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ABSTRACT

DESIGN, DEVELOPMENT AND EVALUATION OF A TANGIBLE MOBILE
APPLICATION FOR STUDENTS WITH SPECIFIC LEARNING
DISABILITIES

Polat Hopcan, Elif
Ph.D., Department of Computer Education and Instructional Technology

Supervisor: Prof. Dr. Kiirsat Cagiltay

June 2017, 240 pages

Tangible objects used with multi touch tablets have a potential to enrich learning
experience of students with specific learning disabilities. Providing multi-sensory
interaction, physical engagement, accessibility, and collaboration can open a new
learning way for students with specific learning disabilities (SLD). It can be ensured
by well-designed tangible applications undoubtedly. The main purpose of this study
was to determine design principles of a tangible mobile application for students with
SLD and to examine the effectiveness of the tangible mobile application on the

students’ achievement.

Design-based research was employed in order to determine design principles for
tangible mobile application for students with SLD by investigating special education
experts’ /science education expert’s, teachers’, and students’ opinions. In addition, a

single subject research design was performed in order to investigate the effectiveness



of the tangible mobile application on students’ achievement in 6" grade cell concept.
Usability issues about tangible mobile application by students and the reflections of
special education teachers after using the tangible mobile application on students

with SLD were examined by using observation and implementation.

Overall, the result of the study showed that: 1) 33 design principles of tangible
mobile application in four categories —educational content, visual design, tangible
object use and interaction- were determined for students with SLD. 2) Tangible
mobile application was effective. 3) Students with SLD were willing to use tangible
mobile application, they liked it and they use it easily. 4) Teachers thought that

tangible mobile application is easy to use and useful for both teachers and students.

Keywords: Tangible Technologies, Tangible Mobile Applications, Specific Learning
Disabilities, Design Principles
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0z

OZEL OGRENME GUCLUGU YASAYAN OGRENCILER iCiN
KAVRANABILIR BIR MOBIL UYGULAMA TASARIMI, GELISTIiRILMESI
VE DEGERLENDIRILMESI

Polat Hopcan, Elif
Doktora, Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii

Tez Yoneticisi: Prof. Dr. Kiirsat Cagiltay

Haziran 2017, 240 sayfa

Coklu dokunmatik tabletler ile kullanilan kavranabilir nesneler 6zel 0grenme
giigliigii (OOG) yasayan &grencilerin 6grenme deneyimlerini zenginlestirmede
Oonemli bir potansiyele sahiptir. Cok-duyulu etkilesim, fiziksel katilim, erisilebilirlik
ve isbirligi saglanmasiyla kavranabilir teknolojiler OOG yasayan &grenciler igin yeni
bir 6grenme yolu agabilir. Bu, siiphesiz iyi tasarlanmis kavranabilir uygulamalarla
saglanabilir. Bu c¢aligmanmn temel amaci OOG yasayan Ogrencilere yonelik
gelistirilecek kavranabilir mobil bir uygulamanin tasarim prensiplerini belirlemek ve
uygulamanin 6zel 6grenme gilicliigli yasayan ogrencilerin 6grenmelerindeki etkisini

incelemektir.

OOG yasayan dgrenciler icin gelistirilecek kavranabilir mobil uygulamanin tasarim
prensiplerini konu alani uzmanlari, dgrenciler ve gretmenlerin goriisleri 15181inda
belirlemek i¢in tasarim tabanli aragtirma kullanilmistir. Ayrica, kavranabilir mobil

uygulamanin 6. smiftaki hiicre konusunda 6grencilerin basarisi iizerinde etkililiginin

vii



arastirilmasi i¢in, tek denekli arastirma deseninin altinda denekler arasi ¢oklu
yoklama modeli kullanilmistir. Ogrenciler tarafindan kullanilan kavranabilir
uygulamanin kullanilabilirlik durumu ve 6zel egitim 6gretmenlerinin kavranabilir
mobil uygulamay1 kullandiktan sonraki yansimalar1 (goriisleri) gozlem ve uygulama

yoluyla toplanmustir.

Genel olarak, galismanin sonuglari: 1) OOG yasayan dgrenciler icin gelistirilen
kavranabilir mobil uygulamanin dort kategoride —egitsel igerik, gorsel tasarim,
kavranabilir nesne kullanimi ve etkilesim- 33 tasarim prensibi belirlenmistir. 2)
Kavranabilir mobil uygulama etkilidir. 3) OOG yasayan &grenciler kavranabilir
mobil uygulamayr kullanmaya isteklidir, uygulamayr sevmistir ve kolaylikla
kullanmuslardir. 4) Ogretmenler kavranabilir mobil uygulamanim kullanimini kolay

ve dgretmen ve 0grenciler i¢in yararli bulmustur.

Anahtar Kelimeler: Kavranabilir Teknolojiler, Kavranabilir Mobil Uygulamalar,

Ozel Ogrenme Giigliikleri, Tasarim Prensipleri
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CHAPTER 1

INTRODUCTION

This chapter presents background of the study, statement of the problem, purpose of
the study, significance of the study, statement of research questions, definitions of
terms, and organization of the study.

1.1 Background of the Study

In general, educational settings, there are students who cannot perform at expected
level of achievement who are called as students with specific learning disabilities
(SLD). According to NJCLD (National Joint Committee on Learning Disabilities)
(1990) specific learning disability is a term, which manifests itself with difficulties in

writing, reading, arithmetic, speech, and reasoning in general.

Specific learning disabilities are manifested throughout school years with learning
demand or as unexpected low performance of an intelligent or gifted student in
standardized tests. In addition, students with specific learning disability have
permanent difficulties in reading, writing, and mathematics as academic skills.
Besides, they have specific and lifelong deficits in processing/perceiving information
accurately. They can succeed or not succeed these skills with an exceptional
endeavor (APA (the American Psychological Association), 2013). Similarly,
Korkmazlar (2003) defined special learning disabilities as the situation in intelligent
or gifted individuals who exhibit lower academic performance than below their age
and intelligence. They have significant deficiencies in acquiring and using some
academic skills such as reading, writing, arithmetic, listening, reasoning and
secondarily have self-management, social cohesion and interaction problems. On the
other hand, they do not have pronounced brain-related diseases, primary mental

ilinesses or sensory deficiencies. In the related literature, different classifications can



be seen for specific learning disabilities. Dyslexia, dyscalculia, and dysgraphia are
commonly used for classifications. APA (2013) defined dyslexia as reading
difficulties (difficulties with pace, accuracy, and comprehension), dyscalculia as
mathematics deficits (difficulties with calculation, and mathematic reasoning),
dysgraphia (impairment in writing) as difficulty in accuracy in writing, proficiency in
written expression. Students with learning disabilities exhibit diverse and different
characteristics. However, it is possible to mention some common characteristics of

students with learning disabilities in academic, social, and cognitive domains.

There are different estimates regarding the prevalence of specific learning
disabilities. In addition, it varies from one country to another. However, in terms of
illustrating the current situation, various estimates are presented. In the USA public
schools, it is indicated that approximately 5% of children, are diagnosed with
specific learning disabilities. According to APA (2013), 5% to 15% of school age
children who are from different cultures and different countries have specific
learning disabilities (dyslexia, dyscalculia, and dysgraphia). Though not known
exactly, it is estimated that 4% of adults have specific learning difficulties. IDEA
(Individuals with Disabilities Education Act) (2014) reveals that prevalence of
children with specific learning disabilities between the ages of 3 and 21 is 35% of
special educational needs. OECD (Organization for Economic Co-operation and
Development) (Robson, 2005) reveals that the ratio of specific learning disabilities
varies across 11 different countries. While the highest percentage belongs to the
USA, the lowest percentage belongs to Turkey. It can be interpreted by referring to
the presented data that the prevalence of specific learning disabilities ranges from
0.01% to 6%. One possible reason for this low rate in Turkey is that, teachers and
parents do not have awareness and sufficient knowledge about specific learning
disabilities (Polat, Adigiizel & Akgiin, 2012). Hence, students were highly probably
not being diagnosed with specific learning disabilities. OECD (2009) reports that the
ratio of students with specific learning disabilities across Baltic countries ranges
from 0.06% to 4.08% in compulsory education. As it is seen, there are many students

with SLD with their growing needs in the education system. One of the interventions



to meet these needs is making use of educational technology. However, traditional
computer-assisted instruction applications remain insufficient for providing physical
engagement and multisensory interaction for this target group. With the new
emerging technologies, tangible objects used with multi touch tablets have a

potential to enrich learning experiences of students with SLD.

Tangible technologies aim to provide interaction with the physical and digital
environment without using the traditional input and output devices such as monitor,
mouse, and keyboard (Ullmer & Ishii, 2000). Instead of pressing to keys, for
interaction with the computer by using physical motion makes interface closer to the
real world (Jacob et al., 2008). Fishkin (2004) states that the steps of interaction
between tangible real world object and computer interface system are: 1) giving
some inputs to computer system via physical movements 2) understanding the input
by computer system 3) giving feedback to the user taking input into account.
Eisenberg et al. (2003) underline that tangible technology does not reduce the value
of educational technology used today, but ensuring interaction with the real world
object is difficult for computer based educational systems. Decreasing the isolation
between the virtual and the concrete world opens new doors for instructional
designers to be able to make a more realistic design beyond computer-assisted

materials.

Although aforementioned computer assisted instruction offers opportunities for
facilitating learning for students with SLD, it remains limited especially in physical
interaction. In line with this, Keay-Bright (2008) emphasize that many positive
outcomes have come out for using ICT in learning difficulties, however, technologies
used in sensory action, that help to facilitate creative and flexible thinking as well as
collaborative learning, are still few in number. Thus, an emerging area of research is
the use of tangible technology to support special education (Shaer & Hornecker,
2010). Falc@o and Price (2010) state that with the development of new technology,
tangible technologies provide extending opportunities for multi-sensory interaction
for students with learning difficulties. Moreover, tangible technologies make learning

environment richer than a traditional graphical user interface system by offering



opportunities in cognitive, social, and linguistic learning for special education (Shaer
& Hornecker, 2010).

There exist some teaching strategies and methods in the literature to facilitate
learning of student with SLD (e.g. multiple sensory-based approach (MONE
(Ministry of National Education), 2008) or collaboration-based approach (Sucuoglu
& Kargin, 2006). Tangible technologies can increase the probability of supporting

these instructional strategies.

In the light of literature, the use of tangible technology in special education as well as
general education is seen increasingly becoming more important. However, few
research studies have yet revealed the use of tangible technologies for students with
SLD. Nascent research focus on dyslexia to support reading by developing a tangible
interface with different technologies (Antle, Fan & Cramer, 2015; Fan & Antle,
2015; Pandey & Srivastava, 2011a, 2011b). To the best of our knowledge, there has
been only one similar study (Kara, 2015) conducted in Turkey despite differences in
the target audience and the technology used, yet no existing empirical research in
Turkish literature addresses the use of tangible technologies for students with SLD.
There is an insufficient amount of theoretical and empirical studies about the usage
of tangible technologies. As a result, studies are based on few design principles.

1.2 Statement of the Problem

The number of students with specific learning disabilities has been diagnosed more
each day with the introduction of alternative methods. There has been a growing
awareness of students with specific learning disabilities on parents, teachers, and
counselors especially in the last few years. However, these children may have been
neglected in mainstream classes. Hutinger (1996) and Florian (2004) emphasized
ways in which instructional technologies support their academic and social
integration in a class setting. The needs of these students could be answered through
a multi-disciplinary approach, incorporating educational technology, special
education, psychology, and other disciplines. Nevertheless, only a limited number of

studies investigated the problem of student with SLD from a multi-disciplinary lens



as well as developing a tangible technology that serves as a facilitator for their

learning.

As can be seen in the background of problem section, the first problem is the lack of
design principles of a tangible mobile application for students with SLD. The second
problem is the lack of literature and insufficient empirical evidence about tangible
mobile application for students with SLD. Derived from the needs of the students
with SLD revealed both by the teachers at schools and the limited data in the
scholarship, unique studies should be developed to enable students with SLD to get
involved more in the classroom activities and to take an active part in the learning
process. This study looks at the problems from the lenses of educational technology
and special education and aims to bring a model that could help students with SLD to
learn concept better. As well, this study is expected to serve as a road map for

instructional designers as it could be seen in the remaining parts of this study.
1.3 Purpose of the Study

The main purpose of this study is to determine the design principles of tangible
mobile application for students with SLD and to examine the effectiveness of a

tangible mobile application on students’ achievement in 6" grade cell concept.
1.4 The Significance of the Study

Students with SLD and their needs has become one of the main priorities in the
educational system. Traditional computer-assisted instruction applications fail to
meet the changing needs of these children and the new systems are expected to
cultivate their multi-sensory interaction as well as creating a physical engagement. In
this context, tangible objects used with multi touch tablets have a potential to enrich

learning experiences of students with SLD.

Tangible technologies serve as one of the instruments that could be used for the
students with SLD. Only a few number of studies investigated the use of tangible
technologies and the ways in which they provide remedies for the learning
difficulties for the children with SLD (Antle et al., 2015; Fan & Antle, 2015; Pandey



& Srivastava, 2011a, 2011b). It should also be noted that there has been only one
similar study conducted in Turkey applied on different target audience (Kara, 2015).
Turkish literature lacks both theoretical and empirical evidence that addresses the use
of tangible technologies for students with SLD. Marshall (2007) underlines the
infancy of using tangible technology for learning and adds that most of the research
concentrate on developmental studies in a technical way. There is an insufficient
amount of theoretical and empirical studies about the usage of tangible technologies.
Because of the fact Marshall (2007) acknowledges, studies are based on few design
principles. The need for further research is to identify which elements and features of
tangible interfaces are critical in learning environment. It is obvious that there is an
emerging need to determine design principles of tangible mobile applications for
students with SLD.

In the present study, special education experts’, teachers’, and students’ opinions
about the tangible mobile application for students with SLD were carefully
investigated. Design principles for tangible mobile application for students with SLD
were determined by investigating special education experts’, teachers’, and students’
opinions. It is thought that the findings of this study may be enlightening for teachers
to use tangible mobile applications and for practitioners to design and develop

similar applications.

Although some tangible technologies for students with SLD have been developed to
date (Antle et al., 2015; Fan & Antle, 2015; Pandey & Srivastava, 2011a, 2011b),
there is still an insufficient amount of empirical research as mentioned above. This
study examined the effectiveness of the tangible mobile application on students’
achievement in 6" grade cell concept. In this respect, this study is expected to
provide empirical evidence for both educational technology and special education
fields.

Overall, this study might be pioneer in special education field and contribute to both
educational technology and special education literature by determining design

principles and investigating the effectiveness of tangible mobile applications for



students with SLD. This study can open a path to use tangible mobile applications in
special education field. The findings of the study might provide useful information
from the basis of practice and theory. This study is expected to provide teachers,
administrators, parents, researchers, and designers with the practical information that
could be used in their learning settings. The study sought answers to the research

questions below.
1.5 Research Questions

1. What are the design principles of a tangible mobile application for students
with SLD?

2. Is the tangible mobile application effective on students’ achievement in the
6" grade cell concept?

3. What are the reflections of special education teachers after using the tangible

mobile application on students with SLD?
1.6 Definition of Terms

Specific Learning Disabilities: Specific learning disabilities are manifested in school
years with learning demand or as unexpected low performance of an intelligent or
gifted student in standardized tests. In addition, students with specific learning
disability have permanent difficulties in reading, writing, and mathematics as
academic skills. Besides, they have specific and lifelong deficits in processing and
perceiving information accurately. They can succeed or not succeed these skills with
exceptional endeavor (APA, 2013).

Tangible Mobile-Based Application: It is an educational tablet application, which

provides interaction with tangible objects.
1.7 Organization of the Study

Chapter 1 presents background of the study, statement of the problem, purpose of the
study, significance of the study, statement of the research questions, definitions of
terms, and organization of the study. Chapter 2 presents the review of the related



literature. Chapter 3 presents the methodology of the study. Chapter 4 reports finding
of the study. Finally, Chapter 5 presents discussion of the findings, conclusion,

suggestions, and limitations.



CHAPTER 2

LITERATURE REVIEW

2.1 Definition of Specific Learning Disabilities

The definition of specific learning disabilities varies enormously. Before 1940s, it
was thought that a student with specific learning disabilities had mental retardation
or emotional problems or cultural and social disadvantages. In early 1940s, minimal
brain damage was added as the fourth category (Silver, 2010). Although students
with SLD could not be defined as brain damaged individuals by neurologists, in
1940s and 1950s they were defined so. At a conference in 1963, Kirk used the term
of learning disability and emphasized that children with learning disabilities have
disorders in reading, language, and speech. On the other hand, these children do not

have blindness or deafness or mental retardation (Kirk, 1977).

Hammill (1990) discussed 11 definitions of learning disabilities and found that
contrary to what is commonly accepted, an agreement on the definition was seen and
NJCLD (1997) made one of the most widely accepted definition. According to
NJCLD (1990) learning disability is a term, which manifests itself with difficulties in

writing, reading, arithmetic, speech, and reasoning in general.

In addition to the definition of NJCLD (1990), IDEA (2004) defined specific
learning disability as having any disorder in one or more psychological processes
including to understand or use verbal or written language. The term covers
perceptual defiance, minimal brain injury, dyslexia, and developmental aphasia while
it does not cover primarily visual, auditory, kinesthetic, mental, or emotional

disabilities or learning difficulties emerging because of negative environment.

In some definitions, expressions such as learning difficulties or learning disorders

instead of learning disabilities are preferred. With a broader definition, specific



learning disabilities are manifested in school years with learning demand or as
unexpected low performance of an intelligent or gifted student in standardized tests.
In addition, students with specific learning disability have permanent difficulties in
reading, writing, and mathematics as academic skills. Besides, they have specific and
lifelong deficits in processing and perceiving information accurately. They can
succeed or not succeed these skills with exceptional endeavor (APA, 2013).
Similarly, Korkmazlar (2003) defined special learning disabilities as the situation in
intelligent or gifted individuals who exhibit lower academic performance than below
their age and intelligence. Additionally, they have significant deficiencies in
acquiring and using some academic skills such as reading, writing, arithmetic,
listening, reasoning and secondarily have self-management, social cohesion,
interaction problems. On the other hand, they do not have pronounced brain-related
diseases, primary mental illnesses or sensory deficiencies. Overall, it may be said
that an unexpected academic failure is the common point in these definitions.

2.2 Classification of Specific Learning Disabilities

In the literature, different classifications can be seen for specific learning disabilities.
Under this title, dyslexia, dyscalculia, and dysgraphia that are commonly used will be

covered.

APA (2013) defined dyslexia as impairment in reading, is a term including problems
in reading fluency, accuracy, comprehension, and spelling. Dyslexia is unexpected
difficulty in accurate and fluent reading, also correct spelling and word decoding
although individuals with SLD have necessary factors such as age, intelligence, and
motivation (Lyon, 1995; Lyon, Shaywitz & Shaywitz, 2003; Shaywitz, 1996;
Shaywitz & Shaywitz, 2005; Shaywitz & Shaywitz, 2008). In addition, dyslexia has
neurobiological origin (Lyon et al., 2003). Dyslexia is characterized by the
difficulties in acquisition of reading, writing, and spelling; also, it has an impact on
cognitive processes such as memory, attention, and time management (Reid, 2013).

Dyscalculia (impairment in arithmetic) is associated with problems in number sense,

fluency in calculation, comprehending arithmetic facts, and math reasoning (APA,
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2013). With another similar definition by Department for Education and Skills,
dyscalculia is characterized by difficulties of acquisition in arithmetic skills such as
number sense, number concept, number facts and procedures (DfES (the Department
for Education and Skills), 2001). This definition underlines the “grasp of numbers”.
In line with this, Butterworth (2005) claims that problems in dyscalculia occur
because of the deficiency of intuitive grasp of numbers. Butterworth (2003), who has
conducted a number of research about dyscalculia, called it as math blindness for the
reason that dyscalculia affects acquiring arithmetic skills. One of pioneer researchers
in the field of dyscalculia, Kosc (1974) says that dyscalculia is a specific mathematic
disability although general mental disabilities are flawless. According to Butterworth
(2005), dyscalculia, which causes low performance even in simple tasks such as
counting and comparing numbers, is about fundamental difficulties in arithmetic

skills including basic number concept.

Dysgraphia (impairment in writing) is defined as difficulty in accuracy in writing,
and proficiency in written expression (APA, 2013). It manifests itself as poor and
illegible handwriting (Simner & Eidlitz, 2000). Dysgraphia is a writing difficulty,
which manifests itself with poor handwriting despite adequate instruction and
practice (Hamstra-Beltz & Blote, 1993).

Dyslexia, dyscalculia, and dysgraphia affect both academic and daily lives of
students (APA, 2013). A child may have one or more than one of these disabilities
(Myers & Hammill, 1976; Reid, 2011). Despite the classifications, some experts
claim that the specific learning disabilities could be different for each child and even

they may not be classified (Myers & Hammill, 1976).
2.3 Characteristics of Specific Learning Disabilities

Students with learning disabilities exhibit diverse and different characteristics.
Observing the same features is not possible. It can be emphasized that each one is
unique. However, it is possible to mention some common characteristics of students
with learning disabilities. Under this title, academic, social, and cognitive

characteristics, that are often exhibited, will be explained.
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2.3.1 Academic characteristics

One of the most common features of students with learning disabilities is
underachievement in acquiring reading and writing skills. In addition to failures in
acquiring literacy skills, another common case is the difficulties in basic arithmetic
(Alberta Learning and Teaching Branch, 2002; Larkin & Ellis, 2004; Maclnnis &
Hemming, 1995; Westwood, 2008). More specifically, students with SLD may
display distractions, follow lines with finger, have physical stress (i.e. staying too
close to text, yawning, reading too fast or too slow) compared to normal peers. In
addition, they may have difficulties in using strategies to understand while reading
texts. They exhibit lower performance in written exams and assignments than verbal
ones. Furthermore, cramped pencil grip and illegible, reluctant and slow writing can
be observed (Alberta Learning and Teaching Branch, 2002). During the process of
learning, they tend to be dependent on others (Maclnnis & Hemming, 1995). Using
academic skills and learning strategies effectively is another problem observed in
these students (Larkin & Ellis, 2004). Concerning the above-mentioned problems,
they may not find school enjoyable (Reid, Elbeheri & Everatt, 2015).

Failures in both literacy and arithmetic may have a negative effect on all academic
areas (Westwood, 2008). The failure rate of students in academic tasks is almost as
much as the number of exams they took and assessment processes they went through
(Sideridis, 2007). Thus, these students exhibit less positive attitude to new learning
tasks (Maclnnis & Hemming, 1995), frustrations and adverse attribution (Tsatsanis,
Fuerst & Rourke, 1997). Moreover, experiences of repeated failures may lead to

dropping out of school (Watson & Boman, 2005).
2.3.2 Social characteristics

In addition to the problems in the academic field, there are problems faced in the
social field as well. There may be misreading in both nonverbal (Alberta Learning
and Teaching Branch, 2002; Westwood, 2008) and verbal communication (Alberta
Learning and Teaching Branch, 2002) in social interactions. They may also lack

basic social skills. Students with SLD participate in social activities less compared to
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their peers and have difficulties in solving social problems they face (Westwood,
2008). Less social competence, unsuccessful social interactions, low self-esteem
(Tsatsanis et al., 1997), difficulties in making and keeping friend, low self-worth
perception, poor sense of humor, and learned helplessness (such as attributing getting
high grades in exams to other things) are some other problems (Alberta Learning and
Teaching Branch, 2002). Also participating in class discussions is not preferable by
students with SLD (Alberta Learning and Teaching Branch, 2002).

2.3.3 Cognitive characteristics

As well as in academic and social domains, there can be common problems in
cognitive domain too. Attention (Alberta Learning and Teaching Branch, 2002;
Maclnnis & Hemming, 1995; Mayes, Calhoun & Crowell, 2000), memory (Alberta
Learning and Teaching Branch, 2002; Elliot, 2000; Reid et al., 2015), recall (Alberta
Learning and Teaching Branch, 2002; McNamara & Wong, 2003), transfer (Elliot,
2000; Maclnnis & Hemming, 1995), and generalization (Maclnnis & Hemming,
1995) problems may be observed. Along with these, difficulties may be seen in
generating strategies for solving problems (Alberta Learning and Teaching Branch,
2002; Elliot, 2000), selecting appropriate strategies for different academic domains
(Maclnnis & Hemming, 1995), self-monitoring (Alberta Learning and Teaching
Branch, 2002; Maclnnis & Hemming, 1995), recognizing needs and
strengths/weaknesses of students with specific learning disabilities, understanding
and using learning strategies, time management as metacognitive skills (Alberta
Learning and Teaching Branch, 2002).

2.4 Prevalence of Specific Learning Disabilities

There are different estimates regarding the prevalence of specific learning
disabilities. In addition, it varies from country to country. However, in terms of

illustrating the current situation, various estimates are presented.

According to APA (2013), 5% to 15% of school age children who are from different

cultures and different countries have specific learning disabilities (dyslexia,
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dyscalculia, and dysgraphia). Though not known exactly, it is estimated that 4% of
adults have specific learning difficulties.

OECD (Robson, 2005) shows the varied distribution of the ratio on individuals with
specific learning disabilities across 11 different countries (Figure 2.1). As it can be
seen in the graph, while the highest percentage belongs to the USA, the lowest
percentage belongs to Turkey. Overall, it can be interpreted by referring to the
graphic that the prevalence of specific learning disabilities ranges from 0.01% to 6%
(Figure 2.1). The reason for this low rate in Turkey is that, teachers and parents do
not have awareness and sufficient knowledge about specific learning disabilities
(Polat et al., 2012). Hence, it is highly probable that students may not be diagnosed

with specific learning disabilities.
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Figure 2.1 Proportion of specific learning disabilities

According to OECD (2009) reports, the ratios of specific learning disabilities across
Baltic countries are as can be seen in Figure 2.2. As can be interpreted from the
graph, the ratio of specific learning disabilities is the highest in Estonia while it is the

lowest in Malta. Generally, it can be concluded that the prevalence of specific
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learning disabilities in Baltic countries ranges from 0.06% to 4.08% in compulsory

education (Figure 2.2).
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Figure 2.2 Proportion of specific learning disabilities across Baltic countries

IDEA (2014) reveals the prevalence of children at the ages of 3 and 21 by disability
type for 2012-2013 school year in the USA is as in Figure 2.3. According to the
graphic, children with specific learning disabilities comprise 35% of special

educational needs. In other words, specific learning disabilities covers one third of

the whole disability types.
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Figure 2.3 Proportions of children with 3-21 ages by disability type for 2012-2013
school year in the USA

There is no data that have been kept on regular basis, on the prevalence of specific
learning disabilities for Turkey. However, the data on students diagnosed with SLD
in mainstream classes are presented in Figure 2.4. (MONE, 2011a; MONE, 2011b).
In spite of a small number of students in this chart, there exist many students who

cannot be identified as can be inferred from the literature.
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Figure 2.4 Number of all students and five large cities in Turkey with number of
diagnosed students with SLD in mainstream classes

2.5 Tangible Technologies

Tangible technologies aim to provide interaction with the physical and digital
environment without using the traditional input and output devices such as monitor,
mouse, and keyboard (Ullmer & Ishii, 2000). Instead of pressing keys, for interaction
with the computer by using the physical motion makes interface closer to the real
world (Jacob et al., 2008). Fishkin (2004) states that the steps of interaction between
tangible real world object and computer interface system are: 1) giving some inputs
to computer system via physical movements 2) understanding the input by computer

system 3) giving feedback to the user taking input into account.

Tangible technologies can be used in many fields; education is one of the main areas

of use. O'Malley and Fraser (2004) emphasize that tangible technologies have a
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promising potential and the capacity for education with particular and innovative
features. Tangible technologies provide benefits to students for moving the physical
world into the interface and they have a significant role in education in this way
(Horn, Solovey, Crouser, & Jacob, 2009). That is to say, tangible technologies enable

students to understand real world in real world (Antle, 2007).

Eisenberg et al. (2003) underline that tangible technology does not reduce the value
of educational technology used today. However, ensuring interaction with the real
world object is difficult for computer based educational systems. Decreasing the
isolation between the virtual and concrete opens new doors for instructional
designers to be able to make a more realistic design beyond computer-assisted

materials.
2.5.1 Potential benefits for learning of tangible technologies

The classification below was made taking the characteristics of tangible technology
into account and under the light of empirical and theoretical studies from the
literature. In this context, physical interaction and manipulation, accessibility, and

collaboration were mentioned.

Physical interaction and manipulation

Physical activities play an important role in learning. As one of the benefits of
tangible technology usage in learning, Marshall (2007) and O’Malley and Fraser
(2004) emphasize that according to Piagetian developmental theory, manipulation of
concrete physical objects can enhance thinking and learning. Employing visual,
auditory, and touch sense as multiple sense helps students to construct knowledge in
abstract problems (Zuckerman, Arida & Resnick, 2005). Evidence indicates that
there is some information that young children or adults cannot express verbally,
however surprisingly they are physically able to express it with gestures (O'Malley &
Fraser, 2004).

Tangible and spatial interaction can be gestural, haptic, full bodied, and spatial.

Through these interactions, it opens new doors to students for learning (Antle, 2007).
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Different devices have different physical actions that can cause digital manipulations
(Manches & Price, 2011). Interaction in tangible technology is more natural and
familiar compared to other types of interaction (Jacob, Ishii, Pangaro & Patten,
2002). Touch-screen interaction is easier than mouse interaction. In parallel to this,
interaction is easier with tangible objects that are similar to real-life (O'Malley &
Fraser, 2004).

Accessibility and Collaboration

Tangible technologies make abstract information accessible to the application level
regardless of the age level of abstract thinking and skills (Shaer & Hornecker, 2010).
Tangible technologies increase accessibility to abstract concepts that are difficult to
learn, for different target audiences like students with learning disabilities
(Zuckerman et al., 2005). Tangible interfaces provide both better manipulative access
owing to multiple learners to manipulate many objects simultaneously and superior
perceptual access owing to horizontal screens having better visibility than vertical

ones. Hence, learners can understand each other easily (Horn et al., 2009).

Tangible technologies allow learners to collaborate with each other. Marshall (2007)
states that numerous design-oriented studies emphasized appropriateness of tangible
interface for collaboration. Tangible technology helps to ensure collaborative
interaction in the shared space (Horn et al., 2009). In line with this, it also allows for
group work (Zuckerman et al., 2005). Unlike traditional computer systems, which
consist of mouse, keyboard, and a monitor, tangible interfaces provide simultaneous

interaction by sharing control among students (Marshall, 2007).
2.5.2 Tangible technologies and specific learning disabilities

In recent years, development of new technology has played an important role in
meeting the needs of students with special education need. Educational technology
offers opportunities for learning of students with special education needs. Hutinger
(1996) emphasizes the positive impacts of technology on special education as being a

facilitator for the inclusion, increasing social interaction and communication.
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Computer applications serve as an equalizer to make similar activities for both a
child with special education need and a normal child. In line with this, Florian (2004)
says that computer assisted instruction is like a cognitive prosthesis by compensating
difficulties which students faced, and also ensuring equal opportunities to learn.
Moreover, children with learning difficulties seem to accept failure. However, no
matter how many mistakes made by the child while interacting with a computer, the
child does not face any judgmental people. Due to fact that computers are not being
judgmental against the child, using computers has also an important role in special
education. It is important to embrace this kind of strategy to prevent the child from
learned helplessness (UNESCO, 2000).

The use of educational technology in special education encompasses tutorial
software, exploratory learning environments such as simulation and virtual
environments, drill and practice software, educational games, assessment and
management tools and communicative tools (Florian, 2004). Individualized learning
program, in particular, is said to support students with special education needs.
Integrated Learning Systems (ILS) are preferred in schools (Abbott, 2007; Florian,
2004). Although there exist different definitions of ILS, generally, they include
diagnostic tools and a number of learning activities mostly related to literacy and
numeracy (Abbott, 2007).

With the use of technologies in education, exploratory learning environments
including virtual environments emerged. These environments, which reflect a
constructivist approach, allow students to interact with materials and to have control
of their own learning. In this regard, it is different from the tutor, drill, and practice
(Florian, 2004). Moreover, the use of technologies in education allows the teachers to
make the evaluation easier and faster and helps to diagnose learning difficulties, to
prepare individualized education plans, and to monitor the progress of students
(Florian, 2004).

Although aforementioned computer assisted instruction offers opportunities for

facilitating learning for students with SLD, it remains limited especially in physical

20



interaction. In line with this, Keay-Bright (2008) emphasizes that many positive
outcomes have come out of using ICT in learning difficulties. However, technologies
used in sensory action, that help to provide creative and flexible thinking as well as
collaborative learning, are still few in number. In Turkey, despite differences in the
target audience and the technology used in this study, one study has been found.
Moreover, there has been a scarcity of scholarship based on the use of tangible
technologies for students with SLD in Turkish literature. An emerging area of
research is the use of tangible technology to support special education (Shaer &
Hornecker, 2010). Falcdo and Price (2010) stated that with the development of new
technology, tangible technologies provide extending opportunities for multi-sensory
interaction for students with learning difficulties. Moreover, tangible technologies
make learning environment richer than a traditional graphical user interface system
by offering opportunities in cognitive, social, and linguistic learning for special
education (Shaer & Hornecker, 2010).

There exist some teaching strategies and methods in the literature to facilitate
learning of student with SLD (e.g. multiple sensory-based approach (MONE, 2008))
or collaboration-based approach (Sucuoglu & Kargin, 2006). Tangible technologies
can increase the probability of supporting these or similar teaching strategies.

In the light of literature, the use of tangible technology in special education as well as
general education is seen increasingly becoming more important. However, few
studies have yet revealed the use of tangible technologies for students with SLD.
Nascent research focus on dyslexia to support reading (Antle et al., 2015; Fan &
Antle, 2015; Pandey & Srivastava, 2011a, 2011b).

Pandey and Srivastava (2011a) developed a tangible, interaction learning aid system
named as SpellBound to teach the spelling of basic English words for students with
dyslexia who are aged between 8 and 12 years (Figure 2.5). It was a developmental
study that aimed at designing and developing an activity-based prototype by using

tangible objects. As a conclusion, how the children interact with images, colors, and

21



tangible objects was figured out. The numbers, basic arithmetic operations, and
working on the shape of the letters will be incorporated to their future studies.

Figure 2.5 Spellbound

Antle et al. (2015) developed a tangible system named as PhonoBlocks to support
children with dyslexia who are aged between 5 and 8 years and have difficulties in
decoding English sound-letter (Figure 2.6). PhonoBlocks includes 3D tangible letters
with colors as a cue providing help to distinguish the sounds of letters. In addition, it
consists of a touch screen laptop, an input platform, and 27 tangible letters. It has
been stated in the mentioned study that the authors will conduct a pretest-posttest
experimental study to investigate the long-term use and its impacts on reading skills

for students with dyslexia in follow-up studies.
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Figure 2.6 PhonoBlocks

Cramer, Antle, and Fan (2016) investigated effectiveness of PhonoBlocks that was a
tangible software system in terms of a dynamic color-coding scheme on students
with dyslexia in 3- 7" grades. They mainly focused on teaching to spell of the
words that includes in one or double consonants and end with —le (cuddle, stable,
topple etc.). They conducted a comparative study with four males and five female
students. Five of students were randomly assigned to Vowel Color Based on Design
Principle Group (V-DP) and the rest assigned to VVowel Color Based on Identity (V-
ID). The authors used red color for long vowels and used yellow color for short
vowels in V-DP group while they used different colors for each vowel in V-ID
group. The study was carried out for four weeks. Students were given new two words
in a 15 minutes practice session three times a week. As a result, even though there
was no significant difference between two groups, improvement was seen for both

groups.

Fan and Antle (2015) developed a tangible tabletop system to help 5 and 6-year-old
children with dyslexia who have difficulties in decoding English sound-letter (Figure
2.7). It uses texture cues to promote learning letter-sound correspondence. In further

studies, the authors will conduct a user test to investigate prototype design and
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experimental studies to reveal the impact of tangible tabletop with texture cues in

alphabetic learning.

Figure 2.7 Tactile Letters

Pandey and Srivastava (2011b) developed a tangible user interface with color and
sound cues named as Tiblo to help remembering and following sequential
instructions in reading stories or words for students with dyslexia aged between 8
and 12 years (Figure 2.8). Rapid ethnography to investigate emotional and psychical
aspects and contextual enquiry were employed in this study. As a result, it was found

out students had interest in using Tiblo.
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Figure 2.8 Tiblo

Kara, Aydin, and Cagiltay (2014a) designed and developed a computer application
for supporting storytelling activities of preschool students. The authors carried out a
usability study with 24 participants. The smart storytelling toy contains three parts
background cards for showing stories, RFID (radio-frequency identification) system
for transferring data to computer and a computer with Flash application. The system
based on the principle that “when the student put the toy on the receiver panel, Flash
application displayed the stories on the screen”. As a result of this study, design
principles in terms of usability, storytelling, visual design and interaction were

revealed.

Kara, Aydm, and Cagiltay (2014b) carried out a user study of StoryTech. 90
preschool students from five different kindergartens in Ankara were the participants
of the study. Experimental design was employed in this study. The result of the study
revealed that StoryTech exhibited rich experiences for storytelling particularly for

five and six-year-old students.

Kara, Aydin, and Cagiltay (2013) investigated the impact of playing with a smart
storytelling toy (StoryTech) on children’ narrative activities and creativity. As
aforementioned, StoryTech contains three parts that are background cards for

showing stories, RFID (radio-frequency identification) system for transferring data to
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computer and a computer with Flash application. Experimental design was used in
the study. 90 preschool students from five different kindergartens in Ankara
participated in the study. Results showed that StoryTech contributed to narrative

activities of preschool students and had a positive effect on creativity.

Kara (2015) designed, developed and used a smart toy for preschool children. Design
and development research method was used in the study. Results of the study showed
that the participant pre-school teacher had positive thoughts about the appropriate use
of technology in pre-school education. According to teachers, the content, the visual
design and interaction components of the smart toys should be improved more. As a
result of the study, the design principles covering content, visual design and
interaction components were revealed. Results of the study indicated that 36 and 48
month old children demonstrated lower performance in completing cognitive
activities of the smart toy when compared to 48 and 72 months old children.
Teachers have also preferred to play with smart toys for collaborative activity.

2.6 Implications of Literature Review

As can be seen from the literature review of this study, one of the interventions to
meet the needs of students with students with specific learning disabilities is making
use of educational technology. However, traditional computer-assisted instruction
applications remain insufficient for providing physical engagement and multisensory
interaction for this target group. With the new emerging technologies, tangible
objects used with multi touch tablets have a potential to enrich learning experience of
students with specific learning disabilities. Despite the promising potential and
agreement on the value of tangible technologies, few studies have yet revealed the
use of tangible technologies for students with SLD. Nascent research focus on
dyslexia to support reading by developing a tangible interface with different
technologies. In Turkey, despite differences in the target audience and the technology
used in this study, one study has found to be similar (Kara, 2015). Moreover,
scholarship lacks both theoretical and empirical studies in relation with the use of

tangible technologies for students with SLD in Turkish literature.

26



There is an insufficient amount of theoretical and empirical studies about the usage
of tangible technologies. As a result, studies appeared to be based on few design
principles. There is a need for further research to identify which elements and
features of tangible interfaces are critical in learning environment. It is obvious that
there is an emerging need to determine the design principles of tangible mobile
application for students with SLD.

Although some tangible technologies for students with SLD have been developed to
date, as above-mentioned there is still an insufficient amount of empirical research.
This study examines the effectiveness of the tangible mobile application on students’
achievement in the 6™ grade cell concept. In this respect, this study is expected to
provide empirical evidence for both educational technology and special education

fields from an interdisciplinary perspective.

Overall, this study might be pioneer in special education field and contribute to both
educational technology and special education literature by determining design
principles and investigating the effectiveness of tangible mobile application for
students with SLD. This can lead to start using tangible mobile application in special
education field. It is expected that the findings of the study might provide useful
information for both practice and theory and for teachers, administrators, and parents

as well as researchers and designers.
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CHAPTER 3

METHODOLOGY

This chapter presents research questions, research design, participants, instruments,
procedures, data analysis, validity-internal and external-, and reliability of the present
study.

3.1 Research Questions

1. What are the design principles of a tangible mobile application for students
with SLD?

2. Is the tangible mobile application effective on students’ achievement in the
6" grade cell concept?

3. What are the reflections of special education teachers after using the tangible

mobile application on students with SLD?
3.2 Research Design

In this study, both qualitative and quantitative methods were used. The qualitative
data collection techniques were employed to determine the design principles of
tangible mobile application for students with SLD in the light of special education
experts’, science education expert’s, teachers’ and students’ opinions and in the
quantitative part, multiple-probes across participants design was conducted to
examine the effectiveness of tangible mobile application on students’ achievement in

the 6™ grade cell concept.
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3.2.1 Qualitative Part

Reeves’s (2000) development research model was employed under the design-based
research in order to implement qualitative research. In addition, an implementation
was conducted in order to examine the reflections of special education teachers after
using the tangible mobile application on students with SLD. For this aim, a pilot
study was held with a special education teacher and a student with SLD in 6™ grade,

the main study was held with a psychologist and a student with SLD in 6" grade.

In the literature, a wide range definitions have been encountered about design based
research. Barab and Squire (2004) described design based research as “a series of
approaches, with the intent of producing new theories, artifacts, and practices that
account for and potentially impact learning and teaching in naturalistic settings” (p.
2). Herrington, McKenney, Reeves, and Oliver (2007) highlighted that “a series of
approaches” have been named in many ways such as developmental research, design

experiments, formative research. In this study, design based research is used.

Wang and Hannafin (2005) defined design-based research as “a systematic but
flexible methodology aimed to improve educational practices through iterative
analysis, design, development, and implementation, based on collaboration among
researchers and practitioners in real-world settings, and leading to contextually-
sensitive design principles and theories.” (p.6-7). They also identified the chief

characteristics of design-based research (Wang & Hannafin, 2005, p.7):

e pragmatic;

e grounded;

e interactive, iterative, and flexible;
e integrative;

e and contextual.

One of the outcome of design-based research is design principles. In order to reveal
the design principles of tangible mobile application for students with SLD, four
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stages of design-based research (Amiel & Reeves, 2008, p.34) was conducted in this

study:

e Analysis of Practical Problems by Researchers and Practitioners in
Collaboration

e Development of Solutions Informed by Existing Design Principles and
Technological Innovations

o Iterative Cycles of Testing and Refinement of Solutions in Practice

e Reflection to Produce "Design Principles” and Enhance Solution

Implementation

This study is based on three vital principles of design-based research by using
Reeves (2006) as a reference. First, the complex problems were addressed in relation
with the real life contexts in collaboration with the practitioners. Then known
hypothetical design principles were integrated with the technology to find answers to
complex problems. Lastly, rigorous and reflective inquiry was pursued to investigate
the innovative learning environments in addition to the definition of design

principles.

The eventual goal of design-based research is finding solutions to real life problems
by establishing strong links between research and problems. In parallel with this, the
current study aims at designing principles for tangible mobile application in the real
world. In addition, a noteworthy aspect is iterative design process that allows
revealing design principles to guide educational research as well as testing and
refining the innovation. Similarly, this is an iterative study because it is based on
developing prototypes and making revision in the design and development processes.
One of the key characteristic of design-based research is involving a strong, intensive
and long-term collaboration between researchers and practitioners. In line with this,
in the study the researcher engaged with all stakeholders (teachers, experts, and
students with SLD) while examining design principles of tangible mobile application
(Amiel & Reeves, 2008).
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3.2.2 Quantitative Part

In the quantitative part, multiple-probes across participants design was administered
under the single subject research design (Gast, Lloyd & Ledford, 2014) in order to
examine the effectiveness of tangible mobile application on students’ achievement in
the 6™ grade cell concept. The dependent variable of the study was the achievement
scores of the students and the independent variable of the study was the tangible

mobile application.

The experimental part of this study is based on single subject design. It should not be
considered there is only one participant. This is not a case study but a quantitative
design (Gast & Ledford, 2014). Under the single subject design, multiple-probes
across participants design was used in the current study. Both multiple-baseline and
multiple-probes design allow the same intervention to be tested on different
conditions such as different settings, participant, material, and teaching method.
These designs are flexible in terms of pace and planning of procedure. In addition,
they are robust against internal validity threats. Furthermore, these designs can be
implemented easily to examine effectiveness of a broad range of interventions.
Moreover, there is no need to withdrawal of a successful intervention to indicate
experimental control. There are three types of both designs: 1) across behaviors, 2)
across conditions, 3) across participants. The design of current study is across

participants design.

Differently from multiple-baseline design, multiple-probes design is not required
continuous baseline measurements. When a plan for the continuous measurement of
all targets before the intervention is required by multiple baseline designs, the plan
for multiple probe designs should be to collect data occasionally before putting the
intervention in practice. The accuracy and the practicality of the two mentioned
designs are influenced by this difference (Gast et al., 2014). In this study, the
multiple probes design was employed due to its practicality to examine academic

performance. In this context, baseline data were collected intermittently.
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Figure 3.1 Research design based on Reeves’s (2000) Development Research Model
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Table 3.1 Participants, instruments and data analysis techniques of the study

Stages Participants

Instruments

Data Analysis

1

2.1

3.1

4.1

Science education expert
(n=1)

Special education expert
(n=2)

Development

Special education expert
(n=1)

Science education expert

(n=1) and teachers (n=5)
Student with SLD (n=1)
Parents of student (n=1)

Development

Special education experts
(n=2)
Science education expert

(n=1) and teachers (n=6)
Students with SLD (n=2)
Parents of student (n=1)
Teacher of student (n=1)

Development

Special
(n=2)
Student with SLD (n=1)
Teacher of student (n=1)
Development

education experts

Students with SLD (n=3)
Teachers of student (n=3)

Special education teacher
(n=1)
Psychologist (n=1)

Students with SLD (n=2)

Semi-structured
interviews

Sample of application

Semi-structured
interviews

Focus group interview

Demographic
questionnaire
Prototypes
Observation Notes

Semi-structured
interviews

Focus group interview

Demographic
questionnaire
Versionl
Observation Notes

Semi-structured
interviews
Observation Notes

Final Version
Observation Notes

Semi-structured
interviews
Observation Notes

Content Analysis

Content Analysis

Content Analysis

Content Analysis

Graphical
Analysis and
Descriptive
Analysis

Content Analysis
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In stage 1, need analysis, learner analysis, and content analysis were performed.
Preliminary design principles of designing and developing a tangible mobile
application for students with SLD were identified based on analyses. To give an idea
about application and concretize tangible objects, a sample was developed by the
researcher. In order to conduct need, learner and content analysis, semi-structured
interviews were administered to a science education expert and two special education
experts. The design principles were used from the beginning to the end of the study

between each stage with an iterative manner throughout the whole process.

In stage 2, paper-based and mobile device-based prototypes were developed taking
the principles determined in the first stage into account. Mobile device-based
prototype included a tutorial and practice for one learning object from the 6" grade

cell concept.

In stage 2.1, a semi-structured interview with one special education expert and a
focus group interview with one science education expert and five science teachers
were conducted according to four design categories: 1) educational content, 2) visual
design, 3) tangible object use, and 4) interaction to obtain their views on paper-based
and mobile device-based prototypes. At the same time, mobile device-based
prototype was applied to a student with SLD and she was observed. Demographic
information about this student was gathered from her parents by a demographic

questionnaire.

In stage 3, low fidelity prototype was developed as version 1 based on preliminary
design principles and feedback taken stage 2.1.

In stage 3.1, semi-structured interviews with two special education experts and focus
group interview with one science education expert and six science teachers
conducted according to four design categories: 1) educational content, 2) visual
design, 3) tangible object use, and 4) interaction to obtain their views on version 1.
Version 1 was applied to two students with SLD and they were observed. In addition,
students’ demographics data were collected. Semi-structured interviews were

administered to students with SLD.
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In stage 4, high fidelity prototype was developed as version 2 based on preliminary
design principles and feedback taken this stage.

In stage 4.1, semi-structured interviews with special education experts were
conducted to obtain their views on version 2. Version 2 was applied to a student with
SLD. The student was observed and video-recorded as well. Semi-structured

interview was administered to the student with SLD.

In stage 5, final version was developed based on preliminary design principles and
feedback taken in stage 4.1. Final design principles of designing and developing a
tangible mobile application for students with SLD were identified based on previous

stages.

In stage 6, multiple-probe across participants design was administered under the
single subject research design as the final implementation in order to examine the
effectiveness of the tangible mobile application on the students’ achievement in 6%

grade cell concept.

In stage 7, an implementation was conducted in order to examine the reflections of
special education teachers after using the tangible mobile application on students
with SLD. After a pilot study was held with a special education teacher and a
student with SLD in 6" grade, the main study was held with a psychologist and a
student with SLD in 6" grade. They were video-recorded. Semi-structured interviews

were administered to a special education teacher and a psychologist.
3.3 Participants

In this study, purposeful sampling was used. According to Patton (1990), purposeful
sampling allows for in depth study by investigating information rich cases that can

elicit answers for research questions.

In stage 1, the science education expert (n=1) and the special education experts (n=2)

were included in the study in order to conduct need, learner and content analysis.
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In stage 2.1, the science education expert (n=1), the teachers (n=5), special education
experts (n=1) and the student with SLD as target audience (n=1) participated to
convey their opinions in the focus group interview and semi-structured interviews.
The components of tangible mobile application (pretest, tutorials, and practices),
learning objectives, and educational scenario were presented to science education
expert and teachers, and special education experts. They were also informed about
how to interact with the application and use it. Observations were conducted to
explore participants’ use of tangible objects by prototype. The student was
purposefully sampled according to two criteria as follows: 1) attending 6™ -8™
grades and 2) diagnosed with specific learning disability. In addition, student’s
demographics data was collected from the parents or teachers. YCD Special
Education and Rehabilitation Center (250 students) and Y1 Special Education and
Rehabilitation Center (380 students) was selected because of the number of students.
Information about the participants was presented in Table 3.2, Table 3.3, Table 3.4,
and Table 3.5.

In the stages of 3.1 and 4.1, science education expert (n=1) and teachers (n=6) (only
in stage 3.1), special education experts (n=2) and students with SLD (n=2 for stage
3.1 and n=1 for stage 4.1) were interviewed to find out the ideas of the participants
on the application developed. Students with SLD were observed during the time they
used version 1 and version 2. In addition, they were also video- recorded. Selection

procedures of the students were the same with stage 2.1.

In stage 6, for multiple baseline across participants’ design, 6" and 8" grade students
with SLD (n=3) were selected as subjects. Selection procedures of the students were

the same with stage 2.1.

In stage 7, a special education teacher (n=1), a physiologist (n=1) and students with
SLD (n=2) were selected as subjects. Selection procedures of the students were the
same with stage 2.1. The special education teacher and the physiologist were
interviewed to find out their experience and ideas on the use of tangible mobile

application. They were also video- recorded.
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Table 3.2 Information about science education expert and teachers

Code Degree Gender Experience
SE1 Ph. D. Female 13 Years
ST1 B.S. Male 1 Year
ST2 B.S. Female 1.5 Years
ST3 B.S. Female 1 Year
ST4 B.S. Female 1 Year
ST5 B.S. Female 1 Year
ST6 M.S. Female 5 Years
Table 3.3 Information about special education experts

Code Gender Experience Institution Title

SP1 Male 20 Years State Univ. Assoc. Prof.
SP2 Female 20 Years State Univ. Assoc. Prof.
SP3 Female 20 Years State Univ. Assoc. Prof.
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Table 3.4 Information about students

Code Gender Age Grade Disability Disability Special School Study
Type Rate Education Type  Stage
Center
DC Female 12 6 Specific  N/A - Public 2.1
Learning 3.1
Disability
BK  Male 12 7 Specific 20 YI Public 3.1
Learning Special 4.1
Disability Education
Center
NV  Female 12 7 Specific 20 YI Public 6
Learning Special
Disability Education
Center
AC  Male 12 7 Specific 25 YI Public 6
Learning Special
Disability Education
Center
EY Female 13 7 Specific 30 YI Public 6
Learning Special
Disability Education
Center
FV Female 11 6 Specific  N/A YI Public 7
Learning Special
Disability Education
Center
MYP Male 11 6 Specific 25 YCD Public 7
Learning Special
Disability Education
Center
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Table 3.5 Information about the special education teacher and the psychologist

Code  Gender Occupation Age Experience Institution
P1 Female  Psychologist 26 2 Years YCD Special Education
Center
SET1 Male Special 29 8 Years Yl Special Education
education Center
teacher

3.4 Instruments
3.4.1 Semi-structured interviews with special education experts

In stage 1, to conduct need, learner and content analysis, a semi-structured interview
was administered. The interview aimed to seek if there was a need for this
application, and if it was appropriate for students with SLD. It also aimed to decide

which content and grade would best fit to utilize such an application.

In stage 2.1, a semi-structured interview was administered to obtain special
education experts’ views after paper-based and mobile devices based prototypes
were presented to them according to four design categories: 1) educational content,
2) visual design, 3) tangible object use, and 4) interaction. The semi-structured
interview form consisted of 27 questions. The interview questions were formed after
a thorough overview of the limited related literature and focused on demographics
(n=3), educational content (n=7), visual design (n=10), tangible object use (n=3),

interaction (n=4) (Appendix A).

In stage 3.1, semi-structured interviews were administered to obtain special
education experts’ views after low fidelity version 1 was presented to them. The
semi-structured interview form consisted of 29 questions. The form differed from the
one in the stage 2.1 in terms of investigating what kind of changes would come up
(Appendix B).

40



In stage 4.1, semi-structured interviews were administered to obtain special
education experts’ views after high fidelity version 2 was presented to them. The
semi-structured interview form consisted of 25 questions. The form differed from the
one in the stage 3.1 in terms of investigating what kind of changes would come up
(Appendix C).

3.4.2 A semi-structured interview with science education expert and focus group
interviews with science education expert and teachers

In stage 1, a semi-structured interview was conducted and the application was
checked to see if it was the most appropriate one for each set of content (unit-subject-

learning object) in each grade level.

In stage 2.1, a focus group interview was administered to obtain science education
expert’s and the teachers’ views after paper-based and the mobile application were
presented to them based on four design categories: 1) educational content, 2) visual
design, 3) tangible object use, and 4) interaction. The interview form consisted of 29
questions. The interview questions were formed after a thorough overview of the
limited related literature and focused on demographics (n=3), educational content
(n=11), visual design (n=8), tangible object use (n=3), and interaction (n=4)
(Appendix D).

In stage 3.1, a focus group interview was administered to obtain science education
expert and the teachers’ views after version 1 was presented to them on four design
categories: 1) educational content, 2) visual design, 3) tangible object use, and 4)
interaction. The interview form consisted of 31 questions. The form differed from the
one in the stage 2.1 in terms of investigating what kind of changes would come up.
The interview questions were formed after a thorough overview of the limited related
literature (Appendix E).

3.4.3 Semi-structured interviews with students

In stages 2.1, 3.1, 4.1 semi-structured interviews were administered to students with

SLD as target audience after using the tangible mobile application on four design
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categories and there was a specific section to find out their overall ideas about the
application. It focused on which parts the students liked or did not like (positive and
negative aspects of the tangible mobile application). In stage 2.1, it consisted of 12
questions. The questions focused on general opinion (n=2), educational content
(n=4), visual design (n=2), tangible object use (n=1), interaction (n=3) (Appendix F).
In stage 3.1 and 4.1, in addition to these questions, one question was added to
educational content part and one question was added to interaction part (Appendix
G).

3.4.4 Semi-structured interviews with special education teacher/ psychologist

A semi-structured interview was administered to obtain the special education teacher
and psychologist’s experience and views about the tangible mobile application with
their students after using the application on three categories: 1) the process for
starting use, 2) the process for use, and 3) future use. The semi-structured interview
form consisted of eight questions.

The questions focused on the process for starting use (n=2), the process for use
(n=3), future use (n=3) (Appendix H).

3.4.5 Demographic questionnaire

In stages 2.1, 3.1, and 4.1, 6, the demographic form was applied to their parents or
teachers in order to collect detailed information about students participating in the
study. Form included both multiple choices and open-ended questions. It consisted of

19 questions (Appendix ).
3.4.6 Observation notes

In stages 2.1, 3.1, 4.1, and 7, the researcher took observation notes while students
were using the tangible mobile application. Observation notes included the
difficulties faced, weakness and strengths, negative/positive sides of the application,
responses of the students in terms of four categories. It consisted of four observation

items (Appendix J).
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In stage 6, the researcher took observation notes while students were using the
tangible mobile application for the baseline, intervention and follow-up sessions by
an observation checklist. It consisted of 11 items. The checklist focuses on being
willing to use the application/ being satisfied with the use of application (n=4),
sustaining attention while using the application (n=3), using the application and
objects easily / correctly (n=4) (Appendix K).

3.4.7 Pretest-posttest

The pretest-posttest that includes criteria-based 22 questions in the tangible mobile
application was presented in the multiple-probe across participants design. The
pretest-posttest was prepared by the researcher considering the experts’ views. The
questions were presented students randomly for each session and students were never

informed about the correct answers (Appendix L).
3.5 Setting and materials

This part of study was carried out in a regular special education classroom. There
were table(s), chairs, and shelves in the classrooms. The researcher and students sit
around a table (Figure 3.2). The video camera was placed to an appropriate point in
order to keep records without any distraction. Technical features of the tablet were
presented (Appendix O).
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Figure 3.2 Sessions

3.5.1 Description of the tangible mobile application

The tangible mobile application was developed with the aim of improving
achievement of students with SLD in 6™ grade cell concept. Android version can be

downloaded from markets.
3.5.2 Parts of the tangible mobile application

The Learning Objective: Students will be able to compare animal and plant cells in

terms of basic components and functions (6™ grade Cell concept)

Scope of the Learning Objective: For the basic components of the cell, only the cell
membrane, cytoplasm, and nucleus are given. Without giving detailed structures of
cell organelles, students were only mentioned about the names and the main

functions.

Concepts: This study aims to equip students with SLD with the following concepts:
“The cell, similarities and differences between plant and animal cells, name and

function of the organelles, and basic components of the cell”.

Target Audience: Target group consists of students with SLD selected from 6'"-8!"

grade.

The tangible mobile application includes a pretest-posttest, a trial screen, a tutorial

and practice parts. Tangible objects are employed in all of these parts.
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Firstly, there is a login (a nickname which selected by the researcher) screen in the
application. Next, the pretest (Appendix L) that includes criteria-based 22 questions
in the tangible mobile application is presented. A trial screen was provided for the
students to enable them get familiar with tangible objects as well as being able to use
it easily. One of the main parts of the application is the “tutorial part”, which starts
with an introduction and followed by an experimentation that is provided through a
magnifying glass and a microscope. The next step consists of definitions and
explanations about each concept. Each learning unit in the tutorial part is followed by

a related practice. The posttest —the last part- is the same with pretest (Appendix L).

Grasping 3D tangible Touching tangible object Removing tangible
object on the tablet object from the tablet

Figure 3.3 Screenshots of the tangible mobile application

3.5.3 Tangible Objects

18 tangible models (objects) were designed and developed. In addition to holistic
models of animal and plant cells, one microscope, one magnifying glass, six models
that included the nucleus, the cytoplasm and the cell membrane of animal and plant
cells and the cell wall were designed and developed. The remaining eight of them

were the models of the organelles.
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Figure 3.5 Screenshots of Tangible Mobile Application
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3.5.4 Technical part of tangible mobile application

The application was developed with Adobe Animate CC. It works via Air Player. It
works on Android Tablet. Technical features of the tablet were presented (Appendix
O). It will be able to be downloaded from Android Market. Tangible models were
designed in 3D CAD programs. During the development of the tangible objects, the
researcher received feedback from the science education expert (SE1) and made
improvements in color, shape, and the size. Prints were taken by using a 3D printer.
A slot was designed for each model in order to place conductive plate and stylus tips.
Application works based on the touch sensing principle, which could be used with
stylus tips easily. When designing the user interface and illustrating the 2D images a
professional help has been received by a professional illustrator. In addition to this,
professional support was also received when recording the voices used in the
application. All these recording were performed in a professional studio to maintain
clarity in the sounds. As a result of all these steps, the application was coded by the

researcher.

Figure 3.6 The bottom of a tangible object

Database: A local database was created by using SQLite. The database of tangible
mobile application was developed in a way to log all the correct attempts, incorrect

attempts and the time spent on each activity.
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3.6 Procedures

In all stages, all participants were informed about the aim of the study, and they
voluntarily participated in the study. Institutional review board approval was taken
from METU Ethics Division (Appendix M). Semi-structured interviews were
conducted one-to-one and recorded by permission. For student participation, parents
were informed about the aim of the study and given consent form (Appendix N).
Also, videos recorded by permission of parents. The names of participants were

coded and kept private.
3.6.1 Procedures of Qualitative Part

In stage 1, in order to give an idea about application and concretize tangible objects,
a sample was developed by the researcher. In order to conduct need, learner and
content analysis, semi-structured interviews were administered to a science education
expert and two special education experts. The interviews with special education
experts took approximately 30 minutes and the interview with the science education

expert took 20 minutes.

In stage 2.1, after the participant special education expert, and science education
expert and teachers used the prototype, semi-structured interview with special
education expert and a focus group interview with a science education expert and
five teachers were conducted to obtain their views on paper-based and mobile
device-based prototypes. At the same time, mobile device-based prototype was
applied to a student with SLD and she was observed. In addition, students’
demographics data were collected. The interview with the special education expert
took approximately 30 minutes and the focus group interview with the science
education expert and teachers took 60 minutes and the interview with the student
with SLD took 5 minutes. The interview was kept short time not to bother the

student.

In stage 3.1, semi-structured interviews with the special education experts and a

focus group interview with a science education expert and six teachers were
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conducted to obtain their views on version 1. This version was applied to students
with SLD. They were observed and video-recorded as well. The video camera was
placed to an appropriate point in order to keep records without any distraction. Also,
the students’ demographics data were collected. Semi-structured interviews were
administered to students with SLD. The interviews were kept short time not to bother
students. The interview with special education experts took approximately 30
minutes and the focus group interview with the science education expert and teachers
took 20 minutes and the interviews with students with SLD took 5 minutes. Data

collection procedure for stage 4.1 was the same with stage 3.1.

In stage 4.1, semi-structured interviews with the special education experts were
conducted to obtain their views on version 2. This version was applied to a student
with SLD. He was observed and video-recorded as well. The video camera was
placed to an appropriate point in order to keep records without any distraction. Also,
the student’s demographics data was collected. A semi-structured interview was
administered to the student with SLD. The interview was kept short time not to
bother students. The interview with the special education experts took approximately

20 minutes and the interviews with the student with SLD took 5 minutes.

An implementation was conducted in order to examine the reflections of special
education teachers after using the tangible mobile application on students with SLD.
After a pilot study was held with a special education teacher and a student with SLD
in 61 grade, the main study was held with a psychologist and a student with SLD in
6" grade. Teachers or students were not given any training or using manual before
the implementations. The researcher gave tablets and objects to teachers. The
researcher mentioned teachers that they should grasp the objects and then touched to
the tablet screen. The video camera was placed to an appropriate point in order to
keep records without any distraction. After the each implementation, a semi-
structured interview conducted with the special education teacher and psychologist.
The pilot study took approximately 40 minutes while the main study took 30

minutes.
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3.6.2 Procedures of Quantitave Part (Single Subject Study)

All experiment processes were conducted by researcher. All sessions were observed

and recorded by a video camera.

Baseline: Before starting baseline sessions, parental consent forms were taken from
parents and the researcher gathered students’ information from the parents or
teachers via demographic form as previously stated. For each baseline session, a
pretest (Appendix L) was presented including criteria-based 22 questions in the
tangible mobile application. At least three baseline data were collected for each

student until stability was ensured.

Intervention: Intervention was presented for one learning objects. Probes were
conducted at the end of each intervention. Probes included practice about each
learning object. Each intervention session took approximately 30 minutes while each
probe session took approximately 10 minutes. Throughout the experimental period,
there were no studies conducted at home and at special education center about the
cell concept. Intervention and probes were continued until three students met 100%
criteria (which means answering 100% or almost 22 questions correctly for three

consecutive probe sessions).

Follow-up sessions: After the intervention, maintenance data were collected by using
a posttest. Follow-up sessions were conducted every several days. The posttest was
the same with the pretest (Appendix L). Maintenance data were collected using the

same procedures with the baseline and intervention sessions.
3.7 Data Analysis

In the qualitative part, content analysis was employed. The main aim in content
analysis is to reach the concepts and relationships that can explain the collected data
(Yildirnm & Simsek, 2013). Creswell (2013) emphasized that in qualitative research,
data analysis and data collection steps are carried out together. Therefore, data
collection and analysis conducted concurrently because one stage outcome is an

input for the next stage. For example, the results of stage 2.1 are input for stage 3 due
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to providing feedback in design process. Collected data were analyzed by following
basic qualitative research analysis steps (Creswell, 2013, p.319):

e Organize and prepare the data for analysis
e Read or look at all the data
e Start coding all of the data

e Use the coding process to generate a description of the setting or people as

well as categories or themes for analysis.

e Advance how the description and themes will be represented in the

qualitative narrative.
e Making an interpretation in qualitative research of the findings or results.

Researcher followed above-mentioned steps in data analysis process. Firstly, all data
coming from semi-stuctured interviews, focus group interviews, and observation
notes were transcribed to Microsoft Word. Secondly, researcher rechecked and read
all transcription to give meaning them. Thirdly, researcher organized the transcribed
data by predetermined categories which were educational content, visual design,
tangible object use, and interaction. Afterwards, researcher coded the data which is
one of the main process of content analysis. Inter coder reliability was employed in
this step which means two or more coders agreement on codes are used for the same
part of the transcribed data (Creswell, 2013). Hence, a research assistant who
conducted qualitative research participated to current study as inter coder. He is a
Ph.D. candidate from the Computer Education and Instructional Technology
department. He was informed about all stages of the study and given one of the
information rich interview. Miles and Huberman’s (1994) formula was used in the
study in order to calculate inter coder reliability score. This score was found by
dividing the number of agreements by the sum of the total number of agreements and
disagreements. Inter coder reliability score was calculated as .81 which is accepted as

good score by Miles and Huberman (1994). After that, researcher made
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interpratations. The data were described and direct quotations were given in order to
reflect the views of the stakeholders dramatically. In the quantitative part, the data
about the effectiveness of the tangible mobile application were analyzed by graphical

analysis.
3.7.1 Qualitative part: validity and reliability

External validity

Thick description: Merriam (1995) emphasized that clearly presenting the results in
sufficient detail can show other researchers how similar to their own research for
more transferability. Because the researcher gives details about participant and
research settings of the study (Creswell, 2007). In the study, enough detail was
provided for all stages by the researcher to increase transferability to other research

situations.

Purposeful sampling: Purposeful sampling aims to reveal both the events and
phenomena typically encountered. The variability and diversity of the event or
situation being investigated allows the reader to understand the variability and
diversity that may exist in their research. In addition, it makes an important
contribution in comparison with the research results (Yildirnm & Simsek, 2013).
Characteristics indicating variability of events and phenomena were used in this

study in order to increase transferability.

Internal validity

Triangulation: Creswell (2012) defines triangulation as finding evidence from
different people (teachers, students, experts), different data types (observations,
interviews), and different data collection methods (documents and interviews) to
make research more accurate and trustworthy. In addition, Creswell (2007)
emphasized that triangulation is to verify the evidence from different sources to
illuminate a theme. In this study, the data were gathered from different stakeholders

by using different data collection tools.
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Peer/colleague examination: It is defined as asking peer/colleague to examine the
data and to comment on the plausibility of the emerging findings in Merriam (1995,
p.55). In addition, Creswell (2012) stated that an external audit can review the
research from a different perspective. In this study, all suggestions given by

consultants in data collection and analysis process were considered.

Reliability

Triangulation: As Merriam (1995) indicated that using multiple data sources in data
collection can provide reliability as well as internal validity. In this study, different
data collection tools were used in data collection process.

Audit Trail: Merriam (1988) highlighted that data collection and data analysis
processes should be explained in a way to help another researcher to follow steps and
conduct a similar study. In data collection and analysis parts, details were given to
help researchers and practitioners who want to replicate this study.

Peer/colleague examination: As Merriam (1995) stated that peer/colleague
examination provides a second look at if the initial results are consistent with the
data collected. In addition, Yildirnm and Simsek (2013) emphasized that in the
analysis of the data, another peer confirms the results obtained. In this way, it can be
confirmed that the results obtained are based on the data rather than the researcher's
own view. In the present study, a peer who is in educational technology field was
asked to examine the data for coherent results. Data collection and data analysis steps

were reviewed by the peer carefully.
3.7.2 Quantitative part: experimental validity

History: “Events occurring concurrently with the intervention could cause the
observed effect.” (Kratochwill et al., 2010, p.9). In this study, in order to control
history effect, the treatment was conducted in summer period. Thus, there was no
extra lesson about cell unit at school or special education center or person (teacher).
In addition, the researcher controlled that the participants did not study the cell unit

out of the special education center.

54



Maturation: “Maturation refers to changes in behavior due to the passage of time.”
(Gast, 2014, p. 99). Maturation is not likely a threat for intervention for short time
studies (4-6 weeks) (Gast, 2014). In this study, maturation was controlled because it
was a short time study. In addition, the treatment was applied in summer time and

students did not take any course which covered the cell concept.

Testing: “Exposure to a test can affect scores on subsequent exposures to that test, an
occurrence that can be confused with an intervention effect.” (Kratochwill et al.,
2010, p.10). Baseline data were collected intermittently in the multiple probes
design, for baseline testing is unlikely a threat. For probe, the questions were
presented to students randomly for each session and students were never informed

about the correct answers to control testing threat.
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CHAPTER 4

RESULTS

In this chapter, firstly, preliminary design principles of designing and developing a
tangible mobile application for students with SLD are presented. Development
processes of paper-based/mobile device-based prototypes, low fidelity prototype
(version 1) and high fidelity prototype (version 2) are explained respectively. After
explaining all development processes, the views of special education experts, the
science teachers/expert and the students with SLD on both prototypes are analyzed in
a detailed manner. In addition, observation data about participants’ use of the
tangible mobile application is presented. After these stages, the finalized design

principles are determined.

Effectiveness result of the tangible mobile application on the students’ achievement
in 6™ grade cell concept is presented. In addition, usability issues about the tangible
mobile application by students and the reflections of special education teachers after

using the tangible mobile application on students with SLD, is given.

4.1 Research Question 1: What are the design principles of a tangible mobile
application for students with SLD?

4.1.1 Stage 1

In this stage, preliminary design principles of designing and developing a tangible
mobile application for students with SLD were identified based on analyses. In order
to conduct need, learner and content analysis, interviews were administered to a
science education expert (SE1) and two special education experts (SP1 and SP2). To
give an idea about the application and concretize tangible objects, a sample (the
content was parts of digestive system) was developed by the researcher. The

principles determined in this stage were taken into consideration for throughout the
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whole process. Preliminary design principles were determined in terms of four
categories: 1) educational content, 2) visual design, 3) tangible object use, and 4)

interaction are given.

Principles that seem to complete one another are explained together in the remaining
parts of the study. For example, Principle 4 and Principle 5 are explained together
since priorities given within one principle is supported by the ideas given in the other
principle in terms of appealing to multiple senses as well as keeping reading and
writing activities less. This method was incorporated in the principles where there are
complementary ideas, as it could be seen in the principles of “educational content,

visual design, tangible object use and interaction”.

Educational content principles

Principle 1: “Educational content should especially be selected among abstract
learning objects.”

All the experts, who were interviewed, emphasized the importance of choosing
educational content from abstract learning objects. During the conversations, two of
them shared stories of students whom they have observed experiencing specific
learning disabilities during classroom visits in various contexts. In their experiences,
they all observed students to deal with difficulties especially when trying to learn an
abstract concept. This reflection was also found to be in parallel with SE1, who has
been involved in teaching contexts that focus on science education. In line with the
experts from the field of special education, SE1 also asserted expressions that imply
the importance of teaching abstract concepts by means of technology. In addition,
SP1 and SP2 emphasized that designers need to focus on teaching abstract concepts
for both the science courses and life science courses. Following excerpt given by

SP1 was echoed almost by all the participants:

“...Itis very difficult for everyone to visualize concepts in our minds given in
2D formats in the science and life science books. This almost becomes
impossible when we are teaching for the students with specific learning

disabilities ... Let’s talk about how to teach the concept of “Plateau”.
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Plateau looks like the lowland. There is a difference between them. Plateau is
a highland area. Even though you put the child in the middle of the lowland,
it is difficult for him or her to understand due to the largeness of the
highland. In a simple 2D format, this is really difficult for the child to
comprehend the idea. However, the students get into a setting in which he or
she feels like walking on the plateau by incorporating the educational content
through 3D image.” (SP1).

“..Hayat bilgisi veya fen bilgisi dersinde kitaplardaki iki boyutlu
gortintiilerle kafalarinda canlandirmalarinin zor oldugu, diger kisilerin bile
gercek anlamda ornegini gérmedigi ya da hayal edemeyecegi bir seyi [OOG
yasayan ogrencilerin] kafalarinda imaj olarak olugturabilmek icin. Mesela
plato kavramu... Plato, ovamin ¢ok benzeridir. Ama arada soyle bir fark var.
Plato, bir dagdaki diizliik bolgedir. Simdi bunu, ¢ocuk platonun orta yerine
koysan bile biiyiikliigiinden dolayr algilamasi miimkiin degil. Basit bir ikili iki
boyutlu bir goriintiide bunu ¢ozmesi zor olabiliyor ama 3 boyutlu gériintiide

onun iginde geziyor gibi bir ortam olustugunda, o zaman farkli bir siirece

girer.” (SP1).

As you can see in the excerpt above, 3D technology appears to play an important role

in the learning experiences of students. This is also crucial for the students with SLD,

who need specific support to make visualizations in their minds. We could infer from

the interviews that 3D technologies serve as a means of providing better learning

conditions not only for the students but also for the teachers. Although SP1

criticized having lack of educational materials that could relate “abstract learning to

concrete learning”, SP2 noted that there are some available but limited, produced by

the teachers. Both shared their concerns about not having enough technologically

supported materials.

“...Technologically supported materials are more functional and better
facilitators of learning, which leads to permanent learning, than teacher

made materials. In this way, multiple clues could be given in various forms

59



simultaneously. This also contributes to better learning opportunities. In such
a setting, stimulus also becomes more concrete.” (SP2).

“...Teknolojiyle birlikte olusan somut materyaller, ogretmen yapimi
materyallere gore ¢ok daha islevsel, ¢cok daha kalici, ¢ok daha 6grenmeyi
kolaylastirict, ¢ok daha fazla ipucunu ayni anda sunma sanst var. Dolayisiyla
uyaranlart ¢ok daha somutlagtirma sansim var o yiizden de, olmadigindan

degil ama daha iyi 6grenmeye sebep olsun diye.” (SP2).

SE1 also confirmed the above-mentioned expressions with the following words: “We
need to create platforms that could be lived and experienced by students. This
[tangible technology] not only makes abstract concepts concrete but also enable
students to learn actively.” (SE1). “Ogrencinin biraz daha kendi kendisinin
vapmasint saglayacak bir ortam [gerekli]...Aslinda somutlastirmamis oluyoruz
burada [kavranabilir teknoloji ile]. Ciinkii bizzat kendisinin yapmasi gerekir.”
(SE1). SE1 also mentioned the difficulties experienced in the science teaching
process. She finds it too difficult to teach abstract concepts even for adults who
continue the undergraduate program in her faculty. She believes that teachers should
be willing to use tangible technologies in a way to support their classes. Only in this

way, students could internalize the concepts.

Principle 2: “Learning objectives that are determined for educational content should
mainly consist of expository texts.”

Principle 2 emerged as a result of the interviews with the two experts from the field
of special education. Both of the experts underlined the constraints experienced
during reading long texts. Students with SLD show common characteristics with
regards to performing reading and writing skills. Course books that contain long and
complex sentences put these students into a “vicious circle of difficulties”. They
highlighted the need for tangible technologies in a way to support students and
teachers. They believe that instructional designers should be aware of these barriers
encountered by this group of students and develop their materials in line with the
needs and capabilities of the students. This may open alternative learning paths for
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this disadvantaged group of students. Words revealed by SP1 showed the roadblocks
that encountered by students with SLD and the ways in which those roadblocks could

be overcome:

“Students with SLD are expected to be on the same platform with other
students. | suggest using the same educational goals and content but
presenting it with alternative materials with simplified texts... In this way, we
could create equal learning opportunities for this group of students ... Let’s
give the course of environmental pollution as an example for a science
course. Rather loading children with long texts, if we gave them an
alternative scenario of the city via video or image, they would at least have

an idea what pollution and its reasons could be.” (SP1).

“Simdi belirli sekillerde kaynastirma egitimi igerisinde devam eden
ogrencinin okul miifredatini takip etmesi gerekiyor. Bazi yerlerde miifredat
bol igerikli hale doniigiiyor. O bol igerigi ¢ocuk almasi gerekiyorsa ve
alabilecek ozelliklere sahipse o zaman hi¢ ¢ekKinmeden orda bu testini
vapabilmelisin... Tabi ogrenip 6grenemeyecekler mi? Belli bir gorsellestirme
ile yalitilmig metinlerle dogrudan ozii veren metinlerle bu is yapiulabilir mi?
Yapilamaz mi1? Hemen diger bir ornek sana, Mesela ¢evre kirliligi konusu.
Cevre kirliligi konusundaki o dongii ya da gevre kirliligini arttiran unsurlarla
ilgili olarak bunlari yiiz tane yiiz tane sayacagina karsidan gériinen bir
sanayi sehrinin [video veya] goriintiisiinii bile ¢cocuga versen... Sehirlerdeki
kirlenmenin ne olduguyla alakali ya da nedenleriyle ilgili olarak bir sey

soyleme sansina ulaswr o yiizden.” (SP1).

Principle 3: “Educational content should be given appropriately to students’ age
and disability type.”

Experts in the field of special education highlighted “age and disability type” as the
factors of that could be taken into consideration when designing materials for the

students with SLD. Since each one of these students carry unique characteristics,
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educational materials and the teaching practice need to be adopted in line with the

needs of each child.

“Students with SLD may present different difficulties in the learning process.
Each child with a disability exhibit different characteristic in relation with
one’s disability type. This picture becomes clearer in the case of students with
SLD. While a child may have difficulty in audio perception, the other may
have difficulty in the visual perception. For this reason materials are

expected to be designed by considering these factors.” (SP1).

“Ogrenme giicliigii olan cocuklar farkli sorunlar sergileyebiliyorlar. Bunlar,
her engel grubu icinde yer alan kisilerin birbirinden farkliliklar: ¢ok fazladir
ve ogrenme gii¢liigiinde bu durum ¢ok ¢ok nettir. Yani bir ¢ocuk isitsel olarak
algilamada sorun yasiyorsa diger bir gorsel algida sorun yasayabiliyor. Bu
nedenle materyalin... O nedenle buranin nasil diyeyim bu sekilde diizenlemesi

gerekiyor.” (SP1).

SP1 confirmed the above-mentioned words through his own lived experience in a
project conducted in the United States. In the mentioned experimental study, he had
the opportunity to observe and work with students with SLD. He noted the
significance he had observed between presenting a concept on paper with lots of
texts incorporated into the content and technology supported materials incorporated
with lots of visuals and simplified texts. He underlined the value of presenting
simplified materials designed in accordance with the specific characteristics of
student by using technology. He emphasized the fact that technology works better if
these principles are taken as a priority. SP2 more or less mentioned similar ideas for
the students by saying “Design should be differentiated with regards to disability
type.” (SP2). “Engel tiirii de tabi ki de [dikkate alinmali]. Yapilacak uyarlamalari
belirliyor engel tirii.” (SP2). Both of the participants noted that “age” should be
taken as one of the factors that determine the content and the approach in all these

phases.
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Principles 4 and 5: “Reading and writing activities should be kept less in
educational content.” and “Vocal parts of written texts should be included. ”

Both of the experts from the field of special education indicated “reading and writing
comprehension” as one of main problem areas for the students with SLD. As it was
noted by SP1, “Most of the students with SLD (80-85%) suffer from reading skills. ”
(SP1). “/OOG yasayan] Cocuklarin %80-%85’i okumada problem yasiyor.” (SP1).
Similar concerns were also revealed by SP2. Reasons behind this problematic area in
some of the cases are that students with SLD are unable to “visualize” and
“illustrate” the concepts when they are presented only in the text form. This leads
them to the before mentioned “vicious circle” in which they feel demotivated to
participate in the classroom activities. Special education experts (SP1 and SP2)
proposed that students with SLD could be helped through the effective use of
technology in which skills of listening and visualization are incorporated. In line with
this, the following recommendation was given by SP1 for the students with SLD to

overcome this constraint:

“Visualization [for these students’ reading and writing activities] becomes
extremely important. If you reveal these activities in the audio and visual
forms, it [learning] becomes easier. For example, what can you drink when
you are by yourself in a desert? You can drink cactus water. How do we know
this? We could remember this from a cartoon we have read in our childhood.
No one teaches you what you can do in a desert. When we see it on the paper,
we could remember the images and pictures. For this reason these are

critical factors in their [students with SLD] learning. ” (SP1).

“Gorsellestirme o yiizden inanilmaz derecede onemli hale geliyor. Hem
dinlemeye dékerseniz hem de gorsel olarak bunu verirseniz bu artar. Mesela
bircok seyde. Mesela ben ¢ocuklugumdan kalma seylerden bir tanesi. Colde
kaldiginda ne igebilirsin. Kaktiis suyu icebilirsin. Bunu nerden biliyoruz. Bir
¢izgi romandaki goriintiiden biliyoruz. Bu kadar basit bir sey. Kimse sana
kalkip bunu égretmiyor. Ama gorsel olarak bu kafamizda kalabiliyor. Iste o
nedenle bu ¢ocuklar icerisinde kritik hale gelebiliyor.” (SP1).
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Excerpt above illustrated the way that learning occurs in the minds of these children
and the impact of audio and visual support mechanisms in the learning process. In
line with this interpretation, SP2’s words also highlighted the value of technology

when teaching for these students:

“We put educational technology in practice to enable students with the use of
alternative skills. We in a way used the existing reading materials, tailored
and adopted them into the educational technology.” (SP2).

“...0Okuma yazma sonug¢ olarak metinlerde de var. Oradan okuma yazma
kullanaraktan buna ulasamadiklar: icin, bu kazamimlar: elde edemedikleri

icin biz égretim teknolojisini devreye soktuk.” (SP2).

As could be seen in the words of SP2 educational technology serves as one of the
most important means for supporting these students in the learning process.

Similarly, SP1 noted the need of tangible technologies with the following words:

“...We have students who suffer from reading skills that include lack of
vocabulary, comprehension, reading speed and such. For example, if you
give a difficult text for a 7" or 8" grade student who has difficulty in reading
comprehension, he or she will perceive as if he or she is tortured. He will not
move one-step aside with this strategy. We should always keep in mind this
question: “How can I present this material for these students so that (s)he

can comprehend and follow the course?”’(SP1).

“...Okudugunu anlama konusunda ciddi problemleri olan ¢ocuklarimiz var.
Bunun kimisi dagarcik sorunu yagsiyor, kimisi algi sorunu yasiyor, kimisi
okuma hizi problemi yasiyor, kimisi okumadaki bazi yetersizliklerden iste
eklemleme vs. probleminden dolayr en sonunda okuma okudugunu anlama
problemi yasiyor. Orta 3’e gelmis ve okudugunu anlama problemi yiiksek
seviyede olan bir ¢ocuk ya da orta 2’ de olan bir ¢ocuk igin yazili materyal
vermek o ¢ocugu oldiirmektir. O nedenle sizin yapmaniz gereken sey bu

materyali ona sunulabilir hale doniistiirmeniz gerekiyor.” (SP1).
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Voices of SP1 and SP2 highlighted reading and writing skills as one of the primary
areas in which students with SLD experience difficulty. Their words also highlighted
the nature of these skills and the way they counterpart each other. In other words,
difficulty in reading comprehension leads difficulty in writing. That is why these
students need to supported in the skills they have strengths, which is listening.
Therefore, presenting materials through the effective use of age and disability type

appropriate audio visuals enable students to get involved in the learning process.

Principle 6 and 7: “Student should be given appropriate feedback.” and “Students

should be reinforced upon giving correct answers. ”

Feedback and reinforcement could be listed as the most important strategies in the
effective teaching process. However, the need for these strategies becomes more
important when it is the case for the students with SLD. Therefore, both of the
special education experts underlined the impact of giving feedback and
reinforcement for these students by emphasizing the way they should be given. In
this way, the continuity of the learning process and the motivation for learning could
be maintained as well as providing guidance and support. SP1 also noted the

following principles:

“Words used in feedback should be built on positive and constructive
approach rather than judgment and criticism. Expressions that associate
with failure should be avoided ... In cases when there seems to be failure,

avoid using words that may decrease motivation.” (SP1).

“...Olumlu dille tamamlanmali, tekrar etmesi gereken bir sey varsa olumsuz
ifadelerden ya da onu basarisiz hissettirecek ifadelerden uzak bir sekilde
dogru kaynaga yénlendirme ya da dogru bilgiyi sunma seklinde olmali...
Yani elestiri yok. Yargi yok.” (SP1).

Both of the experts noted how criticism serves as a roadblock in learning. As it was
noted by SP1 with the following words:
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“Being critical [and negative in feedback] is one of the main mistakes that is
done in education not specifically for these students. |1 have to focus on
dealing with one’s manner and approach towards learning and I can only
achieve this through a positive approach. As long as | am critical towards the
child I could never built a connection that leads learning. Otherwise all the

channels will be closed. ” (SP1).

“Evet, elestirel bir yargiyla ¢ocuklarin tizerine gidiyoruz. Bu genel egitimde
de yanlis yapilan bir sey, ozel egitimde de yanlis yapilan bir sey. Ben ¢cocugun
ogrenmesi ve ogrenmeye doniik olumlu tutumuyla ugrasmak durumundayim.
Ben ona elestirel dille yaklastigim siirece o buradan uzaklasacak. Uzaklastigi

zaman zaten kanallar kapanacak...” (SP1).

The above statement was echoed many times in the conversations with the experts
from the field of special education. It could be seen in their views and experiences
that motivating students and getting them ready for the learning process is the most
important step that leads the other steps. They admitted that this is not only important
for this group of special students but also for other students but it becomes a
“stepping stone” in the case of students with SLD. These students need to be
motivated and supported more than their peers. We could infer from their messages

that the interaction should be based on “motivation”.

Experts also highlighted “reinforcement” in line with this interpretation. When
students with SLD are not provided with appropriate reinforcement, their learning
experience could have a desperate end, which is illustrated with the word: “learned

helplessness”.

“One of the main [constraints] we experienced with students with SLD is
learned helplessness ... In cases when a child is unsuccessful due to having
the experience of learned helplessness, he or she should be given
reinforcement to make him or her feel that that one could still be successful in
spite of making mistakes ... Students should be supported towards his or her

strengths and continue to work on the areas he or she is successful.” (SP1).
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“Bilhassa ogrenme gii¢liigii olan ¢ocuklarimizda bizim yasadigimiz seylerden
bir tanesi ogrenilmis caresizlik gibi kavramlar olabiliyor. Ogrenilmis
caresizlik yani akademik bagarisizlik konusunda ogrenilmis ¢aresizlik
yasayan bir ¢ocuga ne kadar bagarili oldugunu hissettirmek igin pekistireg
iyidir. Basardig1 seylerin devami arttirmak saglamak icin pekistire¢ yine

iyidir... ” (SP1).

SP1’s comments about reinforcement was confirmed by SP2 who asserts that the
more reinforcement is given the more appropriate behavior is presented.
Reinforcement is expected to have the power of increasing motivation, which forms

the basis of the learning process.

Visual design principles

Principle 1, 2 and 3: “Interface design, character selection, 2D and 3D images,
animations, and vocal parts should be appropriate to the age and characteristics of
the disability type.” and “Interface design, character selection, 2D and 3D images,
fonts, animations, and vocal parts should be simple, user-friendly, motivating, and
should not be distractive.” and “Written texts, images, animations, and vocal parts
should facilitate understanding of the educational content. ”

Participants’ views appear to be categorized under the second principle of “visual
design”. They indicated “attention disorder as one of the main problems
encountered by students with SLD. In order to overcome the constraints encountered
in relation with this problem they suggested design principles based on visuals they
attract their attention. They also underlined the importance of considering the “age
and disability type appropriateness” in the design process. This enables students to
focus on the material on an extended time span rather than short-term playtime
activities. Educational materials based on this design principle are expected to be
important to increase motivation. Following principles were mentioned by all the
participants: Interface design, characters selection, use of 2D and 3D images, fonts,
animations and vocal parts should be simple and user friendly, motivating and should
not be distractive. Experts stated that concentration is one of the main challenges

students with SLD suffer from in the learning process. That is why visuals that are
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directly related with the educational content should be used. Otherwise, students
should be confused with the unnecessary information.

“Students with SLD were diagnosed with the problems of attention disorder
and limited attention time span. For this reason, we have to consider the
developmental processes in age specific groups and design materials that will
appeal their expectations and needs ... This is important in all the design
processes ranging from color selection to screen layout of critical
components ... It should be noted that students expect to follow a consistent
screen layout that will make the learning process easier... Once being
familiar with the layout, the student is provided with opportunities to focus
only on the educational content and acquire the new information.” (SP1).

“Ogrenme giicliigiinde giidiilenme odaklanma ve dikkat siiresiyle baglantili
olarak problemler zaten ortaya konulmus vaziyette. Bunun ¢ocuklarin belli
bir siire o etkinlik iizerinde sikilmadan kalabilmesini saglamak igin
cocuklarin yas gruplarina uygun cekici seyler olmasi gerekiyor. Renk
kullamiminda ve yerlestirme konusunda ekran iizerinde ¢ok fazla dagilmadan
belli bir yere odaklanabilecegi sekilde ve biitiin kritik verinin hemen hemen
aynt yerde ¢iktigr bir ekran ara yiizler zinciri olarak diigtintirsen bunu, her

konuyla alakalr olarak ¢ocuk ana bilginin nerede ¢iktigini zaten alisacak ve

hep oradan takip edecek” (SP1).

Similarly, SP2 makes additional comments that support the idea of visual design

principles by saying:

“The more the material is presented in a simple form the more student gets
focused on the educational content. For example, characters should be given
in a way not to suppress the content. These students have problems of

memorization so sentences should be short by giving clear messages. ” (SP2).

“...Ne kadar sadelestirirsen o kadar dikkat ¢ekici uyaranlardan arindirirsan

icerige o kadar ¢ok dikkat ¢ektirirsin. Onun disinda da karakterin ogretilecek
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olan seyin oniine gegcmemesine [dikkat edilmeli]. Kisa ciimleler [kurulmasina

dikkat edilmeli] ¢iinkii [Ogrencilerin] bellekte tutma problemleri var.” (SP2).

Their words echoed the importance of following visual design principles that meets
the needs of students with SLD in a way to extend the attention time span as well as
increasing motivation. All of them underlined the importance of using appropriate
and necessary visuals that supports the educational content.

Principle 4: “Fonts should be appropriate for students with specific learning

disabilities (such as Helvetica, Arial etc.).”

In addition to the visual design principles mentioned above, participants also
indicated “the use of fonts” as one of the measures that should be taken into
consideration. They believe that special fonts should be used to meet the needs of
students with SLD. Following excerpt given by SP2 was mentioned by both of the
experts from the field of special education:

“Fonts serve as stimulus for the software. Using appropriate font forms

attract students’ attention.” (SP2).

“[Fontlar] bu yazilimda wyaran goérevini goriiyor... Cocugun oraya daha

dikkat etmesi gerektigini vurguluyor.” (SP2).

Tangible Object Use Principles

Principle Land 2:  “The size, color, details of tangible objects should be similar
to real life objects.” and “The size of tangible objects should allow to noticing
details.”

All the experts’ interviews highlighted the impact of tangible objects in the learning
process. They also indicated that the design of tangible objects should be developed
as it is seen in real life situations. This is especially important in the case of students
with SLD, who have the tendency to generalize for the objects they have seen.
Therefore, instructional designers are expected to be careful in these processes to
make sure that student is exposed to see the object with the same shape and features
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in every context, whether in a course book and on a tablet. These views were

supported with the following words:

“For example when you see a pink heart you could directly say that it is a
heart... It does not work the same in the mind of a student with SLD ... As the
instructional designers have to be careful to develop the materials and the

objects in line with the real life contexts. ” (SP2).

“Mesela sen kirmizi bir kalp¢ik gordiigiinde kalp oldugunu biliyorsun. Ama
onlar [OOG yasayan égrenciler] icin 6yle olmuyor iste... Dolayisiyla da
miimkiin oldugu kadar nesnelerin gercek nesnelere yakin olmasint [dikkate

almalisin].” (SP2).

SE1 also stated that students with SLD have the tendency to remember and visualize
the objects in their minds in accordance with how objects are presented in shape and
color. Keeping up with the international standards (color, shape, and size) was also
mentioned as one of the priorities that should be taken into consideration in this
process. Tangible object development process was considered as a “model

development process”, in which all the steps should align with the real life situations.

“...We have to be careful to reveal the exact sizes and shapes of the
organelles in the teaching process. Isn’t this the purpose of the model
development process? Depending on the screen, we may enlarge or minimize
the objects. Whatever the size of the expected screen is we should reveal the
shape and size in the real life formats. We cannot give shapes that contradict
with the real life since it may create problems in students’ perceptions.”
(SE1).

“...Gergek boyutlari birebir yapmak gerekiyor. Yani model olusturmanin
amact bu degil midir? Bir gergegi vardir gercekten siz olabildigince belli
olgeklerde kiigiiltiirsiiniiz. Ayni bu sey gibi ekrani biiyiitiiyoruz biiyiitiiyoruz,

nedir her sey ayni oranda biiyiiyor her sey ayni oranda kiigiiliiyor. Eger biri
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daha fazla biri daha az kiigiiliirse o zaman iste bir sikinti olur ogrencinin

algilamasu ile ilgili.” (SE1).

Moreover, SE1 also highlighted to apply the same mentality in the coloring process.
Following international standards (color, shape, and size) could be seen as a road

map in this process.

Two special education experts asserted that objects should be designed in a way to
reveal the detailed features. In this way, it looks similar to the one that can be seen in
the real life. Students with SLD could also be given the opportunity to recognize the

objects through these details. Following excerpt highlighted this need:

“Objects should be neither too small nor too big. They should be designed in
a way to allow the student hold it easily. When the object is too big it creates
a problem in the use of screen. Therefore, objects should be designed in an
appropriate shape that allows users to use both the tablet and the tangible
objects easily.” (SP1).

“Aswr1 kiigiik olursa c¢ocuk bunu [detaylari] géremez. Asirt biiyiik olursa
tablet kullanimuyla ilgili sikinti ¢ikar. Ele oturmayla ilgili sikinti ¢ikar.
Kontrolle ilgili sikinti ¢ikacak onun yerine ¢ocuklarin el biiyiikliiklerine

uygun ama detaylari gériinebilecegi bir biiyiikliik olmast énemli” (SP1).

In his internship classroom observations, as the mentor of special education teacher
candidates SP1 has observed cases in which, students with SLD had difficulty in the

use of objects due to size inconsistency.

Principle 3: “Tangible objects should be light and made from health-friendly
material. ”

All the experts also emphasized the use of using “light materials with appropriate
size that fits the hand of the child”. If the object is too heavy, the child could be
injured during when trying to hold the object. This also enables teachers to carry the
objects to different classrooms easily. Following words shared by SP1 highlighted

the special needs of these students: “When a child has weakness in his or her
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muscles he or she may feel the need for lighter objects more to spend less energy as
well as using hand and eye coordination effectively ...” “Cocugun eger kas giiciinde
zayiflik varsa ... goz koordinasyonu etkili bir sekilde yapabilmesi igin kolunu
yormadan yapman gerekiyor.” As well, experts also underlined the importance of
using health friendly materials in the production process. It is highly possible that the
material could expose students to a poisonous situation when it is taken into lungs

with the air:

“...Normally these children do not put these objects into their mouths unless
they are introduced to feed like candies that look the same with the real one.
In such cases, tasting even breathing could be dangerous for children
because most of the polymer materials are dangerous for health. For this
reason, high quality materials should be used to protect children in the

teaching process. ” (SE1).

“... Bir kere bu yas grubundaki ¢ocuklar tabi ki agzina vesaire gétiirmeyecek
ve yani belli bir yastan bahsediyoruz. Ama yine de bazilari sey olur hani
boyle ay ne kadar giizel seker gibi falan deriz. Mesela boyle bir sekilde belki
tatma gibi seyler belki olabilir, belki olabilir o nedenle sakincali olabilir eger
iyi maddeler kullanilmazsa. Bunun haricinde tatmak gerekmiyor tamamen
teneffiis yoluyla da kimyasal maddeler viicudumuza gegebilir... Ciinkii her
polimer madde iyi madde degildir o yiizden bu ii¢ boyutlu yazicilar polimer
maddelerden yapiuliyor bildigim kadariyla onlart o yiizden iyi kaliteli

malzemelerden se¢mek gerekiyor. Teneffiisle de zarar verdigi igin.” (SE1).

Interaction Principles

Principle 1: “Students should be informed about the use of tangible objects and a
trial screen should be developed. ”

Special education experts indicated the value of interaction in the use of tablets and
tangible objects. This is a novel and different interaction process for the students
with SLD. Therefore, experts noted that guided instruction given by the application

an important role in the quality of the interaction process. Through a trial practice,
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students should be given the chance to get familiar with the tangible system and this
new interaction type. SP1’s own project experience highlighted this case with the

following words:

“In one of our projects a software was developed. Nevertheless, the setup of
the software was not user friendly. The set up was too difficult that I, as an
instructor, was even unable to understand how it works. That is why | did not
ask the mentors to use it. 1 was afraid that they would be confused and
demotivated. ” (SP1).

“Simdi bizim kendi projemiz icin baska bir tane yazilim yapildi. Fakat
yazilimin kurulumunda sag elinizle sol kulaginizi gostermiyorsunuz. Sag
elinizi bacak aranmizdan gegirip sol kulaginizi yakalamaya ¢alisiyorsunuz. O
kadar berbat bir kurulum diizeni yapmislar ki bana anlatildi, ben dahi
anlamadim ve koglara kullandirtmadim, vermedim. Kuramayacaklar,

karmakarisik olacak. Hig¢ girmedim...” (SP1).
Principle 2: “Students should easily interact with the mobile application .

Both of the special education experts asserted that the interaction should be easy.
They indicated that written texts should be presented with the audio supported
materials. SP2 also warned about the danger that could be encountered as a result of
limited and difficulty interaction, which may lead to “learned helpnesses”. For this
reason, materials should be supported with lots of feedback and reinforcement in

addition to simple and clear presentation.

Principle 3 and 4: “The amount of interaction between the application and the
student should prevent student from getting bored/distracted.” and “Tangible
interaction between all sections of the application (tutorials, practice, the pretest, the
posttest) and students should be provided. ”

Special education experts stated that in all the steps (pretest, posttest, practices and
such) interaction should be maintained. SP1 indicated that the application may not go
beyond being a 2D book unless all the interaction are achieved. SP2 also warned

about the short time concentration span of students with SLD and noted that they
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may fail to focus on the application if they are not involved in the interactive learning
processes. Following examples illustrated the scenarios that have been experienced

by the one of special education experts:

“One of the ways of involving students in the learning process is to give them
the opportunity to use their senses through touching, hearing, seeing and
such... This is especially important for the students with intellectual
disabilities. The design should create a platform for the student to occupy
continuously with the material that is paper based or 3D real object... When
the child is left alone with a material with “no or limited interaction”, it
highly probable that he or she will lose concentration and motivation to
continue.” (SP1).

“Bunun iste verimliligi arttirmanin yollarindan bir tanesi dizaynin iyi olmasi,
etkilesimin iyi olmasi, ¢cocugun materyalle hasir nesir olmaya devam etmesi...
Mesela biz zihinsel engelli ¢ocuklarla ¢alisirken... Bile... Ona bir gsey
ogretirken bir karton bile olsa, bir ger¢ek 3 boyutlu nesne bile olsa ¢ocugun
onu eline almasina, incelemesine onunla bir sekilde temasta kalmasina hatta
siz soru sorarken avcunun icerisine koyup ona bakmasina neden olursunuz.

Ctinkii onu baska bir yere koysaniz ona bakmayabilir...” (SP1).

Experts also warned about the quantity of the interaction. Interaction in the design
should be presented in a consistent manner that supports the learning process. SP1
noted that students’ attention may be lost when there is too much and inconsistent
interaction. Therefore, interaction should be given based on the time needed
otherwise it may create barriers for the learning. This was illustrated by SP2 with the

following metaphor of the use of antibiotics:

“As in the case of taking antibiotics unnecessarily, too much and unnecessary
interaction may lead to unhealthy learning contexts that affect students’

motivation and involvement in a negative way. " (SP2).
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“Etkilesim ¢ok fazla olursa bu sefer giidiilenmesi tipki sey gibi diigiin hani
bagisiklik sistemi giiclenir gibi antibiyotik alirsin bagisiklik sistemi giiclenir
de artik sey olmazsin ya o yiizden hani dolayisiyla da ¢ok fazla béyle hasir
nesir olmayp o etkilesimi tam kivaminda verdik uzun olsa motivasyonlarini

kaybederler kisa olsa motivasyonlarini saglamazd..” (SP2).

SP2 noted that the amount and nature of interaction should be arranged in a way to
encourage student independence in the learning process. Otherwise, there lies a risk
behind, which is “interaction addiction”. In such a context, interaction serves as an

“end” rather than a “means” for better learning.

Principles 5: “Written and vocal instructions should be given to ease of the use
tangible mobile application. ”

Special education experts emphasized the role of “written and vocal instruction” as a
guide for interaction. In this way, these instructions could serve as a guide that let
students to maneuver in the learning platform. The instructions should also be based
on simplicity principle that makes the processes understandable for the student with
SLD. These ideas have been illustrated by SP1 as follows:

“Students with SLD already deal with a topic that is difficult for them in the
classroom. When the student is introduced with a complex material, this may
turn into a puzzle. The possibility to make mistakes increases in the puzzle.
When one experiences making mistakes the feeling of being unsuccessful
increases. The student should be approved with the rewards as much as
possible. The more one is successful and given positive feedback and rewards
the higher the motivation gets. This also encourages their study habits. There

is chain reaction ... if you suppose [this process] as a chain” (SP1).

“Zaten okulda anlamakta zorluk cektikleri materyalle ¢alisacaklar. Eger
materyalle yazarsa, karisik hale doniisiirse onlar igin orada ¢ok bilinmeyenli
denklem haline doniisebilir bu. Cok bilinmeyenli denklemle hata yapma
ihtimalleri artar. Hata yaparsa eger, basarisizlik hissini koriiklemis olursun.

Miimkiin  oldugunca d&grenciyi, o6zel dgretim prensibinden birisidir bu.
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Osrenciyi miimkiin oldugunca basarili tecriibelerle onaylarsimz. Ne kadar
¢ok basart o kadar giizel feedback [geri bildirim] ona déniik olarak saglam
pekistirecler arkasindan yeni uygulamalara doniik yiiksek motivasyonu getirir
ve bu da calisma becerilerini arttrmaya doniik bir seydir. Boyle bir zincir

var... Basit bir zincirle diistiniirsen.” (SP1).

Principle 6: “Tangible objects and their images in the application should be

similar.”

Special education experts asserted that pictures and visuals used on the tablet should
be the same with the tangible objects developed. This will support their visual
perception and matching skills. SP2 highlighted this interpretation as follows:

“Students with SLD should make generalizations. The more generalizations
are similar to real ones, the more difficult students with SLD could make
distinctions. At the same time, the more students with SLD make distinctions

between the objects, the more they could learn them completely.” (SP2).

“... [OOG yasayan &grencilerin] bunu [6gretilecek kavrami] genellemesi
gerekli. Kavram 6gretiminde genelleme ne kadar ¢ok gercegine benzer ise
aywrt etmesi o kadar giictiir... Aywt ettigin zaman da tam Ogrenmig

sayursin.” (SP2).

Principle 7: “Students should be shown an image which tangible object should be
touched on the tablet screen.”

Special education experts underlined the importance of showing visual illustrations
of tangible objects. In this way, students with SLD could be given the opportunity to
associate the concept mentioned audial with the picture of the concept given on the
tablet. This is also important in the introductory phase, in which visual object is
introduced as a clue for the learning process. SP1 noted that value of using visual

clues in the learning process as follows:
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“Clues serve as important instruments in the learning process. When there is
no clue, the task could be more difficult for the child... By giving a clue, you

could start a chain process Which leads one to another... “ (SP1).

“...Ipucu dedigimiz sey ogrenmeler icin énemli. Siz ipucu olusturmadiginiz
zaman bu ¢ocugun ne yapacagiyla ilgili karar verme siireci daha da
zorlagacak... Ipucuyla cocuk dogru cevabi verdigi anda, ya da dogru cevaba
yoneldigi anda sizin uygun zinciriniz baslar. Iste o zinciri baslatabilmek icin

ipucu kritiktir.” (SP1).
Principle 8: “It should be clear where to touch the tangible objects on the screen. ”

Screen layout should be arranged and organized in a coherent way. Tutorial section,
practice sections, and such other section that will be used in the layout should be
given consistently in all applications. In other words, all these instructional details
should be given in the same places with the format. In this way, students with SLD
will not spend time and energy to understand the system instead focus on the

learning content and material. Following expressions were given by SP1:

“... [Student] should not be distracted ... Let’s give the use of telephone as an
example ... There are 3 [stylus] tips in the technology of your [intended
application] in which the child is expected to touch the object on to the
screen. What would you do if the child left one of the tips out of the
screen? ”(SP1).

“[Ogrencinin] bir yerlere dagilmamasi icin. Séyle bir sey var mesela telefon
tizerinde alalim. Senin kullandigin teknolojide 3 nokta vardi. 3 noktay getirip
koyman gerekiyordu bu cocuk sunu goyle yapacak, hop telefonun disinda

birakacak bir tane noktayi. O zaman ne yapacaksin?” (SP1).

SP1 continues his comments by saying that the below mentioned constraint could
create a chain reaction which one leads to another in a way that serves as a barrier for

the learning process.
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Preliminary design principles for the tangible mobile application for students with

SLD determined by investigating special education experts’, and science education

expert’s and teachers’ opinions. Final design principles are listed below in terms of

four categories:

Educational content principles

Educational content represents the instructional content on the determined learning

objects presented in the tutorial and practice parts in the tangible mobile application.

N o g &

Educational content should especially be selected among abstract learning
objects.

Learning objectives that are determined for educational content should
mainly consist of expository texts.

Educational content should be given appropriately to students’ age and
disability type.

Reading and writing activities should be kept less in educational content.
Vocal parts of written texts should be included.

Student should be given appropriate feedback.

Students should be reinforced upon giving correct answers.

Visual design principles

Visual design includes interface design, character selection, 2D and 3D images, font

selection, animations, written texts, and also vocal parts.

1.

Interface design, character selection, 2D and 3D images, animations, and
vocal parts should be appropriate to the age and characteristics of the
disability type.

Interface design, character selection, 2D and 3D images, fonts, animations,
and vocal parts should be simple, user-friendly, motivating, and should not be
distractive.

Written texts, images, animations, and vocal parts should facilitate

understanding of the educational content.
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4. Fonts should be appropriate for students with specific learning disabilities

(such as Helvetica, Arial etc.).
Tangible object use principles

Tangible objects are designed and developed close to real objects to provide physical
engagement and multisensory interaction. Students interact with these designed

objects by grasping them and touching on to the tablet screen.

1. The size, color, details of tangible objects should be similar to real life
objects.

2. The size of tangible objects should allow to noticing details.

3. Tangible objects should be light and made from health-friendly material.

Interaction principles

Interaction represents student interacting with the educational content. Also, the
tangible objects provide interaction between the student and the content. Due to the
fact that it is a new way of interaction for students, the use of tangible objects should
be tested before the application. Moreover, necessary guidance should be provided in

application which object to touch or where to touch it.

1. Students should be informed about the use of tangible objects and a trial
screen should be developed.

2. Students should easily interact with the mobile application.

3. The amount of interaction between the application and the student should
prevent student from getting bored/distracted.

4. Tangible interaction between all sections of the application (tutorials,
practice, the pretest, and the posttest) and students should be provided.

5. Written and vocal instructions should be given to ease of the use tangible
mobile application.

6. Tangible objects and their images in the application should be similar.

7. Students should be shown an image which tangible object should be touched

on the tablet screen.
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8. It should be clear where to touch the tangible objects on the screen.
4.1.2 Stage 2

Paper-based and mobile device-based prototypes were developed taking into account
the principles determined in the first stage. According to the analyses that were made
in the stage 1, with the feedback of two special education experts (SP1 and SP2),
content was selected from 6™ grade science and technology course and the learning
object was selected which was difficult to concretize. In addition, it contained
expository text. One science education expert (SE1) confirmed the appropriateness of
the learning object in terms of these criteria. In this way, the most appropriate

learning object was determined for tangible mobile application.

After determination of the content, paper-based prototype (educational scenario of
whole application) (APPENDIX P) was designed. Firstly, views of two special
education experts (SP1 and SP2) were taken about educational scenario. They said
that each learning unit in the tutorial part should be followed by a related practice.
The educational scenario was revised by adding practices. After that, the views of the
science education expert (SE1) were taken. She suggested that some parts of the
content should be modified. After taking all these views into consideration, the
educational scenario was finalized. The mobile device-based prototype included
tutorial and practice parts, which was for part of one learning object from the 6"

grade cell concept, was designed and developed (Figure 4.1).

Parts of tangible mobile application (pretest, tutorials, and practices), how to use
application, learning objective, educational scenario, and interaction were presented
to science education expert (SEl1)/teachers (ST1, ST2, ST3, ST4, and ST5) and
special education experts (SP1 and SP2). Paper-based prototype (educational
scenario of whole application) and mobile device-based prototype were presented to
experts and teachers taking four design categories of: 1) educational content, 2)
visual design, 3) tangible object use, and 4) interaction into consideration.
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Prototypes of Tangible Mobile Application

The paper-based prototype refers to educational scenario of the whole application
(Appendix P). The tangible mobile application with tangible models (objects), which
are explained in the stages of introduction, tutorial, and practices parts were
developed. Screenshots of the mobile devices based prototype are presented below
(Figure 4.1).
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Figure 4.1 Screenshots of the mobile device based prototype

4.1.3 Stage 2.1

In stage 2.1, a semi-structured interview with one special education expert (SP1) and
a focus group interview with one science education expert (SE1) and five science
teachers (ST1, ST2, ST3, ST4, and ST5) were conducted. Interviews were based on
using four design categories: 1) educational content, 2) visual design, 3) tangible
object use, and 4) interaction to obtain their views on paper-based and mobile
device-based prototypes. At the same time, mobile device-based prototypes were



applied to the student with SLD (DC). During this process, the researcher also
observed the student and took notes while the student (DC) was using the tangible
mobile application. Demographics data about the student was also collected. Semi-
structured interview was administered with student with SLD (DC) after using the
tangible mobile application. In this process, the student was asked simplified
questions that align with the four design categories intended. The researcher
analyzed the feedback after stage 2.1 in terms of educational content, visual design,

tangible object use, and interaction as they could be seen below.

Educational content

Face to face interviews and focus group interviews showed that both experts and
teachers shared similar views with regards to educational content. Interviewed
special education expert (SP1) and science education expert (SE1)/teachers (ST1,
ST2, ST3, ST4, and ST5) agreed on the usefulness of tangible mobile application in
terms of special education and science education fields, respectively. Promising
features of tangible mobile application are expected to be useful and beneficial for
the students with SLD. Following comment was made by the special education
expert (SP1) and it illustrates the ways in which a new perspective could be opened

in the minds of students:

“Educational content of the tangible mobile application has the following
qualities which are; dividing the concept into individual pieces and
presenting a whole sample provides both unity and uniqueness, enabling the
student to compare-contrast, converting objects to 3D, graspable [objects],
children’s being able t0 see the objects on the screen and recognizing the
objects in detail. Reusable material enables them to use it many times as well.
All these qualities make a change in the lives of children and leave positive
impact.” (SP1).

“Faydalidir. Tek tek pargalara aywmasi, biitiin 6rnek koymasi, karsilastirma
sunmasi, tekrar edilebiliv olmasi, tekrar tekrar kullanilabiliv olmasi, 3

boyutlu hale doniistiirmesi, ¢ocugun tekrar tekrar eline alip yoklayabilmesi,
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ekranda gorebilmesi, parcaciklarin detayli olarak farkina varabilmesi bunu

ciddi sekilde ozel egitim i¢in kullamilabilir hale getiriyor.” (SP1).

Above-mentioned features illustrated the richness of the tangible mobile application
in terms of appealing to multiple senses. In this way, students with SLD are provided
opportunities to learn and internalize a concept by looking, hearing, touching, and
interacting. Although the material is expensive, being able to reuse it multiple times
provides a platform for learners in which they could internalize the concept. SP1’s
comments were also supported by the student with SLD (DC), who indicated that she
wants to use the application again and use similar applications in other lessons as
well. Similar to the special education expert (SP1), the science education expert
(SE1) and all teachers (ST1, ST2, ST3, ST4, and ST5) agreed on the usefulness of
tangible mobile application in terms of tangibility, concretizing, visuality, similarity

to multiple representations and providing opportunities for tactile learners.

The features of tangible mobile application enable the requirements of learning in

special education. For example, special education expert (SP1) enlightened:

“There's something I've always told my students. Students with special
education needs, intellectual disabilities, learning disabilities, autism needs
to be given [constant] stimuli. We could categorize these factors as “stimulus
richness, stimulus diversity and stimulus frequency ”. Each of these [tangible
objects] serves as a stimulus. Since tangible objects are provided in 3D with
colorful format, it is easy to get the attention of the students. As well, the
interactive application serves as a rich source of stimuli for children. Using it
many times enables the children to expose with frequent stimuli. When
children could make connections between the concepts he or she has learnt
and the book content learning experience becomes more visible and

comprehensible. This opens paths for stimulus diversity.” (SP1).

“Benim hep Ogrencilerime séyledigim bir sey var. Ozel egitim égrencisi
zihinsel engelli de olsa, dgrenme giicliigii de olsa otizmli de olsa uyaran

zenginligi, uyaran cesitliligi, uyaran sikligi... Bunlarin her biri bir uyaran
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gorevi goriiyor. Bu c¢ocuk 3D olmasi, renkli olmasi, interaktif hale
dontismesinden dolayr bir kere bir uyaran zenginligi yasiyor. Tekrar tekrar
kullanmilabilirliginden dolayt wyaran sikligi yasiyor. Bunu kitap bilgisiyle
birlestirdigi zaman uyaran cesitliligine haline déniistiyor.” (SP1).

As it was seen in the above-mentioned quotation, tangible application was seen to be
as a means for providing “stimulus richness, stimulus diversity, and stimulus
frequency” for students with SLD. Therefore, educational content was found to be
successful in ways of following one of the most important learning principles. This is
especially evident in the voices of the special education expert (SP1), who found the
application useful in terms of providing stimulus richness, diversity, and frequency.

Being consistent with real life can enhance concretizing the concepts and allow
students to illustrate them in their minds. In this way, the concepts can be more
meaningful for students. Special education expert (SP1) underlined the importance of

the application’s being in line with real life:

“[He asks the name of the object in his hand]. Endoplasmic reticulum. | have
never known the details of it in my life. It was just a drawing. Now it has a
meaning for me. | thought the plant cell looks like a computer chip as soon as
| saw it. In fact, the computer chip was developed by using the real life as an
example. Therefore, the computer chip was a prototype of the plant cell ... |
did not before know that plant and animal cells have different structures.
Now, | know that there are differences, one of them is rectangular and the
other is something else. | heard it before through it is the first time | seen
them in this shape that looks real. [He shows the ribosome] That is incredible
... This is awesome.” (SP1).

“[Elindeki nesnenin adini soruyor]. Endoplazmik retikulum. Hayatta sunun
su detayr oldugunu bilmiyordum. Sadece karsidan ¢izimdi bu. Artik benim
igin bir anlami var. Yani su [biitiin bitki hiicresi] ben bunu goriir gormez bir
bilgisayar ¢ipine benzettim, aslinda bilgisayar ¢ipi buna benzetildi. Gerg¢ek

dogadan ¢ikmis bir teknoloji érnegini gordiik. ...Iste su ikisinin [bitki ve
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hayvan hiicreleri] farkli yapilar: oldugunu bilmiyordum. Artik farkh yapida
oldugunu biliyorum, birisi dikdortgen birisinin farkl bir sey oldugunu. Yani
oyle séylenmisti ama artik goziimde. [Ribozomu gostererek] inanilmaz bir sey

bu. Miithis bir sey bu.” (SP1).

Above-mentioned comments highlighted the value of using tangible technologies in
teaching abstract concepts. As an instructor and an expert, he confessed that he has
never seen such a real life looking 3D application before that could be used for the
students with SLD. So, it was revealed that the rationale behind the application could
be seen as functional since it has left a good first impression on the eyes of the
expert. Science education expert (SE1) and teachers (ST1, ST2, ST3, ST4, and ST5)
agreed that presenting this educational content by a tangible mobile application is
appropriate since it is hard to concretize the cell subject. For example, the science

education expert (SE1) claimed:

“Students can not exactly make sense of the cell. It is essential to explain the
concept of the cell in a 3D way. Also, since students have SLD, they should be

supported with visual materials.” (SE1).

“Hiicreyi tam anlamlandiramiyorlar 3 boyutlu bir sekilde muhakkak dile
getirilmesi gerekiyor ki ogrencilerinde gorsel olarak, 6grenme zorlugu ¢eken

ogrenciler oldugu icin gorsel materyallerle de desteklemeleri lazim.” (SE1).

Comments of the SE1 align with the comments of SP1 from the basis of revealing
difficult abstract concepts through the use of 3D materials. Therefore, the application
developed to explain the concept of cell was found to be helpful to open learning
paths for the students with SLD. Furthermore, she noted that using realistic and 3D
tangible objects instead of using a book or a pasteboard material can bring more
advantages when teaching the abstract concepts. Following comments expressed by

SE1 highlighted the importance of 3D tangible materials:

“None of us have had the opportunity to observe the organelles so close and

realistic. We were only given a simple cell model on a book before. We were
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expected to assume and recognize the organelles within the cell models... We
have used cell models [primitive handmade materials]. Although we can
reach the 3D versions, the practice was not that helpful for use to learn the
concept of cell ... Now we have a very different developed form of
[educational] technology. For example, in a simple handmade material, you
could also teach the lysosome. However when you use tangible application
you could clearly see the significant differences between the two lysosomes. ”
(SE1).

“Bir de hangimiz kiiciikken gordiik ki organelleri bu kadar yakindan ve
gercekgi  hallerini, hi¢birimiz gormedik. Sadece bize bir hiicre modeli
veriliyordu ve o hiicre modelinin icerisinde hangi organelin oldugunu
tamimaya ¢alistyorduk. Bizimde orada mesela hiicre modellerimiz [basit el
yapimi] var. Yani, ama tabi ki bunlar ¢ok farkli bir [egitim] teknoloji[si],
kalkip da orada 3 boyutlu halini gérebilirsin ama aynmi zamanda hem
ogrenmeni saglayacak seyler degildi. Orada da lizozom var burada da ikisi
arasinda ciddi farkliliklar var...” (SEL).

SE1 indicated the influence of tangible application in teaching the concepts both in
an effective and in a concrete manner. With the use of tangible application, the risks
of misunderstanding and misinterpretation when learning an abstract concept could
be minimalized and the efficiency in the learning process could be developed at the
maximum level. This interpretation was confirmed by one of the science teachers
(ST2) with the following words: “Exactly, [when we were students] we were trying
to figure out by looking at the model in the book ...” (ST2). “Kitaptaki modele
bakarak anlamaya ¢alistyorduk.” (ST2).

As a result of using the tangible mobile application, special education expert (SP1),
science education expert (SE1) and teachers (ST1, ST2, ST3, ST4, and ST5) found
the tangible mobile application useful and helpful to meet the needs of students with
SLD. They believe that tangible application might decrease difficulties and struggles

encountered by students with SLD in addition to helping them to use different senses
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in the learning process. Moreover, the tangible mobile application can build a
connection between images in their book and the application. This was illustrated by

the special education expert (SP1) as follows:

“The qualities of incorporating 3D and visual materials through an
interactive way this application enables children to be more involved in the
learning process. In addition to these unique qualities, the application
eliminating reading at the minimum level in a way to encourage children to
understand the concept by looking, hearing, and touching. Therefore,
children who have difficulties in reading and reading accuracy can learn this
[content] by audio-visually supported materials. The application helps the
students to connect these [visual representations in the application] with the
images in the book... Therefore; it is a life changing opportunity for children

with specific learning disabilities.” (SP1).

“3 boyutlu, gorsellesebilmesi, interaktif olmasi, okumayt ortadan kaldirryor
olmasi yani okumakta zorluk ¢ekip okuma kesintileri yasayacak bir ¢ocuk igin
bunu dinleyerek ve gorsel olarak almak; hem nesne olarak gorsel hem tablet
tizerinde gorsel olarak almak. Bunlar: kitaptaki goriintiisiiyle birlestirmesine
yardimci olacak ve aymi zamanda isitsel algisini kullanacak o nedenle

ogrenme gii¢liigii olan bir ¢ocuk i¢in nimet.” (SP1).

The science education expert (SE1) pointed out the qualities of tangible mobile
application, which were similar to above-mentioned qualities by SP1, as a way of

enabling students to learn with the following words:

“Since it is realistic, it meets [the needs of students with SLD]. We just need a
different way to teach student with specific learning disabilities. They have a
strong visual memory. Therefore, you need to include visuals. We looked at
them (nucleus etc.) by microscope. We attempted to draw their shapes.
Nevertheless, we had difficulty in identifying the organelles when we looked

at them. Here, students are able to see at least by concretizing. [With this
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application] one can observe all of them [organelles and the basic

components] one by one.” (SE1).

“Gergekg¢i oldugu icin [ogrenme giicliigii olan ogrencilerin ihtiyaglariyla]
kesinlikle ortiisiivor. OOG yasayan é8rencilere sadece farkli bir yol
gerekiyor ogretebilmek igin... Gorsel hafizalart onlarin giiclii ve dolayisiyla
gorsellik katmak gerekiyor. Cekirdegi filan, bizlerde yaptik, mikroskopta
baktik, ardindan onlarin sekillerini ¢izme girisimlerimiz oldu ama orada
bizler  baktigimiz  zaman  hangi  organellerin  hangisi  oldugunu
anlamlandirmada zorluk ¢ekiyorduk. Burada en azindan somutlagtirarak
gorebiliyor ogrenciler. [Hiicreyle ilgili organel ve temel birimlerin] hepsini

teker teker gozlemleyebiliyorsunuz.” (SE1).

The importance of incorporating multiple senses from an interactive basis forms the
main pillars of the tangible application. As it could be seen from the excerpts above,
both SP1 and SE1 underlined the value of the tangible model as a way of cultivating
the strengths of the students with SLD rather than focusing on their weaknesses. In
this way, they also feel motivated to learn while getting the pleasure of learning a

new concept through using their multiple senses.

Special education expert (SP1) expressed that the tutorial and practice parts were
appropriate for the target audience in terms of age, developmental characteristics and
disability type. Learning and teaching approaches used in the presentation of
educational content, methods, and techniques were found to be appropriate for the
target audience and objectives. The presentation of content was also found to be

appropriate for students with SLD. Reinforcements were also found to be sufficient.

Science education expert (SE1) and teachers (ST1, ST2, ST3, ST4, and ST5) agreed
that the tutorial part, and pretest-posttest parts were sufficient and appropriate to
teach the concept of cell for students with SLD. Presentation of the educational
content was appropriate in terms of moving from outside of the cell into inside of it,
presenting basic components in general and then focusing on organelles specifically.
According to science education expert (SE1) and teachers (ST1, ST2, ST3, ST4, and
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ST5), learning and teaching approaches used in the presentation of educational
content, methods, and techniques were appropriate; however, using analogy could be
good. By taking this suggestion into consideration, the researcher decided to ask the
recommendation of special education expert. Therefore, the issue of whether the use
analogy could be used in the application or not was confirmed with view of the
special education expert (SP1). As opposed to the suggestion of science education
expert and teachers, SP1 warned the threat that could be created when incorporating
analogy or developing the application by using the analogy as a base. He pointed out

that analogy is not appropriate for the target audience in this study.

The student with SLD (DC) stated that the tutorial and practice parts had a positive
effect for her learning. In addition, she noted that tutorial part provided her with the
new information while she had the opportunity to make connections with her
previous knowledge. However, the experts and teachers noted the need to develop
the practice part by concluding with a holistic practice. Therefore, their suggestion
was to add a part that summarizes all the sub concepts given within the unit by
means of a practice part that enables the student to check what he or she has learnt so

far.

All the interviewed experts and teachers acknowledged that the application could
increase motivation since they found it enjoyable like a game while teaching a
concept in an interactive manner. At the same time, it gets the attention of the

students.

The researcher also observed that special education expert (SP1) was able to use the
application easily. Likewise, student with SLD (DC) could also use it smoothly.
However, the science education expert (SE1) had a problem in touching objects to
the screen at the first time when she used the application. She touched the objects on
to the tablet screen slightly and then she did not think of removing the object from
the tablet to make it function. Afterwards she realized how to touch on to the screen
properly, quickly, and easily. The researcher observed during the practice sessions

that all the participants found using the application enjoyable and interesting.

89



Visual design

All interviewed experts and teachers (ST1, ST2, ST3, ST4, and ST5) agreed that user
interface design, 2D, 3D images and animations are appropriate. Special education
expert (SP1) acknowledged this as follows: “User interface design is very simple
and very usable. It is also designed in a way not to distract the learner’s attention.”

(SP1). “/Kullanici ara yiizii] ¢ok sade, ¢ok kullanmilabilir, ¢ocuklarin gereksiz yere
dikkatini dagitmayacak sekilde.” (SP1).

Moreover, the student with SLD (DC) stated that she liked the images and the shapes
of tangible objects most. It was revealed by the student with SLD (DC) that the

images look real.

During the interviews, experts emphasized mostly the importance of color use in
tangible applications. Special education expert (SP1) reported that the correct use of
color can provide important advantages to learners. This idea is similar to what
another science education expert (SE1) proposed as color use could facilitate

learning and perception.

It was observed during the use of application that experts, teachers, and the student
(DC) liked character, animation, and images. In the application, there was a forest-
tree-leaf animation in the first screens. After the animation, there was an experiment
that contained the examination/observation on the leaf by using a magnifier and a

microscope. All the participants also enjoyed these experiments.

Visual design of the tangible objects was appropriate according to the experts and
teachers. Well-designed objects make learning enjoyable. Student with SLD (DC)
highlighted the impact of visual design of tangible objects with the following words:
“I liked their [tangible models] shapes and colors.” (DC). “Sekilleri, resimleri
[begendim]. “ (DC).

In the first piloting sessions, the researcher observed the way how participants got
bored with the tone and sound of the robotic voice. Expression that indicates

boredom was used by the student with SLD by saying “off...puff... ” They preferred
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to read themselves because of the mechanic and slow voice. Vocal instruction given
by the robotic speaker was criticized by the participants. All the interviewed experts,
teachers, and the student with SLD indicated that they found it boring and slow. The
researcher considered all these suggestions and the robotic voice decided to be
replaced with a real human voice with clear explanations. The transitions between
the explanations are arranged in a smooth and clear way as well as adding the
necessary intonation as it is seen in real life class settings. While the experts and
teachers gave recommendations for the voice component, they found the written
instructions understandable. Therefore, the researcher kept the written instructions as

itis.

Robot character was found to be enjoyable, fun, and charming for the application by
all participants. In addition, the science education expert (SE1) and teachers (ST1,
ST2, ST3, ST4, and ST5) stated that it was compatible with science and technology
lesson, the color was appropriate and the character was not distractive.

Tangible object use

The participant special education expert (SP1) and science education expert (SE1)
/teachers (ST1, ST2, ST3, ST4, and ST5) agreed that tangible object use could
facilitate learning. In addition, they stated that these objects could make content more
understandable and can improve learning. The special education expert (SP1) found

both the tangible objects and the images of them appropriate for students with SLD.

The researcher observed that when science education expert (SE1)/teachers (ST1,
ST2, ST3, ST4, and ST5) used the application, they sometimes had difficulties in
using some of the tangible objects such as microscope and plant cell membrane.
They suggested that all the objects should work when touched on to the tablet and the
consistency and accuracy should maintain afterwards. In this way, effectiveness of
the application could be sustained. Apart from this constraint, the experts, teachers,

and student with SLD used tangible objects easily in the rest of the activities.
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The researcher also observed that all participants were very surprised for the first
time they saw the tangible objects. Using the tangible objects was found to be
enjoyable for all the participants. They were curios and enthusiastic to touch on to
the screen as well as examining the objects within the application. They tried to
figure out what the objects were, the function and the role of them within the whole
system. In addition to these positive reflections, all the participants found the colors
of objects were very attractive. The feedback of experts and teachers about tangible
object use was also echoed in the feedback of the student with SLD (DC):

“We can see their [basic components and organelles] shapes. The shapes are
attractive and full of amusing sides like a toy. For sure it is better to learn in

this way: Seeing and touching instead of listening to a lecture.” (DC).

“Sekillerini zaten gérmiis olduk, daha giizel, eglenceli, oyuncak gibi. Evet,

anlatmaktansa 6grenmek daha iyi, gérmek, dokunmak...”(DC).

Science education expert (SE1) /teachers (ST1, ST2, ST3, ST4, and ST5) are more
focused on similarity of the objects with the real ones. In this context, experts
criticized that the cell wall was not clear in the existing form. In addition to this
criticism, experts also noted that the cytoplasm should be similar to egg whites. In
addition, science education expert (SE1) and teachers (ST1, ST2, ST3, ST4, and
ST5) suggested that the chloroplast should be horizontal and its granada should be

cylindrical.

Interaction

Tangible objects developed within the scope of this study were based on interaction
principle. That is why students with SLD were provided with the opportunity to
interact with the application by grasping tangible objects and then touch them on to
the tablet screen. The researcher observed during the application process that the
student (DC) found this kind of interaction interesting and enjoyable. This was also

confirmed with experts’ and teachers’ feedback as it could be seen below.
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In general, experts and teachers who used the application stated that tangible objects
were suitable for providing interaction between the student and the application. In
addition, they noted that mobile application provided interaction between the student

and the educational content.

It was observed that interaction through the use of tangible objects was found to be
exciting and interesting for all participants because it was the first time they were
using a tangible application. The researcher observed in their first time experiences
that grasping the objects and touching them on to the screen was an amazing
experience. They all seemed to be amazed with this kind of interaction. The
participants’ motivation was also observed to be high during the observations. All
the participants listened to the instructions, took the feedback given and appreciated
the reinforcements given. Based on the observations it could be said that interaction
of the student with the tangible mobile application was successful. The student
completed the application without having any interruption.

Tangible mobile application was developed based on the principle of “taking the
individual characteristics of the students”. Since students with SLD have
concentration and focus problems, the tangible application was developed in line
with the needs of these students. In this process, cultivating curiosity in learning
process was taken into consideration and the idea interaction was aimed to be
maintained through supporting students’ ability to interact in all these parts.
Therefore, allowing students to discover the tangible mobile application may play a
key role for providing interaction. Special education expert (SP1) stated the

importance of providing interaction between the student and the application:

“If the children have learning disabilities but not severe behavior disorders,
let them explore... If children have mental disabilities or autism or behavior
disorder, 1 would say be careful with small parts etc., he/she may throw them
in the mouth and so on. For instance, a small child wants to do something,
Children want to test with their mouth, [objects] may stuck in the child’s

throat and something happens. However, | think it is not possible for a child
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with learning disabilities. Besides, colors and shapes etc. of [tangible
objects] attracts students and it is a good opportunity to explore.” (SP1).

“Bu ¢ocuk 6grenme giicliigiiyse ve siddetli davranis bozuklugu yoksa birakin
kesfetsin. Yani bu bir zihinsel engelli ya otizmli bir ¢ocuk olsa ya da davranis
problemleri olan bir ¢ocuk olsa, “Aa su kii¢iik parcalarina vesairelerine
dikkat edin”, derdim. Agzina atar, bilmem ne yapar, bir sey olur o tiir seyler.
Mesela kiiciik ¢cocuk sey yapmak ister, test etmek ister. Agziyla bakmak ister,
orda tik diye bogazina gider bir sey olur, onu sey yapamam ama bir 6grenme
glicliigii olan ¢ocukta bunlart diigiinmem. Arti bu rengi, sekli bilmem nesi

cazibe konusu, kesfetmesi i¢in bir firsat.” (SP1).

Excerpt above underlined the importance of supporting the interaction through the
use of discovery. Although there may be other, risk factors in the cases of students
with other severe disability types. Students with SLD may be given the place to
discover and use tangible objects securely. In addition, special education experts
(SP1) claimed that another factor in ensuring interaction is the real proximity of

tangible objects:

“I really like this [application]... In OZTEK project, there was a smart
clothes application. Real clothes were sewed from the real objects and
students placed them on a board. Reality had reached to the top point in this
[smart clothes application]. This [application] was very nice [in terms of

being real like/. It increases interactivity of children incredibly.” (SP1).

“Bu giizel bir sey, ben bunu gercekten ¢ok sevdim... [OZTEK Projesi nde de]
orada akilli giysiler uygulamasi vardi. O da gercek nesneler, sey, kiyafetler
dikilmisti, icine yerlestirilmisti seyler. Onlarda bir gercekgilik, sey, ¢ok tist
boyuta ermisti, iyi olmustu. Bu ¢ok giizel oldu, ¢ocuklarin interaktifligini ¢ok

arttirtyor, inanilmaz arttirryor.” (SP1).

Special education expert’s (SP1) previous experiences and the current experience

with regards to the use of the tangible mobile application showed him that real
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proximity plays a crucial role in the learning process. Therefore, students are given
the chance to acquire new information by making transitions and connections with

the real life situations.

Students can make practice with tangible objects to use application easily before
starting it. Students can gain higher learning benefits by using the application easily
and it will be very helpful for students. All interviewed experts and teachers
emphasized that there should be a trial screen for the tangible object use to increase

interaction. For example, the science education expert (SE1) suggested:

“Students should be allowed to try them [tangible objects]. Before they use
the application, students should look at all [tangible objects] parts and get a
little familiar [with tangible objects].” (SE1).

“Uygulama oncesinde incelesinler. Uygulama oncesinde deneyebilsinler.

1

Bence uygulama oncesinde hepsine baksinlar. Biraz soyle tamidiklik gelsin.’

(SE1).

It could be interpreted from the before mentioned words that a trial screen and a trial
use is necessary both to make the students get familiar with the tangible mobile

application and to sustain the interaction as much as possible.

Screen placements could serve as a guide for students as well as facilitating
interaction between student and the application. Special education expert (SP1)
shared his thoughts about a “circle” used as a screen placement to guide students.
The way how “circle” functions is beneficial for the students in a way to guide them
where to touch and where to focus: “Using a circle [where touched the object]
provides tips about where to focus continuously.” (SP1). “O dairenin kullanilyyor

olmasu siirekli nereye odaklanacagiyla alakali ipucu sagliyor.” (SP1).

As it could be seen in the excerpt above students with SLD need guides or some sorts
of markers used in the screens. In this way, they know where to touch and how to
proceed in the steps of the learning process. These screen placements provide

advantages both in terms of being used as a guideline and as a platform for constant
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interaction. This also aligns with our principles used in the early stages of this

research study.

The science education teachers (ST1, ST2, ST3, ST4, and ST5) and expert (SE1)
suggested that students should take feedback whether their attempts were successful
or not. Following words were expressed by the science education expert (SE1):
“Feedback should be given even if it is absolutely correct or incorrect.” (SE1).

“Yanlis da olsa dogru da olsa. Déniitler yer almali.” (SE1).

Although positive reinforcement and feedback for the correct answer are applicable
in the application, feedback should be given to students for incorrect answers. The
application should give immediate feedback with the vocal instruction. Therefore,
students will be given the initiative to take responsibility for their own learning and
be willing to involve in the learning process through constant feedback and
interaction. For example, when the student touched the mitochondria instead of the
vacuoles, the application would give a vocal feedback by saying “It is the
mitochondria”. In this way, students would be aware of what they have done and the
learning process will be supported through guiding towards the targeted concept that

needs to be taught.
4.1.4 Stage 3

In this stage, a low fidelity prototype was developed as version 1, based on
preliminary design principles and the views of special education expert (SP1),
science education expert (SE1) and teachers (ST1, ST2, ST3, ST4, and ST5) revealed
in the stage 2.1. As a result of taking all these views into consideration, the mobile
prototype part was improved through making the necessary modifications and
additions. After taking feedback of experts and teachers about paper-based prototype,
this part was developed based on their feedback. Improved, modified, and added

parts are explained below in the Table 4.1.
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Table 4.1 Improved, modified, and added parts

Previous Version Improved, Modified, and Source
Added Version

There was no feedback for Appropriate feedback for SP1, SE1,

incorrect answers. incorrect answers were ST1,ST2, ST3, ST4,
added. and ST5

There was no holistic A holistic practice at theend SP1, SE1,

practice at the end of the of the tutorial and practice ST1, ST2, ST3, ST4,

tutorial and practice parts. parts was added. and ST5

There was robot voice in A fluid and faster voice SP1, SE1,

vocal instructions.

Sometimes tangible objects
could not work correctly.

A big and thick cell wall
object was designed.

The cytoplasm was not
similar to egg white.

The chloroplast was vertical
and its granada was not
cylindrical

record instead of robot voice
in vocal instructions was
used.

More stable tangible objects
were developed.

A new 3D design and print
for the cell wall object was
developed.

The cytoplasm was changed
similar to egg white.

The shape of the chloroplast
was made horizontal and its
granada was made
cylindrical.

ST1, ST2, ST3, ST4,

and ST5, DC,
observation

SE1, ST1, ST2, ST3,

ST4, and STH5

SE1,

ST1, ST2, ST3, ST4,

and ST5

SE1,

ST1, ST2, ST3, ST4,

and ST5

SE1,

ST1, ST2, ST3, ST4,

and ST5
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4.1.5 Stage 3.1

In stage 3.1, semi-structured interviews with two special education experts (SP1 and
SP2) and a focus group interview with one science education expert (SE1) and six
science teachers (ST1, ST2, ST3, ST4, ST5, and ST6) were conducted according to
four design categories: 1) educational content, 2) visual design, 3) tangible object

use, and 4) interaction to obtain their views on version 1.

In addition, to taking views of the experts and teachers about the modified version of
the prototype, the version 1 was also used by two students with SLD (DC and BK)
by the help of researcher. They were observed and all these phases were video
recorded to be used for the further analysis. In addition, students’ demographics data
were collected. Semi-structured interviews were administered to students with SLD

(DC and BK). Details are given as follows:

Educational content

Improved and modified parts in the educational content were found to be appropriate
by all interviewed science education expert (SE1) and teachers (ST1, ST2, ST3, ST4,
ST5, and ST6) and the students with SLD (DC and BK). Science teachers found the
presentation given within the scope of the educational content satisfying in terms of
providing an effective organization of the content for a science lesson. They noted
that the concept is suitable not specifically for the students with SLD but for all
students. Since topics given a science lesson are not easy to be revealed effectively to
the students, science teachers expressed the need felt during the teaching process.
Science teachers illustrated this view with the following example taken from the

application.

There was a comparison experiment between animal and plant cell in the application.
Before the experiment, there was a visual explanation of why we use human cell for
animal cell. One science teacher (ST6) underlined that even normal students get
confused about why we were taking samples from human for examining the animal

cells in the experimental stage. In line with this reflection, the researcher also
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observed during the application process that student DC liked the experiment. Her
expressions and her body language showed that she enjoyed all the phases of the
teaching process. Notes taken by the researcher exemplified the way how she was
involved in the process. When she touched microscope to the tablet screen, she saw

the leaf cell. She was fascinated and excited.

The researcher was careful to take all the necessary teaching strategies into
consideration during the development of the prototype. One of the main strategies the
researcher took as a priority was to make connections between learners’ previous
information. This was also appreciated by the participants who used the application.
In line with this priority, there was a concept map to remind students classifying of
living things from 5" grade. One of the science teachers (ST6) claimed that the

concept map in the application was very effective to illustrate this concept.

There were also some minor suggestions made by the participants. Although these
recommendations were not fundamental changes that affect the general format and
the content, these are only some minor changes in wording. For example, ST6
suggested changing the verb “allow” into verb “provide” as it is more appropriate in
the context of removing harmful substances. For the rest of other improved and
modified parts, science teachers were appeared to give positive comments.

From another perspective, special education experts’ views were also taken into
consideration when giving the final revisions for the application. As for the
educational content, they seemed to be satisfied with most of the parts. However,
there were some minor changes that were put forward. The researcher took these
views into consideration to make the necessary changes. Students with SLD are
needed to get feedbacks for each of their actions. Both special education experts
(SP1 and SP2) agreed that students should be given corrective feedback. One of them
(SP2) suggested:

“There are two types of feedback, for the correct response and incorrect
response. For the correct response, necessarily, before or after well done,

bravo, etc., it should be a statement ‘this a ...” You are doing great, it's a
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cytoplasm! or bravo, it is a cytoplasm! For the incorrect response, feedback
should be like: ‘this is not..., you should touch ..."” (SP2).

“2 tiir doniitiimiiz var, dogru tepkilerde ve yanlis tepkilerde. Dogru tepkilerde
mutlaka, aferin bravo vs.’ lerden sonra ya da dnce bu bir....... sekilinde
ac¢iklama olmali. Miikemmel gidiyorsun bu bir sitoplazma, ya da bravo bu bir
sitoplazma gibi, yanlis tepkilerde ise bu .... degil. ..... dokundur seklinde doniit
gelmeli.” (SP2).

Experts suggested that the wording in giving the feedback should be used in longer

sentences such as:

“Do you think this is ...? Come on, touch the ... "or “Be careful! touch ... In
essence, this should be ultimate goal: Children should understand when they
are wrong. They should know what to touch instead of just being told that

their answer was incorrect ...”" (SP2).

“..." Sence bu....... mu?. Hadi......... dokundur. Ya da "Dikkat....... dokundur."
gibi. Isin éziinde su olmali sonucta, yanls yaptigim anlamali ve yanlisin

yerine ne koyacagin bilmeli.” (SP2).

SP2’s words given above was echoed in SP1 as well. Their words highlighted the
importance of giving corrective feedback to the students during the learning process.
In addition to face-to-face interview reflections, the researcher also took observation
notes during the application part. The researcher’s observation showed that one of
the students (BK) was a little tense in the pretest. He spent longer time on some of
the questions more than expected. He wanted to think more than the routine timing.
This may be seen as a sign of him taking the process seriously and his willingness to
complete the application successfully. Similar behaviors were also observed during
the posttest as well. Two of the students showed signs of tense behaviors in the
posttest, most probably with the same concerns. However, they could not direct
attention on the practice in the posttest. The researcher observed that they were

willing to do it in a correct way and they wanted to get confirmation after each step
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whether they are right or wrong. However, this did not stop them to concentrate on
the task with full attention. This may be due to their first time experience and being
unfamiliar with the task and the application. It should also be noted that this might be
related with their characteristics with regards to students with SLD. Observations
revealed that from time to time; they smiled and made it clear that they were happy
and satisfied about using the tangible mobile application.

Students with SLD were also found to reveal unique and different perspectives in the
observation of the follow up activity. Each learning unit in the tutorial part was
followed by a related practice. It was observed during the use of application that the
students could not make sense about why this activity was given to them and they
showed expressions that this was confusing for them. In order to overcome this
problem, the researcher explained the students that these questions were used a
complementary component that could be used as a reinforcement for the learning
process. The more they become familiar with the task and the application the more
they felt confident to do the practice. At the same time, they also used expressions
how indicated that they appreciated the modifications and improvements done in the
updated versions of the tangible mobile application. This also evident in the
comments of DC and BK, who became experienced users after each practice.

Visual design

Improved and modified parts in visual design were found appropriate by all
interviewed science education expert (SE1), teachers (ST1, ST2, ST3, ST4, ST5, and
ST6) and the students with SLD (DC and BK). They found the images which were
presented before the concept map were effective. Moreover, vocal instruction was

found to be appropriate in this stage.

Improved and modified parts in tangible object use were found partially appropriate
by special education experts (SP1 and SP2). For example, one of them (SP2) noted
that there is no synchrony between the audio and images on a few screens. SP2

suggested that they should be synchronized.
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Moreover, they (SP1 and SP2) discussed that the duration of that image on the screen
should be 5 seconds when students touched the microscope in experiments. 10-
second duration was found to be too long and confusing. The researcher used these
constructive feedback and attempted to make the necessary modifications to improve

tangible mobile application.

In addition, the special education experts (SP1 and SP2) reported that the concept
map appeared too fast on the screen, which caused the students to have difficulty to
follow. They suggested that there should be 2-3 seconds before and after each set of
the content. SP2 explained this with the following words: “When moving from one
exercise to another, we should be given more time. We call it instruction with
consecutive trials. The important thing here is to take 2-3 seconds in transition. It
should be slower.” (SP2). “...Bir alistirmadan digerine gegerken siire ver. Biz buna
ardisik denemelerle ogretim deriz ve burada dnemli olan gegislerde 2-3 saniye
ge¢mesidir. Hizli bir gecis var bunu yavaslatalim” (SP2). This suggestion was used
as one of the principles in the design process by the researcher. The modifications
and improvements were also done in line with this suggestion. Therefore, before and
after each content the researcher made sure that 2-3 seconds were given for the
students to enable them to think about the content, perceive it by using various senses

and internalize the concept with the carefully planned steps.

The researchers also took the views of students while applying the model. The
students’ expressions underlined the fun part of the design as a result of the
modifications made in the revised version. Therefore, improved and modified parts
in visual design were found to be appropriate by students with specific learning
disabilities (DC and BK). DC’s comments exemplify the ways in which their
attention was guided towards learning and interaction through the visual design

elements used in the application:

“I liked all of images [in the application]. Especially, the tree animation was

very nice which was coming at first [screen]. The font facilitated my reading.
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| listened to all voices and read all text at the same time. It was useful.”
(DC).

“Tiim resimleri begendim. Ozellikle ilk bastaki aga¢ animasyonu ¢ok giizeldi.
Font okumami kolaylastirdi. Ayni anda tiim sesleri dinledim ve tiim yazilart

okudum. Yararlyd:.” (DC).

Comments of the student revealed the impact of visual design elements in the design
process. Students were constantly in need of using their multiple senses through
various forms of means. Visual and audio elements were needed to be used
effectively to encourage students to get involved in the learning process. As well,
other senses such as touching can also be used to let students feel the process as well
as taking initiative for his or her own learning. Although it may not be possible to
incorporate other senses such as smelling and tasting, the design could be developed
in a way to let the student feel those senses. In this way, students with SLD could be
provided with a platform of learning in which the abstract experiences could be felt
and visualized in their minds. The researcher was aware of the difficulty of realizing
this aim though she attempted to do her best to create such an application through

taking all these views into consideration.

Tangible object use

Improved and modified parts in tangible object use were found to be appropriate by
all interviewed special education experts (SP1 and SP2), science education expert
(SE1) /teachers (ST1, ST2, ST3, ST4, ST5, and ST6) and the students with SLD (DC
and BK).

Reflections showed that tangible objects were found to be more useful than drawings
made by the teachers. One of the science teacher’s (ST6) comments highlighted the
need for finding alternative methods to overcome the burdens created in the
traditional system: “Tangible objects are very useful to make content understandable.
Since normally we just draw these components and organelles on the board...”

(ST6). “[Kavranabilir nesneler i¢erigin anlasilmasini] kolaylastiricidir. Biz sadece
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tahtaya ¢izdigimiz i¢in bence ¢ok basarili.” (ST6). ST6 noted that in the traditional
method we appeal to the sense of “seeing” rather than using all other senses.
However, with the help of tangible objects we could actively involve the students in
the learning process. They also noted that not only students with SLD but also all the

students should be given such opportunities to learn the content better.

In line with the reflections of the experts and the teachers about the tangible object,
students also revealed positive comments when they were shown and asked to
practice with the revised parts. Improved and modified parts in tangible object use
were found to be appropriate by the students with specific learning disabilities (DC
and BK) with the following words: “[Tangible] objects and especially new shapes of
the cytoplasm are very nice.” (DC). “Nesneler ozellikle de sitoplazmanin yeni sekli
¢ok giizel.” (DC).

Another suggestion about the tangible object use was made in line with the needs of
the students with SLD. SP1 suggested that all of the tangible objects should not be
presented to students at the same time in order to prevent any distraction when
students use the application. Additionally, tangible objects should be placed in
separate boxes and students should take them from the boxes for giving attention and
clearer vision of tangible objects. In this way, students with SLD may be guided
towards the learning in the order arranged by the teacher rather than leaving the
student in a room of toys without having any guided purpose. This also served as one

of the design principles by the researcher.

Interaction

Improved and modified parts in interactions were found to be appropriate by all
interviewed special education experts (SP1 and SP2), science education expert (SE1)
/teachers (ST1, ST2, ST3, ST4, ST5, and ST6) and the students with SLD (DC and
BK).

There is a possibility that students may not examine or look at the object for any

reason (distraction, hurriedness etc.) during the use of the application. In this
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context, SP1 suggested that the images should come to screen transparently before
the students touch the tangible objects to screen in order to increase interaction. This
also served as one of the design principles that could increase interaction in the

present study.

Especially at the beginning of the application, students may have missed the
instructions or explanations. In order to overcome this problem, students should be
given the opportunity to listen again as much as they want. Both special education
experts (SP1 and SP2) recommended that students could replay the explanations in
tutorial part optionally. Following excerpt taken by SP1 was echoed in the voices of
other experts:

“These students have the tendency to have day dreams most of the time. We
have seen this scenario many times... Even though you provide them the
content in the context of technology, you may still find them day dreaming
and getting lost in the practice. Therefore, when giving an instruction, we
have to make sure that student gets the directions correctly. That is why they
should be given the opportunity to listen to the instructions as much as he or
she wants. This is our general principle in the learning process with these
students. ” (SP1).

“Ciinkii bu c¢ocuklarda zaten yiiksek oranda goriilen bir sey sis, giindiiz
diisleri vs. bunlar tarzinda. Siz onlarla ¢aligtigimizi diisiindiigiiniiz zaman, 0
teknoloji karsisinda da olsa odagini kaybedebilir ve oradaki yonergeyi
gormeyebilir. Ya da giindiiz diisiiniin arasinda kaybolup gidebilir. O nedenle
bunun [cocugun] kagirdigi yeri tekrar edip basariya ulasabilmesi igin tekrar

ayni noktaya [gelmesi lazim]. Her zaman bizde temel prensip bu.” (SP1).

Above-mentioned statements highlighted the need to give multiple chances to the
students to learn in accordance with his or her own learning pace. The researcher
made the necessary change to meet his need expressed by the participants and added

a replay button in the introduction part of the tutorial application.
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The importance of giving feedback was mentioned in the educational content section
before. This appeared to be significant as in the case of interaction. All the
participants noted the importance of feedback as an instrument for enhancing the
interaction process. In line with the views of the teachers, student DC also used
expressions that highlighted the value of feedback enhancing the interaction process.
Her views showed that giving feedback for both correct and incorrect attempts can
increase interaction from the lenses of the students. DC’s words could bring us the
lenses of students with SLD: “It [the feedback] told me when I was wrong or right. |

liked it.” (DC). “Dogru veya yanlis oldugumu séylemesini sevdim.” (DC).

There was also trial screen about tangible object use to increase interaction with the
tangible mobile application. Based on the observations, especially, BK liked the trial
screen very much. The application stated the names of objects when he touched them
on the trial screen, the student was very pleased and excited with it. He even touched
all of the tangible objects twice. Based on the observations, it was seen that all of the
students could use the application easily. Using the application was enjoyable and

interesting for them.

The researcher observed in the application process that in some of the objects
students may felt demotivated to use due to some limitations. Especially when they
used them at the first time, BK look surprised and DC looked bored. The researcher
also took the observations as a data to improve the application in the follow up steps
and made the necessary modifications. One of the constraints was experienced when
students touch the screen with his or her fingers. The screen does not function when
the fingers are in contact with the screen. This is one of the barriers that may
influence the interaction process in a negative way. The only approach that could be

done is to warn the student about the ways in which the screen works.
4.1.6 Stage 4

In this stage, a high fidelity prototype was developed as version 2 based on the views
of special education experts (SP1 and SP2), science education expert (SE1) and
teachers (ST1, ST2, ST3, ST4, ST5, and SP7). After taking their views stage 3.1 into
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consideration, Version 1 was improved, modified, and given the updated shape as
Version 2. Improved, modified, and added parts are explained in Table 4.2.
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Table 4.2 Improved, modified, and added parts

Previous Version Improved, Modified, and Added Source
Version
Audio and animation have no Audio and animation were SP1 and SP2
synchronization at some screen. synchronized.
Duration of image on the screen Duration of image on the screen  SP1 and SP2
was 10 seconds. was reduced from 10 seconds to
5 seconds.
There were no corrective and Feedback for the correct SP1 and SP2
descriptive feedback response and incorrect response
were incorporated.
Screen transitions were too fast. Screen transitions were delayed ~ SP1 and SP2
2-3 seconds.
All tangible objects have Tangible objects were presented  SP1 and SP2
presented to students in one box  to students in three different
at the same time. boxes in terms of their features
(For instance, common
organelles should be in a box).
There was no replay button for A replay button was added for SP1 and SP2
the explanations in the tutorial the explanations in the tutorial
part. part.
There were no transparent images Transparent images of the SP1 and SP2

of the objects which were
presented on the screen before the
students touch the objects.

objects were presented on the
screen before the students touch
the objects,
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4.1.7 Stage 4.1

In stage 4.1, semi-structured interviews with special education experts (SP2 and SP3)
were conducted based on the following four design categories: 1) educational
content, 2) visual design, 3) tangible object use, and 4) interaction to obtain their
views on version 2. As the final step for the revisions, Version 2 was applied to one
student with SLD (BK) and the researcher observed the process. The student’s
demographics data were also collected. The learning process was video-recorded as

well. Semi-structured interview was also conducted with the same student (BK).

Educational content

Improved and modified parts in the educational content were found to be appropriate
by special education experts (SP2 and SP3) and the student with SLD (BK).

Both special education experts (SP2 and SP3) claimed that tangible mobile
application is useful for special education. For example, SP2 stressed that: “/t is
useful. It is necessary for the subjects in the curriculum to be acquired for students
with SLD and it is necessary to make adaptations for them.” (SP2). “Yararhdir.
Ctinkii miifredat icinde yer alan konularin ozel 6grenme giicliigii gosteren ¢ocuklar

’

icin de kazandirilmasi gereklidir ve bunun i¢in uyarlamalar yapmak gereklidir.’

(SP2).

SP3 noted the unique qualities of the tangible mobile application by saying that she
found it useful and appropriate for the students with SLD. The way how audiovisual
items are used and the way how the concept are presented enables the student to
understand the concept while interacting with the application. She thought that the
whole process was based on the idea of “learning by doing”. As well, the tangible
system gives immediate feedback and reinforcement, which motivates students to be
actively involved in the learning process.

Presenting the content to students with SLD clearly can make their learning easy.

Regarding educational content, SP3 said:
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“There is a clear and concise presentation that makes it easier for students to
understand. Since language is understandable, clear, fluent, and natural, it
facilitates the perception, attention and motivation difficulties of these
learners.” (SP3).

“Ogrencilerin anlamasini kolaylastiracak sekilde net ve anlasilir bir sunum
var. Dil anlasilir, net, akici ve dogal oldugundan, bu ogrencilerin algi, dikkat

’

ve motivasyon giicliiklerin kolaylastirabilecektir ve dolayisiyla uygundur.’

(SP3).

SP3’s above-mentioned statements underlines the importance of clear language use
in the application not only as a means of channeling the necessary information but
also encouraging students to learn and motivate them. In similar manner, SP2
emphasized the importance of continuity of getting students’ attention via the mobile

application as well as providing to learn.

At this stage, participants agreed the effectiveness of the organizational structure
used within the application in terms of educational content. In line with this idea,
SP2 emphasized that the practices were arranged in a way to allow better

understanding of the concept.

Observation notes revealed the positive insights and behaviors observed by the
researcher. Compared with observation of Version 1, the student was much more
involved with the revised form of the mobile application in Version 2. It was noted
during the observation that the student could use the application more easily. Using
the application was enjoyable and interesting for him. However, in the questions and
the practice parts the student sometimes used the tangible objects carelessly. To be
more specific, he touched the objects randomly to the tablet screen. This point was
also taken into consideration to take the necessary precautions. At this stage, the
researcher gave the final shape for the mobile before the experimental phase.
Observations notes were used as a means to use the necessary strategies for

instructional designers in design processes.
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Visual design

Improved and modified parts in tangible object use were found to be appropriate by
special education experts (SP2 and SP3) and the students with SLD (BK). SP3
underlined the appropriateness of the visual design used in the revised version with
the following words:

“The visual design was appropriate because it took the difficulties of
attention problems of these students [with specific learning disabilities] into
account. This design included elements that enhance the attention and

motivation of the students.” (SP3).

“Tasarim bu ogrencilerin dikkat saglama giicliikleri dikkate alinarak
tasarlandigindan  uygundur. Bu tasarim[da] o6grencilerin  dikkat ve

motivasyonunu arttirict 6gelere yer vermigtir.” (SP3).

In line with the reflections of SP3, SP2 also added: “The visual design is appropriate
because it is simple, guiding, and not distractive.” (SP2). “Dikkat dagitmayan, sade

ve uygun bicimde yonlendirici oldugundan [gorsel] tasarim uygundur.” (SP2).

Experts (SP2 and SP3) emphasized appropriateness of the instructions. For example,
SP2 claimed: “Instructions are short, clear, and appropriate to the age level.”
(SP2). “Yonergeler kisa net ve yas diizeyine uygundur.” (SP2). Similarly, SP3 stated
“The vocal instructions which are clear and understandable, helps the students for
difficulties in following the instructions. In addition, written instructions are free
from confusing and distracting items. They are simple.”(SP3). “Sesli yonergeler
ogrencilerin yonerge takibinde yasadiklar: giicliiklere yardimct olacak sekilde net ve
anlasilir oldugundan uygundur. [Ek olarak] Yazili yonergeler; basit, karisik ve
dikkat dagitict 6gelerden armdiriimis sekilde oldugundan uygundur.” (SP3).

In addition, it was observed during the use of application that the student also liked
the character, animation, and images were used in the revised version. He enjoyed to
conduct magnify and microscope experiments as well. As a result of these positive

reflections, the researcher decided to give the application the final shape and
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continue with the experimental stage and test the effectiveness of the model in the

follow up stages.

Tangible object use

The third category which was tested in Version 2 was the tangible object use. In this
phase, improved and modified parts in tangible object use were found to be
appropriate by all interviewed special education experts (SP2 and SP3) and the
student with SLD (BK). It could be interpreted from their views that tangible objects
can help students to understand the content easily. Their views were echoed in SP3’s
in the following quotation:

“[By using tangible objects] Faster and easier acquisition can be achieved.
There may also be positive developments in fluency, generalization and
retention.” (SP3).

“[Kavranabilir nesneler kullanilarak] daha hizli ve kolay edinim

saglanabilir. Ayrica akicilik, genelleme ve kalicilik bakimindan olumlu

gelismeler olabilir.” (SP3).

In addition, she added: “Since they [tangible objects] are consistent with general
characteristics and needs of these students, they are appropriate.” (SP3).
“Kavranabilir nesneler, bu &grencilerin genel ozellikleri ve ihtiyaglariyla tutarl

oldugundan uygundur.” (SP3).

Using the tangible objects was enjoyable for the student. Because the tangible objects
were in 3D format, they were attractive for students with SLD. Reflections taken for
tangible object use showed that revisions made so far are satisfactory to start the

experimental stage.

Interaction

The final category was interaction and participants’ reflections were also analyzed to
check whether changes made for the application was useful or not. As it was seen in

other categories, improved and modified parts in interactions were found to be
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appropriate by interviewed special education experts (SP2 and SP3) and the student
with SLD (BK).

Both of the special education experts and the student who practiced the new version
appreciated the way how interaction is maintained in the application. SP3 underlined
that interaction must be based on instructions, reinforcement, and feedback between
students and the application. More specifically, she exemplified: “Immediate
feedback is important for students in this group [students with SLD], feedback needs
to be clear.” (SP3). “Bu gruptaki ogrenciler icin aminda geribildirim onemlidir,
geribildirimlerin net olmast gerekir.” (SP3). Their words noted the ways in which
interaction was embedded in all the stages in each task whether implicitly or
explicitly. SP2 is one of the participants who has been able to visualize and
experience all the stages of the study. Therefore, she was able to make comparisons
and comment on the updated versions with comparative methods. Her words showed
that revisions made in the latest version is much more effective in terms of enabling

students to interact in all the stages of the tangible application.

It was observed that interaction by using tangible objects was very exciting and
interesting for the student (BK). It was also noted that the student’s motivation was
high to complete the application. He listened to the instructions, feedback, and
reinforcements. Based on observation, interaction of the student with the tangible
mobile application was also found to be successful. However, sometimes he touched
his finger(s) on the screen when he touched the tangible objects to the tablet screen.
Hence, the interaction was interrupted when his finger(s) touched the screen.
However, these minor constraints are not directly answered as a change in the
application. This may be due to the individual characteristics of the child as well. All
these notes were reported in the present study to enable instructional designers for

the design processes in the future studies.
4.1.8 Stage 5

Design principles for the tangible mobile application for students with SLD

determined by investigating special education experts’, science education expert’s
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and teachers’, and students’ opinions. Final design principles were determined in
terms of four categories: 1) educational content, 2) visual design, 3) tangible object
use, and 4) interaction are given. In addition, sources and stages are presented in

Table 4.3. In addition, the design principles are listed below.
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Educational content principles

Educational content on the determined learning objects presented in the tutorial and

practice parts in the tangible mobile application.

© N o g B

10.
11.
12.

Educational content should especially be selected among abstract learning
objects.

Learning objectives that are determined for educational content should
mainly consist of expository texts.

Educational content should be given appropriately to students’ age and
disability type.

Reading and writing activities should be kept less in educational content.
Vocal parts of written texts should be included.

Students should be given immediate feedback.

Students should be reinforced upon giving correct answers.

Each learning unit in the tutorial part should be followed by a related
practice.

There should be a holistic practice at the end of application.

A corrective feedback should be given after an incorrect answer/attempt.
A descriptive feedback should be given after a correct answer/attempt.
There should be interactive activities (experiments, animations etc.) in
tutorial part.

Visual design principles

Visual Design includes interface design, character selection, 2D and 3D images, font

selection, animations, written texts, and also vocal parts.

1.

2.

Interface design, character selection, 2D and 3D images, animations, and
vocal parts should be appropriate to the age and characteristics of the
disability type.

Fonts should be appropriate for students with specific learning disabilities

(such as Helvetica, Arial etc.).
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Interface design, character selection, 2D and 3D images, fonts,
animations, and vocal parts should be simple, user-friendly, motivating,
and should not be distractive.

. Written texts, images, animations, vocal parts should facilitate
understanding of the educational content.

. Vocal instructions should be fluid, clear, and at an appropriate pace.

The color of tangible objects should be similar to the course books.

Tangible object use principles

Tangible objects are designed and developed close to real objects to provide physical

engagement and multisensory interaction. Students interact with these designed

objects by grasping them and touching on to the tablet screen.

The size, color, details of tangible objects should be similar to real life
objects.

Tangible objects should be light and made from health-friendly material.
The thickness of the objects should prevent the student's fingers touching
the screen.

The size of tangible objects should allow to noticing details.

Tangible objects should be grouped appropriately and presented in

separate boxes to the students.

Interaction principles

Interaction represents student interacting with the educational content. Also, the

tangible objects provide interaction between the student and the content. Because the

application provides students with a new way of interaction, the use of tangible

objects should be tested before the application. Moreover, necessary guidance should

be provided in application about which object to touch or where to touch it.

1. Students should be informed about the use of tangible objects and a trial

screen should be developed.
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2. The amount of interaction between the application and the student should
prevent student from getting bored/distracted.

3. Tangible interaction between all sections of the application (tutorials,
practice, the pretest, and the posttest) and students should be provided.

4. Written and vocal instructions should be given to ease of the use tangible
mobile application.

5. Tangible objects and their images in the application should be similar.

6. Students should be shown an image which tangible object should be
touched on the tablet screen.

7. It should be clear where to touch the tangible objects on the screen.

8. The images should come to screen transparently before the students touch
the tangible objects to screen.

9. There should be 2-3 seconds delay between each set of content.

10. Students should easily interact with the mobile application.

4.2 Research Question 2: Is the tangible mobile application effective on
students’ achievement in the 6 grade cell concept?

4.2.1 Stage 6 (Effectiveness)

In quantitative part, multiple-probes across participants design was administered
under the single subject research design in order to examine the effectiveness of
tangible mobile application on students’ achievement in the 6™ grade cell concept.
The dependent variable of the study is the achievement scores of the students and the
independent variable of the study is the tangible mobile application. In this stage,
three 7" grade students with SLD were selected as subjects. NV was a 12 years old
female and attending 7™ grade in a public school and also Y| Special Education
Center. She had a 20% of disability rate. AC was a 12 years old male and attending
7" grade in a public school and also Y1 Special Education Center. He had a 25% of
disability rate. EY was a 13 years old female and attending 7™ grade in a public
school and also Y1 Special Education Center. She had a 30% of disability rate. An
achievement test that includes criteria-based 22 questions was given students to

determine their knowledge level on the the 6" grade cell concept (Appendix L). The
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pretest-posttest was prepared by the researcher taking the experts’ views into
considerations. This test was used in all sessions. Questions were randomized for
each session and students were never informed about the correct answers. These
were the key features of the test. Thus, students were like solving a different test each

time.
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Figure 4.2 Correct answers percentage of participants for baseline, intervention and
follow-up sessions
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Effectiveness data of NV

In three sessions of baseline, percentage of correct answers were between 20% and
40%. At the end of the first four intervention sessions, percentage of correct answers
were still 40% approximately. There was an immediate increment in the number of
correct answers at the 5" and 6™ intervention sessions. After a slight decrement for
the seventh session, she showed improvement again and she answered 100% of
questions correctly. At the follow-up sessions, she answered between 90% and 100%
of the questions correctly (two incorrect answers out of 22 questions in 2nd session
and one incorrect for the 3" session) (See Figure 4.2). While percentage of correct
answers were approximately 30% in baseline sessions, percentage of correct answers
were approximately 100% after the intervention. These results suggest that the

tangible mobile application was effective.
Effectiveness data of AC

In four sessions of baseline, percentages of correct answers were between 20% and
40%. Until 12" intervention session, there was an increasing trend with slight
fluctuations except for the fifth session. He answered 100% of questions correctly at
the 12" and 13" sessions. At the first follow-up session, he answered 95% of the
questions correctly (one incorrect answers out of 22 questions). At the second and
third sessions in the follow-up, he answered 100% of questions correctly (See Figure
4.2). The correlation between the number of correct attempts during 12 intervention
sessions and the number of correct answers in probe sessions after interventions is
significant, r(10) = .61, p < 0.05 (0.03). There is a moderate positive correlation
between them, so it can be said that when he paid attention to the instruction, the
number of his correct answers in probe sessions increased. It means, decreases of his
correct answers were not related with application; rather it was related with his
behavior disorder. While, percentages of correct answers were approximately 30% in
baseline sessions, after the intervention, percentages of correct answers were
approximately 100%. These findings indicated that the tangible mobile application was

effective.
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Effectiveness data of EY

In the fifth sessions of baseline, percentages of correct answers were between 20%
and 40%. EY exhibited a gradual increasing trend at intervention sessions. The
number of correct answers increased to 100% at the 7™ session. At the first follow-up
session, she answered 82% of the questions correctly (four incorrect answers out of
22 questions). At the second and third sessions in the follow-up, she answered 100%
of questions correctly (See Figure 4.2). While, percentages of correct answers were
approximately 30% in baseline sessions, after the intervention, percentages of correct
answers were approximately 100%. These results suggest that the tangible mobile

application was effective.
Summary of effectiveness findings

Baseline sessions consisted of only probes. Correct answers were between 20% and
40% of all questions for all participants’ each probes in baseline sessions. It was not
a surprising result. They had studied related subjects at their schools before for
almost 10 months but they could not remember at all. As it was mentioned in the
previous sections, students with SLD have memory and retention problems. It can be
thought that they found the correct answers by chance, because the questions which
they answered correctly were not the same in each session. In this context, the
relative success of AC in baseline sessions can be explained by chance factor. It can
be understood clearly by probe scores of AC in early intervention sessions. To sum

up, none of the participants did not know the cell subject.

Intervention and probe sessions continued until participants reached 100% criteria
(which means answering 100% or almost 22 questions correctly for three consecutive
probe sessions) after baseline sessions. There was a rapid increase in the numbers of
correct answers for all probes taken after each intervention sessions. Unlike other
students, there were more intervention sessions and some fluctuations in the graph
AC (Figure 4.2). There was a significant relationship between AC’s correct answers
during intervention and probe sessions. Thus, it can be inferred that, decreases were

seen when AC did not pay attention to instruction (AC had behavior disorder) and
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this was also the reason why there were numerous sessions. Moreover, this situation
can be seen as an evidence for being able to say that the tangible mobile application
can provide learning opportunities for students. The other two participants (NV and

EY) completed intervention sessions without having any problems.

After intervention sessions, follow-up sessions were conducted every several days.
Similar to baseline sessions, follow-up sessions consisted of only probe sessions. All
participants’ correct answers were 100% or almost all questions for each follow-up
sessions. Eventually, achievements of participants in these sessions showed that they
learned the cell concept effectively. Although a period has passed after the
intervention, they did not forget what they have learnt so far. Overall, this study
provides an empirical evidence about the effectiveness of tangible mobile application
for students with SLD.

Usability issues the tangible mobile application by students with specific
learning disabilities

Students were observed during the treatment in order to seek usability issues about
the tangible mobile application according to three main categories: 1) Being willing
to use the application/ Being satisfied with the use of application 2) Sustaining
attention while using the application 3) Using the application and objects
easily/correctly. The researcher took observation notes while students were using the
tangible mobile application for the baseline, intervention, and follow-up sessions by

an observation checklist.

All students were willing and glad to use the application. In addition, they displayed
their satisfactions by their attitudes and behaviors. Their scores are close to the mean
score of 2 (Mnv=1.75, Mac=1.66, and Mey=1.92). (See Table 4.4).

Application was successful at getting attention of students. They maintained their eye
contacts with application and objects, they followed instructions and they responded
with some actions. Their scores are close to the mean score of 2 for this subcategory
too (Mnv=2.00, Mac=1.77, and Mey=1.77) (See Table 4.4).
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None of them seemed to deal with any difficulties. Especially NV and EY did not
make any incorrect attempts during intervention sessions (Mnv=2.00 and Mey=2.00).
Although AC did not have any difficulty, he did some incorrect attempts during the
intervention sessions. He also had behavior disorders. However, this was only in the
first several sessions. After a while, there was an obvious increment his performance,

so his score is not too low for this subcategory, Mac=1.58. (See Table 4.4).

NV was a shy student, so she did not express her emotions and opinions. This might
the reason of her low scores about “Being willing to use the application/Being
satisfied with the use of application” category. However, she never complained about
studying with tangible mobile application, she always tried to learn and answer the
questions correctly. Performance of NV in the treatment and means for the other two
main categories showed that she was willing to use the application and she kept her
attention while using tangible mobile application. In addition, she used tangible

mobile application easily and correctly.

AC had behavior disorder besides SLD. His teachers and his father stated that he
could get bored quickly from everything. For these reasons, his observation scores
were slightly less than other students were. However, his all observation scores were
higher than the mean score of 1.5. Thus, it was promising that making him study
during an entire session whereas he dislikes studying lesson. After he liked studying
with tangible mobile application and started to learn the cell concept, there was an

obvious improvement on his performance.

Unlike other students, EY had been noticed to have mature attitudes. As a result, her
observation scores were high except for the two items (during the application she
used expressions of satisfaction about feedback or used verbal/nonverbal expressions
based on the gestures and mimic- during the practice she responded to feedback
verbal/nonverbal). These two scores were low maybe because of her shyness, similar
to NV. She was satisfied with the use of tangible mobile application. She was very
happy to learn the cell concept by using tangible mobile application because she had

difficulty in learning the cell concept at her school before.
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4.3 Research Question 3: What are the reflections of special education teachers
after using the tangible mobile application on students with SLD?

An implementation was conducted in order to examine teachers' use of the tangible
mobile application. Tangible mobile application was used by two groups to
determine whether it is easy to use or not. After a pilot study had been conducted
with a special education teacher (SET1) and a student with SLD (FV) in 6" grade,
the main study was held with a psychologist (P1) and a student with SLD (MYP) in
6" grade. It should be noted that teachers or students were given neither any training
nor any manual instructions before the implementations. The researcher gave the
tablet and the objects to teachers. The researcher said to the teachers that students
should grasp the objects and touch on to the tablet screen. The video camera was
placed to an appropriate point in order to keep records without any distraction. After
both implementations, a semi-structured interview was conducted with the special
education teacher and the psychologist. The observations from the video recordings
and interviews were analyzed in terms of three categories: 1) the process for starting
to use, 2) the process for use, 3) future use.

4.3.1 The process for starting use

First reactions and implications of both the special education teacher (SET1) and the
psychologist (P1) were very positive and involved. The researcher also noticed that
they were curious to follow up all the coming steps. SET1’s words revealed this

curiosity and excitement:
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“The shapes [tangible objects] struck my attention. It was nice. So it can be
more permanent in children’ minds with these shapes [tangible objects]
actually. I spent some time to understand [how the system works] and how I
can use the objects at the beginning. After that, when I figured out the shapes
and design purpose, | thought it would be very useful. In particular, you have
placed everything in plant cells and animal cells. They were very nice.”

(SETL).

“Sekiller ¢ok dikkatimi ¢ekti. Giizel olmus. Yani bu sekillerle [kavranabilir
nesnelerle] daha kalici olabilir ¢ocuklarin aklinda. Ilkten [sistemin nasil
calistigini] anlamaya ¢alistim, ondan sonra hani ¢oziince sekilleri, hangisinin
ne amagla yapildigimi, ¢ok faydali olacagim diisiindiim. Ozellikle, bitki

hiicresi ve hayvan hiicresine hepsini yerlestirmissiniz. O ¢ok giizelmis.”

(SET1).

Excerpt given above reveals the initial constraints that could be experienced when
using the application. This is a short time period of curiosity and discovery phase that
opens paths to the following steps. Therefore, the process for starting use was found
to be satisfactory by the participants. Similarly, P1 revealed the following reflections:

“When I first saw it...The subject was actually one of the subjects | did not
like very much when | was a student. So, seeing the materials alive and
touching them was actually much better than "what we see on A4 size paper"
... It [the tangible application] was so much better. Yes! This was now three-
dimensional and | could see what it is. Since [the application] created [this
thought], I liked it so much.” (P1).

“Ilk gordiigiimde konu aslinda benim de ¢ok sevmedigim konulardan birisiydi
ogrenciyken. Yani sey materyalleri canli gérmek ve onlara dokunuyor olmak

ashinda “gordiigiimiiz A4 ’tekinden...” ¢ok daha iyi geldi yani “Evet bu artik
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ti¢ boyutlu ve bunun ne oldugunu inceleyebilirimi yarattigi i¢in ¢ok hosuma

gitti.” (P1).

Reflections revealed by the teachers above echoed each other and positive first
impressions seemed to continue in the other phases as well. First reactions and
implication of students were also positive and inquiring. Teacher P1 expressed her
student (MYP) experiences as follows:

“He started to tamper with saying: ‘What are these things in the box?’ When
I said ‘we will learn in a moment’, he asked questions like: "When are we
going to find out?" and "Will we use all of them?”. He was very curious to

actually discover what they were.” (P1).

“MYP zaten sey yapti direk kutularda bunlar ne ki?” diye kurcalamaya
basladi. “Birazdan dgrenecegiz.” dedigim zaman “ne zaman 6grenecegiz?”
iste “Bunlarin hepsini mi kullanacagiz?” gibi ¢ok merakla onlarin ne

oldugunu kesfetmeye aslinda yoneldi.” (P1).

P1’s reflections seem to be in parallel with the reflections of teachers who used the
application. We could assume from their words that the application gets the attention
of both students with SLD and their teachers. These interpretations revealed in the
reflections also seem to be confirmed in the observations as well. The researcher
noted during the observation that at the beginning of the application objects attracted
attention of student MYP. He was happy to know some of them before. However, he

was also curious to get to learn about new objects.

Moreover, all participants perceived the tangible mobile application as easy to use.
For example, P1 underlined: “Actually it was not very difficult. It was already

describing a lot.” (P1). “Ya aslinda ¢ok zor degildi zaten tarif ediyordu bir¢ogunu
ilk baslangigta.” (P1).

In similar manner, SET1 stated:
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“Like children, I examined at first. How do we do it, how do we touch it etc...
Then | started to learn in line with the reaction we got from the tablet. We

also noticed the importance of grasping later on.” (SETL).

“Cocuklar gibi ben de ilk basta inceledim. Nasil yapiyoruz, nasil
dokunduruyoruz filan. Sonra tabletten aldigimiz tepkilere gore 6grenmeye

basladim. Tutus sekli de 6nemliymis. Onu da fark ettik sonradan.” (SET1).

They also stressed that the students perceived the tangible mobile application as easy
to use. SET1 stated his student learn how to use tangible application easily with the

following reflection:

“My student thought she could not do it at first. Then she kept on trying
again. | might have given her a little help; | showed a couple of points ... And
then she was able to comprehend it practically after a while. When it did not
work, she began to rotate. She placed right, it did not work, and she turned
upside. She learnt it by trial and error.” (SET1).

“Ogrencim basta yapamayacagim diigiindii. Sonra tekrar deneme yoluna
gitti. Hani biraz da yardimim olmus olabilir, bir iki bir sey gosterdim. Ama
ondan sonra kavradi pratik. Kendi zaten olmayinca ¢evirmeye basladr diiz

koydu, olmadi ters ¢evirdi koydu. Deneme yanilma yoluyla 6grendi.” (SETL).

In all the experiences teachers’ perceptions about their students and the application
use in the first phase was expressed about the ways in which it was easy and user
friendly. Teacher P1 shared the following scenario she has observed with her student
MYP as follows:

“MYP is very curious for electronic, mechanic, and all of them. Even, |
thought ‘he will open it and look inside soon’ because he took it, looked down
and said: ‘Now, was it perceive from here [stylus]? How did it understand if
there is something black under all of them? etc.” He drew much attention.
Because it was a very interesting area for him. Even, they were 3

dimensional...He was one of the students with special learning disabilities.
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An A4 paper is not enough for them. It was attention grabbing for him. Did
he have difficulty? No, it was not too difficult. Because all he had to do was
pull the material [tangible object] from the box and touched to there [tablet

screen]... | think it was enjoyable and fun for him.” (P1).

“MYP zaten béyle mekanik elektronik vs. ne varsa hepsine ¢ok meraklt bir
¢ocuk. Ben hatta bir ara sey dedim herhalde, “MYP birazdan bunun altim
agip icine bakacaktir.” dedim c¢iinkii sey yapti. Aldr altina bakti “bu simdi
buradan mi hissediyor. Koyuyoruz ama hepsinde siyah bir sey varsa nasil
anliyor?” vs. MYP nin ¢ok dikkatini ¢ekti ¢iinkii onun ¢ok ilgisini ¢eken bir
alan zaten bu. Hele ki 3 boyutlu olunca ki, MYP bir de ézel 6grenme giicliigii
ogrencilerinden birisi. Bir A4 onlara yetmiyor. Oyle gérmek evet gercekten
onun i¢in ¢ok dikkat ¢ekiciydi. Zorlandi mi? Hayir, ¢cok zorlanmad:. Ciinkii
tek yapmasi gereken yanindaki kutudan o materyali ¢ekip oraya okutmakti...

O ’nun igin ama keyifli ve eglenceliydi diye diistiniiyorum.” (P1).

Based on the observation since MYP touched each object lightly to the screen and he
did not remove the objects most of the time, the feedback was not given immediately
at certain times. However, it is necessary to touch the screen by applying some force
at the same time to the three stylus tip under the object. Then it should be removed

from the screen and put aside. P1 underlined this problem as follows:

“Only, once while touching to [tablet screen]. He said ‘It did not touch’ and
he tried to press the tablet. We talked ‘MYP, shall we try again? Because
pressing the tablet won't work.” However, it was enjoyful to use tangible

mobile application for him.” (P1).

“Sadece bir ara hani orada okuturken, “Ya okumadi.” deyip iste tablete
bastirmaya falan ¢aligti. “MYP bir ¢ekip bir daha mi koysak bastirmanin bir
yarart olmayacak ¢linkii.”  falan diye konustuk...[kavranabilir mobil
uygulamayr kullanmak] Oyle O’nun icin ama keyifli ve eglencelivdi diye
diistintiyorum.” (P1).
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Another constraint was revealed by SET1 that was related with the circle given on
the screen. There is a circle on the screen for touching area of tangible objects in the
whole application. SET1 stated that being a circle of the touching area was
misguiding for him and his student. They thought that they should touch the objects
which were circle. In addition, at first, they touched on to the tablet screen only the
circle ones, not rectangular or square ones. During the observation, it was seen at the
process for starting use that they spent short amount of time to figure out how to use
the process. The constraint could be related with the students’ misperceptions about
the use of it. Still the researcher took it as a feedback that needs to be improved for
further studies.

P1 underlined trial screen made learn to use easier:

“The software already started with something [the trial screen]. It introduced
the parts [tangible objects]. So, it was already facilitating for us. In fact,
MYP said: “okay, I understood” and we passed them. We did not touch the
all of pieces [tangible objects].” (P1).

“Zaten yazilimda sey de [alistirma ekrani] ile bagliyor. Pargalar: tanitmak
lizerine gittigi i¢in o zaten senin i¢in kolaylastirici. Hatta biz hani MYP
tamam anladim ben dedi ve biz onu gectik. Hani biitiin pargalar

[kavranabilir nesneleri] tanitmadik.” (P1).

Teacher P1’s above-mentioned words aligns with the reflections given by SET1
about the ways in which “trial screen” could set a strong ground for a heathy learning

process.
4.3.2 The process for use

Both the special education teacher (SET1) and the psychologist (P1) described the
process of use easy most of the time. During the observations about the use of the
tangible application, all participants appeared to have fun while using it. In addition,
they used easily it and they were satisfied with using this application.
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In the application, there was a model on the top-left of screen to remind students
which objects they should touch on to tablet screen. Both SET1 and P1 perceived
these models as a facilitator to the use of application easily. P1 emphasized this with

the following words:

“In the beginning we solved something like "Oh yes, there is a picture of them
[tangible objects] already there, we wish we had looked at it." The designers
could add an instructional note that the pictures of the [tangible objects] will
be shown to them. In that case we could be prepared for that info and the

coming information.” (P1).

“lilk basta] bir seyi ¢é6zmemiz “Aa evet surada zaten gorselin resmi varmigs
buna baksaymisiz ya keske.” dedigimiz bir siire¢ oldu. Ilk bir onu fark
ederken bir sey yaptik. Belki orada hani ya da soyledi de biz MYP ile 0 an
duymamus olabiliriz. “Size zaten resmini gosterecegiz bakin.” gibi bir ibare
belki vardir ama biz duyamadik MYP ile... [Yoksa] 0 zaman olursa ¢ok iyi
olur.” (P1).

SET1 stated that he and his student used the tangible mobile application easily. SET1
underlined that the tablet application was quite explanatory. SET1 thought the

application helps teacher to be more ready and be prepared for class.

Based on observation, seeing and exploring new things made both MYP and P1
satisfied/happy while they were using the tangible mobile application. The researcher
had the opportunity to observe their happy and satisfied faces when using the
tangible mobile application. In line with the observation notes, P1 and SET1
emphasized that using tangible mobile application can motivate the students with

SLD. This was explained by SET1 with the following words:

“Child learns by doing. It is an important approach in our system and
learning becomes permanent in this way. Approximately 70% of information
are permanent with learning by doing. ” (SET1).

133



“Cocuk yaparak, yasayarak ogreniyor. Bu da bizim sistemimizde onemli bir
sey, [ogrenme] daha kalici [oluyor]. Bilgilerin yani yaklasik %70°i yaparak,
yasayarak kalict oluyor.” (SET1).

In line with the excerpt given above, approach used in the tangible mobile
application was based on allowing students to learn by doing practicing. SET1
reported that the interaction facilitates the child’s learning and expressed his views as

follows:

“Because student is more active in the lesson, (s)he touched [the tangible objects to
tablet screen] on her/his own. Therefore, learning is easier.” (SET1). “Ogrenci
kendini derste daha aktif olarak sey yaptigi icin, kendi bastyor, ¢ekiyor. O yiizden
ogrenmesi daha kolay oluyor.” (SET1). Moreover, he added:

“The guidance of the tablet [application] was good. When child made a
mistake, she did not get upset. It was a guided practice. She tried again. The

more she tried the more she learnt ...” (SET1).

“Yonlendirmeleri falan iyiydi tabletin. Cocuk da zaten yanlis yaptiginda hani
sey yapmadi, en azindan morali bozulmadi. Yénlendiriyor ne de olsa, bir sekil
yeniden denedi, hani siirekli denedik¢e de dgrendi diye diisiiniiyorum.”
(SETL).

Likewise, P1 also stated that the interaction was good. The student could understand
instructions of the tangible mobile application and gave reaction to it. In addition, she
added:

“It [tangible objects] was not very micro sized, it was very nice, so the
children already saw them very small, and it was much nicer to see it bigger.
Moreover, children could grasp. It was very good in terms of these
perspectives. Other than that, | think the interaction was nice, so it [the
tangible mobile application] was not limited it. The application was

successful enough to get the attention of the students.” (P1).
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“Cok mikro boyutlar degildi o ¢ok giizeldi. Yani ¢ocuklar zaten bunlart ¢ok
ufak goriiyorken, biiyiik gormek onu ¢ok daha hosuna gitti. Bu agidan ¢ok
iyiydi. Ciinkii inceleyebilecegi bir sey. Onun disinda ¢ok bence etkilesim giizel
gidiyor, yani sinirlanmiyor ve onun ilgisini ¢ekebilecek diizeyde oldugunu

diistintiyorum.” (P1).

Participants all seemed to reveal positive insights when revealing their thoughts
about the use of application. In addition to having interaction based qualities, P1
underlined the way how ease of use is maintained within the application with the

following words:

“It is practical to hear what the organelles are and what they constitute from
the tangible application. It was also nice to be asked and evaluated with the
follow up control questions. Therefore, the approach was from the general to
the specific... Then it enable the learner to distinguish all these [organelles
or parts] from each other. Looking from this perspective, yes it was very
nice.” (P1).

“Ne oldugunu anlatip birde bunu kontrol sorusu olarak da sormas giizel ya
evet bu soyledigim seyi anladin mi diye soruyordu ¢iinkii. Baslangi¢cta yani
genelden baglayip boyle daha ozele de inmeye basladigi icin birazcik daha
evet yani disi tamidim, artik i¢e dogru gidebilirim Kolayligi da sagliyor. Daha
sonra biitiin bunlari birbirinden aywrt ediyor. Bu a¢ilardan bakinca evet ¢cok

glizeldi.” (P1).

P1 underlined transparent images of the objects, which were presented on the screen
in all the steps helped the students touch the objects and follow the instructions
clearly. She also emphasized that the way how transparent images are presented

guided learners to pass all these steps effectively.

It was noted during the observation that MYP was happy to do the practices
(exercise) correctly. P1 claimed that the tangible mobile application motivated the
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student and allowed him to continue until the end by arouse his curiosity. P1’s views

are given as follows:

“Eventually, there was a mini test [venn schema] after a lecture was over. He
could check it again, whether his answers were correct! [He asked]: "So can
we do all these? Is it true? "... In a standard lesson, MYP who constantly
asks the question of “Is it over?” ... But now he asked: "Okay, it's over. How
many correct answers do I have? What are the mistakes I have done?” ...
These questions mean a lot to me. From these questions, | could see the
progress one could get in the learning process... I should confess that

tangible mobile application opened this perspective.” (P1).

“En sonunda gene bir anlatim bittikten sonra mini bir test [venn gemasi]
vardi. Orda da tekrar “Dogru mu? Degil mi?” diye tekrar bakmis oluyordu.
“Yani biitiin bunlari yapabildik mi? Oldu mu?” vs. Hani MYP normalde
Yaptim iste” deyip gegen bir ¢cocuk. “Yani tamam, bitti. Artik é6nemli degil,
oldu mu ama simdi” diye sormasi bile benim icin arti bir sey ¢iinkii onun olup

olmadigini bile merak ediyor ve bu onun bana gore “Evet bunu ogrenmeye

calistyorum.” deme sekli.” (P1).

As it could be seen in the excerpt above tangible mobile application could serve as a
means to increase an awareness in the minds of the students with SLD. Having
higher levels of motivation and being an active participant in the learning process
may be the reasons for this change in the attitudes. Although this excerpt is given by
only one of the teachers, the rest of the participants used expressions and words that
implied this kind of change in the minds of students with SLD. From this
perspective, tangible mobile application appears to be interpreted by the participants
not only in terms of a learning instrument but also as an instrument that motivates
students towards the active learning mentality. In additional to the quality,
aforementioned, color use could also facilitate learning and perception. Correct color

use can bring serious advantages. Also, the tangible mobile application can build a
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bridge between images in their book and in the application. For example, P1

validated:

“I think the vivid color in the application works for children very well.
Besides, the materials were already designed in the colors science books. It
does not show orange cytoplasm. As far as possible, colors were selected very

close to the science books.” (P1).

“Ya ben renklerin canli olmasimin ¢ocuklarda ¢ok ise yaradigin
diistintiyorum ve tablet uygulamasinda renklerin hepsi canliydi. Bunun yani
swra materyaller zaten hemen hemen biitiin fen bilgisi kitaplarinda o anlatilan
renklerde tasarlanmisti yani. Sitoplazmayt tutup bir turuncu goéstermiyor yine
bize o materyallerde nasil anlatiliyorsa yine o renk. Miimkiin oldugunca ona

¢ok yakin renkler se¢ilmis.” (P1).

During the observation, the guidance of P1 and SET1 was very professional. When
the students made a mistake, they guided the student properly without telling them
the correct answers explicitly. P1 underlined that the tangible application does not
eliminate teacher guidance. It is important. However, maybe for the individual use

option can be added. In this way, students can study individually.

Based on the observation it can be mentioned that at the beginning of the tutorial part
and at some of long instructions the student showed some signs of boredom. In
similar manner, in the posttest part, the student got bored probably because of
fatigue. It was also observed that SET1 showed signs of boredom when the student

thought too much.

SET1 emphasized that the student sometimes used the tangible objects carelessly. To
be more specific she touched the objects randomly on to the tablet screen. The
observation findings validated it. For example, the magnifier, microscope, animal
cell, and plant cell models must not be touched in the venn scheme exercise. The
student touched these objects. Hence, the exercise did not work properly when those
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objects were touched. The reason for this could be the difficulty of the first session

experience.

SET1 emphasized that there were some touching problems while his student was
using the tangible mobile application. Based on the observation, SET1’s student
rotated some of the tangible objects while they were in contact with the tablet.
Students should be informed about not to drop the object from their hands, not to
rotate the object while it was in the contact with the tablet. At the same time, students

should be reassured to remove the objects from the tablet after they touched on it.

Aforementioned, since MYP touched each object lightly on to the screen and he did
not remove the objects most of the time, the feedback was not given immediately at
certain times. However, the feedback was given after several attempts. Moreover,
MYP touched his finger(s) on to the screen when he touched the tangible objects on
to the tablet screen. P1 mentioned these problems a couple of times during the
interview. She claimed that from time to time they had problems with touching the

tangible objects during the process of use.
P1 suggested that a user manual of the tangible mobile application makes it easier:

“There were only a few things that stem from the lack of training about how
to use materials. It is very simple to solve this problem. The teacher could be
given guidance about the ways in which they could use the system. | think

these are minor limitations that could be overcome.” (P1).

“Bir tek ufak tefek seyler o da materyalleri nasil kullanacagimizi dair
egitimin olmamasindan kaynakliyymis. Bu ¢ok basit o 6gretmene rehberlik,
yani 6gretmene rehberlik edip onu nasil kullanacagi anlatildiginda sadece
¢ok hizla asilacak bir sey... Bunlar ¢cok ufak ve simirliligi ¢cok kolay asilacak
seyler diye diisiiniiyorum.” (P1).

It could be interpreted from the conversations with the teachers that tangible mobile
application appeared to be easy to use as well as providing opportunities for learning

the concepts more efficiently. It was seen during the observations that teachers were
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competent and comfortable to use the tangible mobile system without having a prior
training. Although there happened to be times when they had experienced difficulty
due to being unfamiliar with the application, they were able to handle these

constraints after a few trials.
4.3.3 Future use

Future use was determined to be one of the main themes during the interviews. It was
evident both in the conversation and in the observations that both the special
education teacher (SET1) and the psychologist (P1) were very positive and willing to

use of the tangible mobile applications in their classes.

SET1 stated he wants to use the tangible mobile application for this subject and other
subjects such as, Math, Geometry, and Language. He claimed that the tangible
mobile application provides students with the platform for learning by doing,

permanent learning, and visual learning. Likewise, P1 explained:

“I think that tangible mobile application can be used in almost all science
[related courses]. | can also adapt it to the course of social sciences. For
example, to teach the geographic regions | could use a map of Turkey and
then inform students about these regions. As well, I can involve students by
asking them to plant the fields... There are many options we could

incorporate the interdisciplinary topics...” (P1).

“Fen bilgisi [dersinin] bence hemen hemen hepsinde kullanilabilir. Ben bunu
sosyal bilgilere de gayet uyarlayabilirim. Tutup bir Tiirkiye haritasinda 7
bolgeleri de cocuga verip hadi birlestir de yapip o bélgeyi tanitirken o
bolgenin iizerine aga¢ da diktirtebilirim. Ya da oramin bitki ortiistinii
serdirtebilirim. ...Onun disinda matematik de dahil olmak iizere bir sekilde
kullandirtabilinir...” (P1).

Both of the teachers highlighted the importance of tangible objects as a means for
increasing teaching effectiveness and increasing student motivation to learn. As well,

they implied the vision that could be brought through the effective combination of
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interdisciplinary concepts and perspectives. Therefore, their views indicated the
future practice that could be implemented in further studies. They also warned
instructional designers that educational materials should not be developed based on
standard and monotonous teaching approaches; instead, they should enact multiple-
sense of students with the most effective means. Therefore, the applications can

facilitate the learning and makes the abstract concept concrete as well.
In addition, P1 suggested the use of tangible applications to the other teachers:

“I think because I always say that we are in the era of technology and A4 size
paper could no longer serve as an educational material. Even a video could
be seen as a monotonous instrument at certain times... Students are exposed
to lots of stimulus ... 1 think visualizing and touching the material is
something that every teacher should actually use. Therefore, | think it is over
or A4 age is over. Teachers now have to realize this. It is easier to teach
because it [tangible application] gives students with the opportunities to look

at all the pieces [tangible objects], from an in depth perspective...” (P1).

“Yani diistiniiriim ¢tinkii hep soyledigim gibi yani artik teknoloji ¢cagindayiz
ve bir A4 [egitsel bir materyal olarak] yeterli degil. Yani izledigimiz bir video
bile bazen tek diize oldugu zaman yetmiyor, ¢ocuklari karsilamiyor artik.
Clinkii ¢ok fazla uyarana maruz kalmaya ¢ok alistik... Yani materyalleri
gorsellestirmek ve ona dokunabilmek, her dgretmenin ashinda kullanmasi
gereken bir sey diye diistiniiyvorum. Yani bitti ya A4 ¢agi bitti bence bunu
ogretmenlerin artik fark etmesi gerekiyor... Ogretmek daha kolay oluyor.
Ciinkii zaten g¢ocuga materyali veriyorsun ve bak, incele diyebiliyorsun
yani...” (P1).

It could be seen from the above-mentioned excerpt that most of the teachers deal
with the challenges of limited educational materials in their classrooms. The views
noted the demanding and difficult living conditions that special education teachers
live in. It could clearly be seen in their experiences that A4 paper is still seen as an

important material that they use. It is understandable to follow all the phases through
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effective data collection and documentation in which A4 serves a medium of
instruction. Use of photocopies also creates additional roadblocks for the students in
enabling them to reach colored and lively materials. In sum, special education
teachers implied the barriers created in their schools and believe that tangible mobile
application will give them chances of teaching better and living better in their

classroom settings.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The main purpose of this study was to determine design principles of a tangible
mobile application for students with SLD and to examine the effectiveness of the
tangible mobile application on the students’ achievement. In addition, usability
issues about tangible mobile application by students and special education teachers
were examined. In this chapter, the findings of this study are discussed in line with
the research questions: 1) What are the design principles of a tangible mobile
application for students with SLD? 2) Is the tangible mobile application effective on
students’ achievement in the 6™ grade cell concept? 3) What are the reflections of
special education teachers after using the tangible mobile application on students
with SLD?

5.1 Design Principles of the Tangible Mobile Application for Students with SLD

Final design principles were determined after analysis, design, development, and
evaluation stages. They are discussed in terms of four categories: 1) educational
content, 2) visual design, 3) tangible object use, and 4) interaction.

5.1.1 Educational content principles

“Educational content should especially be selected among abstract learning objects”
is the first design principle in educational content category. Since students with SLD
have difficulties understanding abstract concepts, it is very important that tangible
mobile application help students with SLD to concretize the abstract concepts. Thus,
more permanent and meaningful learning can be occurred. In line with this design
principle, Falcdo and Price (2010) emphasized that students with learning disabilities
should be provided concreate examples to understand abstract concepts.
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“Learning objectives that are determined for educational content should mainly
consist of expository texts” is the second design principle in educational content
category. There are a number of expository texts (long informative texts) in course
textbook such as science and social studies from the 4" grade. Students with SLD
have difficulties in reading. As aforementioned under characteristics of students with
SLD title, these students have also problems in selection and use of understanding
strategies while reading, remembering, and attention. In this context, content should
mainly consist of expository texts. Similarly, O'Connor, Sanchez, Beach, and Bocian
(2017) stated that students with learning disabilities struggle with reading and
understanding expository texts. Moreover, Mason and Hedin (2011) emphasized that
science texts contain facts, new, and complex information becomes a barrier for
students with learning disabilities because students are expected to read and
understand the expository passage after third grade independently. In line with these,
Hall (2004) underlined that comprehension of expository texts in science, social
studies, and mathematics is challenging for students with reading disabilities. In
addition, Hall (2004) stated that there are consequences of not understanding the
texts. Students are not able to learn the content, which results in failure in the exams.
In addition, they have low self-efficacy and behavior problems. In order to overcome
these problems, effective instructional strategies such as graphic organizers,
computer assisted technologies should be used to make expository texts more
understandable for students with learning disabilities (Jitendra, Burgess, & Gajria,
2011).

“Educational content should be given appropriately to students’ age and disability
type” is the third design principle in educational content category. Since students
with SLD have very different characteristics compared to normally developing
children and special education teachers or science teachers use this application in
classroom setting, it is vital to design educational content in terms of age and
disability characteristic. Likewise, Kara (2015) and Antle, Wise and Nielsen (2011)
addressed that the educational content should be age-appropriate. In parallel with

this, Inal (2011) underlined that content should be presented appropriately to
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students’ age. Cobb, Mallett, Pridmore, and Benford (2007) suggested that learning
activities should be designed carefully taking needs and characteristics of students
with disabilities into account. In parallel with this, Garzotto and Bordogna (2010)
underlined the fact that students with special needs have unique characteristics. In
this context, designers should be careful about the unique profiles of these students.
In line with this, Fan, Antle, and Cramer (2016) highlighted that design of a tangible
system should be arranged based on characteristics of children with SLD (dyslexia).
Antle (2007) also emphasized that design should be aligned with abilities of children
taking their age into account.

“Reading and writing activities should be kept less in educational content” 1s the
fourth design principle in educational content category. Students with SLD have
difficulties in both reading and writing skills. To overcome these problems, vocal
instructions should be added and writing and reading activities should be kept
minimum level. This design principle associated with the fifth one. “Vocal parts of
Written texts should be included” is the fifth design principle in educational content
category. Since students with SLD are slow readers, vocal instructions may help to
focus on the content and to understand it easily. In parallel with this design principle,
Falcao and Price (2010) stated that students with learning disabilities should be
presented minimum amount of text. Moreover, Fan et al. (2016) mentioned that the
basic characteristics of these children are the difficulty of reading and suggested that
visuals should be included in the design instead of texts. Furthermore, they
emphasized that vocal version of the texts can facilitate the learning process of
students with SLD. Falcdo (2014) accepted minimum text use as a principle for
tangible system. Hence, the activities should not be based on supporting reading and
writing skills when the target group is children with intellectual disabilities.
Likewise, Marco, Cerezo, Baldassarri, Mazzone, and Read (2009) emphasized that
children should be given vocal feedback not only to support them but also to
reinforce the visual representation on the tangible system. In addition, Karime,
Hossain, Gueaieb, and El Saddik (2009) stated that the tangible interface should be

developed based on the notion of minimum or none text use.
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“Students should be given immediate feedback” is the sixth design principle in
educational content category. If students with SLD cannot receive immediate
feedback, they may be confused and surprised about their correct or incorrect
attempts. Accordingly, this can break students’ concentration. Similarly, Hinske
(2009) and Kara (2015) determined immediate feedback as a design principle.
Golsteijn et al. (2015) stated that it is very crucial to give immediate feedback in
order to motivate students to study more by providing interaction and notifications
the result of their attempts. Scarlatos (2006) identified immediate feedback as a
principle for students to use the system in a successful way. Similarly, Bouck,
Bassette, Taber-Doughty, Flanagan, and Szwed (2009) gave students with mild
intellectual disabilities immediate feedback in their smart toy, Pentop. Similar with
these, Fan et al. (2016) defined immediate feedback as a crucial design element when
designing tangible user interface for children with SLD (Dyslexia) in order to avoid
any confusion. In parallel with these, Falcao (2014) emphasized that the clear and
immediate feedback is one of the vital design principles for tangible system for
students with special needs. Likewise, Hornecker and Buur (2006) suggested
immediate feedback both visually and auditory. In parallel with these, Bodén,
Dekker, and Viller (2011) underlined that the immediate feedback should be used in
order to support students’ learning process. In addition, feedback is crucial in ways
of monitoring students’ progress in tangible learning environments (Walker &
Burleson, 2012).

“Students should be reinforced upon giving correct answers” is the seventh design
principle in educational content category. This design principle is important because
students with SLD should be given reinforcement after every accomplished goal to
reinforce correct attempts. Reinforcement can motivate and encourage students.
Likewise, Falcao and Price (2010) underlined that students with learning disabilities
should be appreciated when they do it correctly. Similarly, Fan et al. (2016)
underlined the importance of the rewards, reinforcements for motivating and

encouraging students with SLD (dyslexia). Correspondingly, Marco, Cerezo, and
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Baldassarri (2013) emphasized that the tasks that students successfully complete
should be rewarded.

“Each learning unit in the tutorial part should be followed by a related practice” is
the eighth design principle in educational content category. This is important because
practices can help to learn each learning unit better. Furthermore, these single-
question practices give students the opportunity to succeed. Similar to this design
principle, Falcdo and Price (2010) stated that the difficulty of tasks should be
achievable by students. Likewise, Seo, Arita, Chu, Quek, and Aldriedge (2015)
emphasized that children should be asked each learning unit as a recall activity. In
line with these, Berkeley, Mastropieri, and Scruggs (2011) underlined that guided
practices with corrective feedback should be added for students with learning
disabilities. In addition, as a result of their extensive literature review McLeskey and
Waldron (2011) stated that guided practices with respond should be presented to
students with learning disabilities.

“There should be a holistic practice at the end of application” is the ninth design
principle in educational content category. Since a holistic practice allows students
with SLD to revise all the content. Moreover, it should be added in order to put the
pieces of content together and make them more meaningful. Similarly, Berkeley et
al. (2011) emphasized that there should be independent practices for students with
learning disabilities to recognize how they understand the subjects. In line with this,
related literature underlined the importance of independent practice and how it
should be for student with learning disabilities (McLeskey & Waldron, 2011,
Misquitta, 2011; Wanzek, Vaughn, Roberts, & Fletcher, 2011).

“A corrective feedback should be given after an incorrect answer/attempt” is the
tenth design principle in educational content category. It is important to give students
corrective feedback to ensure the correction of mislearned information. The
corrective feedback does not give the answer for students. Instead, students are
informed that (s)/he is doing wrong. Additionally, students should know what to put

in place of the mistake. (For example; “This is not mitochondria. It is a cytoplasm.
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Please touch the mitochondria”). Similarly, Antle (2013) recommended that the
feedback should not be in a form of giving an answer for a student; instead, it should

be given in a supportive way to complete the task.

“A descriptive feedback should be given after a correct answer/attempt” is the
eleventh design principle in educational content category. It is important because
giving a descriptive feedback does not only indicate success but also explain success
(For example; “Congratulations, right answer! This is a cytoplasm”). In line with
this, Kara (2015) emphasized that the feedback should include an explanation of the
object the child puts. Similarly, Hinske (2009) emphasized that feedback should be

comprehensive.

“There should be interactive activities (experiments, animations etc.) in tutorial
part” is the twelfth design principle in educational content category. Since students
with SLD have attention problems, interactive activities may lead students to be a
part of these activities and also may help them to focus on educational content more.
Similar to this design principle, Falcdo and Price (2010) stated that students with
learning disabilities should be provided rich and various materials. In addition, Kara
(2015) pointed that educational content should not be static. Some multimedia
elements like animation should be added. In addition, Inal (2011) proposed that age-
appropriate sounds and visuals should be added to educational game. Similarly,
Sitdhisanguan, Chotikakamthorn, Dechaboon, and Out (2012) suggested educational
activities involving rich stimuli are necessary to engage the students with autism to
the course. Likewise, Garzotto and Bordogna (2010) underlined that in order to make
learning experience more fun and motivating for children with special needs,
different multimedia elements and interactive activities should be added to the
tangible system. Cobb et al. (2007) stated that stimulating and appealing multimedia
elements can help attract the attention of students with special needs.

5.1.2 Visual design principles

“Interface design, character selection, 2D and 3D images, animations, and vocal

parts should be appropriate to the age and characteristics of the disability type ” is
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the first design principle in visual design category. Since students with SLD have
very different characteristics compared to normally developing children and special
education teachers or science teachers use this application in classroom setting, it is
vital to design these visual parts in terms of age and disability characteristic. In line
with this design principle, Inal (2011) proposed that age-appropriate sounds and
visuals should be added to educational game. Similarly, Sitdhisanguan et al. (2012)
suggested the visual design elements like color use should be arranged taking the
characteristic of children into consideration. Antle (2007) also emphasized that
design should be aligned with abilities and limitations of children taking their age

into account.

“Fonts should be appropriate for students with specific learning disabilities (such as
Helvetica, Arial etc.).” is the second design principle in visual design category. Since
students with SLD have difficulties in reading, it is vital to select a font type
dyslexia-friendly. That is to say, they cannot read every font easily. Fonts that
students can read easily should be selected (Helvetica, Arial etc.). Haro, Santana, and
Magana (2012) developed a tangible reading system for children with Down
syndrome. They claimed that the special font use can facilitate learning. In addition,
Seo and Woo (2010) emphasized that appropriate fonts for learning disabilities
should be chosen. In line with this, Fan et al. (2016) stated that because of the
children with SLD (dyslexia)’ deficiencies, font type selection is very important.

They can experience difficulties with Serif-typeface or tightly spaced font types.

“Interface design, character selection, 2D and 3D images, fonts, animations, and
vocal parts should be simple, user-friendly, motivating, and should not be
distractive ” is the third design principle in visual design category. This is important
because students with SLD have attention and motivation problems. A simple, user-
friendly, motivating visual design can attract students’ attention and can help them to
focus on. Similar to this design principle, Inal (2011) accepted a simple, user-friendly
and interesting visual design as a design principle. Likewise, Falcao, Meira, and

Gomes (2007) emphasized the importance of a simple interface for tangible system
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in order prevents any difficulty for users. Similarly, effective and simple interface
design is suggested by Hinske (2009).

“Written texts, images, animations, vocal parts should facilitate understanding of the
educational content” is the fourth design principle in visual design category. Written
texts, images, animations, vocal parts should be in accordance with the content.
Students should be able to associate content with these elements. Unnecessary use of
these items should be avoided. Likewise, Inal (2011) suggested that visual design
elements (texts, images, and animations vb.) should be employed for ensuring better
learning. Similarly, Falcao (2014) underlined that when designing a tangible system
for students with learning disabilities, texts, images, animations, and sounds should

be used taken students’ need and abilities into account.

“Vocal instructions should be fluid, clear, and at an appropriate pace” is the fifth
design principle in visual design category. This is very important because students
mostly prefer to learn by listening to voices instead of reading. Vocal instructions
should not be too fast to follow and should not be too slow to get bored students.
There should be a clear voice to be understood by the students easily. Similarly,
Sitdhisanguan et al. (2012) accepted the appropriate use of voice as a design
principle. In line with this, Fan et al. (2016) stated that vocal instructions should be
short and clear. Similarly, Falcao (2014) stated that voices should be clear, simple,

and loud appropriately as one of the key design element.

“The color of tangible objects should be similar to the course books” is the sixth
design principle in visual design category. Since students with SLD make a
connection between course book and these objects, learning may be more
meaningful. Antle et al. (2011) suggested that the visuals that the learner is familiar
with should be used in order to reinforce the link between the learning material and

the learner.
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5.1.3 Tangible object use principles

“The size, color, details of tangible objects should be similar to real life objects” 1S
the first design principle in tangible object use category. Since the consistency with
real life experience provides a real experience for students. Even if they are not in
their actual dimensions, their dimensions should be relatively different from each
other (For example, the nucleus is the largest object.). Similar to this design principle
Kara (2015) emphasized that the size of toys and their images should be similar to
real life objects. Similarly, Sitdhisanguan et al. (2012) suggested that tangible objects
should be as in the real life. Likewise, Falcdo (2014) emphasized that physical
objects should be familiar to students. Similarly, Bodén et al. (2011) stated that
objects should be selected from real world. In line with these, Hinske (2009)

underlined the importance of tangible toys that aligns with the real life.

“Tangible objects should be light and made from health-friendly material ” is the
second design principle in tangible object use category. This is important because
tangible objects should be designed to be used easily by students for a long time.
Furthermore, if they are heavy, it becomes difficult to use and may damage the
surface of the tablet. In line with this, Soleimani, Green, Herro, Walker (2016) made
their tangible final prototype from lightweight material. On the other hand, it should
not be made of materials that are harmful to health like plastic etc. Correspondingly,
Roberto, Freitas, Simoes, and Teichrieb (2013) used a kind of health-friendly plastic
in their tangible objects. Similar with these, Hinske (2009) stated that play objects
should be safe and healthy for children. Marco et al. (2009) stated that tangible
objects should be safe and robust. In addition, Karime et al. (2009) stated that
tangible material should be lightweight.

“The thickness of the objects should prevent the student's fingers touching the
screen” is the third design principle in tangible object use category. This design
principle also can affect the interaction. Students should not touch the screen with
finger while they are using the tangible mobile application in order to prevent a

wrong detection. The objects should be thick enough for the child to grasp
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comfortably. Likewise, Sitdhisanguan et al. (2012) suggested that the objects should
be able to graspable easily by students. Similarly, Pandey and Srivastava (2011b)
suggested that the tangible objects should fit the size of the palms of children with

specific learning disabilities (dyslexia).

“The size of tangible objects should allow to noticing details” is the fourth design
principle in tangible object use category. It should not be too big to block the screen,
nor should it be so small as to prevent seeing the details. Since students with SLD
cannot see and touch the details in the two-dimensional textbooks, the objects should
be as the students can easily see and touch the details. This may lead to permanent
learning in a way to making remember easily. Similar to this design principle, Tsong,
Chong, and Samsudin (2012) suggested that tangible objects size should not be too
large or too small. Similarly, Marco et al. (2009) emphasized that the sizes of

tangible objects should be suitable.

“Tangible objects should be grouped appropriately and presented in separate boxes
to the students” is the sixth design principle in tangible object use category. Since
students with SLD have attention problems, not all of tangible objects should be
presented to students at the same time in order to prevent any distraction. Tangible
objects which have same characteristics should be presented together separately from
other grouped objects. In line with line with this design principle, Kara (2015) stated
that since it causes distraction on students’ attention, too many objects should not be
included in smart toy. Likewise, Tsong et al. (2012) emphasized that the number of
both physical and digital objects should be limited to seven objects for each learning

unit.
5.1.4 Interaction principles

“Students should be informed about the use of tangible objects and a trial screen
should be developed” is the first design principle in interaction category. Since
students have not used this application before, they should do trial as many times as
they want to gain familiarity with the system. In this way, they can easily use the

application. Similar to this design principle, Kara (2015) stated that a help screen
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should be developed before the play. Similarly, Sitdhisanguan et al. (2012) provided
a how to use the tangible user interface part before all the sessions with students with
autism. Antle et al. (2011) emphasized that students should be showed how to use the
tangible system. Falcdo and Price (2009b) emphasized that students should be given
the necessary time to understand how to use the system. Likewise, Seo et al. (2015)
stated that children should be given enough time for familiarizing with the tangible

system also experiencing the tangible objects (touch, smell etc.).

“The amount of interaction between the application and the student should prevent
student from getting bored/distracted ” is the second design principle in interaction
category. The reason of this, too much interaction may distract students with SLD’s
attention while too little interaction may get bored the students. Similarly,
Sitdhisanguan et al. (2012) emphasized the characteristic of students with autism

should be take into consideration for determining the details about interaction.

“Tangible interaction between all sections of the application (tutorials, practice, the
pretest, the posttest) and students should be provided ” is the third design principle in
interaction category. Tangible objects should be used in all the sections of the
application in order to increase interaction between the application and the students.
In support of this principle, Hornecker and Buur (2006) emphasize the value of using
multiple senses by using physical objects in the use of tangible objects. As well, the
rich learning environments should enable students to learn through constant
interaction. In similar way, Hengeveld, Voort, van Balkom, Hummels, and de Moor
(2007) stated that interaction should be tangible because there are many advantages

of it (multiple senses, more natural, active and personal interaction etc.).

“Written and vocal instructions should be given to ease of the use tangible mobile
application ” is the fourth design principle in interaction category. This is important
because students with SLD may give up using the application if they cannot easily
use it. In addition, aforementioned, they have difficulties in reading. Vocal
instructions may enable ease of use. Likewise, Keay-Bright (2008) stated, the

instruction should encompass simple, short, clear sentences for children with
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learning difficulties in order to explain children how to use each educational activity.
Falcdo and Price (2009b) suggested that instructions should be provided to ease the

interaction.

“Tangible objects and their images in the interactive application should be similar”
is the fifth design principle in interaction category. This principle is important
because the consistency between the tangible objects and their images will enable
them to better connect with each other. Similarly, Kara (2015) suggested smart toys
and their images should be the same. Likewise, Sitdhisanguan et al. (2012) indicated
that the same objects should be presented both the digitally and physically to provide
higher engagement with the educational content. Fan et al. (2016) mentioned that
interaction can be strengthen by associating the digital and physical objects version
of the student. Likewise, Antle (2007) stated that appearances of objects in digital

and physical forms should be related.

“Students should be shown an image which tangible object should be touched on the
tablet screen” is the sixth design principle in interaction category. Since in the
tutorial part, students cannot know which object to be touched on the screen, they
should be guided by the application in order to prevent any confusion. Similarly,
Tsong et al. (2012) empathized that the tangible objects should not be use

haphazardly by students for avoiding any problem.

“It should be clear where to touch the tangible objects on the screen” is the seventh
design principle in interaction category. Since students have problems with direction,
guidance should be given on where to touch the object on the screen. Touching place
and its shape should be consistent throughout the application in order to prevent any
confusion. Stanton et al. (2001) emphasized that they used colorful rectangles in their
tangible interface —Magic Carpet- for students to let them know where to stand.
Suarez, Marco, Baldassarri, and Cerezo (2011) suggested that visual feedback should
be added to tangible system so that children could recognize where the objects are

clearly.
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“The images should come to screen transparently before the students touch the
tangible objects to screen” is the eighth design principle in interaction category.
This principle is important because there is a possibility that students may not
examine or look at the object for any reason (distraction, hurriedness etc.) during use
of the application. In order to overcome this possibility, the transparent images of
the tangible object should come to screen. It also provides a clue for children.
Similarly, Marshall (2007) underlined that children may have distraction from the
content or details of the objects when children focus on educational activity with

physical objects.

“There should be 2-3 seconds delay between each set of content” is the ninth design
principle in interaction category. During the instruction, there are a variety of
advantages in waiting for 2-3 seconds (constant time delay) in the presentation of the
stimuli and the questions to students. Firstly, it helps the students to associate the
contents and to distinguish them. In addition to this, it ensures that each learning
occurs as individual experiences without interfering with each other, thus it prevents
confusions. As the learning pace and the response rates of the students are different
from each other, the waiting period of 2-3 seconds is accepted as an adequate
response time when the learning is controlled. Tekin-Iftar and Kircaali-iftar (2013)
stated that using constant time delay is a common instructional method in special

education.

“Students should easily interact with the mobile application” is the tenth design
principle in interaction category. In addition, all tangible objects should work when
touched once and be stable. This design principle important because mobile
application can easily be used by students in order to prevent distracting their
attention or motivation. Similar to this design principle, Antle et al. (2011) addressed
that it should be easy to use. Students should focus to learn content and should not
try to learn to use. In addition, the authors suggested that simple actions should be
used in the system for an easy interaction. Likewise, Kara (2015) stated that smart
toy should be easy to use. In the same vein, Cobb et al. (2007) accepted easy to use

of the tangible system as a design principle. Similarly, Pandey and Srivastava
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(2011a) emphasized that the interaction should not be complicated but simple in
tangible systems for children with SLD (dyslexia). Falcdo and Price (2009b)
emphasized that children should interact with the tangible system in an easy way. In
addition, Karime et al. (2009) stated that the tangible interface system should assume
that children have little or no technical skills. Hinske (2009) underlined that users

can interact with the system easily without thinking a lot.
5.2 Effectiveness

One of the purpose of this study was to examine the effectiveness of tangible mobile
application on students’ achievement in the 6™ grade cell concept. The results
indicated that the tangible mobile application was effective on students’ achievement

in the 6™ grade cell concept.

This study brought a perspective on how tangible objects enable students with SLD
could help them to learn the “cell concept” effectively. Experimental phases
followed in the study showed that students could learn the intended subject matter
with the effective means provided via tangible mobile application. There has been
scarcity of empirical evidence that aligns with the purpose of the present study.
However, several studies highlight the effectiveness provided through the use of
tangible system. From this perspective, the result of the current study supports the
earlier empirical research studies, which revealed effectiveness of the tangible
application for students with special needs. Cramer et al. (2016) investigated the
effectiveness PhonoBlocks that was a tangible software system in terms of a dynamic
color-coding scheme on students with dyslexia in 3'9- 7" grades. They mainly
focused on teaching the spelling of the words that includes in one or double
consonants and end with —le (cuddle, stable, topple etc.). It was a comparative study
and five of students were randomly assigned to Vowel Color Based on Design
Principle Group (V-DP) and the rest assigned to VVowel Color Based on Identity (V-
ID). As a result, even though there was no significant difference between two groups,
improvements were observed for both groups. Likewise, Fan, Antle, Hoskyn, and

Cramer (2017) investigated the effectiveness of PhonoBlocks on trained words, new
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words, and on both. Eight students with specific learning disabilities (Dyslexia) aged
between 7-8 years old participated in the experiment for one month. A pretest-
posttest design was employed in the study. Findings of the study showed that
PhonoBlocks was effective on trained words, new words, and on both. Similar to
Cramer et al.’s (2016) and Fan et al.’s (2017) studies, this current study aimed to
teach cell concept to students with specific learning disabilities. Likewise, there was
a noteworthy increasement in the percentage of correct answers of students. Pandey
and Srivastava (2011b) developed a tangible user interface with color and sound cues
named as Tiblo to help remember and follow sequential instructions in reading
stories or words for students with dyslexia, aged between 8 and 12 years. Rapid
ethnography to investigate emotional and psychical aspects and contextual enquiry
were employed in their study. As a result, it was found that students were involved
more in classroom activities. Improvement in retention skills has also been seen. In
line with this, in the current study, all participants gave correct answers to almost all
questions for each follow-up sessions. Eventually, achievements of participants in

these sessions showed that they learned the cell concept effectively.

Similarly, Sitdhisanguan et al. (2012) investigated the effectiveness of the tangible
user interface (TUI) for children with autism on color recognition. The aim of the
study was to compare the learning efficacy of touch-based system, TUI and the
conventional color stick methods. 20 male children who are 3-5 years old
participated to the experiment for four weeks. Eight children were assigned to TUI
group, four children were assigned to touch-based system and the rest were assigned
to the conventional color stick methods group. A pretest-posttest was conducted for
each group. Results of the mentioned study showed that TUI appeared to be more
effective for children with autism. Derived from the findings of the current study, it
could be interpreted that the tangible interactive system provides more effective
learning opportunities for students who could not learn the cell concept at school.
This may also create alternative learning platforms for teachers to enable students

with disabilities with better tools of support.
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Likewise, Bouck et al. (2009) investigated effectiveness of the tangible system
(Pentop) for children with mild intellectual disabilities on multiplication. Multiple
probe design was used in the mentioned study. Three Hispanic middle school
students who were 12 years old participated to the study for four weeks. The results
of the study indicated that the percentage of correct answers of three students
increased after using the tangible system. Similarly, in the current study multiple-
probes across participants design was administered. Both Bouck et al.’s (2009) study
and the current study showed that the percentages of correct answer increased for
three participants. In this respect, Bouck et al.’s (2009) study seems to align with the
current study findings in terms of serving as a facilitator for learning tailored

specifically for the student with disabilities.

The current study seems to be effective in terms of providing better learning
opportunities for students with SLD with the use of multiple senses. Although the
current study focuses on asking students concentrate on a topic related to cell
concept, this has been given through the means of skills such as observation,
touching and hearing. The results of the current study seem to align with the results
in the related scholarship from the basis of using multiple senses. In support of this
interpretation, Garzotto and Bordogna’s (2010) study could be given. In the
mentioned study a tangible technology, Talking Paper was developed to help
students with severe disabilities in a real school setting. They combined tangible
paper based materials with different multimedia sources (sounds, animations etc.)
and created interactive activities. A qualitative pilot study with two students, who
had severe disabilities, was pursued to evaluate whether there may be some
improvement in children’ linguistic, cognitive and motor skills in school context
during the three-month time span. Improvements were seen at children’ linguistic

skills compared to the traditional educational activities in the mentioned study.

5.2.1 Usability issues about the tangible mobile application by students with
SLD

Usability issues about the tangible mobile application by students with specific

learning disabilities were examined through observation. In the light of observations,
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it can be deduced that the tangible mobile application ensures students’ willingness
to use. As well, the researcher also observed that the mobile tangible application was

easy to use as well as enabling students’ constant attention.

The results of this study indicated that application was successful for getting
children’ attentions. They maintained their eye contacts with application and objects,
they followed instructions and they responded with some actions. Similarly, Keay-
Bright (2008) revealed that teachers emphasized concentration of students with
severe learning disabilities and autism increased during the use of the tangible
system. In traditional setting, they have low engagement and motivation. In parallel
with this, Hengeveld et al. (2009) revealed that children using the tangible system
paid much more attention when compared with his/her regular classroom setting.
Moreover, Cramer et al. (2016) found that tangible software system grasped attention
of children. Likewise, Marco et al. (2013) stated that the children focused on the
tangible learning materials all the time. In the same way, Haro et al. (2012) revealed
that the student with Down syndrome continued his attention throughout the session
without asking any reinforcement, assistance or intervene. In addition, in Parkes,
Raffle, and Ishii’s (2008) study teachers stated that even the student with ADHD
could maintain his/her attention all the time while using the tangible object. In line
with these, Cobb et al. (2007) underlined the reflections of teachers who stated that
the tangible tool have a potential for improving visual attention of students with

profound disabilities.

The findings also showed that all children were willing and glad to use the
application. Since it is a new way of interaction for students, they seemed to study
the concept willingly. To be more specific, the tangible mobile application provides
students with physical engagement and multi-sensory interaction, which was very
helpful when considering their learning difficulties. Generally, they seemed to enjoy
using the application. Correspondingly, Pandey and Srivastava (2011b) revealed that
students with dyslexia interested in using Tiblo. Jadan-Guerrero, Jaen, Carpio, and
Guerrero (2015) also found that students with Down syndrome liked tangible kit for

literacy. Moreover, Keay-Bright (2008) underlined that children used the tangible
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system in a passionate way. Likewise, Marco et al. (2013) revealed that the children
had higher level of engagement and fun when they were using the tangible system. In
the same vein, Cobb et al. (2007) stated that the children with severe disabilities
liked to use their interactive tangible system. In line with these, Fan et al. (2017)
found that most of the children like using the tangible system and they wanted to use
it again. Parallel to this, Haro et al. (2012) revealed that the child with Down
syndrome liked using the tangible system and wanted to continue using it. Suarez et
al. (2011) also found that children preferred tangible system rather than the tactile
system.

Furthermore, the present study revealed that all students used the application and the
tangible objects easily. None of them confronted with any difficulties. Similarly,
Antle et al. (2011) observed that children can easily understand how to use the
tangible system. In the learning process, they used the tangible system easily.
Besides, Keay-Bright (2008) stated that students with special needs quickly learned
how to use the system. This has been interpreted as an unexpected outcome in the
mentioned study. In line with these, Fan et al. (2017) revealed that the children
reported that the tangible system was easy to use. Parallel with this, Cobb et al.
(2007) revealed that children with moderate disabilities used system without an adult

assistance.

5.3 Reflections of Special Education Teachers after Using the Tangible Mobile
Application on Students with SLD

The findings of the current study indicated that first reactions and implications of the
teachers and the students with SLD were very positive and inquiring. They were
curious to follow up all the coming steps. The process for starting use was found to
be satisfactory by the participants. Correspondingly, Haro et al. (2012) found that
students with Down syndrome used tangible interface curiously and they were
interested a lot. In addition, Haro et al. (2012) also stated that impressions of teachers
were very positive and they were interested to use the tangible system. Similarly,
Bodén et al. (2011) stated that the students were curious and interested to explore and

learn at first for tangible system. As well, their interview results showed that teachers
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also enthusiastic about the tangible system. In similar manner, Jadan-Guerrero et al.
(2015) emphasized that the teachers found tangible system interesting and enjoyable.
In line with these, Pandey and Srivastava (2011b) revealed that children with SLD
engaged with the tangible objects as soon as objects were presented to them. In
addition, the children were excited and curious to use the tangible mobile
application. Likewise, Marco et al. (2009) emphasized that the initial impression of
the students was inquiring and full of joy. Even the students wanted to use the

tangible system more.

The results also showed that the teachers and the students with SLD perceived the
tangible mobile application as easy to use. It was easy and user friendly for all the
participants. Furthermore, all the participants were able to use tangible mobile
applications easily. However, they encountered few difficulties only at the first trial.
The reason for the first time difficulty could be related to teachers’ inexperience and
unfamiliarity with the system. In support of this interpretation, Jadan-Guerrero et al.
(2015) revealed the importance of letting teachers use the tangible system before the
students so that they could also help their students. Correspondingly, Haro et al.
(2012) emphasized that the use of tangible interface was easier than using mouse for
these students. Although there was not a major usability issue, touching problems
have been observed in students with SLD. In order to overcome this problem, a small
introductory text with images or a video can be prepared. Thus, teachers can learn
these little points and can guide their students correctly. Similarly, Marco et al.
(2009) revealed that students could use the tangible toys with a little practice. In line
with these, Bodén et al. (2011) stated that initially the students misplaced the tangible

objects however, they learned it rapidly.

Furthermore, the current study revealed that all participants enjoyed using the
tangible system. All the participants appeared to have fun while using it. Likewise,
Jadan-Guerrero et al. (2015) stated that children using the tangible system had
enjoyable time. Similarly, Falcdo and Price (2009a) stated that the teachers who
work in special education field were very enthusiastic to use the tangible objects.

Bouck et al. (2009) revealed that students with mild disabilities enjoyed using the
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tangible tool. Similarly, Sitdhisanguan et al. (2012) stated that the students using the
tangible system were very enthusiastic and enjoyed.

The findings of the study presented that all the participants were motivated while
they were using of the application. Similarly, Starcic, Cotic, and Zajc (2013) stated
that the teachers observed that their students using tangible system enjoyed.
Likewise, in Jadan-Guerrero, Guerrero, Lopez, Caliz, and Bravo’s (2015) study the
increase in the motivation of the teachers and students was observed using the
tangible system. Similarly, Jadan-Guerrero et al. (2015) stated that since the tangible
system motives students, it is useful for their learning process. In line with these,
Cobb et al. (2007) stated that the teachers accepted the tangible tool as a motivation

source for learning.

The results revealed that all participants liked the tangible interaction. The teachers
thought that it can facilitate students’ learning. Furthermore, Jadan-Guerrero et al.
(2015) revealed that the teachers felt motivated with the tangible interaction. In
addition, the teachers defined tangible interaction as enjoyable and interesting for
students. Similarly, Jadan-Guerrero et al. (2015) emphasized that the teachers
thought that tangible interaction is complimentary since it combines the digital
interaction with the physical interaction. Likewise, Haro et al. (2012) stated that the
student with Down syndrome found the tangible system interesting and different
because of the interaction style is new. Hengeveld et al. (2009) revealed that owing

to the tangible materials and interaction, students could easily grasp literacy skills.

Moreover, the teachers stated that the tangible mobile application can help students
to learn permanently because of multi-sensory interaction. In line with this, Jadan-
Guerrero et al. (2015) stated that tangible system can facilitate the learning of the
students was the general impression of the teachers. Bouck et al. (2009) revealed that
the teachers and the students thought that the tangible system was useful to learn
multiplication. Similar with these, Jadan-Guerrero et al. (2015) stated that the

teachers thought that the tangible system was beneficial for improving literacy skills.
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Finally, the teachers wanted to use such materials in the future. They were very
positive and willing to use of the tangible mobile applications in their classes. In
addition, they can use it in other subjects and lessons. Similarly, Haro et al. (2012)
revealed that teachers wanted use the tangible interface in the future. It is likely that
such applications will facilitate learning, especially in the context of abstract

concepts.
5.4 Suggestions for Instructional Designers and Practitioners

It is thought that the findings of this study may be enlightening for instructional
designers to design and develop tangible mobile applications for students with SLD
and practitioners (special education teachers, psychologists, counselors etc.) to use it.
Instructional Designers could use the guideline (Figure 5.1) to develop similar
studies. In addition, practitioners could use the guideline (Figure 5.2) to use this kind

of applications.
5.4.1 Suggestions for Instructional Designers

As it could be seen in Figure 5.1, from top to bottom, the model consists of seven
fundamental design and development steps and the three improvement steps. In the
first step, “the educational subject” was determined. Next, “the educational scenario”
was developed while also determining what kinds of tangible objects will be used as
well as the features of the objects. The third step is “the development of the tangible
objects” and working on the design and the nature of the objects. In the fourth step,
paper-based and mobile device-based first prototype was developed, following the
sub-steps of “visual design, sound, educational content and coding”. Fifth step was
developing the “low fidelity prototype” and the sixth step was developing the “high
fidelity prototype”. Seventh step was the final version of the model. It should also be
noted that after step four, each step was followed by improvements and the
researcher made the necessary changes in line with views of experts, teachers and

students as well the observations documented during the implementation.
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The right hand columns point the feedback taken from the stakeholders during the
design and development phases. Special education experts’ views were taken into
consideration in all the steps until the final version while science education experts’
views were taken in first five steps until the step of “high fidelity prototype”.
Students’ views were also collected. In addition, students used in the steps of
developing the first prototype and working on the “low and high fidelity prototypes”.
As it can be seen on the left hand column, students were asked to use the application

and all the steps were observed and documented from fourth step onwards.
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Figure 5.1 Design guidelines for developing tangible mobile application for students
with SLD
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5.4.2 Suggestions for Practitioners

As it could be seen in Figure 5.2, from top to bottom, the model consists of seven
fundamental practice steps. In the first step, the practitioner should remove if there is
any distracting stimulus from the learning environment. Next, (s)he should tell the
purpose of the application to the student. The third step is “introducing tangible
mobile application to students briefly”. After introduction step, the practitioner
should enter the student's name to login screen and start the implementation. In the
fifth step, (s)he should present the boxes which contains tangible objects in
accordance with the sections in application. In the sixth step, the practitioner should
tell the student about the models on the top-left of screen and the touching area. If the
student distracted during using of application, then the practitioner should ensure the
attention of student to focus on the application. If no, (s)he should continue and then
terminate the session. Because of unique characteristic of the students with SLD,

practitioners can adapt the steps in terms of students’ progress.
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Figure 5.2 User manual of tangible mobile application for practitioners
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5.5 Suggestions for Future Research

In the present study, design principles for tangible mobile application for students
with SLD were determined by investigating special education experts’/science
education expert’s, special education/science education teachers’ and students’
opinions. In addition, the effectiveness of tangible mobile application for students
with SLD was revealed. Lastly, usability issues about the tangible mobile
application by students with specific learning disabilities and the reflections of
special education teachers after using the tangible mobile application on students

with SLD were analyzed.

Even tough, this study presents an enlightening perspective about design principles,
effectiveness and usability issues about the tangible mobile application by students
with specific learning disabilities and the reflections of special education teachers
after using the tangible mobile application on students with SLD, there is still a need

for future research in following areas:

1. Longitudinal studies about effectiveness could be investigated.

2. Even though the target audience of this study was students with SLD, using
tangible mobile application in general education settings could be
investigated.

3. Studies could be done with different disability types (students with mild
intellectual disabilities, students with attention deficit and hyperactivity
disorder etc.)

4. Studies could be done with different age groups.

5. Studies could be done with students who are coming from different socio
economic status.

6. Studies could be conducted about usage of tangible mobile application with
parents.

7. Studies could be conducted about usage of tangible mobile application in

mainstream classes.
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8. Gender studies could be investigated about usage of tangible mobile
application.

9. Determined design principles could be used in future studies.

10. Studies could be conducted for different courses (social studies, math etc.).

11. Studies could be conducted for home-setting, regular classroom-setting.

12. Even tough tablet was used in this study; calibratability to all multi-touch
surfaces could be provided in future studies. For example, studies about
tangible application use with smartboard in classroom setting could be
investigated.

13. Usability studies could be conducted.

5.6 Conclusion

Tangible objects used with multi touch tablets have a potential to enrich learning
experience of students with specific learning disabilities. Providing multi-sensory
interaction, physical engagement, accessibility, and collaboration can open a new
learning way for students with SLD. It can be ensured by well-designed tangible
applications undoubtedly. The main purpose of this study was to determine design
principles of a tangible mobile application for students with SLD and to examine the
effectiveness of the tangible mobile application on the students’ achievement.

Taking the views of stakeholders such as teachers, experts, and students into
consideration is very crucial in designing principles. In the current study, special
education/science education experts’, teachers’, and students’ opinions about the
tangible mobile application for students with SLD were carefully investigated.
Design principles for tangible mobile application for students with SLD were
determined by investigating special education experts’/science education expert’s,
teachers’, and students’ opinions. In addition, a single subject research design was
performed in order to investigate the effectiveness of the tangible mobile application
on students’ achievement in 6" grade cell concept. Usability issues about tangible
mobile application by students and the reflections of special education teachers after

using the tangible mobile application on students with SLD were examined by using
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observation and implementation. Overall, the result of the study showed that: 1) 33
design principles of tangible mobile application in four categories —educational
content, visual design, tangible object use and interaction- were determined for
students with SLD. 2) Tangible mobile application was effective. 3) Students with
SLD were willing to use tangible mobile application, they liked it and they used it
easily. 4) Teachers thought that tangible mobile application is easy to use and useful

for both teachers and students.

Although this study provides design principles, an empirical evidence about
effectiveness and usability issues about tangible mobile application by students and
the reflections of special education teachers after using the tangible mobile
application on students with SLD, still several studies are necessary. In addition, due
to the fact that it is a new way of interaction for students, novelty effect problem may
be discussed. Researcher is aware of this threat and longitudinal studies are
necessary. The findings of the study is also expected to bring unique insights for

teachers, administers and parents in addition to researchers and designers.
5.7 Limitations
Some limitations of this study are explained:

e As the nature of qualitative study and single subject research design,
purposeful sampling was employed and a limited number of participants
participated in the study. This might be a limitation.

e Intervention was administrated to teach one learning object from the 6" grade
cell concept. It may have an effect external validity and generalizability of the
results.

e It was a short-term study. Longitudinal studies could be developed in further

studies.
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APPENDIX A

SPECIAL EDUCATION EXPERT INTERVIEW QUESTIONS (TURKISH)

1. Cinsiyetiniz
2. Hizmet Yiliniz

3. Egitim Durumunuz
EGITSEL ICERIK

1. Kavranabilir uygulamalar 6zel O6grenme glicliigii yasayan Ogrencilerin
ihtiyacglart géz oniine alindiginda 6zel egitim acisindan faydali midir?
2. Gelistirilen bu uygulama 06zel Ogrenme giicliigli yasayan Ogrencilerin
ihtiyaglariyla ortiismekte midir?
3. Egitsel igerigin sunumundan oOnce gelen test ekranmin yeterli midir?
Uygulamaya uyum saglamalari i¢in yeterli midir?
4. Egitsel igerigin sunumunda kullanilan 6grenme-6gretme yaklasimi, yontem
ve teknikler hedef kitleye ve kazanimlara uygun mudur?
5. Egitsel igerikte sunulan konu anlatimi hedef kitleye uygun mudur?
6. Egitsel igerikte sunulan alistirmalar yeterli midir?
7. Kavranabilir uygulamanin 6zel 6grenme gii¢liigli yasayan 6grencilere egitsel
acidan daha faydali olmas1 i¢in neler yapilabilir?
a. lIgerigin kapsami 6zel dgrenme giicliigii yasayan dgrencilere uygun
mudur? (yas, gelisimsel 6zellik, engel tiirii)
b. Icerigin sunumu &zel 6grenme giicliigii yasayan dgrencilere uygun
mudur?
c. Igerigin sunumundaki dil 6zel 6grenme giicliigii yasayan dgrencilere
uygun mudur?
d. Yazili yonergeler 6zel 6grenme giigliigli yasayan 6grencilere uygun

mudur?
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e. Uygulamada sunulan doniitler yeterli midir?

f. Uygulamada sunulan ipuglari yeterli midir?

0. Uygulamada kullanilan pekistirecler yeterli midir?

h. Uygulama dikkat ve motivasyonu saglama agisindan uygun mudur?
GORSEL TASARIM

1. Test ekranmin tasarimi 6zel 0grenme gilicliigli yasayan 6grencilere uygun
mudur?

2. On test-son test ekranmnin tasarm dzel 6grenme giicliigii yasayan dgrencilere
uygun mudur?

3. Genel ekran tasarimi (kullanici arayiizli) 6zel 6grenme giigliigii yasayan
Ogrencilere uygun mudur?

4. Igerigin sunulmasmda kullanilan 2 boyutlu gérseller 6zel 6grenme giicliigii
yasayan ogrencilere uygun mudur?

5. Igerigin sunulmasinda kullanilan 3 boyutlu gorseller dzel 6grenme giigliigii
yasayan 6grencilere uygun mudur?

6. Animasyonlar 6zel 6grenme giigliigli yasayan dgrencilere uygun mudur?

7. Kullanilan renkler gorseller 6zel 6grenme giicliigli yasayan dgrencilere uygun
mudur?

8. Yazili yonergelerin gorsel sunumu (disleksi yasayan 6grenciler i¢in 6zel font
kullanilmast) 6zel 6grenme giicliigii yasayan 6grencilere uygun mudur?

9. Sesli yonergeler 6zel 6grenme giicliigii yasayan 6grencilere uygun mudur?

10. Uygulamada kullanilan karakter 6zel 6grenme giigliigli yasayan Ogrencilere

uygun mudur?
KAVRANABILIR NESNELER

1. Kavranabilir modeller 6zel 6grenme giicliigii yasayan Ogrencilerin egitsel
icerigi anlamasini kolaylagtirici nitelikte midir?
2. Kavranabilir materyaller 6zel 6grenme giicliigli yasayan ogrencilere uygun

mudur?
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3. Modellerin gorsel tasarimi 6zel 6grenme giicliigli yasayan 6grencilere uygun

mudur? (Hafiflik, renk vb.)
ETKILESIM

1. Ogrencilerin mobil uygulama ile etkilesimi nasil olmalidir?

2. Ogrencilerin kavranabilir modellerle etkilesimi nasil olmalidir?

3. Modeller 6zel 6grenme giicliigli yasayan Ogrencilerle uygulama arasindaki
etkilesimi saglama agisindan uygun mudur?

4. Mobil uygulama o6zel Ogrenme giigliigli yasayan Ogrencilerle uygulama

arasindaki etkilesimi saglama agisindan uygun mudur?
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APPENDIX B

SPECIAL EDUCATION EXPERT INTERVIEW QUESTIONS 2 (TURKISH)

1. Cinsiyetiniz
2. Hizmet Yiliniz

3. Egitim Durumunuz
EGITSEL ICERIK

1. llk prototiple karsilastirdiginizda egitsel icerik agisindan gordiigiiniiz farklar
nelerdir?
2. Gelistirilen bu uygulama 06zel Ogrenme giicliigli yasayan Ogrencilerin
ihtiyaclariyla ortiigmekte midir?
3. Egitsel icerigin sunumundan 6nce gelen test (deneme) ekrani yeterli midir?
Uygulamaya uyum saglamalari i¢in yeterli midir?
4. On test-son test dzel dgrenme giicliigii yasayan dgrenciler icin uygun mudur?
5. Egitsel igerigin sunumunda kullanilan 6grenme-6gretme yaklasimi, yontem
ve teknikler hedef kitleye ve kazanimlara uygun mudur?
6. Egitsel igerikte sunulan konu anlatim1 hedef kitleye uygun mudur?
7. Egitsel igerikte sunulan alistirmalar yeterli midir? [Son kisma biitlinciil bir
alistirma eklenmistir]
8. Kavranabilir uygulamanin 6zel 6grenme giigliigii yasayan 6grencilere egitsel
acidan daha faydali olmasi i¢in neler yapilabilir?
a. Icerigin kapsami ozel ogrenme giicliigii yasayan oOgrencilere uygun
mudur? (yas, gelisimsel 6zellik, engel tiirii)
b. Igerigin sunumu &zel &grenme giicliigii yasayan Ogrencilere uygun
mudur?
c. Igerigin sunumundaki dil 6zel 6grenme giicliigii yasayan ogrencilere

uygun mudur?
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d. Sesli yonergeler 6zel Ogrenme giicliigli yasayan Ogrencilere uygun
mudur?

e. Yazili yonergeler 6zel O0grenme giigliigli yasayan Ogrencilere uygun

mudur?
f. Uygulamada sunulan doniitler yeterli midir?
g. Uygulamada sunulan ipuglar1 yeterli midir?
h. Uygulamada kullanilan pekistiregler yeterli midir?
I. Uygulama dikkat ve motivasyonu saglama ag¢isindan uygun mudur?
GORSEL TASARIM

1. Ik prototiple karsilastirdigimizda gorsel tasarim agisindan gordiigiiniiz farklar
nelerdir?

2. Test ekraninin tasarimi 6zel 6grenme giicliigli yasayan Ogrencilere uygun
mudur?

3. On test-son test ekraninin tasarimi 6zel dgrenme giigliigii yasayan dgrencilere
uygun mudur?

4. Genel ekran tasarimi (kullanici araylizii) 6zel 0grenme giicliigli yasayan
Ogrencilere uygun mudur?

5. lIgerigin sunulmasinda kullanilan 2 boyutlu gorseller dzel 6grenme giigliigii
yasayan Ogrencilere uygun mudur?

6. Igerigin sunulmasinda kullanilan 3 boyutlu gorseller 6zel 6grenme giicliigii
yasayan 6grencilere uygun mudur?

7. Animasyonlar 6zel 6grenme giigliigli yasayan dgrencilere uygun mudur?

8. Kullanilan renkler, gorseller 6zel 6grenme giigliigii yasayan Ogrencilere
uygun mudur?

9. Yazili yonergelerin gorsel sunumu (disleksi yasayan 6grenciler i¢in 6zel font
kullanilmast) 6zel 6grenme giicliigii yasayan 6grencilere uygun mudur?

10. Sesli yonergeler 6zel 6grenme giicliigli yasayan 6grencilere uygun mudur?

11. Uygulamada kullanilan karakter 6zel 6grenme giicliigii yasayan dgrencilere

uygun mudur?
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KAVRANABILIR NESNELER

1. Ik prototiple karsilastirdigimizda kavranabilir nesnelerin kullanimi agisindan

gordiigiiniiz farklar nelerdir?

2. Kavranabilir modeller 6zel 6grenme giigliigii yasayan Ogrencilerin egitsel
icerigi anlamasini kolaylastirict nitelikte midir?

3. Kavranabilir materyaller 6zel 6grenme giicliigii yasayan o6grencilere uygun
mudur?

4. Modellerin gorsel tasarimi 6zel 6grenme giicliigii yasayan 6grencilere uygun
mudur? (Hafiflik, renk vb.)

ETKILESIM

1. Ik prototiple karsilastirdiginizda etkilesim agisindan gérdiigiiniiz farklar
nelerdir?

2. Modeller 6zel 6grenme glicliigli yasayan Ogrencilerle uygulama arasindaki
etkilesimi saglama a¢isindan uygun mudur?

3. Mobil uygulama o6zel 6grenme giicliigli yasayan Ogrencilerle uygulama

arasindaki etkilesimi saglama agisindan uygun mudur?

Eklemek istedikleriniz:
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APPENDIX C

SPECIAL EDUCATION EXPERT INTERVIEW QUESTIONS 3 (TURKISH)

1. Cinsiyetiniz
2. Hizmet Yiliniz

3. Egitim Durumunuz
EGITSEL ICERIK

1. Kavranabilir uygulamalar 6zel O6grenme glicliigii yasayan Ogrencilerin
ihtiyacglart géz oniine alindiginda 6zel egitim acisindan faydali midir? Neden?

2. Gelistirilen bu uygulama 0zel Ogrenme giicliigli yasayan Ogrencilerin
ihtiyaglariyla ortiigmekte midir? Neden?

3. Egitsel igerigin sunumundan once gelen alistirma ekraninin yeterliligini
degerlendirir misiniz?

4. Egitsel igerigin sunumunda kullanilan 6grenme-6gretme yaklasimi, yontem
ve tekniklerin hedef kitle ve kazamimlarla hangi o6l¢lide uyustugunu
diisiiniiyorsunuz? Neden?

5. Egitsel igerikte sunulan konu anlatimmin hedef kitleye uygunlugunu
degerlendirir misiniz?

6. Egitsel icerikte sunulan alistirmalarin hedef kitleye uygunlugunu
degerlendirir misiniz?

7. Kavranabilir uygulamanin 6zel 6grenme giicliigli yasayan 6grencilere egitsel
acidan daha faydali olmasi i¢in neler yapilabilir? Neden?

a. Icerigin kapsami ozel ogrenme giicliigii yasayan oOgrencilere uygun
mudur? (yas, gelisimsel 6zellik, engel tiirii) Neden?
b. Igerigin sunumu &zel 6grenme giicliigii yasayan oOgrencilere uygun

mudur? Neden?
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c. lIgerigin sunumundaki dil 6zel 6grenme giigliigii yasayan Ogrencilere
uygun mudur? Neden?

d. Sesli yonergeler 6zel Ogrenme giigliigi yasayan oOgrencilere uygun
mudur? Neden?

e. Yazili yonergeler 6zel Ogrenme giicligii yasayan ogrencilere uygun

mudur? Neden?

Uygulamada sunulan donditler yeterli midir? Neden?

Uygulamada sunulan ipuglar1 yeterli midir? Neden?

> @

Uygulamada kullanilan pekistirecler yeterli midir? Neden?
I. Uygulama dikkat ve motivasyonu saglama agisindan uygun mudur?

Neden?
GORSEL TASARIM

1. Alistirma ekraninin tasarimi 6zel Ogrenme giicliigli yasayan Ogrencilere
uygun mudur? Neden?

2. On test-son test ekraninin tasarimi dzel 6grenme giicliigii yasayan dgrencilere
uygun mudur? Neden?

3. Genel ekran tasarimi (kullanici arayiizli) 6zel 6grenme giigliigii yasayan
ogrencilere uygun mudur? Neden?

4. lgerigin sunulmasinda kullanilan 2 boyutlu gorseller 6zel 6grenme giicliigii
yasayan Ogrencilere uygun mudur? Neden?

5. Igerigin sunulmasinda kullanilan 3 boyutlu gérseller dzel dgrenme giicliigii
yasayan Ogrencilere uygun mudur? Neden?

6. Kullanilan renkler gorseller 6zel 6grenme giicliigii yasayan 6grencilere uygun
mudur? Neden?

7. Yazili yonergelerin gorsel sunumu (disleksi yasayan 6grenciler i¢in 6zel font
kullanilmasi) 6zel 6grenme gii¢ligli yasayan Ogrencilere uygun mudur?
Neden?

8. Uygulamada kullanilan karakter 6zel 6grenme giicliigii yasayan 6grencilere

uygun mudur? Neden?
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KAVRANABILIR NESNELER

1. Kavranabilir modeller 6zel 6grenme giicliigli yasayan Ogrencilerin egitsel
igerigi anlamasini kolaylastirici nitelikte midir? Neden?

2. Kavranabilir materyaller 6zel 6grenme giicliigii yasayan Ogrencilere uygun
mudur? Neden?

3. Modellerin gorsel tasarimi 6zel 6grenme giicliigli yasayan 6grencilere uygun

mudur? (Hafiflik, renk vb.) Neden?
ETKILESIM

1. Ogrencilerin mobil uygulama ile etkilesimi nasil olmalidir? Neden?

a. (Etkilesimi agiklamak gerekirse (Ogrenci-uygulama arasindaki
iletisim, sistemin 0grencinin davranislarina verdigi doniit, diizeltme,
pekistiregler, kullanilan butonlar vb.)

2. Ogrencilerin kavranabilir modellerle etkilesimi nasil olmalidir? Neden?

a. (Etkilesimi agiklamak gerekirse (6grenci-uygulama arasindaki

iletisim, sistemin 0grencinin davranislarina verdigi doniit, diizeltme,

pekistiregler, kullanilan butonlar vb.)

3. Modeller 6zel 6grenme giicliigli yasayan Ogrencilerle uygulama arasindaki
etkilesimi saglama acgisindan uygun mudur? Neden?

a. (Etkilesimi agiklamak gerekirse (Ogrenci-uygulama arasindaki

iletisim, sistemin Ogrencinin davranislarina verdigi doniit, diizeltme,

pekistiregler, kullanilan butonlar vb.)

4. Mobil uygulamanin 6zellikleri 6zel 6grenme giicliigii yasayan Ogrencilerle

uygulama arasindaki etkilesimi saglama agisindan uygun mudur? Neden?
a. (Etkilesimi aciklamak gerekirse (0grenci-uygulama arasindaki

iletisim, sistemin 0grencinin davraniglarina verdigi doniit, diizeltme,

pekistirecler, kullanilan butonlar vb.)
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APPENDIX D

SCIENCE EDUCATION EXPERT AND SCIENCE TEACHER INTERVIEW

QUESTIONS (TURKISH)

1. Cinsiyetiniz
2. Hizmet Yiliniz
3. Egitim Durumunuz
Egitsel Icerik
1. Kavranabilir uygulamalar fen ve teknoloji dersi agisindan faydali midir?

2.

© © N o g &

10.
11.

Bu egitsel icerigin kavranabilir uygulama yoluyla sunulmasi uygun mudur?
Gelistirilen bu uygulama fen ve teknoloji dersi igin 6grencilerin -6zellikle de
ozel 6grenme glicliigii yasayan 6grencilerin- ihtiyaglariyla ortiismekte midir?
Egitsel igerikte sunulan konu anlatimi yeterli midir?

Egitsel icerikte sunulan alistirmalar yeterli midir?

Icerigin sunumu kazanimin elde edilmesi icin yeterli midir?

Konu anlatim1 kazanima yonelik midir?

Alistirmalar kazanima yonelik midir?

Hazirlanan 6n test-son test kazanima yonelik midir?

Icerigin siralanmasi ve sunulmasi uygun mudur?

Uygulamada kullanilan 6grenme-6gretme yaklasimi, yontem ve teknikler

kazanima uygun mudur?

Gorsel Tasarim

1.

Icerigin daha etkin sunulabilmesi igin gorsel tasarimda nelere dikkat
edilmelidir?

On test-son test ekranmin tasarimi igerigin sunumu agisindan uygun mudur?
Genel ekran tasarimi (kullanict arayiizii) igerigin sunumu agisindan uygun

mudur?
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Uygulamada kullanilan 2 boyutlu gorseller i¢erigin sunumu agisindan uygun
mudur?

Uygulamada kullanilan 3 boyutlu gorseller 6zel 6grenme glicliigli yasayan
Ogrencilere uygun mudur?

Yazil1 yonergelerin gorsel sunumu igerigin sunumu agisindan uygun mudur?
Sesli yonergeler uygun mudur?

Uygulamada kullanilan karakter fen ve teknoloji dersiyle uyumlu mudur?

Kavranabilir Nesneler

1. Kavranabilir modeller egitsel i¢erikle uyumlu mudur?

2. Kavranabilir modeller egitsel i¢erigi anlamay1 kolaylastirici nitelikte midir?

3. Modellerin gorsel tasarimi ve kullanimi icerigin sunumu ag¢isindan uygun
mudur?

Etkilesim

1. Ogrencilerin mobil uygulama ile etkilesimi nasil olmalidir?

2. Ogrencilerin kavranabilir modellerle etkilesimi nasil olmalidir?

3. Modeller 6grencilerle icerik arasindaki etkilesimi saglama agisindan uygun
mudur?

4. Mobil uygulama 6grencilerle icerik arasindaki etkilesimi saglama agisindan

uygun mudur?

Uygulama ile ilgili 6nerileriniz nelerdir?
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APPENDIX E

SCIENCE EDUCATION EXPERT AND SCIENCE TEACHER INTERVIEW

QUESTIONS 2 (TURKISH)

1. Cinsiyetiniz
2. Hizmet Yiliniz
3. Egitim Durumunuz
Egitsel Icerik
1. Ik prototiple karsilastigmizda egitsel icerik agisindan gordiigiiniiz farklar

O N o g B~ WD

10.

nelerdir?

Deneme ekran1 6grencinin uygulamay1 alismasi i¢in yeterli midir?

Hazirlanan 6n test-son test kazanima yonelik midir?

Egitsel icerikte sunulan konu anlatimi yeterli midir?

Egitsel icerikte sunulan alistirmalar yeterli midir?

Icerigin sunumu kazanimin elde edilmesi icin yeterli midir?

Konu anlatim1 kazanima yonelik midir?

Alistirmalar kazanima yonelik midir? (Bir Onceki asamada, Onerileriniz
dogrultusunda sona eklenen biitilinciil alistirma konusundaki goriisleriniz?)
Icerigin siralanmasi ve sunulmasi uygun mudur?

Uygulamada kullanilan 6grenme-6gretme yaklasimi, yontem ve teknikler

kazanima uygun mudur?

Gorsel Tasarim

[lk prototiple karsilastiginizda gorsel agisindan gordiigiiniiz farklar nelerdir?
Deneme ekraninin tasarimi igerigin sunumu agisindan uygun mudur?

On test-son test ekranmin tasarimi igerigin sunumu agisindan uygun mudur?
Genel ekran tasarimi (kullanici arayiizil) igerigin sunumu agisindan uygun

mudur?
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Uygulamada kullanilan 2 boyutlu gorseller i¢erigin sunumu agisindan uygun
mudur?

Uygulamada kullanilan 3 boyutlu gorseller 6zel 6grenme giigliigli yasayan
Ogrencilere uygun mudur?

Uygulamada kullanilan animasyonlar igerigin sunumu agisindan uygun
mudur?

Yazili yonergelerin gorsel sunumu igerigin sunumu agisindan uygun mudur?

Sesli yonergeler uygun mudur?

Kavranabilir Nesneler

1. Ik prototiple karsilastirdigimizda kavranabilir nesnelerin kullanimi agisindan
gordiigiiniiz farklar nelerdir?

2. Kavranabilir modeller egitsel i¢erikle uyumlu mudur?

3. Kavranabilir modeller egitsel icerigi anlamay1 kolaylastirici nitelikte midir?

4. Modellerin gorsel tasarimi ve kullanimi igerigin sunumu ag¢isindan uygun
mudur?

Etkilesim

1. 1Ik prototiple karsilastiginizda etkilesim gordiigiiniiz farklar nelerdir?

2. Deneme ekraninin etkilesime nasil bir etkisi vardir?

3. Ogrencilerin kavranabilir modellerle etkilesimi nasil olmalidir?

4. Modeller 6grencilerle igerik arasindaki etkilesimi saglama acisindan uygun
mudur?

5. Mobil uygulama o6grencilerle igerik arasindaki etkilesimi saglama agisindan

uygun mudur?

Uygulama ile ilgili onerileriniz nelerdir?
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APPENDIX F

STUDENT WITH SLD INTERVIEW QUESTIONS (TURKISH)

Uygulamanin begendin yonleri nelerdir? Tekrar kullanmak ister misin? Bagka

konu veya bagka derslerde de kullanmak ister misin?

2.

Uygulamanin begenmedigin yonleri nelerdir? (sikilma, uygulamay: kullanirken

zorlanma vb.)

Egitsel Icerik
1.  Uygulamadaki konu anlatiminin 6grenmene etkisi nasildi?
2. Alstirmalarin konuyu 6grenmene etkisi nasildi?
3. Baslangigtaki alistirmanin uygulamayi nasil kullanacagini anlamana etkisi
nasildi?
4.  Uygulamadaki seslerin konuyu anlamana etkisi nasild1?

Gorsel Tasarim

1.
2.

Uygulamadaki resimleri ve robot karakteri hakkinda ne diistintiyorsun?
Fontun okumana nasil etkisi oldu?

Kavranabilir Nesne Kullanimi- Etkilesim

1.

Uygulamadaki kavranabilir materyalleri hakkinda ne disiiniiyorsun?
Konuyu anlamana etkisi nasildi?

Onceki uygulamaya gore degisen yonler nelerdir?

Dogru ve yanlis yaptiginda verilen doniitlerin 6grenmene etkisi nasildi1?

Y onergeler nasildi? (Ne yapman gerektigini sdyleyen sesler, yazilar)
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APPENDIX G

STUDENT WITH SLD INTERVIEW QUESTIONS 2 (TURKISH)

1.  Uygulamanin begendin yonleri nelerdir? Tekrar kullanmak ister misin? Baska
konu veya baska derslerde de kullanmak ister misin?

2. Uygulamanin begenmedigin yonleri nelerdir? (sikilma, uygulamayi kullanirken
zorlanma vb.)

Egitsel Icerik

1.
2.
3.

4.
5.

Uygulamadaki konu anlatiminin 6grenmene etkisi nasildi?
Alistirmalarin konuyu 6grenmene etkisi nasildi?

Baslangictaki alistirmanin uygulamayr nasil kullanacagini anlamana
etkisi nasild1?

Uygulamadaki seslerin konuyu anlamana etkisi nasildi?

En sondaki sorularin 6grenmene etkisi nasildi?

Gorsel Tasarim

1. Uygulamadaki resimler ve robot karakteri hakkinda ne diisiiniiyorsun?
2. Fontun okumana nasil etkisi oldu?

Kavranabilir Nesne Kullanimi- Etkilesim

1.

no

Uygulamadaki  kavranabilir materyalleri hakkinda ne
diistiniiyorsun? Konuyu anlamana etkisi nasildi?

Onceki uygulamaya gore degisen yonler nelerdir?

Dogru ve yanlis yaptiginda verilen doniitlerin 6grenmene
etkisi nasildi?

Yonergeler nasildi? (Ne yapman gerektigini sdyleyen sesler,
yazilar)

Etkilesim unsurlar1 (daire, model resmi iistte olmasi, dairenin
icindeki gorseller, tekrar dinle butonu) nasildi?
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APPENDIX H

SPECIAL EDUCATION TEACHER INTERVIEW QUESTIONS (TURKISH)

1 - Kullanmaya baglama siireci

- Uygulamay ilk gordiigiiniizde ne diislindiiniiz?
Prompt: Sizin ve 6grencinizin ilk tepkisi/yaklagimi

- Bu egitsel uygulamanin “kullammini 6@renme siirecini” siz ve Ogrenciniz
ac¢isindan anlatir misiniz?

- Prompt: Sadece baslangi¢ asamasini anlatiniz. Kolaylastiric1 Etkenler (Alistirma

Ekran1), Zorluklar

2- Kullanma stireci

- Ogrenme siireci sonrasinda egitsel uygulamay: kullanma siireci siz ve dgrenciniz
agisindan nasildi?

- Prompt: Kolaylastirici Etkenler (Dokundurma Cemberi, Modeller), Zorluklar/
begenmediginiz yonler (6grencinin ve sizin)

- Uygulamayr kullanmak siz ve Ogrenciniz agisindan motive edici miydi? Ne
acilardan?

- Uygulamayi kullanirken sagladigi etkilesim agisindan nasil degerlendirirsiniz?

Etkilesimi agiklamak gerekirse (6grenci-uygulama arasindaki iletisim, sistemin

Ogrencinin davraniglarina verdigi doniit, diizeltme, pekistiregler, kullanilan butonlar

vb.)

3- Kullanim sonrasi
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- Bu uygulama elinizde olsa daha sonra kullanmay1 diisiiniir miisiiniiz? Neden?

Sizce diger 6zel egitim dgretmenleri bu uygulamayi kullanirlar mi1? Neden?

- Uygulamanin 6grenme/0gretme siirecine katkis1 hakkinda ne diistiniiyorsunuz?

Prompt: 6grenmeyi kolaylastirma, 60g yasayan ogrencilerin 6zelliklerine uygunluk,
ihtiyaclarina hitap etme (okumayi azaltma, sesli yonergeler, gorseller, dokunma

duyusuna da hitap etme vb.)

- Kavranabilir uygulamalar1 kendi derslerinizde kullanmay1 diisiiniir miisiiniiz?
[Fen ve teknolojiden farklt bir derste de olabilir] Neden? Hangi
ders/konu/beceri/kazanim?

- Gelistirilmesi gereken noktalar/oneriler?

Prompt:

e Uygulamanin siz ve Ogrenciniz acisindan kullanim
zorluklari/dezavantajlari

e Tasarim (genel ekran tasarimi, 2 boyutlu, 3 boyutlu gorseller, robot
karakteri, animasyonlar, kullanilan renkler, kavranabilir modeller)
acisindan

e lgerik (egitsel senaryo, igerigin sunumu, kapsami, kullanilan dil, sesli
yazil1 yonergeler, doniitler, pekistiregler) acgisindan

e Kullanim kolaylig1 agisindan

208



APPENDIX |

DEMOGRAPHIC QUESTIONNAIRE (TURKISH)

1- Adi Soyadi:

2- Cinsiyeti: oK ©oE

3- Smfi:

4- Dogum Tarihi:

5- Engel Yiizdesi:

6- Okulu: o Ozel o Devlet

7- Ogrencinin 6zel Ogrenme giigliigii tamis1 kim tarafindan ve ne zaman

konuldu? ( Liitfen yaziniz):

8- Devam ettigi 6zel egitim merkezi:

9

Hangi tarihten beri 6zel egitim merkezine devam ediyor?

10- Ogrencinin okul digindaki egitimi ile kim(ler) ilgileniyor?

0 Anne 0 Baba o Abi/Abla o Ozel Ogretmen o Ozel Egitim/Danismanlik
Merkezi o Diger

11- Tableti var m1?/Daha Once tablet kullandi m1?

12- Okuma diizeyi nedir? (Dakikada okudugu kelime sayis1)
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13- Istek ve giidiilenmislik diizeyleri nasildir?

14- Ogrencinin tercih ettigi/sevdigi etkinlik/yiyecek?
15- Akademik basarist nasildir? (Not ortalamasi vb...)

16- Ozel ihtiyaglar1 nelerdir?

17- Ustiin/giiglii yonleri nelerdir?

18- Gelistirilmesi gereken yonleri nelerdir?

19- Sizin eklemek istedikleriniz:
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APPENDIX J

OBSERVATION NOTES (TURKISH)

Ogrencinin Kodu:

Gozlem Tarthi ;@ /  /

Ogrencinin Genel Olarak Kullanimda Yasadigi Deneyimler/ Zorluklar (Egitsel

Icerik, Gérsel Tasarim, Kavranabilir Nesne Kullanimi ve Etkilesim):
Uygulamanin Zayif Yanlari:
Uygulamanin Giiglii Yanlart:

Eklemek Istedikleriniz:
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APPENDIX K

OBSERVATION FORM (TURKISH)

Evet

Kismen

Hayir

Uygulamayr kullanmaya istekli olmasi/Uygulamay1
kullanmaktan memnun olmasi

1. Uygulama Oncesinde ve sirasinda tabletle
calismak i¢in talepte bulundu veya benzeri
calisma istedigini ifade etti. (en az 1 kez)

2. Uygulama esnasinda gelen doniitler hakkinda
memnuniyet belirten ifadeler veya hosnutluk
bildiren sozel sozel olmayan jest veya mimige
dayali ifadeler kullandi.(en az 3 kez)

3. Uygulama esnasinda gelen doniitler hakkinda
memnuniyetsizlik belirten ifadeler kullandi ( en
az 3 kez)

4. Uygulama sonrasinda devam etmek i¢in talebi
oldu.(en az 1 kez)

Uygulamayi kullanirken dikkatini siirdiirmesi

1. Uygulama esnasinda tabletle etkilesimde kaldi,
gozleriyle tableti ve materyalleri takip etti.
(uygulama boyunca)

2. Yonergeler sunulurken tableti takip etti(uygulama
boyunca)

3. Uygulama esnasinda gelen doniitlere sozel ya da
sozel olmayan sekilde tepki/yanit verdi
(uygulama boyunca)

Uygulamay1 ve kavranabilir modelleri
zorlanmadan/hatasiz kullanmasi

1. Uygulama esnasinda kavranabilir nesneleri
kullanirken sik hata yapti.( 3 ten fazla)

2. Uygulama esnasinda yogun bicimde yardim
talebinde bulundu.(3 ten fazla)

3. Uygulama esnasinda yetigskin miidahalesi siklikla
gerekti.(3 ten fazla)

4. Uygulama esnasinda nesnelerle uygulamada
sunulan 6rnegi eslemede sorunlar yasadi/ sik hata
yapt1.(14 soruda 3 hata ve {izeri)
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APPENDIX L

PRETEST-POSTTEST (TURKISH)

Sorular rastgele hem yazili hem sozlii olarak ekrana gelecektir.

© © N o O

10.

11.

12.

Hiicreyi dis ortamdan ayirarak ona sekil ve dayaniklilik veren modeli ekrana
dokundurur musun?

Hiicrede gerceklesen tiim yasamsal olaylar1 diizenleyen ve hiicreyi yoneten
modeli ekrana dokundurur musun?

Cekirdek ile hiicre zari arasini dolduran, yumurta aki kivaminda, yari
akigkan, icinde hiicrede gorev alan cesitli organellerin bulundugu yapinin
modelini ekrana dokundurur musun?

Salgi maddeleri lireten ve salgilari, kesecikler seklinde paketleyen modeli
ekrana dokundurur musun?

Protein sentezleme ile gorevli olan modeli ekrana dokundurur musun?
Sindirimde goérevli olan modeli ekrana dokundurur musun?

Enerji lireten modeli ekrana dokundurur musun?

Hiicrede maddelerin taginmasini saglayan modeli ekrana dokundurur musun?
Hiicreye zarar verebilecek ya da fazla olan maddeleri depo eden, bitki
hiicresinde az sayida ve biiyiik; hayvan hiicresinde ise ¢ok sayida ve kiiclik
olan modeli ekrana dokundurur musun?

Bitki hiicrelerinde bulunan ve hiicre zarini g¢evreleyen dayanikli, saglam ve
cansiz yapt modelini ekrana dokundurur musun?

Bitki hiicresinde bulunan, hayvan hiicresinde bulunmayan, bitkinin besin ve
oksijen liretmesini saglayan modeli ekrana dokundur musun?

Hayvan hiicresinde ¢iftler halinde bulunurken bitki hiicresinde bulunmayan

ve hiicrenin bdliinmesinde gorevli olan modeli ekrana dokundur musun?
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Simdi eline hayvan ve bitki hiicresi modellerini al, sdylenen 6zellik hangi hiicreye ait

ise o hiicreyi ekrana dokundur.
1. Koseli bir sekle sahiptir.
2. Oval bir sekle sahiptir.
3. Kloroplast bulunur.

4. Kloroplast bulunmaz.

5. Sentriyolleri yoktur.

6. Sentriyolleri vardir.
7. Hiicre duvari vardir.
8. Hiicre duvari yoktur.

9. Kofullar biiyiik ve az sayidadir.

10. Kofullar kii¢iik ve ¢ok sayidadir.
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APPENDIX M

ETHICS COMMITTEE OF MIDDLE EAST TECHNICAL UNIVERSITY
RESEARCH CENTER FOR APPLIED ETHICS APPROVAL FORM
(TURKISH)

ORTA DOGU TEKNIK UNIVERSITESI

(D e Teommcar umversiry

17 MAYIS 2016

Sayi: 28620816 /Q WV
Konu: Etik Onay

Gonderilen: Prof.Dr. Kiirsat GAGILTAY
Egitim Fakiiltesi
Gonderen: Prof. Dr. Canan SUMER
insan Aragtirmalari Etik Kurulu Baskani

ilgi: Etik Onayi

Sayin Prof.Dr. Kiirsat CAGILTAY'in damismanligini yaptigi Elif Polat HOPCAN' in “Ozel Ogrenme Giiliigii
Yasayan Ogrenciler igin Kavranabilir Mobil Bir Uygulama Tasarlanmasi, Geligtirilmesi ve Uygulamanin
Degerlendirmesi” baslikli arastirmasi insan Arastirmalari Etik Kurulu tarafindan uygun gorilerek gerekli
onay 2016-EGT-094 protokol numarasi ile 01.06.2016-01.01.2017 tarihleri arasinda gegerli olmak
uzere verilmistir.

Bilgilerinize saygilarimla sunarim.
Fof. Dr. Canan SUMER

]/ insan Arastirmalari Etik Kurulu Baskani
f e e

Prof. Dr. Meliha ALTUNISIK Prof. Dr. Ayhan S

IAEK Uyesi IAEK Uyesi

Prof. Dr. met UTKU Prof. Dr. Ayhap Giirbiiz DEMIR
IAEK Uyesi IAEK Uyesi

Yrd .D&¢ .Dr. Pinar KAYGAN 7Dog. Dr. Emre SELCUK
IAEK Uyesi IAEK Uyesi
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APPENDIX N

PARENTAL CONSENT FORM (TURKISH)

Sayin Veli,

Calismay yiiriiten Elif Polat Hopcan, Orta Dogu Teknik Universitesi, Bilgisayar ve
Ogretim Teknolojileri Egitimi Boliimiinde doktora ogrencisidir. Bu doktora tez
calismas1 Orta Dogu Teknik Universitesi dgretim iiyesi Prof. Dr. Kiirsat Cagiltay
danigsmanliginda yiiriitiilmektedir. Calismanin amaci 6zel 6grenme giicliigii yasayan
ogrenciler i¢in gelistirilen kavranabilir egitsel tablet uygulamasimin etkisini
arastirmaktir.

Cocugunuz ile fen ve teknoloji dersine iliskin oturum basi yaklasik 1 saatlik bir
uygulama yapilacaktir. Calisma c¢ocugunuz icin psikolojik veya fiziksel bir risk
tagimamaktadir. Caligmaya katilim tamamen goniilliidiir. Calisma sirasinda iznininiz
olmast durumunda bilimsel degerlendirme amacgh goriinti kayd: alinacaktir.
Calismada gizlilik esas olacak, ¢ocugunuzun ismi hi¢bir yerde rapor edilmeyecektir.
Cocugunuz calismaya katilmama veya katildiktan sonra herhangi bir anda calismay1
birakma hakkina da sahiptir. Elif Polat Hopcan calisma siiresince kendisine
soracaginiz tiim sorulara cevap verecektir.

Calismaya ya da ¢gocugunuzun katilimina yonelik daha fazla bilgi i¢in bagvurulacak
kisi Elif Polat Hopcan’dir. Telefon: ......... E-posta Adresi: polatelif88@gmail.com

Ilginiz i¢in tesekkiirler,
Elif Polat Hopcan

Yukarida aciklamasini okudugum calismaya, oglumun / kizzimin katilimina izin
veriyorum.
Velinin:

Adi1 Soyadu: Imzas: Tarih:
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APPENDIX O

EQUIPMENTS USED IN THE STUDY

Samsung Tab S2 Tablet

CPU Speed: 1.9GHz, 1.3GHz

CPU Type: Octa-Core

Size (Main Display): 9.7"

Resolution (Main Display): 2048 x 1536 (QXGA)
Operating System: Android 6

Weight (g): 392
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APPENDIX P

EDUCATIONAL SCENARIO (TURKISH)

Kazanim:

6.1.1.1. Hayvan ve bitki hiicrelerini, temel kisimlar1 ve gorevleri agisindan
karsilastirir.

a. Hiicrenin temel kisimlar1 i¢in sadece hiicre zari, sitoplazma ve ¢ekirdek verilir.
b. Hiicre organellerinin ayrintili yapilar1 verilmeden sadece isim ve gorevlerine

deginilir.
Kurgu:

Ekran 1

1. Arka plan: Sade bir arka plan goriintiisii.

2. Karakter alani: Robot
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3. Basla Butonu: Robot’un konugmasi bitince ekrana gelecek olan “basla”

butonu.

1. Ekran, Ekran 1 diizeninde acilir. Robot ekrana gelir. Sesli yonerge: “Merhaba
ben Robot, hiicre i¢inde bir yolculuga ¢ikmaya hazir misin? Haydi, baslayalim”
der.

2. Ekran 1°de belirtilen Basla Butonu ekrana gelir. Ogrenci Basla butonuna
tiklayica Ekran 2 gelir.

Ekran 2

1. Arka plan: Kalabalik bir orman goriintiisii. 2. Aga¢: ~ Ormana yakinlasinca
goriilecek olan agag 3. Yaprak: Agaca yaklasilinca goriinecek yaprak 4. Yaprak
Kesiti: Ogrenci elindeki mikroskobu yapragin {izerine koyunca goriinecek olan

yaprak kesiti
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3. Ekrana, Ekran 2’deki gibi bir orman goriintiisii gelir. Sesli yonerge: “Bir ormana
uzaktan bakildiginda yesil bir topluluk goriiniir. Ormana yaklastik¢a, ormanda
pek cok agacin oldugunu fark ederiz. Agaglara yaklastigimizda yapraklarini
gormeye baslariz. lyice yaklastigimizda yapraklarin ayrintilarini rahatlikla
gorebiliriz. Uzaktan fark edemedigimiz ayrintilar1 gérebilmemiz icin onlar1 daha
yakindan incelememiz gerekir. Sence yapraga, daha fazla ne kadar yaklasilabilir?
Sence yapraklar1 olusturan daha kiigiik yapilar var midir? Bu yapilari, ¢iplak
gozle gorebilmemiz miimkiin miidiir? Biiyiitecle bakmaya c¢alistigimizda tim
yapilart gorebilir miyiz? Sesli ve yazi yonerge: “Haydi biiyiitec ile biraz daha
yakindan bakalim! Ekrana yaprak geldiginde sana verilen biiyliteci yapragin
lizerine bir kez dokundurman yeterli.“ Biiyiitecle bakmaya calistiginda tiim
yapilart gorebildin mi? Hayir! Ciinkii tiim ayrintilar1 gosteren baska bir araca
ihtiyacin var. ”

4. Robot yeniden ekrana gelir. Mikroskop goriinsiin ve sesli yonerge’ Bu bir
mikroskop. Hiicre gibi ¢ok kiiciik yapilari, ancak mikroskop ile gorebiliriz. Sesli
yonerge: “Haydi mikroskop ile yapraga daha cok yaklasalim! Ekrana yaprak
geldiginde sana verilen mikroskobu yapragin lizerine bir kez dokundurman
yeterli.*

5. Sesli ve Yazihh Yonerge: “Bu gordiiglin bir hiicre. Hiicre, canlilarin yasam
ozelliklerinin  gerceklestigi en kiiclik yapr birimidir.* Sesli Yonerge:
“Cevremizde gordiigiimiiz tiim canlilar hiicrelerden meydana gelir. Dogada,
yasamlarini tek bir hiicre olarak siirdiiren bir hiicreli canlilar ve ¢ok sayida
hiicreden meydana gelmis ¢ok hiicreli canlilar vardir. Gozle gorebildigimiz tim
canlilar ¢ok hiicreli canlilara &rnektir. /nsan, kedi, kurbaga, agag, elma, inek,
muz, havug¢ [ekrana bu canlilar gelecektir] gibi canlilar ¢ok hiicrelidir. Cok
hiicreli canlilar1 olusturan hiicreleri gorebiliyor musun? Biraz 6nceki agac
orneginde oldugu gibi ¢ok hiicreli canlilarin hiicrelerini ancak mikroskopla
gorebilirsin. Simdi birlikte hayvan ve bitki hiicrelerini incelemek i¢in deney
yapalim. 5. sinif Fen Bilimleri dersinde canlilari; hayvanlar, bitkiler, mantarlar
ve mikroskobik canlilar olarak smiflandirdigimizi [Ekrana kavram haritasi

gelecektir] hatirla. Bu smiflandirmaya gore “insan”, hayvan smifinda yer
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aliyordu. Bu nedenle, deneyimizde agiz i¢inden alinan epitel hiicreyi hayvan
hiicresi olarak ve sogan hiicresini ise bitki hiicresi olarak inceleyecegiz [ekrana
insan ve sogan gorselleri gelecektir]

6. Robot yeniden ekrana gelir. Sesli yonerge: “Haydi, mikroskobunla 6nce bitki
sonra hayvan hiicrelerini incele!” Once bitki hiicresi lamelin iginde gelir.
Ogrenciden, mikroskobu bitki hiicresine dokundurmasi istenir. Sesli ve yazili
yonerge: “Mikroskobunu bitki hiicresine dokundur!”. Daha sonra hayvan hiicresi
gelir. Ogrenciden, mikroskobu hayvan hiicresine dokundurmast istenir. Sesli ve

yazih yonerge: “Mikroskobunu hayvan hiicresine dokundur!”.

Mikroskobunu dokundurdugunda asagidaki hiicreleri gorecektir:

Agiz ici epitel hiicresi Sogan zar hicresi

7. Sesli ve yazili yonerge: “Bitki ve hayvan hiicrelerini gordiin. Bitki ve hayvan
hiicrelerinin, ilk gozlemlenen farki sekilleridir. Bitki hiicreleri, koseli yapiya
sahiptir [Ekranda bulunan sogan hiicresinin koseli yapist vurgulanir]. Hayvan
hiicreleri ise yuvarlak ve oval yapidadir [Ekranda bulunan agiz igi epitel
hiicresinin yuvarlak ve oval yapis1 vurgulanir].

Ahstirma 1: Sesli ve yazili yonerge:” Haydi alistirma yapalim! Bitki
hiicresini ekrana dokundurur musun? (sekline dikkat ederek). Hayvan
hiicresini ekrana dokundur!”

Robot ekrana gelir. Dogru yaparsa olumlu seslerden biri, yanlis yaparsa

olumsuz ses gelecek.
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8.

Robot ekrana gelir. Sesli ve yazili yonerge: “Bicim ve gorev farkliliklarina
ragmen tim hiicrelerde {li¢ temel yap1 vardir. Bu yapilar distan ice dogru hiicre
zart, sitoplazma ve ¢ekirdektir. Bu temel yapilar1 gérmek i¢in yapman gereken
sana verilen hiicre zari, ¢ekirdek ve sitoplazma modellerini sdylenen sirayla
ekrana dokundurmak!”

Robot ekrana gelir. Sesli ve yazih yonerge: “Hiicre zarin1 ekrana dokundur!”
Ekrana hiicre zarmin gorseli gelir. Sesli ve Yazili Yonerge:” Hiicre zar::
Hiicreyi dis ortamdan ayirarak ona sekil ve dayaniklilik verir. Hiicre zar1 canli,
esnek, secici gegirgendir. Yani gerekli olan maddelerin hiicre i¢ine girmesine,

zararli olan maddelerin hiicreden uzaklastirilmasini saglar.”

Ahstirma 2: Robot ekrana gelir. Sesli ve yazilh yonerge:” Elindeki modellerden

“Hiicreyi dis ortamdan ayirarak ona sekil ve dayaniklilik veren modeli ekrana

dokundurur musun? > «

Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

10.

11.

Robot ekrana gelir. Sesli ve yazili yonerge: “Sitoplazmay: ekrana dokundur!”
Ekrana sitoplazmanin gorseli gelir. Sesli ve Yazilh Yonerge:” Sitoplazma:
Cekirdek ile hiicre zar1 arasini1 dolduran, yumurta aki kivaminda, yari1 akiskan,
icinde hiicrede gorev alan c¢esitli organellerin bulundugu yapidir. Sitoplazmanin
biiylik bir kismi1 sudan olusur. Sitoplazmada solunum, bosaltim, sindirim gibi
yasamsal olaylar gerceklesir.

Ahstirma 3: Robot ekrana gelir. Sesli ve yazili yonerge:” Elindeki

modellerden “Cekirdek ile hiicre zar1 arasini dolduran, yumurta aki

kivaminda, yar1 akiskan, ig¢inde hiicrede gorev alan cesitli organellerin
bulundugu yapinin modelini ekrana dokundurur musun? ”

Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.
Robot ekrana gelir. Sesli ve yazih yonerge: “Cekirdegi ekrana dokundur!”
Ekrana cekirdek gorseli gelir. Sesli ve Yazihh Yonerge:” Cekirdek: Hiicrenin
yonetim merkezidir. Hiicrede gergeklesen tiim yasamsal olaylar1 diizenler ve

yonetir. Cekirdek tizerinde ¢ekirdek zar1 ve ¢ekirdek gdzenekleri (por) bulunur.”
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Ahstirma 4: Robot ekrana gelir. Sesli ve yazih yonerge:” Elindeki modellerden
“Hiicrede gergeklesen tiim yasamsal olaylar1 diizenleyen ve hiicreyi yoneten modeli

ekrana dokundurur musun? ”
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

12. Robot ekrana gelir. Sesli ve yazih yonerge: “Simdi, bitki ve hayvan
hiicrelerinin nasil ¢alistigint gérmek ister misin? Tiim hiicrelerin sitoplazmasinda
hiicrenin solunumu, beslenmesi ve bosaltim1 gibi yagamsal olaylarin gerceklestigi
organel ad1 verilen yapilar vardir. Bu organellerden bazilar1 hem hayvan hem de
bitki hiicresinde bulunur. Once, bu organelleri tanimaya ne dersin? Yapman

gereken sana verilen modelleri ekrana dokundurmak!*

13. Ekrann iist kisminda organellerin kiigiik resimleri siralanmigtir. Ogrenci hangi
organeli ekranda belirtilen yere dokundur bilgi alirsa o organel gorseli {izerine
yesil onay igareti gelir.

e Sesli ve Yazih Yonerge: GOLGI CiSIMCIGi: Salgi maddeleri
tiretir. Ayrica salgilari, kesecikler seklinde paketleyerek depolar.
Alistirma 5: Robot ekrana gelir. Sesli ve yazili yonerge: “Salgi maddeleri
iireten ve salgilari, kesecikler seklinde paketleyen modeli ekrana dokundurur
musun? ”’
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.
e Sesli ve Yazih Yonerge: RIBOZOM: Protein sentezleme ile
gorevlidir. Endoplazmik retikulumlarin iizerinde, cekirdek zarinda

veya sitoplazmada serbest olarak bulunur.

Alistirma 6: Robot ekrana gelir. Sesli ve yazili yonerge: “Protein sentezleme ile

gorevli olan modeli ekrana dokundurur musun? ”

Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.
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e Sesli ve Yazih Yonerge: LIZOZOM: Hiicredeki sindirimde
gorevlidir. Ayn1 zamanda yaslanmis ve yipranmis hiicrelerin kendi

kendisini sindirerek yok etmesini saglar.

Ahstirma 7: Robot ekrana gelir. Sesli ve yazili yonerge: “sindirimde gorevli olan

modeli ekrana dokundurur musun? ”
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.
e Sesli ve Yazih Yonerge: Ribozom: Protein sentezleme ile gorevlidir.

Alstirma 8: Robot ekrana gelir. Sesli ve yazili yonerge: “Protein sentezleme ile

gorevli olan modeli ekrana dokundurur musun? ”
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

e Sesli ve Yazih Yénerge: MITOKONDRI: Hiicrelerin ihtiyact olan
enerjiyi uretir.

Ahstirma 9: Robot ekrana gelir. Sesli ve yazili yonerge: “Enerji lireten
modeli ekrana dokundurur musun? ”
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

o Sesli ve Yazli Yonerge: ENDOPLAZMIK RETIKULUM:
Hiicrede maddelerin tasinmasini saglar. Hiicre icini ag gibi sararak
yollar olusturur.

Ahstirma 10: Robot ekrana gelir. Sesli ve yazili yonerge: “Hiicrede

maddelerin taginmasini saglayan modeli ekrana dokundurur musun? ”
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

e Sesli ve Yazihh Yonerge: KOFUL: Hiicreye zarar verebilecek ya da
fazla olan maddeleri depo eder. Bitki hiicresinde az sayida ve

biiyiiktiir. Hayvan hiicresinde ise ¢ok sayida ve kiigiiktiir.

Ahstirma 11: Robot ekrana gelir. Sesli ve yazili yonerge: “ Hiicreye zarar

verebilecek ya da fazla olan maddeleri depo eden, bitki hiicresinde az sayida ve
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biiyilik; hayvan hiicresinde ise ¢ok sayida ve kiigiik olan modeli ekrana dokundurur

musun? ”
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

14. Robot ekrana gelir. Sesli ve yazih yonerge: “Bitki ve hayvan hiicresinin en
onemli farklarindan biri bitki hiicresinin seklini veren hiicre duvarina sahip
olmasidir. Simdi sadece bitki hiicresinde bulunan hiicre duvarimi ekrana
dokundur!” Ekrana hiicre duvarinin gorseli gelir. Sesli ve Yazihh Yonerge:”
Hiicre duvari: Bitki hiicrelerinde bulunur. Hiicre zarimi ¢evreleyen dayanikli,
saglam ve cansiz yapidir. Hiicreyi dis etkilere kars1 korur.”

Ahstirma 12: Robot ekrana gelir. Sesli ve yazih yonerge:” Elindeki
modellerden “Bitki hiicrelerinde bulunan ve hiicre zarin1 c¢evreleyen
dayanikli, saglam ve cansiz yap1 modelini ekrana dokundurur musun?
Dogru yaparsa olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

15. Robot ekrana gelir. Sesli ve yazih yonerge: “Simdi sadece bitki hiicresinde

bulunan kloroplasti taniyalim. Kloroplasti ekrana dokundur!”

Sesli ve Yazili Yonerge: “Kloroplast: Bitki hiicresinde bulunan, hayvan hiicresinde
bulunmayan kloroplast, bitkinin besin ve oksijen liretmesini saglar. Ayrica yesil

renkli oldugu i¢in bitkinin yesil gériinmesinin saglar.”

Alistirma 13: Robot ekrana gelir. Sesli ve yazih yonerge:” “Bitki hiicresinde
bulunan, hayvan hiicresinde bulunmayan, bitkinin besin ve oksijen tliretmesini
saglayan modeli ekrana dokundur musun?” Dogru organeli dokundurur ise
olumlu seslerden biri, yanlis yaparsa olumsuz ses gelecek.

16. Robot ekrana gelir. Sesli ve yazili yonerge: “Simdi sadece hayvan hiicresinde

bulunan sentriyolleri taniyalim. Sentriyolleri ekrana dokundur!”

Sesli ve Yazih Yonerge: “Sentriyoller: Hayvan hiicresinde ciftler halinde
bulunurken bitki hiicresinde yoktur. Hiicrenin boliinmesinde gorevlidir.”
Ahstirma 14: Robot ekrana gelir. Sesli ve yazih yonerge:” “Hayvan
hiicresinde ¢iftler halinde bulunurken bitki hiicresinde bulunmayan ve

hiicrenin boliinmesinde gorevli olan modeli ekrana dokundur musun?” Dogru
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organeli dokundurur ise olumlu seslerden biri, yanlis yaparsa olumsuz ses

gelecek.

17.Sesli ve Yazilh Yonerge: “Bitki ve hayvan hiicrelerinin 6zelliklerini ve

organellerini 0grendin. Simdi tekrar hatirlayalim. “Asagidaki tablo sirasiyla

ekrana gelir. I¢indekilerde sesli olarak da sdylenir.

Bitki Hiicresi

Hayvan Hiicresi

Koseli bir sekle sahiptir.

Oval bir sekle sahiptir.

Kloroplast bulunur.

Kloroplast bulunmaz.

Sentriyolleri yoktur.

Sentriyolleri vardir.

Hiicre duvari vardir.

Hiicre duvar yoktur.

Kofullar biiyiik ve az sayidadir.

Kofullar kiigiik ve ¢ok sayidadir.

BUTUNCUL ALISTIRMA

1. Robot ekrana gelir. Sesli ve yazil yonerge: “Merhaba, ekranda hayvan ve

bitki hiicrelerinden olusan venn semasini goriiyoruz [Venn semasi ekrana

gelir]. Haydi, venn semasini dolduralim. Once ortak olan temel birimleri ve

organelleri ekrana dokundur

Sesli ve yazili yonerge: “Simdi sadece hayvan hiicresi bulunan organeli dokundur!”

Sesli ve yazili yonerge: “Simdi sadece bitki hiicresi bulunan organeli ve temel birimi

dokundur!”

(Asama asama Once ortaklar sonra hayvan sonra bitki sorulur.)
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1. Hiicre zan 2. Hiicre duvan 3. Mitokondri

4. Koful 5. Endoplazmik 6. Golgi cisimcigi
retikulum

7. Ribozom 8. Lizozom 9. Sitoplazma

10. Cekirdek 11. Sentriyol 12. Kloroplast

ON TEST-SON TEST (22 Soru)

Sorular rastgele hem yazili hem sozlii olarak ekrana gelecektir.

13. Hiicreyi dis ortamdan ayirarak ona sekil ve dayaniklilik veren modeli ekrana

14.

15.

16.

17.
18.
19.

dokundurur musun?

Hiicrede gerceklesen tiim yasamsal olaylar diizenleyen ve hiicreyi yoneten

modeli ekrana dokundurur musun?

Cekirdek ile hiicre zar1 arasini dolduran, yumurta aki kivaminda, yari

akiskan, icinde hiicrede gorev alan cesitli organellerin bulundugu yapinin

modelini ekrana dokundurur musun?

Salgi maddeleri lireten ve salgilari, kesecikler seklinde paketleyen modeli

ekrana dokundurur musun?

Protein sentezleme ile goérevli olan modeli ekrana dokundurur musun?

Sindirimde goérevli olan modeli ekrana dokundurur musun?

Enerji iireten modeli ekrana dokundurur musun?
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20. Hiicrede maddelerin taginmasini saglayan modeli ekrana dokundurur musun?

21. Hiicreye zarar verebilecek ya da fazla olan maddeleri depo eden, bitki
hiicresinde az sayida ve biiyiik; hayvan hiicresinde ise ¢ok sayida ve kiigiik
olan modeli ekrana dokundurur musun?

22. Bitki hiicrelerinde bulunan ve hiicre zarimi gevreleyen dayanikli, saglam ve
cansiz yap1 modelini ekrana dokundurur musun?

23. Bitki hiicresinde bulunan, hayvan hiicresinde bulunmayan, bitkinin besin ve
oksijen tiretmesini saglayan modeli ekrana dokundur musun?

24. Hayvan hiicresinde ciftler halinde bulunurken bitki hiicresinde bulunmayan

ve hiicrenin bdliinmesinde gorevli olan modeli ekrana dokundur musun?

Simdi eline hayvan ve bitki hiicresi modellerini al, sdylenen 6zellik hangi hiicreye ait

ise o hiicreyi ekrana dokundur.
1. Koseli bir sekle sahiptir.
2. Oval bir sekle sahiptir.
3. Kloroplast bulunur.

4. Kloroplast bulunmaz.

5. Sentriyolleri yoktur.

6. Sentriyolleri vardir.
7. Hiicre duvari vardir.
8. Hiicre duvar1 yoktur.

9. Kofullar1 biiyiik ve az sayidadir.

10. Kofullar kiiciik ve ¢ok sayidadir.
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Olumlu ses:

Harikasin!

Bravo!

Miikemmelsin!

Iyi gidiyorsun devam et!
Miikemmel gidiyorsun devam et!
Dogru olani buldun!

Bu bir hayvan hiicresinin zar1
Bu bir bitki hiicresinin zar1
Bu bir hiicre duvari

Bu bir mitokondri

Bu bir koful

Bu bir endoplazmik retikulum
Bu bir golgi cisimcigi

Bu bir ribozom

Bu bir lizozom

Bu bir sitoplazma

Bu bir ¢ekirdek

Bu bir sentriyol

Bu bir kloroplast
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Olumsuz ses:

Daha dikkatli bakmalisin!

Bu bitki hiicresinin zar1 degil

Bu hiicre duvari degil

Bu mitokondri degil

Bu koful degil

Bu endoplazmik retikulum degil

Bu golgi cisimcigi degil

Bu ribozom degil

Bu lizozom degil

Bu sitoplazma degil

Bu ¢cekirdek degil

Bu sentriyol degil

Bu kloroplast degil

Bu bir kloroplast ve sadece bitki hiicresinde bulunur, hayvan hiicresinde bulunmaz
Bu bir sentriyol ve sadece hayvan hiicresinde bulunur, bitki hiicresinde bulunmaz

Bu bir hiicre duvari ve sadece bitki hiicresinde bulunur, hayvan hiicresinde bulunmaz
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