its relevance to other disciplines such as mathematics

(Hegarty and Kozhevnikov, 1999; Schmidt, 2001), geometry (Battista, 1990), science

(Newcombe, 2010) and future career goals. With respect to the focused area and main

objective of the study, literature review regarding the significance of spatial ability

mainly consists of the works related to mathematics and geometry.

Development in visualizing two-dimensional and three-dimensional objects, as a

component of spatial ability, is naturally provided through the middle school curricu-

lum by the study of geometry (Boakes, 2009). Using visualization, spatial reasoning

and geometric modeling to solve problems are given as a standard within geometry

in the Principles and Standards for School Mathematics (NCTM, 2000). Moreover,

NCTM (2010) suggested to include spatial reasoning into the elementary curriculum

(Cheng and Mix, 2014). Elementary mathematics curriculum (MoNE, 2018) in Turkey

also outlines the importance of spatial thinking under mathematical competence. Fur-
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thermore, spatial ability forms a basis for many questions asked in TIMSS and PISA

(Yılmaz, 2009).

In order to investigate the significance of spatial visualization and cognitive de-

velopment for geometry learning, Battista, Talsma and Wheatley (1982) observed 82

preservice teachers enrolled in the geometry course. One of the questions posed in the

study focused on the improvement of spatial ability with the given geometry instruc-

tion. Results revealed that, at the end of the semester, the students who attended

geometry class have significantly higher spatial visualization scores than the begin-

ning of the semester as evaluated by the Purdue Spatial Visualization Test. Unal,

Jakubowski and Corey (2009) conducted a study to investigate presser vice mathemat-

ics teachers’ geometric understanding with respect to their spatial ability. The results

revealed that participants who have poor spatial ability are also low geometry achiev-

ers. In addition, students van Hiele levels varied in each spatial ability level (low, mid,

high) after the treatment. However, participants determined as mid-range in spatial

ability demonstrated the the maximum increase.

Supporting the same view, spatial ability is straightly in relation with accomplish-

ment in geometry, problem solving, and mathematics in general (Guay and McDaniel,

1977; Battista, 1982, 1990; Moses, 1980; Fennema and Sherman, 1977). In 1964, Smith

found that spatial ability has a positive correlation with high-profile mathematical con-

ceptualization. As he stated, people that have greater spatial ability are also more able

to deal with high-level mathematical questions compared to people who have lower

spatial ability. Guay and McDaniel (1977) researched about the connection between

elementary school mathematics success and spatial ability. As a result, significant pos-

itive correlations observed. According to the findings, elementary school children with

high mathematics achievement have greater spatial ability than the students with low

mathematics achievement.

Fennema and Sherman (1977) investigated mathematics achievement of 9th-12th

grade students enrolled in mathematics courses from four schools. The study indicated

that spatial visualization was strongly in a positive relation with mathematics suc-



11

cess considerably as correlated as verbal ability. The results additionally showed that

there was a coherence between the significance of spatial visualization and mathematics

learning in general (Fennema, 1975; Sherman, 1967).

The longitudinal study performed by Fennema and Tartre (1985), investigated

how boys and girls used spatial visualization abilities in fraction problems and word

problems. These students differed in their spatial ability and verbal skill performances

and they were interviewed each year from grade 6 to grade 8. The study indicated

that, in the comparison of students’ usage of spatial abilities, students who have better

spatial visualization abilities tend to apply their spatial abilities in problem-solving

process.

Another research to investigate the importance of spatial ability and problem-

solving abilities related to mathematics was conducted by Alias, Black and Gray (2003).

The study aimed to investigate the effect of activities based on spatial visualization on

engineering students’ problem-solving abilities. They found that spatial visualization

ability improves problem solving because it supported the understanding of structural

behavior.

A research conducted by Booth and Thomas (1999), investigated the mathemati-

cal problem-solving skills of students who differed with respect to visuo-spatial abilities.

The students were divided into two groups and there was no difference between their

mathematical achievement. However, one of the groups were better in visuo-spatial

abilities. During the study, participants were given arithmetic word problems in var-

ious representations. These representations were verbally, with a diagram and with

an image. Findings of the study indicated that students with stronger visuo-spatial

ability also had a higher performance on the given problems compared to the students

with weaker spatial ability.

Kayhan (2005) investigated if spatial ability logical thinking skills and succeeding

in mathematics have a relevance in her research. Research was implemented with

251 ninth grade students in three different high schools. Results show that spatial
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ability have significant positive relationships with mathematics achievement and logical

thinking ability.

A case study conducted by Erbilgin (2003), focused on how 8th grade students’

spatial visualization and achievement effects their multiple representations usage in

the case of linear equations and function problems. Students were purposefully chosen

with respect to their degree of achievement and spatial ability. The results showed that

students with stronger spatial ability performed higher in finding patterns, linear equa-

tions and representations. Therefore, spatial ability of visualization and achievement

have influence on students’ use of multiple representations.

2.4. The Improvement of Spatial Ability

Due to its strongly positive correlation with mathematics, technology, science

and engineering, improving spatial ability have theoretical and practical importance.

In this sense, researchers have done various studies to improve spatial ability. The

meta-analysis of Uttal and Newcombe (2013) has been a significant evidence for im-

proving spatial ability. Researchers analyzed 206 spatial training studies over a 25-year

period and concluded that people of different ages demonstrated development in spatial

abilities by various spatial trainings; video games, spatial task and course.

Considering the approaches to best enhance spatial ability, using different types

of spatial activities are suggested (Alias, 2002; Sorby and Baartmans, 1996a; Olkun,

2003). As Bishop (1973) and Sundberg (1994) mentioned, providing concrete manipu-

latives during instructing enhances middle school students’ spatial ability. Moreover,

both computer and concrete manipulatives can be used to learn certain geometry top-

ics in primary mathematics classroom (Olkun, 2003). Therefore, majority of the ap-

proaches in this part include improving spatial ability with technological and concrete

manipulatives.
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2.4.1. Improving Spatial Ability with Technological Manipulatives

A study conducted by Kurtuluş and Uygan (2010) investigated the effects of

geometry activities and projects prepared with a 3D dynamic sketching software on

preservice mathematics instructors’ spatial visualization skills. Google SketchUp which

is generally a helpful tool to create 3D building models was used for this purpose

and implemented to geometry lesson. Research was a quasi-experimental design with

pre-and posttest including a control group. According to the results, development in

spatial abilities differed significantly. Therefore, Google SketchUp may be a useful tool

to develop spatial ability.

In the quasi-experimental study by Ayub, Saha and Tarmizi (2010), with a

nonequivalent control group posttest only design, examined the effects of using Ge-

oGebra to learn coordinate geometry. Students were categorized according to their

level of spatial ability. The research demonstrated that, students who were better in

spatial abilities showed a higher improvement in Geogebra instruction and traditional

instruction compared to students who had poor spatial ability. Therefore, it was stated

that GeoGebra fosters students’ performance in learning Coordinate Geometry.

In the qualitative study of Kaufmann (2017), Construct3D as geometric tool is

used to develop spatial abilities. The results of the study revealed that Construct3D is

user-friendly, promotes the practice of geometric structures and develops spatial abil-

ity. Similarly, Güven and Kosa (2008) determined how three-dimensional computer-

supported activities created with Dynamic Geometry Software, Cabri 3D effects pre-

service mathematics teachers’ spatial ability. Purdue Spatial Visualization test was

implemented to 40 participants and activities with Cabri 3D software was implemented

for 8 weeks. The findings of the study showed that there was a significant difference

between students’ pretests and posttests. Therefore, computer supported activities

were stated to provide development in participants’ spatial abilities.

Wolford and De Lisi (2002) examined the development of spatial ability by investi-

gating the relation between mental rotation and computer game-playing. Forty-seven
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children from third grade participated 11 different computer game performance and

completed a two-dimensional pre- and post-tests of Mental Rotation. Results showed

that, the students in the experimental group performed significantly higher than the

students in the control group on the post-test, but not on the pre-test. In addition,

children who played computer games improved their mental rotation abilities. The find-

ings suggested that activities which are designed based on computer might be helpful

in developing students’ spatial ability (Wolford and De Lisi, 2002).

An experimental research carried out by Çelik, Karaca and Toptaş (2012), in-

vestigated the effect of three-dimensional modeling application on 8th grade students’

spatial ability. Study was conducted with 82 students. During the six weeks, the ex-

perimental group (n=42) had computer-based instruction whereas the control group

(n=40) had traditional instruction without a computer experience. The participants

responded differential aptitude, mental rotation and spatial visualization tests before

and after treatment. The findings revealed a difference between the pre- and post-tests

which was significant. In addition, the modeling program influenced students’ spatial

progression positively and it may improve spatial ability (Çelik, Karaca and Toptaş,

2012).

The study conducted by Rafi (2005) investigated whether a group of pre-service

teachers improved their spatial abilities using Web-based Virtual Environments (WbVE).

98 pre-service teachers who initially experienced a course of Computer Aided-Design

(CAD) attended the research. The participants were administered tests about mental

rotation and spatial visualization before and after a five-week spatial training. At the

end of the instructional treatment with WbVE, findings revealed a significant differ-

ence in pre-service teachers’ final test scores. In addition, WbVE was more powerful

in learning compared to the traditional classroom practices. In addition, findings also

indicate that experiencing 3D virtual objects have a considerable aid to comprehend

spatial shapes.
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2.4.2. Improving Spatial Ability with Concrete Manipulatives

Cheng and Mix (2014) examined a study about spatial ability and mathematics

achievement. They investigated the development in math performance due to mental

rotation training in children aged between 6 and 8. Fifty-eight children were admin-

istered two spatial tests and one math test before and after the 40-minute training.

Children practiced mental rotation in the spatial training session which included object

completion task. The study showed that even a short amount of spatial training could

improve children’s math performance, significantly on calculation problems (Cheng and

Mix, 2014).

Olkun (2003), aimed to provide engineering drawing applications in order to im-

prove middle school students’ spatial abilities. One reason for choosing engineering

applications was because it has practical implications in real life. Secondly, concrete

experience with geometrical objects and freehand sketching were proved to improve

students’ spatial visualization abilities. The conclusion of the research indicated the

significance of spatial ability and improvement could be possible with engineering draw-

ing activities (Olkun, 2003).

Mohler and Miller (2009) investigated the effectiveness of mentored sketching for

improving engineering students’ sketching and spatial abilities. Researchers claimed

that freehand sketch is one of the main approaches for advancing technical sketching

and visualization abilities. As a result of the study, mentored sketching emerged as an

important approach for enhancing sketching skills and spatial ability.

Similarly, Alias, Black and Gray (2002) conducted a pre- and post-test quasi-

experimental design to examine how activities based on manipulating and sketching

effect visualization skills of engineering students. Participants in the treatment group

manipulated objects and studied sketching by observing and imaging in structural

design class. Meanwhile, the participants in the control group continued their regular

structural design class. The treatment group performed statistically higher than the

control group. It was stated that concrete and practical such like spatial activities
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improve students’ spatial ability (Alias, 2002).

Another study investigated how geometry instruction based on origami effected

tenth-grade students’ geometry performance, geometric thinking and spatial visual-

ization (Arıcı and Tutak, 2015). Study was a pre- and post-test quasi-experimental

design where control group received traditional instruction and experimental group

received origami-based instruction for 4 weeks. Students’ spatial visualization ability

was measured with spatial ability tests and geometry performance was measured with

a geometry achievement test developed by the researcher. According to the Spatial Vi-

sualization test, significant difference between students’ spatial ability was detected in

favor of the experimental group. Similarly, experimental group performed significantly

higher in geometry achievement and geometry reasoning post-tests.

In a blended method research design, Kurtuluş and Yolcu (2013) aimed to im-

prove sixth-grade Turkish students’ spatial visualization ability. The implication con-

sists of concrete manipulatives, computer practicing and paper representations. In

order to assess the achievement in spatial ability, researchers designed Block of Cubes

Test according to the Turkish primary education mathematics curriculum regarding;

visualizing different view images of 3D forms made from unit cubes, interpreting two

dimensional pictorial representations of 3D shapes and finding faces of the cube. In

addition, clinical interviews were done to understand students’ mistakes concerning

spatial reasoning while solving problems. According to the findings emerged from the

data collected through pre-and post-test, students improved their spatial ability and

understood three-dimensional structures more easily with the approaches used in the

study. (Kurtuluş and Yolcu, 2013).

In the study of Baki, Kosa and Güven (2011) about spatial ability, technological

and concrete manipulatives were compared. Authors investigated the effects of geom-

etry program on computer and concrete manipulatives on pre-service math teachers’

skills of spatial visualization. One of the experimental groups received an instruction

with Dynamic Geometry Software (DSG) while the other group used concrete manip-

ulatives. The students in the control group received traditional instruction. All three
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treatment groups were administered the Purdue Spatial Visualization Test for a pre-

and post-test. According to the results of the study, effect of concrete manipulatives

and DSG-based types of instruction on improving spatial visualization skills were sig-

nificant compared to the traditional instruction. Moreover, the group who received

geometry software instruction showed a higher improvement compared to the group

who used concrete manipulative in the views section of the Purdue Spatial Visualiza-

tion Test.

There are also studies that investigated the effectiveness of both concrete and

technological manipulatives on improving spatial ability in the literature (Furner and

Marinas, 2006; Olkun, 2003; Yurt and Sümbül, 2012). Yurt and Sümbül (2012) in-

vestigated spatial ability and mental rotation skills by examining concrete objects and

modeling based activities using virtual environments. The research was designed as

a pretest and posttest experimental design on eighty-seven 6th grade students. The

duration of the experiment was 9 weeks and several different models were developed

to be used. Experimental Group 1 used to link cubes as concrete manipulatives and

Experimental Group 2 used Cubix Editor for virtual environment. According to the

results of the study, improvement in spatial thinking skills of Experimental Group 1

was significantly higher than Experimental Group 2 and the Control group. However,

mental rotation skills improved significantly higher in Experimental Group 2 compared

to the rest of the groups. Therefore, the researchers suggested that it was better to use

both virtual environments and concrete manipulatives for improving spatial abilities

(Yurt and Sümbül, 2012).

Another study conducted by Olkun (2003), compared computer and concrete

objects to learn 2D geometry. Ninety-three students from 4th and 5th grade participated

in the pretest, treatment and posttest experimental design study. In order for students

to discover the relationship between 2D geometric figures, Tangram activity designed

by the researcher was used. During the treatment, one of the three groups worked with

Tangrams based on computer whereas the other group worked with Tangrams made

from wood. Control group did not have an intervention. According to the results of

the study, computer and concrete groups had significant improvement in their spatial
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abilities. However, students who received computer instruction improved relatively

more than the students who received concrete instruction. In addition, fourth graders

took more advantage of the concrete materials whereas fifth graders gained more from

the computer manipulatives.

Furner and Marinas (2006), used a sketching program for teaching geometrical

notions to elementary students. The researchers developed resources involving hands-

on and technological applications that are easy to use. During the study, elementary

students were more active in learning while using geometry software and they also took

advantage of hands-on manipulatives for configuring their geometrical thinking. It can

be said that, sketching software can be helpful for young children to transform their

concrete understanding of mathematics to more abstract ideas.
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3. SIGNIFICANCE OF THE STUDY

Geometry is an important necessity of understanding mathematics and our en-

vironment. However, it is well known that students have difficulties in understanding

and interpreting geometry. Studies have indicated the importance of spatial ability

and its positive relevance to mathematics and geometry (Battista, 1982 & 1990; Guay

and McDaniel, 1977; Fennema and Sherman, 1977; Mix and Cheng, 2012; Moses, 1980;

Schmidt, 2002). Therefore, the improvement in spatial ability becomes an important

part of geometry achievement.

Due to the strong relationship between geometry and spatial ability, various in-

class activities needed to be designed to develop these abilities of students (Clements

and Battista, 1992). The activities used in the study are designed to meet the needs

of three of the instruction groups and according to the objectives in the 5th grade

mathematics curriculum. The study consists of three different instructional methods

(technology-based, hands-on and blended instruction) to teach geometry topics. There-

fore, it is aimed to investigate the effect of using technological, hands-on and both type

of manipulatives on students’ spatial ability and geometry achievement.
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4. STATEMENT OF THE PROBLEM

The present study questions the effect of using different instructional methods

(technology-based instruction, hands-on instruction and blended instruction) to teach

geometry topics on fifth grade students’ spatial ability and geometry achievement.

4.1. Variables and Operational Definitions

4.1.1. Variables

The independent variable of this study is the method of instruction. The depen-

dent variables of the study are students’ spatial ability and geometry achievement.

4.1.2. Operational Definitions

The following operational definitions should be clarified in order to understand

the research questions of the study:

Technology-based Instruction: Technology-based instruction refers to the set of

geometry lessons which desktop and tablet computers are used to teach geometry con-

cepts. The fifth-grade geometry topics include polygons, quadrilaterals, triangles and

rectangular prisms.

Hands-on Instruction: The hands-on instruction in this study refers to the set of

geometry lessons which concrete materials are used to teach geometry concepts. Poly-

gons, quadrilaterals, triangles and rectangular prisms are included as the fifth-grade

geometry topics.

Blended Instruction: The blended instruction in this study refers to an equal

combination of the technology-based and hands-on instruction. Computers, tablet com-

puters and concrete materials are used during the blended instruction. The same topics
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with previous two instructions were covered in this method.

Spatial Ability: Spatial ability was investigated under two sub skills according to

the definition of Marti’n-Dorta, Saori’n, and Contero (2008) where they defined spatial

ability as;

(i) Spatial Relations: the capability for envisioning rotations of 2D and 3D shapes as

a complete mass (encompasses mental rotation and spatial perception).

(ii) Spatial Visualization: the capability for envisioning rotations of shapes and their

sections in 3-D spatial via folding and unfolding.

Geometry Achievement: In the present study, geometry achievement score of a

student referred to the score obtained from the Geometry Achievement Test (GAT) on

angles, polygons, quadrilaterals, triangles and rectangular prisms which was prepared

by the researcher.

4.2. Research Questions

The following research questions were investigated in this study:

(i) Is there any significant difference in spatial ability between fifth-grade students

who participate in technology-based instruction, students who participate in

hands-on instruction and students who participate in blended instruction as mea-

sured by,

• Purdue Visualization of Rotations (ROT) test?

• Differential Aptitude Test: Space Relations (DAT:SR)?

(ii) Is there any significant difference in geometry achievement concerning 5th grade

geometry topics measured by Geometry Achievement Test (GAT), between fifth-

grade students who participate in technology-based instruction, students who

participate in hands-on instruction and students who participate in blended in-
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struction.

4.3. Statements of the Research Hypotheses

This study hypothesized that there would be significant differences in terms of

spatial ability and geometry achievement concerning polygons, quadrilaterals, trian-

gles and rectangular prisms among the groups of fifth-grade students who received

technology-based instruction, hands-on instruction and blended instruction. Specifi-

cally, the hypotheses are given for the corresponding research questions as the following:

• There is a significant difference in spatial ability measured by the Purdue Visual-

ization of Rotations (ROT) test between fifth-grade students who participate in

technology-based instruction, students who participate in hands-on instruction

and students who participate in blended instruction.

• There is a significant difference in spatial ability measured by the Differential

Aptitude Test: Space Relations (DAT:SR) between fifth-grade students who par-

ticipate in technology-based instruction, students who participate in hands-on

instruction and students who participate in blended instruction.

• There is a significant difference in geometry achievement concerning 5th grade

geometry topics measured by Geometry Achievement Test (GAT) between fifth-

grade students who participate in technology-based instruction, students who

participate in hands-on instruction and students who participate in blended in-

struction.
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5. METHODOLOGY

5.1. Design

In the study, pretest-treatment-posttest quasi experimental design was used.

Three classes attended the study. First group got instruction with technology-based

activities, whereas the second group with hands-on activities and the third group with

blended activities which was an equal distribution of the technological and hands-on

activities. The study was implemented in seven weeks including the administration of

pretests and posttests. All the groups received twenty hours of instruction in total.

The weekly hours of instruction were four hours. However, sometimes it varied among

three groups due to unscheduled events in the school. The researcher recovered any

unscheduled lesson loss during the implementation of the study. A lesson hour accounts

for 40 minutes. The procedure of the research is described in Table 5.1.

Table 5.1. Research design of the study.

Pre-Treatment Measuring

Treatment

After Treatment

Instruments Measuring Instruments

The Purdue Spatial Hands-on instruction The Purdue Spatial

Visualization Test: with Group 1 Visualization Test:

Rotations (ROT) Technology-based Rotations (ROT)

instruction with Group 2

Differential Aptitude Test: Blended instruction with Differential Aptitude

Space Relations (DAT:SR) Group 3 Test: Space Relations

(DAT:SR)

Geometry Achievement Pretest Geometry Achievement

(PreGAT) Posttest (PostGAT)

5.2. Participants

The student sample for this investigation was drawn from the fifth-grade popu-

lation of a private middle school in Ümraniye town of Istanbul city, in Turkey. The
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sample of the study consisted of 57 students. Table 5.1 illustrates the demographic

profile of the sample.

The students were generally similar on their socioeconomic backgrounds. Most

of the parents were white-collar workers and had an education at the university level.

They had a high level of income because the annual tuition of the school was above

the average compared to the other private schools in Istanbul.

The school provides computers, tablet computers and various technological de-

vices as well as course-related concrete materials, as educational equipments for all

courses. In this sense, school have several computer laboratories and a mathematics

room designed with concrete mathematics and geometry materials. Therefore, students

were familiar with using technology and hands-on manipulatives during mathematics

lessons as well as in other courses.

In total, there were six classes at the fifth-grade level however, three of them

were chosen as the sample. The researcher was also the instructor of the mathematics

classes. The three 5th grade classes were administered to the instructor at beginning

of the school year. Students were placed in the classes by the school administration

according to their choice of secondary language lesson. In addition, students’ academic

success and behavioral orientation to school were also considered during the distribu-

tion of the classes in order to create homogenous groups. The instructional methods

were randomly assigned to the classes as technology-based, hands-on and blended in-

struction.

Table 5.2. Demographic characteristics of the sample.

Groups Females Males Total

Group 1 8 12 20

Group 2 8 12 20

Group 3 7 10 17

Total 23 34 57
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5.3. Instruments

5.3.1. The Purdue Spatial Visualization Test: Rotations (ROT)

Guay (1977) generated a test named as “The Purdue Spatial Visualization Test:

Rotations (ROT)” that evaluates how well the attendants are able to imagine rotational

changes of three-dimensional objects (see Appendix A). The test was employed to

evaluate imagination capability of examinees in this study. The test initially starts with

a sample question describing the steps necessary to solve the questions. The directions

simply explain participants the way object at the first row for the problem was rotated

and imagine how the object in the problem seems like after rotated completely in

an identical way. Thereafter, participants are asked to select the right drawing for

the shape out of five given alternatives. This part of the test was explained by the

researcher to the students in the beginning of the lesson considering their age level.

The 20-item version of the test was used by the researcher. Item 2 from 20-item ROT

test is shown in Figure 5.1. The duration of the test was 40 minutes and graded with

the key generated by the author.

Figure 5.1. A sample Question from The Purdue Spatial Visualization Test:

Rotations (ROT).
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5.3.2. Differential Aptitude Test: Space Relations (DAT:SR)

The Differential Aptitude Test: Space Relations (DAT:SR) is generated to evalu-

ate the skills for envisioning a three-dimensional object that refers to a two-dimensional

pattern (see Appendix A). It measures the ability of an individual to accurately imag-

ine the given two-dimensional pattern in three-dimensional space. Despite essentially

including 60-items, only first 20 items were implemented by the researcher. The test is

consisted up of 20 patterns that are able to be folded into shapes. There are four figures

given at the right-hand side of all patterns. The participants are asked to choose the

right figure that may possibly be reached via the given pattern. The test starts with

two example questions including their reasonings for the correct answers. Although all

four of the figures may have the right form, just one of them is possible to be reached

from the given pattern. The duration of the test was 40 minutes and graded with the

key generated by the author. Item 9 from the DAT:SR is shown in Figure 5.2.

Figure 5.2. A sample Question from The Differential Aptitude Test: Space Relations

(DAT:SR).

5.3.3. Geometry Achievement Test (GAT)

The Geometry Achievement Test (GAT) was employed for gathering data on ge-

ometry achievement about polygons, quadrilaterals, triangles and rectangular prisms

of fifth grade students (see Appendix B). For content validity, the questions were pre-

pared according to the advices of experts in mathematics education and covered objec-

tives determined from the fifth-grade mathematics curriculum of the 2017-2018 school

period. The objectives are mainly about the elements; angles, and perimeter of tri-

angles and quadrilaterals, area of rectangle, elements and surface area of rectangular
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prisms. Similar questions parallel to the objectives of GAT were used as pretest and

posttest. PreGAT (Geometry Achievement Pretest) and PostGAT (Geometry Achieve-

ment Posttest) involves 14 items. Some items include two or three sub-questions. The

GAT consists of mostly open-ended questions where explanations, calculations and

drawings were required. However, one of the sub-questions of the two items are multi-

ple choice. In addition to the objectives covered during the treatment, the objectives

M.5.2.1.4. and M.5.2.1.4. were included in the GAT. These objectives were added by

the researcher due to their strong relation with the content. Objectives covered in the

GAT are shown in Table 5.3. The GAT was developed and piloted by the researcher.

The pilot study was implemented in one of the fifth-grade classes that did not involve

in the study with the permission of that classes’ mathematics teacher. After the pilot

study, the duration for GAT was determined as 50 minutes and students’ misunder-

standings during the exam were noted by researcher. Important parts of the questions

were rewritten in bold and extra space was given for the questions 5, 10 and 14.

A rubric was prepared by the researcher and approved by an expert in mathe-

matics education (see Appendix B for the rubrics of the tests). The score of each item

differs in terms of its content. First the steps to solve each question were determined,

and then the points were assigned accordingly. The minimum point for any correct an-

swer was determined as 1 to prevent scores with decimals. The possible maximum score

for preGAT was 85 and for postGAT it was 90. In order to make comparison between

the scores of preGAT and postGAT, the results of the both tests were recalculated as

out of 100 points.
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Table 5.3. Objectives covered in the Geometry Achievement Test (GAT)

Objectives

M.5.2.1.4. Constructs acute, right and obtuse angles based on an angle of 90◦.

M.5.2.1.6. Constructs line segments that are parallel to a given line segment

, interprets whether the drawn line segments are parallel or not.

M.5.2.2.1. Names polygons, constructs and introduces its basic elements.

M.5.2.2.2. Constructs and classifies triangles according to their angles and sides.

M.5.2.2.3. Defines and draws basic elements of a rectangle, parallelogram, rhombus and trapezoid.

M.5.2.2.4. Defines interior angles of a triangle and quadrilateral and finds the missing angle.

M.5.2.3.2. Calculates perimeter of triangles and quadrilaterals, constructs different shapes with given

perimeters.

M.5.2.4.1. Calculates area of the rectangle by using centimeter square and meter square.

M.5.2.4.2. Estimates a given area by using centimeter

square and meter square.

M.5.2.4.3. Constructs different rectangles with a given area.

M.5.2.4.4. Solves problems that require calculating the area of a rectangle.

M.5.2.5.1. Introduces rectangular prism and determines its basic elements.

M.5.2.5.2. Draws net of rectangular prisms and decides if a given net belongs to a rectangular prism.

M.5.2.5.3. Solves problems that require calculating the surface area of the rectangular prism.

5.4. Procedure

The study was conducted in seven weeks including pretest and posttest periods.

Before the treatment, all participants received pretests. Initially, spatial visualization

tests (DAT:SR, ROT) were administered. Then, GAT was administered respectively.

Participants were informed about directions and purpose of the tests. The researcher

explained that information gathered would remain confidential. Students were in-

formed as the gathered data will be beneficial for educational studies in the future in

mathematics, yet the test scores will not affect their school grades. The time schedule

for the study is presented in Figure 5.3.
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Table 5.4. Time schedule for the study.

Time Administration

16 - 20
Administration of Pretests

April 2018

23 - 27 Instruction on elements of polygons, classification

April 2018 and constructing triangles

according to their side and angles

30 April - 4 Instruction on elements of quadrilaterals, drawing

May-18 quadrilaterals, sum of interior angles

of triangles and quadrilaterals

7-Nov Instruction on finding the perimeter

May-18 of triangles and quadrilaterals as well as constructing

these shapes with a specified perimeter, area of

a rectangle and estimating a specified rectangular area

14 - 18 Instruction on constructing different rectangles

May-18 with a given area, solving area of rectangle

problems and elements of rectangular prisms

21 - 25 Instruction on drawing the nets of rectangular

May-18 prisms as well as determining the closed shapes

of given nets, solving area of rectangular

prism problems

28 May ?
Administration of Posttests

1 June

The treatment began after the pretests were completed. The researcher instructed

one class with technology-based activities, one class with hands-on activities and one

class with blended activities. All groups used their mathematics booklets and math-

ematics books in addition to their activities to make sure that each class follows the

5th grade mathematics curriculum and the time table determined by the mathemat-

ics teachers in the school. In order to be consistent with the mathematics curriculum
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(MoNE, 2018), the objectives of the fifth-grade mathematics curriculum were taken into

consideration in designing the instructions in all three groups. The technology-based

instruction group used the computers in the laboratory and their tablet computers dur-

ing the treatment. The hands-on group used geoboards, unit cubes, solid rectangular

prisms, concrete 2D polygons and other materials needed during the treatment such

as ruler, scissors, dice, squared and dot paper.

The treatment lasted seven weeks. All the groups received instruction with their

own type of activities for twenty hours in total. However, blended group received ten

hours of technology-based and ten hours of hands-on instruction. The activities were

blended in the sequence of one technology-based and one hands-on. In addition, when

there were more than one similar type of activity, the blended instruction done one

type of each. For instance, the treatment includes four different geoboard activity,

therefore blended instruction group used two hours of concrete and two hours of online

geoboards. After completing the lessons, posttest data were collected by administering

postGAT and re-administering spatial ability tests (DAT:SR, ROT).

5.5. Treatment

Twelve objectives were covered during the treatment. Each group received four

lesson hours of weekly instruction for five weeks. The activities were prepared based on

alignment with the objectives of fifth grade mathematics curriculum for all the groups.

The topics that must be covered in the chosen time interval according to MoNE were

integrated with the activities. Objectives covered in each week are shown in Table 5.5.

During the study, no additional teaching was done other than the objectives of MoNE,

however, the manipulatives were differentiated according to the type of instruction

among the groups. As a part of the study, the researcher prepared online and hard-

copy versions of the worksheets for technology-based and hands-on instruction.

Students in the hands-on instruction group used manipulatives such as, concrete

2D geometric shapes, sticks (toothpick, straw), geoboards, unit squares, unit cubes,

concrete prisms and tools such as dice, ruler and scissors. Students used geoboards to,
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Table 5.5. Objectives covered in each week.

Week Objectives

1

M.5.2.2.1. Names polygons, constructs

and introduces its basic elements.

M.5.2.2.2. Constructs and classifies triangles

according to their angles and sides.

2

M.5.2.2.3. Defines and draws the basic elements of

rectangle, parallelogram, rhombus and trapezoid.

M.5.2.2.4. Defines the interior angles of triangle

and quadrilateral and finds the missing angle.

3

M.5.2.3.2. Calculates the perimeter of triangles and quadrilaterals,

constructs different shapes with given perimeters.

M.5.2.4.1. Calculates the area of the rectangle by using centimeter

square and meter square.

M.5.2.4.2. Estimates a given area by using centimeter

square and meter square.

4

M.5.2.4.3. Constructs different rectangles

with a given area.

M.5.2.4.4. Solves the problems that require calculating

the area of rectangle.

M.5.2.5.1. Introduces the rectangular prism and determines

its basic elements.

5

M.5.2.5.2. Draws the net of rectangular prisms and decides

if a given net belongs to a rectangular prism.

M.5.2.5.3. Solves the problems that require calculating the

surface area of the rectangular prism.
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construct triangles, quadrilaterals, polygons and found the perimeter and the area of

geometric shapes. They cut and drew shapes using dot/squared paper. Unit squares

and unit cubes are used to construct 2D and 3D shapes. Students observed concrete

prisms’ properties, nets and surface area in the activities. They constructed the net

and the closed shape of a rectangular prism. During the implementation, the researcher

used the mathematics room in the school which motivated the students as they spent

time in a different environment. Appendix C can be seen for a sample lesson description

of hands-on instruction.

Technology-based instruction consisted of various manipulatives available on com-

puters and tablet computers. These manipulatives included online geoboard, GeoGebra

geometry application, educational computer games and Google Classroom for commu-

nication and online documentary tools. Students in the technology-based instruction

constructed triangles, quadrilaterals and found their perimeter and area by using online

geoboards. A dynamic geometry software, GeoGebra, enabled students to observe the

animations of geometric shapes and draw 2D and 3D shapes by using squared and iso-

metric backgrounds. The computer laboratory and tablet computers were used during

the activities. Therefore, in order to ensure that each student have their technological

device ready-to-use every day, the researcher mostly preferred to use the computer

laboratory in the school. Appendix C can be seen for a sample lesson description of

technology-based instruction.

The blended instruction group used the technological devices such as computers

in the laboratory, tablet computers and concrete manipulatives in the mathematics

room during the study. The technological and hands-on activities were equally dis-

tributed in the blended instruction. For instance, the activities were mostly arranged

as one technology-based and one hands-on so that students used both the online and

the concrete geoboards equally. The types of instruction chosen for each objective in

blended group is shown in Table 5.7-Table 5.11.
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5.5.1. Instructional Activities

Instructional activities were designed equivalent with respect to their quality of

instruction for both technology-based and hands-on instruction groups. The researcher

prepared the activities and the related worksheets (both hardcopy and softcopy) ac-

cording to the advices of experts in mathematics education. Description of an activity

example for hands-on instruction and technology-based instruction is given in Table

5.6. Worksheets were designed as hardcopy and softcopy for the groups. Students

used their Gmail accounts to send their products, Google Classroom when links of

the applications and announcements were needed to be shared and online document

tools of Gmail for worksheets of the activities. Details of the activities chosen for each

instruction group for five weeks are shown in Table 5.7-Table 5.11.

Figure 5.3. Description of the “Construct Your Own Triangle” activity.
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5.5.2. Teacher’s Observation

5.5.2.1. Technical Issues. Students in each instructional group were familiar with us-

ing technological and concrete materials within the context of school lessons. In this

sense, the researcher did not spend extra time for students to become familiar with the

materials used in the study. The reservations for computer laboratories and mathemat-

ics room were booked according to the classes’ schedules by the instructor/researcher

each week. Technical problems (students’ forgotten passwords, broken computers, in-

sufficient number of computer tablets) in the technology-based instruction and blended

instruction group were fixed with the aid of computer teachers and information tech-

nologists in the school. Students in the hands-on instruction and blended instruction

group were informed about the required materials before the lessons and most of the

materials were provided from the school in order to avoid problems. As the researcher

were familiar with students and informed about the physical conditions of the school

before the study, technical problems were minimized or at least did not affect the

procedure.

5.5.2.2. Student Engagement. Student engagement increased in each instruction group

during the study. Students in the technology-based instruction group gave more at-

tention to the lessons compared to the beginning of the year. Students mentioned that

they enjoyed using computers and tablet computers within the lessons. Therefore, they

became more active during the activities as they liked using technology. Students were

also motivated when they were going to the computer lab because they were happy

to have the lesson in a different place rather than their regular class. However, they

tended to behave as they were going to play an educational game whenever they went

to the computer laboratory or used their tablet computers in the first week. This

perception of students changed as they got used to the setting of the lessons. At the

end of the study, students comprehended that using technological devices can be part

of the lessons, not only for playing games. Therefore, they became more serious to

technology integrated lessons through the study.
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Students in the hands-on instruction group was the most energetic group in three

of the classes. They became more focused when they used hands-on materials in every

lesson. The students who avoided activities that required to cut, paste, measure and

draw became more active learners as they became familiar with using these skills.

They learned how to focus in the lessons with the help of concrete manipulatives.

In addition, students improved their communication skills in group activities. They

became more friendly to each other. At the end of study, students’ awareness to

mathematics increased as a class and an improvement was seen in their GAT scores

and common mathematics exam scores. Moreover, the class became more focused and

calmer. Therefore, a better learning environment was achieved through the study.

Blended instruction group was highly motivated since they were using both hands-

on activities and computers. They were also more active in mathematics lessons com-

paring to the beginning of the year and became better at using technology in the school

context through the lessons. Moreover, they enjoyed using different places in the school

such as the mathematics room and computer laboratory in addition to their regular

class.
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6. RESULTS

In this section of study, results are arranged to provide answers for each research

question by comparing the three types of instruction with respect to participants’

spatial ability and geometry achievement levels. A non-parametric Kruskal Wallis Test

was applied for comparing the mean of the scores obtained from geometry achievement

and each spatial ability test. Kruskal Wallis test was chosen due to the small size of

the groups (n<30).

6.1. Results for Spatial Ability Tests Analyses

In order to determine the effect of instruction on participants’ spatial ability,

Purdue Visualization of Rotations (ROT) test and Differential Aptitude Test: Space

Relations (DAT:SR) were administered before and after the instruction. The results

of the analyses are presented as follows.

6.1.1. Results for the Purdue Visualization of Rotations (ROT) Test Anal-

yses

The ROT was administered to measure how well the participants visualized the

rotation of three-dimensional objects. ROT was conducted to determine the effect of

instruction type on participants’ spatial ability. The results related to the adminis-

tration of the ROT before and after treatment were evaluated for technology-based,

hands-on and blended groups. Scores were evaluated by obtaining the number of cor-

rect answers. The descriptive statistics were conducted to compare participants’ mean

scores in three of the instructional groups are represented in Figure 6.1. Descriptive

statistics for preROT scores of the groups indicated that the mean scores of technology-

based, hands-on and blended instruction groups were M=7.85, M=6.25 and M=6.59,

respectively. The postROT mean scores of the groups were M=10.30, M=8.35 and

M=10.41, again respectively.
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Table 6.1. Descriptive statistics for the preROT and postROT scores

Groups N preROT Mean SD postROT Mean SD

Technology-based 20 7.85 3.80 1.30 3.61

Hands-on 20 6.25 1.94 8.35 2.00

Blended 17 6.59 2.18 1.41 2.29

The mean scores of pretest, posttest and percent increase of the postROT for

each group were summarized in the graph given in Figure 6.1. The percent increase

of hands-on, blended and technology-based group were 33.60%, 57.97% and 31.21%

respectively. The blended instruction group has the highest increase in ROT with

57.97%.

Figure 6.1. Percent increases in postROT scores.

A Kruskal-Wallis Test was conducted to determine whether there is a difference

among the participants’ preROT scores. Table 6.2 shows the results of Kruskal-Wallis

Test for ROT. The analysis revealed statistically no significant difference (p > 0.05) in

preROT scores of participants across three different instruction groups (Gp-T, n=20:

technology-based, Gp-H, n= 20: hands-on, Gp-B, n=17: blended), x2(2, n = 57) =

1.759, p = 0.415. Therefore, the groups were regarded as similar in terms of their

spatial ability as measured by ROT before the treatment.
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Table 6.2. Results of Kruskal-Wallis Test for preROT.

Groups N Mean Rank Chi-Square df Sig.

Technology-based 20 32.58

Hands-on 20 25.70 1,759 2 0.41

Blended 17 28.68

Wilcoxon Signed Rank Test was conducted to determine the effect of instruction

on spatial ability in each group by comparing the pretest and posttest scores of the

ROT. The results of the test are represented in Table 6.3. Results revealed a statisti-

cally significant increase in scores of ROT statistics in technology-based instruction (z

= -3.31, p < .001, r = 0.52), hands-on instruction (z = -3.20, p < .001, r = 0.50) and

blended instruction (z = -3.63, p < .000, r = 0.62). In each group, the results indicate

that the effect size was large (r > 0.5 for all the instructional methods) with respect

Cohen (1988) criteria of 0.1 = small effect, 0.3 = medium effect, 0.5 = large effect.

Table 6.3. Wilcoxon Signed Rank Test for results of preROT and postROT.

Groups N Z Effect size Sig.

Technology-based 20 -3.31 0.52 0.01

Hands-on 20 -3.20 0.50 001

Blended 17 -3.63 0.62 0.00

In order to examine the effect of instructional methods on spatial ability among

the groups, posttest scores of ROT were compared by using the Kruskal-Wallis Test.

Table 6.4. shows the result of Kruskal-Wallis Test for ROT. The analysis showed a sta-

tistically significant difference (p < 0.05) in postROT scores among different instruc-

tion groups (Gp-T, n=20: technology-based, Gp-H, n= 20: hands-on, Gp-B, n=17:

blended), x2(2, n = 57) = 8.017 p = 0.018.
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Table 6.4. Results of Kruskal-Wallis Test for postROT

Groups N Mean Rank Chi-Square df Sig.

Technology-based 20 32.58

Hands-on 20 20.68 8,017 2 0.018

Blended 17 34.59

As shown in Table 6.4 postROT scores of technology-based, hands-on and blended

group were found to be significantly different (p < 0.05). Mean ranks inspected that

blended instruction group has the highest overall ranking. In order to determine which

of the groups are statistically significantly different from one another in terms of ROT

posttest scores, Mann-Whitney U tests between pairs of groups were conducted. Table

6.5. represents the analysis results of the posttest scores of the groups. Mann-Whitney

U test for hands-on and blended groups revealed significant difference in ROT posttest

scores, U = 79.00, z = -2.806, p = 0.05.

Table 6.5. Results of the Mann-Whitney U Test for the postROT scores.

Groups N Mean Rank Z U
Sig.

(2-tailed)

Hands-on 20 14.45

Blended 17 24.35 -2,806 79.00 0.05

Hands-on 20 16.73

Technology-based 20 24.28 -2,057 124.50 0.04

Blended 17 19.24

Technology-based 20 18.80 -0.123 166.00 0.902

Similarly, there was a significant difference in ROT posttest scores of hands-on

and technology-based instruction groups according to the results shown in Table 6.5. U

= 124.500, z = -2.057, p = 0.04. However, no significant difference between technology-

based and blended instruction groups were found according to the Mann-Whitney U

Test, U = 166.00, z = -0.123, p = 0.902. The results were summarized in Table 6.5.
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The data analysis showed that technology-based instruction (p = 0.04) and blended

instruction (p = 0.05) improved participants’ spatial ability significantly more than the

hands-on instruction measured by the ROT.

6.1.2. Results for the Differential Aptitude Test: Space Relations (DAT:SR)

Analyses

The DAT:SR evaluated if a participant could visualize a two-dimensional pat-

tern in three-dimensional space. DAT:SR was implemented to investigate the effect

of instruction type on participants’ spatial ability. The results for the pretest and

posttest of DAT:SR were measured for technology-based, hands-on and blended in-

struction groups. Scores of the DAT:SR were measured according to the number of

correct answers in the test. In order to compare participants’ mean scores in three of the

instruction groups, descriptive statistics were used. According to the descriptive statis-

tics results, preDAT mean scores of technology-based, hands-on and blended groups

were M=12.65, M=12.30 and M=13.06. The postDAT mean scores were M=15.30,

M=14.85and M=16.35. The table 6.6. represents the detailed descriptive statistics of

the DAT scores.

Table 6.6. Descriptive statistics for the preDAT and postDAT scores.

Groups N preDAT Mean SD postDAT Mean SD

Technology-based 20 12.65 3.54 15.30 3.31

Hands-on 20 12.30 4.28 14.85 3.60

Blended 17 13.06 3.21 16.35 2.37

The pretest and posttest average scores of DAT and the percent increase for

each instruction group were shown in the graph given in the Figure 6.2. The percent

increases of hands-on; blended and technology-based group were 20.73%, 25.19% and

20.95%. The blended instruction group has the highest percent of increase with 25.19%.
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Figure 6.2. Percent increases in postDAT scores.

In order to determine whether there is a difference in participants’ preDAT scores,

Kruskal-Wallis Test was conducted. Table 6.7 shows the results of Kruskal-Wallis Test

for DAT. The analysis revealed no statistically significant difference (p > 0.05) in

preDAT scores of participants across three different instruction groups (Gp-T, n=20:

technology-based, Gp-H, n= 20: hands-on, Gp-B, n=17: blended), x2(2, n = 57) =

0.365, p = 0.83. Therefore, the groups were regarded as similar in terms of their spatial

ability as measured by DAT before the treatment.

Table 6.7. Results of Kruskal-Wallis Test for preDAT.

Groups N Mean Rank Chi-Square df Sig.

Technology-based 20 29.18

Hands-on 20 27.40 0.365 2 0.83

Blended 17 30.68

The effectiveness of the instruction on spatial ability in each group were examined

by comparing the pretest and posttest scores of the DAT by using the Wilcoxon Signed

Rank Test. As it is shown in Table 6.8. the results of the Wilcoxon Signed Rank

Test revealed a statistically significant increase in DAT scores in technology-based

instruction (z = -3.86, p < .000, r = 0.61), hands-on instruction (z = ?3.78, p < .000,

r = 0.59) and blended instruction (z = ?3.54, p < .000, r = 0.56). In each group, the
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results indicate that the effect size was large (r > 0.5 for all the instructional methods)

with respect Cohen (1988) criteria of 0.1 = small effect, 0.3 = medium effect, 0.5 =

large effect.

Table 6.8. Wilcoxon Signed Rank Test for results for preDAT and postDAT

Groups N Z Effect size Sig.

Technology-based 20 -3.86 0.61 0.00

Hands-on 20 -3.78 0.59 0.00

Blended 17 -3.54 0.56 0.00

In order to examine the effect of instructional methods on spatial ability among

the groups, posttest scores of DAT were compared by using the Kruskal-Wallis Test.

The results are summarized in Table 6.9. As the analysis revealed no statistically

significant difference (p> 0.05) were found among postDAT scores of the three groups

(Gp-T, n=20: technology-based, Gp-H, n= 20: hands-on, Gp-B, n=17: blended), x2

(2, n = 57) = 1.69 p = 0.428.

Table 6.9. Results of Kruskal-Wallis Test for postDAT.

Groups N Mean Rank Chi-Square df Sig.

Technology-based 20 28.13

Hands-on 20 26.30 1.69 2 0.428

Blended 17 33.21

As shown in Table 6.9. no significant difference (p> 0.05) were found among

postDAT scores of technology-based, hands-on and blended group. However, mean

ranks inspected that blended instruction group has the highest overall ranking.

To summarize, the results obtained from both of the spatial ability tests indi-

cated that, there was a significant difference in participants’ spatial ability before and

after treatment (pretest and posttest) in each instruction group. Furthermore, a signif-

icant difference among groups were found according to ROT. Participants who received
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technology-based instruction and blended instruction improved their spatial ability sig-

nificantly higher than the students who received hands-on instruction measured by the

ROT. However, DAT indicated no significant difference in participants’ spatial abili-

ties among groups. In addition, percent increase of the postROT and postDAT scores

showed that participants who received blended instruction improved their scores more

than the students who received technology-based instruction.

6.2. Results for Geometry Achievement Test (GAT) Analyses

Geometry Achievement Test (GAT) was conducted to evaluate participants’? ge-

ometry achievement levels about specific topics in fifth grade. The test was prepared

by the researcher and covered objectives such as polygons, quadrilaterals, triangles and

rectangular prisms. The GAT was used to determine the effect of instruction type on

participants’ geometry achievement. The scores of preGAT and postGAT were con-

verted to be over 100 points for the data analysis. The results related to the admin-

istration of the GAT before and after treatment were evaluated for technology-based,

hands-on and blended groups. The descriptive statistics were conducted to compare

participants’ mean scores in three of the instruction groups. Descriptive statistics for

preGAT scores of the groups indicated that mean scores of technology-based, hands-on

and blended groups were M=46.86, M=39.15 and M=44.84. The postGAT mean scores

were M=74.00, M=68.35 and M=73.58. Table 6.10 represents the detailed descriptive

statistics of the GAT scores.

Table 6.10. Descriptive statistics for the preGAT and postGAT scores.

Groups N PreGAT Mean SD PostGAT Mean SD

Technology-based 20 46.86 Dec-91 74.00 16.96

Hands-on 20 39.15 15.53 68.35 21.9

Blended 17 44.84 9.50 73.58 14.71

The percent increases of hands-on, blended and technology-based group were

75.58%, 64.09% and 57.92%. The pretest and posttest average scores of GAT and the
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percent increase for each instruction group were shown in the graph given in Figure

6.3. The hands-on instruction group has the highest percent of increase with 75.58%.

Figure 6.3. Percent increases in postGAT scores.

A Kruskal-Wallis test was conducted to examine whether there is a difference

among the participants’ preGAT scores. The Table 6.1 shows the results of Kruskal-

Wallis Test for GAT. The analysis revealed statistically no significant difference (p >

0.05) in preGAT scores of participants across three different instruction groups (Gp-T,

n=20: technology-based, Gp-H, n= 20: hands-on, Gp-B, n=17: blended), x2 (2, n =

57) = 1.315, p = 0.52. Therefore, the groups were regarded as similar in terms of their

geometry achievement as measured by ROT before the treatment.

Table 6.11. Results of Kruskal-Wallis Test for preGAT.

Groups N Mean Rank Chi-Square df Sig.

Technology-based 20 31.33

Hands-on 20 25.63 1,315 2 0.52

Blended 17 30.24

Wilcoxon Signed Rank Test was conducted to determine the effect of instruction

on geometry achievement in each group by comparing the pretest and posttest scores

of the GAT. The results of the test are represented in Table 6.12. Results revealed

a statistically significant increase in scores of GAT statistics in technology-based in-

struction (z = ?3.78, p < .00, r = 0.59), hands-on instruction (z = -3.72, p < .00, r =
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0.58) and blended instruction (z = -3.62, p < .00, r = 0.57). In each group, the results

indicate that the effect size was large (r > 0.5 for all the instructional methods) with

respect Cohen (1988) criteria of 0.1 = small effect, 0.3 = medium effect, 0.5 = large

effect.

Table 6.12. Wilcoxon Signed Rank Test for results for preGAT and postGAT.

Groups Z Effect size N Sig.

Technology-based -3.78 0.59 20 0.00

Hands-on -3.72 0.58 20 0.00

Blended -3.62 0.57 17 0.00

In order to examine the effect of instructional methods on geometry achievement

among the groups, posttest scores of GAT were compared by using the Kruskal-Wallis

Test. The results of Kruskal-Wallis Test for GAT were represented in Table 6.13. The

analysis revealed that there was not a statistically significant difference (p > 0.05) in

postGAT scores among different instruction groups (Gp-T, n=20: technology-based,

Gp-H, n= 20: hands-on, Gp-B, n=17: blended), x2(2, n = 57) = 0.372, p = 0.83.

Table 6.13. Results of Kruskal-Wallis Test for postGAT.

Groups N Mean Rank Chi-Square df Sig.

Technology-based 20 30.38

Hands-on 20 27.25 0.372 2 0.83

Blended 17 29.44

As shown in Table 6.13. no significant difference (p> 0.05) were found among

postGAT scores of technology-based, hands-on and blended group. However, mean

ranks inspected that technology-based instruction group has the highest overall rank-

ing.

As a summary, the results of the Geometry Achievement Test (GAT) scores

showed that there was a significant difference in participants’ geometry achievement



51

before and after treatment (pretest and posttest) in each instruction group. However,

GAT revealed no significant difference in participants’ geometry achievement among

different instructional methods.
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7. DISCUSSION AND CONCLUSION

The present study aimed to investigate the effects of using different instructional

methods (technology-based instruction, hands-on instruction and blended instruction)

to teach geometry topics on fifth grade students’ spatial ability and geometry achieve-

ment. In order to obtain the effect of technology-based, hands-on and blended in-

struction on students’ spatial ability and geometry achievement, three 5th grade class

participated in the study. Instructional methods were assigned randomly to the classes

by the researcher. The researcher was also the instructor of the three classes. partic-

ipants’ spatial ability was measured by the Purdue Visualization of Rotations (ROT)

test and the Differential Aptitude Test: Space Relations (DAT:SR). Geometry achieve-

ment of participants was evaluated by the Geometry Achievement Test (GAT). The

Kruskal-Wallis Test was implemented to test the hypothesis related to spatial ability

and geometry achievement. The pretest scores showed no significant difference among

participants’ spatial abilities and geometry achievements among the groups before the

treatment. This result also supported the school administration’s homogeneous distri-

bution of students to classes according to their academic levels in beginning of each

school year. During the study, hands-on group received instruction with concrete mate-

rials, technology-based group received instruction with computers and tablet computers

and blended group received instruction with both concrete and technological materials.

7.1. Spatial Ability

ROT and DAT:SR were used to evaluate participants’ spatial ability in the cur-

rent study. The Kruskal-Wallis Test was administered to evaluate the effect of different

instructional methods on spatial ability. The results of the Kruskal-Wallis Test revealed

that there was no significant difference among participants preROT scores. Therefore,

the groups were regarded as similar in terms of their spatial ability as measured by the

ROT before the treatment.
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The results respect to ROT revealed a significant difference in students’ spatial

ability before and after the treatment (pretest and posttest) in each instructional group

(technology-based, hands-on and blended). It was found that, the blended instruction

group (69.26 %) increased their ROT scores the highest while technology-based instruc-

tion (44.77%) and hands-on instruction (41.39%) group increased slightly less. There-

fore, it can be said that three of the instructional methods could improve participants’

spatial ability according to ROT. Moreover, the postROT scores revealed a significant

difference on participants’ spatial ability (Arıcı and Tutak, 2015; Battista, Talsma and

Wheatley, 1982; Furner and Marinas, 2006; Kaufmann, 2017; Olkun, 2003) among

the groups. According to this result, participants who received technology-based in-

struction and blended instruction scored significantly higher than the participants who

received hands-on instruction in ROT after the treatment. Therefore, technology-based

instruction and blended instruction had significantly more effect on improving s par-

ticipants’ spatial ability (Furner and Marinas, 2006; Kaufmann, 2017; Olkun, 2003).

In other words, all the instructional methods improved participants’ spatial ability,

however, technology-based instruction and blended instruction had significantly more

effect compared to hands-on instruction. Reason for the results occurred in favor of

technology-based instruction might be due to fact that, participants engage more when

they use technological manipulatives, so they become active learners (Furner and Mari-

nas, 2006). Moreover, the studies (Alias, 2002; Sorby and Baartmans, 1996a; Furner

and Marinas, 2006; Kurtuluş and Yolcu, 2013; Yurt and Sümbül, 2012) which suggested

to use both technological and concrete manipulatives for improving spatial ability dur-

ing instruction also supported the results in the study in favor of blended instruction.

Participants’ developed focusing skills during hands-on activities and high interest in

technology might also be an important issue.

The result regarded to the Differential Aptitude Test: Space Relations (DAT:SR)

measured by the Kruskal-Wallis Test revealed no significant difference among partici-

pants preDAT scores. Therefore, the groups were regarded as similar in terms of their

spatial ability with respect to participants’ DAT scores before the treatment. The

results with respect to the Differential Aptitude Test: Space Relations (DAT:SR) re-

vealed a significant difference in participants’ spatial ability before and after treatment
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(pretest and posttest) in each instruction group. The percent increases of hands-on;

blended and technology-based group were 20.73%, 25.19% and 20.95%. The blended

instruction group has the highest percent of increase with 25.19%. It can be said that

three of the instructional methods (Arıcı and Tutak, 2015; Furner and Marinas, 2006;

Kaufmann, 2017; Olkun, 2003) could improve participants’ spatial ability according

to the DAT. However, the postDAT scores revealed no significant difference on par-

ticipants’ spatial ability among the groups. According to this result, the effectiveness

of the instructional methods (technology-based, hands-on and blended) did not differ

on improving participants’ spatial ability as measured by the DAT. A reason for this

might be due to the fact that, the questions asked in the DAT were mostly similar

to the objective “M.5.2.5.2. Draws net of rectangular prisms and decides if a given

net belongs to a rectangular prism?. Therefore, as part of the curriculum, in all three

instruction groups, participants were taught questions similar to DAT in the lessons.

As a result, all the groups improved their spatial ability significantly concerning the

DAT scores. However, none of them were significantly more effective than the other

with respect to DAT.

On the other hand, ROT revealed a significant difference among the groups. A

reason for this result might be because, questions similar to the ROT were not included

in the 5th grade mathematics curriculum. Therefore, participants were unfamiliar to

the types of questions in the ROT. In other words, it can be summarized as, DAT:SR

did not make a difference among groups due to its familiar types of questions as in the

geometry lessons. However, ROT determined a difference among the groups because

participants were not familiar to those kind of rotation questions in test before and

after treatment, so technology-based and blended instruction improved their rotation

skills the most.

7.2. Geometry Achievement

The Geometry Achievement Test (GAT) was used to collect data on geometry

achievement about polygons, quadrilaterals, triangles and rectangular prisms of fifth

grade students. As it was mentioned in the results section, the scores of preGAT
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and postGAT were converted to be over 100 points for the data analysis. The result

regarded to the Geometry Achievement Test (GAT) measured by the Kruskal-Wallis

Test revealed no significant difference among participants’ preGAT scores. Therefore,

the groups were regarded as similar in terms of their geometry achievement with respect

to participants’ GAT scores before the treatment.

The results respect to the GAT revealed a significant difference in participants’

geometry achievement before and after treatment (pretest and posttest) in each in-

struction group (technology-based, hands-on and blended). The percent increase of

the technology-based, hands-on and blended instruction were 57.92%, 75.58% and

64.09% respectively. Therefore, all the instructional methods could improve partic-

ipants’ geometry achievement according to GAT (Arıcı and Tutak, 2015; Ayub, Saha

and Tarmizi, 2010; Battitsta, 1990; Battista and Clements, 1996;1991, Battista, Wheat-

ley and Talsma, 1982). However, the postGAT scores revealed no significant difference

on participants’ geometry achievement among the groups.

On the other hand, the hands-on instruction group has the highest percent of

increase with 75.58% which have an important difference especially with the increase

in technology-based instruction group (57.92%). According to the observations of the

researcher, reason for this result might be due to participants’ focusing skills which

developed during the study. Participants in the hands-on instructional group learned

to listen, focus and engage in the lesson while they interacted with concrete manipula-

tives and hands-on activities throughout the research study. Therefore, their geometry

achievement resulted as the highest of all three groups.

In conclusion, the effectiveness of the instructional methods (technology-based,

hands-on and blended) did not differ on improving participants’ geometry achievement

as measured by GAT. Thus, all the instructional methods improved participants’ ge-

ometry achievement, however, none of them were significantly more effective than the

other.
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7.3. Limitations of the Study

The current study has several limitations which prevents the study to be general-

izable. One of the limitations is the small sample size, namely 57. Due to the fact that

the aim of the study was to investigate the effects of different instructional methods

for improving 5th grade students’ spatial ability and geometry achievement, purposive

sampling was implemented. The school was not selected randomly because the re-

searcher was currently working in the school as an instructor. Three 5th grade classes

were already assigned to the instructor at the beginning of the school year. However,

the instructional method (technology-based, hands-on and blended) for each class was

assigned randomly. Due to the fact that the current school was a private school, the

study does not reveal sufficient conclusions for all the school types. Therefore, in order

to make broader generalizations about the results, the current study could be replicated

with a larger and randomly selected sample including participants from both private

and state schools.

Another limitation may be that mathematics and science lessons were held in En-

glish. This fact might have a negative effect on geometry achievement and improvement

in spatial ability of the participants who were low achievers in English. In addition,

participants were not familiar with the type of spatial ability tests implemented in the

study. Therefore, it took some time for participants to understand what they needed

to do.

There are studies which supports that spatial ability can be improved in a short

amount of time (Cheng and Mix, 2014), however, a longer period of instruction might

be more effective on improving participants’ spatial ability since abilities develop over

a long period of time (Ben-Chaim, Lappan and Houang, 1988; Fennema and Tartre,

1985). In addition, a pilot study could not be conducted before implementing the

current study.
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7.4. Implications and Suggestions for Further Research

There are studies to support the benefits of spatial ability for achievement in

geometry (Ayub, Saha and Tarmizi, 2010; Battista, Talsma and Wheatley, 1982; Bat-

tista, 1990). The majority of the suggested activities to improve spatial ability require

extra lesson hours and implementations in addition to planned schedule. The cur-

rent study provided an opportunity to investigate the effects of different instructional

methods that on the spatial ability and geometry achievement of students within the

existing curriculum.

The results of the current study can be beneficial for curriculum designers and

mathematics educators. Mathematics curriculum can be reorganized by considering

the importance of improving students’ spatial ability. Technology-based and hands-

on activities can be increased in middle school curriculum, especially in geometry

units. Geometry educators may be informed about planning and preparing lessons

that supports improving spatial ability since mathematics/geometry achievement and

spatial ability have strong positive correlation. Therefore, the current study can be

helpful in assisting geometry instructors in designing lessons by using the most effective

instructional method. In addition, implementation of the study to larger samples may

be helpful for reaching higher scores compared to the previous PISA (2015) and TIMSS

(2015) scores of Turkey.

According to the results, both technological and hands-on manipulatives could

improve students’ spatial abilities and geometry achievement. Therefore, the study can

be replicated after enriching the number of technological and hands-on activities for

both instructional methods. However, geometry achievement was seen to be improved

with hands-on instruction the most. Thus, mathematics teachers can give greater em-

phasis on teaching geometry units with hands-on activities for providing more effective

understanding of geometry for 5th grade students.

This study was implemented to 5thh grade students, however, geometry takes

place in each grade level from 1 to 8 in the middle school mathematics curriculum
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(MoNE, 2018). Therefore, the current study may be conducted to lower and higher

grades by redesigning the activities appropriate to the related grade levels. In order

to make broader generalizations about the results, the current study can be replicated

with a larger and randomly selected sample including participants from both private

and state schools. Furthermore, a longitudinal study could give more sufficient results,

by implementing the study to the same sample in 6th, 7th and 8th grade to see the

retention of students’ spatial ability and geometry achievement.
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Karakuş F. and Peker M., “The Effects of Dynamic Geometry Software and Physical

Manipulatives on Pre-Service Primary Teachers’ Van Hiele Levels and Spatial

Abilities”, Turkish Journal of Computer and Mathematics Education, Vol. 6, No.

3, pp. 338-265, 2015.

Kayhan E.B., Investigation of High School Students’ Spatial Ability, Unpublished M.S.,

Middle East Technical University, Ankara, 2005.

Kurtulus A. and C. Uygan, “The Effects of Google Sketch Up Based Geometry Activ-

ities and Projects on Spatial Visualization Ability of Student Mathematics Teach-

ers”, Procedia-Social and Behavioral Sciences, Vol. 9, pp. 384-389, 2010.

Kurtulus A. and B. Yolcu, “A Study on Sixth-Grade Turkish Students’ Spatial Visu-

alization Ability”, Mathematics Educator, Vol. 22, No. 2, pp. 82-117, 2013.

Linn M.C. and A.C. Petersen, “Emergence and Characterization of Sex Differences in

Spatial Ability: A Meta-Analysis”, Child Development, pp. 1479-1498, 1985.

Lohman D.F., Spatial Ability: A Review and Reanalysis of the Correlational Literature

(No. TR-8), Stanford Univ Calif School of Education, 1979.

Lohman D.F., Spatial Ability and G. Paper Presented At The First Spearman Seminar,

University Of Plymouth, England, 1993.

Maier P.H., Developments in Mathematics Education in Germany Selected Papers from

the Annual Conference on Didactics of Mathematics, Regensburg, pp. 69-81, 1996.

McGee M.G., “Human Spatial Abilities: Psychometric Studies and Environmental,

Genetic, Hormonal, and Neurological Influences”, Psychological Bulletin, Vol. 86,

pp. 889-918, 1979.

NCTM, Principles and Standards for School Mathematics, Reston, Va. NCTM. New-

combe, N. S. (2013). Seeing Relationships. American Educator, 28, 2000.



64

Organization for Economic Co-operation and Development (OECD), PISA 2015 Re-

sults in Focus. Paris: OECD Publishing. Retrieved from, 2018, https://www.oecd.

org/pisa/pisa-2015-results-in-focus.pdf, accessed at April 2019.

Olkun S., “Comparing Computer versus Concrete Manipulatives in Learning 2D Ge-

ometry”, Journal of Computers in Mathematics and Science Teaching, Vol. 22,

No. 1, pp. 43-56, 2003.

Olkun S., “Making Connections: Improving Spatial Abilities with Engineering Drawing

Activities”, International Journal for Mathematics Teaching and Learning April,

pp. 1-10, 2003.

Pellegrino J.W., D.L. Alderton and V.J. Shute, “Understanding Spatial Ability”, Ed-

ucational Psychologist, Vol. 19, No. 4, pp. 239-253, 1984.

Rafi A., K. Anuar, A. Samad, M. Hayati and M. Mahadzir, “Improving Spatial Ability

Using a Web-Based Virtual Environment (Wbve)”, Automation In Construction,

Vol. 14, No. 6, pp. 707-715, 2005.

Saha R.A., A.F.M. Ayub and R.A. Tarmizi, “The Effects of Geogebra on Mathematics

Achievement: Enlightening Coordinate Geometry Learning”, Procedia-Social and

Behavioral Sciences, Vol. 8, pp. 686-693, 2010.

Senk S.L., “Van Hiele Levels and Achievement in Writing Geometry Proofs”, Journal

for Research in Mathematics Education, Vol. 20, No. 3, pp. 309-321, 1989.

Smith I.M., Spatial Ability, San Diego: Knapp, 1964.

Sorby S.A. and B.G. Baartmans, Improving the 3-D Spatial Visualization Skills of

Women Engineering Students, 1996 ASEE Annual Conference Proceedings, 1996,

www.asee.org/conferences/searches/01361.PDF accessed at March 2019.

Sundberg S.E., Effect of Spatial Training on Spatial Ability and Mathematical Achieve-

ment as Compared to Traditional Geometry Instruction, Ph.D., University of Mis-



65

souri, Kansas City, 1994.

Toptas V., S. Celik and E.T. Karaca, “Improving 8th Grades Spatial Thinking Abil-

ities through 3D Modeling Program”, Turkish Online Journal of Educational

Technology-TOJET, Vol. 11, No. 2, pp. 128-134, 2012.

Unal H., E. Jakubowski and D. Corey, “Differences in Learning Geometry among

High and Low Spatial Ability Pre-Service Mathematics Teachers”, International

Journal of Mathematical Education in Science and Technology, Vol. 40, No. 8,

pp. 997-1012, 2009.

Uttal D.H., N.G. Meadow, E. Tipton, L.L. Hand, A.R. Alden, C. Warren and N.S. New-

combe, “The Malleability of Spatial Skills: A Meta-Analysis of Training Studies”,

Psychological Bulletin, Vol. 139, No. 2, pp. 352, 2013.

Wheatley G.H. and M.A. Reynolds, “Image Maker: Developing Spatial Sense”, Teach-

ing Children Mathematics, Vol. 9, pp. 374-378, 1999.

Yurt E. and A.M. Sunbul, “Effect of Modeling-Based Activities Developed Using Vir-

tual Environments and Concrete Objects on Spatial Thinking and Mental Rotation

Skills”, Educational Sciences: Theory and Practice, Vol. 12, No. 3, pp. 1987-1992,

2012.



66

APPENDIX A: SPATIAL ABILITY TESTS THE PURDUE

(ROT)

Figure A.1. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

1.
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Figure A.2. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

2.
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Figure A.3. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

3.
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Figure A.4. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

4.
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Figure A.5. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

5.
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Figure A.6. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

6.
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Figure A.7. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

7.
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Figure A.8. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

8.
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Figure A.9. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

9.
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Figure A.10. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

10.
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Figure A.11. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

11.
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Figure A.12. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

12.
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Figure A.13. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

13.
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Figure A.14. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

14.
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Figure A.15. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

15.
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Figure A.16. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

16.
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Figure A.17. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

17.
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Figure A.18. Spatial Ability Tests the Purdue Visualization of Rotations Test (ROT)

18.
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APPENDIX B: GEOMETRY ACHIEVEMENT TESTS

AND RUBRICS

Figure B.1. Geometry Achievement Tests and Rubrics 1.
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Figure B.2. Geometry Achievement Tests and Rubrics 2.
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Figure B.3. Geometry Achievement Tests and Rubrics 3.
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Figure B.4. Geometry Achievement Tests and Rubrics 4.
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Figure B.5. Geometry Achievement Tests and Rubrics 5.
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Figure B.6. Geometry Achievement Tests and Rubrics 6.
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Figure B.7. Geometry Achievement Tests and Rubrics 7.
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Figure B.8. Geometry Achievement Tests and Rubrics 8.
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Figure B.9. Geometry Achievement Tests and Rubrics 9.



93

Figure B.10. Geometry Achievement Tests and Rubrics 10.
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Figure B.11. Geometry Achievement Tests and Rubrics 11.
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Figure B.12. Geometry Achievement Tests and Rubrics 12.
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Figure B.13. Geometry Achievement Tests and Rubrics 13.
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Figure B.14. Geometry Achievement Tests and Rubrics 14.
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Figure B.15. Geometry Achievement Tests and Rubrics 15.

Figure B.16. Geometry Achievement Tests and Rubrics 16.
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Figure B.17. Geometry Achievement Tests and Rubrics 17.
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Figure B.18. Geometry Achievement Tests and Rubrics 18.
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Figure B.19. Geometry Achievement Tests and Rubrics 19.
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Figure B.20. Geometry Achievement Tests and Rubrics 20.



103

Figure B.21. Geometry Achievement Tests and Rubrics 21.
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Figure B.22. Geometry Achievement Tests and Rubrics 22.
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Figure B.23. Geometry Achievement Tests and Rubrics 23.
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Figure B.24. Geometry Achievement Tests and Rubrics 24.
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Figure B.25. Geometry Achievement Tests and Rubrics 25.
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Figure B.26. Geometry Achievement Tests and Rubrics 26.
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Figure B.27. Geometry Achievement Tests and Rubrics 27.
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Figure B.28. Geometry Achievement Tests and Rubrics 28.
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Figure B.29. Geometry Achievement Tests and Rubrics 29.
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Figure B.30. Geometry Achievement Tests and Rubrics 30.
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Figure B.31. Geometry Achievement Tests and Rubrics 31.
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Figure B.32. Geometry Achievement Tests and Rubrics 32.
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Figure B.33. Geometry Achievement Tests and Rubrics 33.
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Figure B.34. Geometry Achievement Tests and Rubrics 34.
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Figure B.35. Geometry Achievement Tests and Rubrics 35.
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Figure B.36. Geometry Achievement Tests and Rubrics 36.
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Figure B.37. Geometry Achievement Tests and Rubrics 37.
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APPENDIX C: SAMPLE LESSON DESCRIPTIONS

Figure C.1. Students using geoboards to construct triangles.
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Figure C.2. Students using online geoboards from tablet computers to construct

triangles.




