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ABSTRACT 

 

 

 

SMART TOYS IN TEACHING OF SOCIAL STUDIES CONCEPTS TO 

CHILDR EN WITH INTELLECTUAL DISABILITY  

 

 

Ekin, Cansu ¢iĵdem 

PhD, Department of Computer Education and Instructional Technology 

Supervisor: Prof. Dr. K¿rĸat ¢aĵēltay 

June 2017, 164 Pages 

 

 

 

In Turkey and all around the world, technology-supported learning environments for 

children with intellectual disability (ID) have not yet reached to a desired point and 

there are limited studies that investigate the effectiveness of advanced technologies 

in teaching social studies concepts to children with ID.  For this purpose, the current 

study aims to investigate the effectiveness of smart toys in teaching social studies 

concepts to children with ID.  The mentioned smart toys/technology enhanced 

learning environments were developed in the scope of this study.  A multi-method 

research design was used to determine whether this study has a positive effect on 

teaching social studies concepts to children with ID.  In addition, childrenô 

motivation were analyzed together with the usability of (effective, efficient and 

satisfactory) the technology from teachersô point of view.  Six individuals with IDs 

and four special education teachers formed the participants of the study.  To be 

eligible for participation, individuals were expected to meet some requirements such 

as the ability to follow simple verbal instructions.  Semi structured interviews were 

conducted with special education teachers to understand their opinions about the 

smart toy.  Four kinds of data were collected, namely effectiveness, reliability, social 
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validity, and usability.  According to the results of the analysis of effectiveness data, 

smart toys have a positive effect in teaching social studies concepts to children with 

ID.  Also, interview results revealed that, smart toys increased student motivation, 

and that smart toy technology developed in this study was effective, efficient, and 

satisfactory. 

 

 

Keywords: Smart Toys, Special Education, Play, Individuals with Intellectual 

disability, Single-Subject Design 
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¥Z 

 

 

 

ZĶHĶNSEL ENGELLĶ ¢OCUKLARA HAYAT BĶLGĶSĶ KAVRAMLARININ 

¥ĴRETĶMĶNDE AKILLI OYUNCAKLAR  

 

 

 

Ekin, Cansu ¢iĵdem 

Doktora, Bilgisayar ve ¥ĵretim Teknolojileri Eĵitimi Bºl¿m¿ 

Tez Yºneticisi: Prof. Dr. K¿rĸat ¢aĵēltay 

Haziran 2017, 164 Sayfa 

 

 

 

T¿rkiyeôde ve t¿m d¿nyada, zihinsel engelli ­ocuklar i­in teknoloji ile 

zenginleĸtirilmiĸ ºĵrenme ortamlarē hen¿z istenilen noktaya ulaĸmamēĸtēr. Zihinsel 

engelli ­ocuklara hayat bilgisi kavramlarēnēn ºĵretilmesinde ileri teknolojilerin 

etkinliĵini araĸtēran sēnērlē sayēda ­alēĸma bulunmaktadēr. Bu nedenle, bu ­alēĸma, 

zihinsel engelli ºĵrencilere hayat bilgisi kavramlarēnē ºĵretmede akēllē oyuncaklarēn 

etkinliĵini araĸtērmayē ama­lamaktadēr. Bahsedilen akēllē oyuncaklar / teknoloji 

zenginleĸtirilmiĸ ºĵrenme ortamlarē bu ­alēĸma kapsamēnda geliĸtirilmiĸtir. Bu 

­alēĸmanēn zihinsel engelli ­ocuklara hayat bilgisi kavramlarēnēn ºĵretilmesinde 

olumlu bir etkisinin olup olmadēĵēnē belirlemek i­in ­oklu yºntem araĸtērma tasarēmē 

kullanēlmēĸtēr. Ayrēca, ºĵrenci motivasyonu ve akēllē oyuncak teknolojisinin 

kullanēlabirliĵi (etkililik, verimlilik ve memnuniyet) ºĵretmen gºr¿ĸleri incelenerek 

analiz edilmiĸtir.  Araĸtērmanēn ­alēĸma grubu zihinsel engelli altē kiĸi ve dºrt ºzel 

eĵitim ºĵretmeninden oluĸmuĸtur.  Katēlēmcē olabilmek i­in bireylerin basit sºzel 

yºnergeleri takip edebilme gibi bazē ºnkoĸul becerileri saĵlamalarē beklenmiĸtir. 

¥zel eĵitim ºĵretmenlerinin akēllē oyuncak hakkēndaki gºr¿ĸlerini anlamak i­in yarē 
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yapēlandērēlmēĸ m¿lakat tekniĵi kullanēlmēĸtēr.  Etkililik , g¿venilirlik, sosyal 

ge­erlilik ve kullanēlabirlik olmak ¿zere dºrt ­eĸit veri toplanmēĸtēr. Etkililik  

verisinin analiz sonu­larēna gºre, akēllē oyuncaklar hayat bilgisi kavramlarēnē zihinsel 

engelli ­ocuklara ºĵretmek konusunda pozitif bir etkiye sahiptir. Ayrēca, m¿lakat 

sonu­larē akēllē oyuncaklarēn ºĵrencinin motivasyonunu artērdēĵēnē ortaya ­ēkarmēĸtēr. 

¢alēĸmada kullanēlabilirlik sonu­larē ise akēllē oyuncak teknolojisinin etkili, verimli 

ve tatmin edici olduĵunu gºstermiĸtir. 

 

 

Anahtar Kelimeler: Akēllē Oyuncaklar, ¥zel Eĵitim, Oyun, Zihinsel Engelli 

Bireyler, Tek-Denekli Tasarēm 
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CHAPTER 1 

 

 

INTRODUCTION  

 

 

This chapter presents the background, and the statement of the problem, the purpose 

of the study, its significance, and the research questions of the study. 

1.1 Background of the Problem  

 

Impact of technology used in education of individuals having IDs has been identified 

in several studies.  As Davies, Stock, and Wehmeyer (2004) emphasized, large 

number of individuals with IDs can benefit from technology very effectively by 

means of educational development, personal development and increased 

productivity.  Ryndak and his colleagues (2008), draw attention to the positive 

developments about technology integration to curriculums of special education of 

United States of America to create less restrictive environment in education of 

disabled individuals.  Similarly, literature provides evidence about some technologies 

that support and facilitate learning of children with disabilities (Adam & Tatnall, 

2017; Alper & Raharinirina, 2006; Hasselbring & Glaser, 2000; Williams, 2005).   

 

Play has a significant role in mental and social development of children.  (Ariel, 

2002; Lindon, 2001; Vygotsky, 1967) and toys are indispensable play tools.  The 

literature provides evidence about toys' positive contribution to the social, physical, 

language, and cognitive development of children (Bradley, 1985; Nuzzolo-Gomez et 

al, 2002; Sridhar, Nanayakkara & Huber, 2017; Toth, 2006).  Smart toys are a 

technological form of physical toys and have a great potential for individuals who are 

in need of special education to improve their cognitive and social skills (Kara, 2015; 

Yeni, 2015). 
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Although literature pays attention to the positive effects of using technology in 

education of individuals with IDs, there are a limited number of studies as to 

integrating new educational technologies or technology enhanced learning 

environments into special education settings.  Similarly, Wehmeyer (2006) 

emphasized the necessity of educational technology use and individualized 

educational programs for those individuals.  However, in Turkey, there is also a lack 

of technological materials prepared for special education.  This is one of the 

problems that this study focuses on.  Therefore, this study aims to design and 

develop a new technology based smart toy and examine the effectiveness of it for 

special education. 

 

Usability of technology is also so critical that it affects the quality attributes of the 

developed system such as learnability, satisfaction, efficiency, and memorability.  

Designing technology that is accessible and more usable to individuals with 

disabilities can eliminate barriers that faced by them.  Although literature provided a 

great number of studies related with use of technology to support individuals with all 

kinds of disabilities, there has been still a lack of research regarding usability of the 

technologies developed for intellectual disability compared with the other groups of 

disabled people.  (Harrysson, 2003; Rocha et al. 2017; Williams et al., 2006).  Most 

of the usability studies dealt with for visual disabilities (Mirchandani, 2003; 

Williams et al., 2006).  Therefore, this study analyses usability of the developed 

technology enhanced learning material, which is a smart toy for children with ID. 

 

1.2 Statement of the Problem 

 

Despite the fact that, the experts have increased the number of special education 

services for individuals with IDs in recent years, they couldnôt have achieved to 

make the offering effective training services and the use of innovative instructional 

materials reach to the intended rate yet (Altinay et al., 2016; Williams, 2005).  For 

this reason, quality of the present state of education offered to disabled children is 
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questionable.  There are a limited number of studies that investigate effectiveness of 

technology enhanced learning environment including smart toys on teaching  social 

studies concepts to children with ID.  Therefore, there is a need to determine the 

effectiveness of using technology enhanced learning environments on teaching 

mentioned concepts and motivation of children with ID.  

 

The second problem is related to the lack of usable and well-designed technology 

enhanced instructional material for children with ID (Altinay et al., 2016; Carey et 

al., 2005; Williams, 2005).  Literature has several smart toy projects, but a limited 

number of them are educational and developmental (Kara et al., 2013; Kara, 2015; 

Lampe&Hinske, 2007).  While technology-enhanced education has successful results 

in literature for special individuals, the number of developed technology enhanced 

instructional materials for them are limited. 

 

The third problem is about teachers' views towards the educational use of smart toys.  

Especially in Turkey, there is no study related with the educational use of smart toys 

in special education.  This research also aims to understand the views of special 

education teachers in Turkey towards the educational use of smart toys. 

 

1.3 Purpose of the Study 

 

The main purpose of this study is produce key design principles about how to best 

integrate smart toys into special education settings.  The other important goal of this 

study is to investigate the effectiveness of smart toys on teaching social studies 

concepts and to determine if there is a positive impact on motivation of children with 

ID.  In the study, an educational smart toy system aiming to teach social studies 

concepts to individuals with IDs was developed and used.  Finally, usability issues of 

the smart toy are examined in terms of effectiveness, efficiency, and satisfaction 

from special education teachersô point of view. 
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1.4 Significance of the Study 

 

In terms of child development, toys have great importance in supporting learning, 

cognitive development, enhancing their imagination, and affecting their behaviors 

(Butterworth, 2014; Kara et al., 2014a; Kara et al., 2014b).  With the development of 

technology, computer mediated or interactive toys called ósmart toysô increased their 

popularity (TIA, 2015).  These technological toys integrate the physical and virtual 

worlds by providing support to multimedia content.  Smart toys have more 

advantages compare to traditional toys by enriching play activity providing with a 

more creative and interactive environment (Kara et al., 2014b).  In addition to these 

advantages, smart toys can be used for educational purpose.  However, the number of 

educational interactive smart toys developed for special education field is limited 

(Patrizia et al., 2009; Prazak et al., 2004).  For this reason, a smart toy system was 

developed in the scope of this research.  

 

Developing different instructional technologies that are usable for individuals in 

special education provides opportunities for them to improve their skills.  However, 

there has been a lack of empirical data about the usability of smart toys as an 

instructional tool (Altinay, 2016; Plowma & Luckin, 2004).  Examining the 

effectiveness of a smart toy will give valuable information about whether they are 

helpful or not for individuals in special education. 

 

According to Malone  and  Lepper (1987), in designing instructional learning 

environments, toys have substantial potential to increase intrinsic motivation that  

challenge learners to use skills which they would not otherwise have wanted to use.  

Hence, smart toys can be beneficial in motivating children to reach specific goals.  

Especially, new technologies motivate children to join in learning activities (Marsh 

et al., 2005).  Electronic toys increase motivation more than traditional toys by 

providing feedback and reinforcement systems (Hsieh, 2008).  According to Kara 

(2015), ñDesigning plush toys according to the characteristics of child may enhance 
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the motivation of both children and teachers to play with the smart toyò (pg.220).  

The findings of this research are important in terms of developing a smart toy with 

high usability and potential to motivate children.  

 

In addition, technology enhanced learning environments may affect teachersô 

motivation in a positive way and decrease their workload, especially for teaching 

activities that need multiple repetitions (Yeni, 2015).  Therefore, there is an apparent 

need for this study that aims to decrease teachersô workloads in teaching social 

studies concepts.  

 

Teachers' intentions towards technology will affect their education perspective.  

Even if smart toys have successful empirical results for education, if the teachers do 

not find the developed technology useful and usable, it would be hard to utilize it in 

special educational setting.  Therefore, it is very important to learn more such 

individualsô perspectives regarding smart toy technology examined in the research. 

 

Smart toys provide an interactive learning environment in which children develop 

social, cognitive, and behavioral abilities (Cagiltay et al., 2014).  These toys can be 

effective for smart toy based learning environments as cognitive tools (Kara, 2015).  

Therefore, this study aims to develop a new kind of smart toy that can be used in 

smart toy based learning environments.  Educators, schools, or any educational 

institutions who want to use smart toys in their learning activities can benefit from 

the results of this research. 

 

1.5 Research Questions 

 

This study aims to find answers to the following research questions:  

   

1. What are the design principles of a smart toy application for children with 

ID? 
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2. Do the smart toys have a positive impact on teaching social studies concepts 

to children with ID? 

3. What are the teachersô opinions on the impact of smart toys on the motivation 

of children with ID? 

4. How usable (effective, efficient and satisfactory) is the smart toys 

technology?  

 

1.6 Definitions of Terms 

 

ID (Intellectual Disability)  

 

According to Hammill (1987), ID is described as ñis a term that refers to a 

heterogeneous group of disorders manifested by significant difficulties in the 

acquisition and use of listening, speaking, reading, writing, reasoning or 

mathematical abilitiesò(p.1). 

 

Child with ID:  

 

The term "children with specific ID" refers children who have a significant disorder 

in the acquisition and use of language, spoken or written and have imperfect ability 

to listen, think, speak, or mathematical abilitiesò (Hammill et al., 1987).  

 

Smart Toy 

 

ñSmart toys include tangible objects alongside electronic components that facilitate 

two-way child-smart toy interaction to carry out a purposeful taskò (Cagiltay, Kara, 

& Aydin, 2014, p. 703). 
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CHAPTER 2 

 

 

LITERATURE REVIEW  

 

2.1 Introduction  

 

This chapter summarizes, analyzes, and synthesizes the relevant literature regarding 

the research questions articulated in chapter one.  Firstly, definition of intellectual 

disability (ID) is presented.  It tries synthesizing and summarizing the issues about 

the educational technology use for children with ID in international scope and 

technology use in education of children with ID in Turkey.  Then, it examines smart 

toys as a learning technology and usability issues. 

 

2.2 Intellectual Disability  

 

The American Association on Intellectual and Developmental Disabilities (AAIDD) 

(2016) defines intellectual disability as ña disability characterized by significant 

limitations both in intellectual functioning and in adaptive behavior, which covers 

many everyday social and practical skills and originates before age eighteen.ò  

Intellectual functioning is the intellectual capacity of reasoning, learning, and 

problem solving.  For the term óIntellectual Disabilityô, The World Health 

Organization (WHO) uses other terms such as developmental disability, mental 

retardation, and mental handicap. 

 

ID has also sub-categories, differentiated by specific ranges of intelligent quotient 

(IQ) scores.  These sub-categories include mild (IQ 50-69), moderate (IQ 35-49), 

severe (IQ 20-34), and profound (IQ <20) (American Psychiatric Association, 2000).  
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On the other hand, while fourth edition of Diagnostic and Statistical Manual of 

Mental Disorders (DSM-4), which is the most widely used manual by clinicians and 

researchers in mental disorders classification, emphasized IQ scores, these scores are 

 not included in DSM-5.  Instead of it, assessment is done based on the individualôs 

complete clinical presentation for diagnosis (American Psychiatric Association, 

2013). 

 

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), 

there are three criteria for the diagnosis of intellectual disability (American 

Psychiatric Association, 2013).  These are disorders in intellectual functions, 

disorders in adaptive functioning and onset of intellectual and adaptive disorders 

during the developmental period (before age 18).  Disorders in intellectual functions 

cover significant limitations in practical understanding, reasoning, problem solving, 

and learning from experience, academic learning, abstract thinking, and judgment 

(AAIDD,  2010).  Practical understanding is measured clinical and individualized 

assessment.  Standardized intelligence testing is also used.  Disorders in adaptive 

functioning cover significant limitation in conceptual (i.e. money, time, self-

direction, language, and literacy), social (i.e. self-esteem, ability to obey and laws) 

and practical skills (i.e. personal care, professional skills, travel and money use) 

(AAIDD, 2010).  Without support, the adaptive disorder limits daily life activities 

such as social participation, communication, and independent living.  Standardized 

intelligence testing is also used to determine limitation. 

 

 2.3 Educational Technology Use for Individuals with ID s 

The literature provides various educational technology examples for problems related 

with mental disability, academic, social skills and adaptation issues that occurs often 

in individuals with IDs.  Computer and technology-supported education have 

successful results in literature in means of development of academic, social skills 

which often occurring as a problem also in individuals with IDs (Wehmeyer, 1998).  
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The technological instruments used in educational settings increase the hand-eye 

coordination, attention duration, and slow learners perceptions (Sahin & Cimen, 

2011).  In the study of Mechling, Gast, and Langone (2002), the studentôs ability 

with moderate ID to read shopping aisle signs and to locate goods in an unfamiliar 

store was improved via computer based video program.  In another study, computer-

based multimedia instruction was successful in teaching to use credit card in 

automatic payment machine (Mechling, Gast & Barthold, 2003b) 

In the study of Sharma and her colleagues (2016), the main aim of the research was 

to find out the efficacy of computer-assisted instructions on the academic 

achievement of the intellectually disabled children.  They used educational 

assessment checklist for children with ID to measure academic achievement of 28 

children with ID.  Computer assisted instruction resulted as effective on academic 

skills for children whereas regular classroom teaching instructions are less effective 

than computer assisted instruction.  Similarly, Sugasawara and Yamamoto (2007) 

have worked on instruction of word reading and construction for individuals with 

IDs via computer-based program.  As a result of this study, computer-based 

instruction affected positively the reading skills of participating children.  Shelton 

(2016) examined effect of a treatment package consisting of computer-assisted 

instruction using multiple video exemplars to teach safety skills to children with ID.  

She evaluated knowledge acquisition and the generalization of knowledge (e.g., the 

school parking lot).  The results showed that training was effective in knowledge 

acquisition and improving skills. 

Some studies in the literature are about technology for the acquisition of life-skills.  

Renbald (1999) used advanced technologies to aid in the development of social 

networks of persons with learning disabilities.  Rivera and his colleques (2016) 

examined the effects of a computer-based video intervention on teaching literacy 

skills to a student with ID, using Apple iBooks.  Results showed that the participant 

can generalize image vocabulary, sight words, and vocabulary definitions through 

the multimedia video instruction.  
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In the last few years, some studies in the literature are related with advantages of AR 

applications and positive effects on children with special educational needs.  Chang 

and his colleagues (2013) designed ARCoach, a marker-based AR system for 

vocational job skill training for individuals having cognitive disabilities.  The AR 

system identified incorrect task and helped users make corrections by providing 

picture cues.  The findings of the study show that participants increased success rate 

in the assigned tasks and maintained their skills.  Similarly, the AR game developed 

by Lin and his colleagues (2016) developed a free interactive mobile augmented 

reality (AR) application.  The purpose of the research was to facilitate the learning of 

geometry.  The results show that the AR display technology improved ability to 

complete puzzle game tasks and enhance learning motivation of children more than 

traditional paper-based methods.  In another study, Cifuentes and her colleagues 

(2016) evaluate the use of AR technology in a classroom environment.  Researchers 

assessed its helps special-needs children to improve their performance, motivation, 

and other aspects of the learning process.  The results show an increase in the overall 

academic performance. 

Research reports, which are summarized above, give us important clues about 

education of children with ID with the use of technology and computer science and 

give examples related with how to be improved their academic, social skills.  The use 

of technology in special education will gain more importance in coming years. 

 

2.4 Educational Technology Use for Individuals with IDs  in Turkey  

When the studies in Turkey are compared with the studies completed abroad, 

national studies stay quite limited and new for individuals with IDs.  Most of existing 

the studies is related with visual impairments.  While international literature provides 

important clues about how effective technology and computer use are in the 

education of children with ID, the number of studies in national literature can be 

accepted as the greatest sign of such gap in our country about this issue.  Some 

studies are presented below. 
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Cakmak and Cakmak (2015) analyzed teaching to people with ID the shopping skill 

with the iPad.  Researchers developed an animation to teach independent shopping 

skill for iPad.  Results show that shopping skill based on animation practice provided 

through iPad was effective. 

 In a TUBITAK project, which this study is also part of this project, OZTEK (2015), 

investigated effectiveness of learning environments that are enhanced by new 

technologies such as smart toys and bodily movement interactive games designed for 

children who have ID.  OZTEK help the parents and special education teachers in 

terms of to provide an effective learning environment for children having ID. 

Yeni (2015) examined the effectiveness of educational tablet pc applicatēons to teach 

daily living skills to children with ID.  As a result of the study, tablet application was 

found effective tool to teach a daily living skill to individuals with IDs. In addition, 

the newly learned skill was maintained one, three and four weeks after the training 

and  individuals could generalize the skill to different tools. 

In another study, Reis and his colleagues (2010) examined effectiveness IT based 

exercises in mathematics teaching of children with cerebral palsy and intellectual 

disability.  Findings show that the participants became more interested, happy, 

willingly to continue on working, and able to easily absorb the material through 

multimedia exercises. 

Cimen and Sahin (2011) used a tool named ñInteractive Attention Boardò (IAB) for 

individuals with IDs and autism to improve hand-eye coordination, reaction time to 

stimulants and total concentration time of disabled individuals.  The results showed 

that using IAB system provides improvements in eye coordination and attention 

duration of the individuals. 

 

In conclusion, studies in literature show that people with ID benefit from computer 

based technologies in their education, daily life, community, and work.  While 

designing materials for them, it should be designed to meet their needs.  In special 



12 

education in Turkey, there is still a gap finding appropriate learning materials, which 

covers subjects for disabled children due to the lack of material diversity (Dogan, 

2015).  New technologies may fill this gap in terms of to provide alternative ways for 

disabled children. 

 

2.5 Smart Toys as a Learning Technology 

Play is important in child development in terms of development of self-confidence, 

collaboration, expression of emotion, and taking initiative (Ariel, 2002; Lindon, 

2001; Piaget, 1962; Vygotsky, 1967) and toys are indispensable play tools.  They can 

foster childrenôs social, physical, language, and cognitive development.  In literature, 

there are many experimental studies related with toys' positive contribution to the 

social and cognitive development of child (Bradley, 1985; Nuzzolo-Gomez et all, 

2002; Toth, 2006).  On the other hand, in the 2010 report UNESCO ITE ( 

Information Technologies in Education), the significant effect of ICT tools is 

mentioned on communication and collaboration, creativity, such as socio-dramatic 

play which are the key areas of learning.  Smart toys are examples of Information 

and Communication Technologies (ICT) for children. According to toy trends report 

announced by experts at the U.S. Toy Industry Association (TIA) (2015), creative 

toys that including innovative ñsmartò playthings called smart toys are among the top 

toy trends of 2015. In this context, information and communication technology (ICT) 

has a great potential to support toy based learning in playing activity (Cagiltay et al., 

2014).  In the most general sense, smart toys, are defined as technologically 

enhanced form of physical toys in a way that allow mutual interaction and encourage 

purposeful tasks (Cagiltay et al., 2014). the other feature that categorizes smart toys 

is its interaction ability.  While some smart toys can interact with computers, some 

are self-contained (Cagiltay et al., 2014).Additionally, while classic electronic or 

digital toys have properties that just increase the attractiveness of toys, smart toys 

offer an environment in an enhanced reality (Cagiltay et al., 2013). 
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The play activity has a different cognitive level in children with ID who is slower 

than normal peers in social and cognitive development.  Smilansky (1968) defines 

cognitive level of play activity in three stages: functional, constructive, and dramatic.  

A majority of children with ID play toys in lower cognitive level than normal peers 

(Hsieh, 2008).  This difference causes also different playing activity in child with ID.  

It is mostly observed that these children play with toys inappropriate way.  Children 

with ID generally show aimless behavior like throwing, rotating and holding when 

she gets toy into the hands.  These poor gaming skills are seen in many children with 

ID because of a lack of social skills and creativity (Kim et al., 2003).  Therefore, toy 

preference for instructional purpose has importance for children with ID who have 

insufficient playing skills.  With the rapid development of technology, technology-

based toys are among most preferred and widespread in the toy industry.  

Technology supported toys also may have a positive effect on child with ID who 

have insufficient playing skills.  Hsieh (2008) reports toys enhanced with electronic 

equipment increase motivation by providing the feedback and reinforcement system 

in child having ID.  He found adapted electronic toys increased percentage of correct 

responses of children having ID more than traditional toys. 

 

2.6 Usability  

 

According to statistical data of Turkish Statistical Institute (2002), number of 

disabled person in Turkey is 12.29 % of total population.  In the world, 15% of total 

world population has some forms of disability according to the report of World 

Health Organization (2011).  They face many barriers that normal individuals do not 

have while accessing and using a technology or a product.  Therefore, it is important 

that new technology has to be designed considering limitation and needs of 

individuals, so that as many people as possible can use it.  In this sense, usability 

study of designed system or technology has critical importance to produce well, 

specially designed usable materials for people with disabilities.  Therefore, as the 



14 

success and the rate of usability studies increased, number of disabled person that are 

independent, productive, participating education will also increase.  

 

A well-known definition of usability stated by International Organization for 

standardization is that ñusability is the extent to which a product can be used by 

specified users to achieve specified goals with effectiveness, efficiency, and 

satisfaction in a specified context of useò (ISO 9241-11, 1998). 

 

Usability has five quality components; learnability, efficiency, memorability, errors 

and satisfaction (Nielsen, 1993).  Learnability refers to easiness of the system to 

learn.  Efficiency is defined as ñonce the user has learned the system, a high level of 

productivity is possibleò (Nielsen, 1993, p. 26).  Memorability shows easiness of the 

system to remember.  According to Nielsen (1993), errors can be fixed few and 

easily repairable.  Satisfaction measures the user's perception of ease of use of the 

system (Nielsen, 1993).  Usability testing, on the other hand, refers to evaluating the 

system by testing it with representative users.  Usability testing includes 

representative users of the system as testers to evaluate specific tasks determined 

before the testing (Nielsen, 1993). 

 

2.6.1 Usability Evaluation Methods  

 

Usability evaluation provides information about how people use a system, product, 

or anything and what their problems are with the interface being tested.  There are 

several usability evaluation methods generally based on two categories: usability 

testing and usability inspection methods (Holzinger, 2005).  Usability testing is 

commonly known as user based testing that the user of system is observed while 

using the system or product by the usability practioner.  It includes methods such as 

think aloud, user testing, questionnaire, performance measurements and survey.  

Unlike usability testing methods, usability inspection methods are based on 

evaluators (experts or designer) that inspect the interface and find usability problems 
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on a design (Nielsen, 1994).  This category includes methods such as heuristics, 

cognitive walkthrough, and pluralistic walkthrough.  In this research, heuristic 

evaluation and performance measures are used and presented below. 

 

2.6.1.1 Heuristic Evaluation 

 

Heuristic evaluation is an expert based usability method and originally proposed by 

Nielsen and Molich (1990).  It is conducted by analyzing interface and trying to 

come up with an decision about interfaceôs good and bad attributes according to the 

certain rules and guidelines.  Danino (2001) states that if five experts as evaluators 

might find 81-90% of usability problems where the software is developed.  

According to the other expert based evaluation methods, heuristic evaluation takes a 

short time and applied easily with very few resources (Danino, 2001).  

 

2.6.1.2 Performance Measurement 

 

Bevan and Macleod (1994) defines that ñ performance measurement method gives 

reliable measures of the effectiveness and efficiency of system use, by evaluating the 

extent to which specific task goals are achieved, and the times taken to achieve task 

goalsò.  Performance measures data can be collected while user performing the task.  

Nielsen (1993) defines eighteen typical quantifiable usability measurements.  Some 

of them are the task completion time, number of user errors, ratio between successful 

interactions and errors, frequency of use of the manuals and number of commands or 

other features that were never used. 

2.7 Usability in Special Education  

 

According to the ICT Consultation report (2013), the use of computer technology has 

proven to be effective in teaching disabled children, but the needs and abilities of 
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individuals may pose problems in using these technologies (Serra & Muzio, 2002).  

Parallel to this finding, rapidly changing technology, different types of users, 

applications and varying needs of individuals increased popularity of usability 

(Leventhal & Barnes, 2007).  In the literature, many usability studies are related with 

use of ICT such as web site, assistive technologies for low vision.  There is a lack of 

usability studies of technology enhanced learning materials, which have a potential 

to improve cognitive and social skills of individuals with disabilities except visually 

impaired people (Williams et al., 2006).  As Harrysson (2003) pointed out, 

accessibility guidelines ñalmost entirely é support people with low vision, while 

[those] for people with cognitive limitations are almost non-existentò (p. 2). 

 

In literature, most of studies are related with web site usability for individuals with 

IDs.  William and Hennig (2014) analyzed in which content arrangement (horizontal 

or vertical) individuals with IDs access to content quickly.  They analyzed usability 

of interface design using performance measurement method.  While the participants 

were trying to find content or menu items, the researchers watched them and 

measured the completion time of the task.  The results showed that there was no 

significant difference in the completion time in both arrangements.  The content 

should not fall below the viewing level and it is important not to require scrolling for 

easy access.  Similarly, Williams (2013) tested web sites including only images and 

audio.  The purpose  was to determine how information could be optimally presented 

while accessing information  for individuals with learning disabilities.  Usability of 

web site was measured heuristically.  In the study, participants were observed while 

they engage in ófree explorationô of the system and undertake a series of set tasks.  In 

terviewa were done with participants about their experiences.  Results suggested that 

menu position and text size were the most significant factors and images have only 

limited value to help understanding or make easier faster access to information.  In 

another web site usability research, Harrysson, Svensk, and Johansson (2004) 

conducted a study using heuristic method.  In the study, researchers examined 

computer use by people with cognitive disabilities.  They observed seven users while 

they navigated between different web sites.  The results show that users were good at 
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navigating while using forward/back buttons without difficulty and they recognized 

hyperlinks easily.  However, when text input was required, users were forced to type 

in the address of a website or a search term.  Results showed  that the users were 

adept at navigating.  Forward/back buttons were used by users without difficulty, and 

recognized hyperlinks.  However, where text input was required, the participants 

wrote the address of the website with difficulty or a search term. 

 

Some of the studies are related with usability of virtual learning environments.  Rose 

et al (2002) conducted an investigation into the usability and usefulness of to train 

people with learning disabilities in a virtual environment.  They used performance 

measurement method.  In the study, there were thirty children with ID that 

squentionally assigned active and passive experimental group.  While active 

participants explored a virtual bungalow searching a toy, passive participants 

watched the exploration of passive participants and searched the toy.  Then all 

participants performed a test measuring their knowledge of virtual environment.  

Results indicated that participants were capable of using a virtual environment and 

motivated to use this training method.  It was found that active exploration of a 

virtual environment enhanced their memory.  In a similar study, Brown and his 

colleagues (1999) developed a virtual city with streets, stores, and settlements for the 

training of various life skills for disabled people.  They used a test-retest 

experimental design method to compare user performance.  Expert assessment was 

used to evaluate usability and appropriateness of the learning scenarios in VLE.  

Results show that VLEs present an accessible  motivating  and interesting learning 

environments for the users with special needs. 

 

2.8 Usability Literature for Individuals with Disabilities in Turkey  

 

Usability literature for disabled person is also very limited and new in Turkey.  It is 

mainly related with web site usability for visually impaired people as parallel to 

international literature.  Some examples presented below. 
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In study of Menzi-Cetin and her colleagues (2015), they evaluated the usability of a 

university website by five visually impaired children by using thinking aloud 

method.  In this research, participants were interviewed and then asked to think aloud 

while navigating their universityôs web pages.  Results show that participants had 

difficulty when they found exam dates on the academic calendar, and access time to 

the course schedule web page increased more than before.  Authors suggested the 

need for rearrangement of the hyperlink sequences with tabs and more information 

about visuals, a search engine on each page and, a text version for all pages.  In a 

similar study, Akgul and Vatansever (2016) evaluated the accessibility of twenty-five 

e-Government websites in Turkey with disabled people. Evaluation was made using 

the Web Content Accessibility Guidelines (WCAG) and automated testing tools.  

They found that absence of text equivalents for non-text elements, and the failure of 

the static equivalents for dynamic content will be updated when the dynamic content 

changes. 

 

Yeni (2015) investigated the effectiveness of educational tablet applications to teach 

a daily living skill-using vacuum cleaner to individuals with IDs.  Usability of tablet 

applications is examined also with seven individuals with IDs and five special 

education teachers.  She used heuristic and performance measurement methods in 

usability testing.  While users were performing tasks, the researcher observed them 

and calculated the task completion time with percentage of the correct behavior rate.  

The researcher found that tablet application is an effective tool to teach a daily living 

skill to individuals with IDs and the newly learned skill can be generalized to 

different tools. 

 

In study of  Karal, Koko­ and Ayyēldēz (2010), they examined usability of an 

educational computer game used for children with mentally disabled. It helps to 

improve the psychomotor skills of mentioned children.  A web camera was used as 

user-computer interaction tool in the game.  There were four participants in the 

research.  Two of them were educatable mentally disabled children, one was a 

teacher, and the other was a physiotherapist.  The researchers took part in the playing 
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sessions as observers.  Expert based evaluation-heuristic methods were used to 

determine the usability of the game.  Data sources included observation, diaries, and 

a semi-structured interview.  The results showed that the design and interaction 

characteristics of the game meet children who need special education. 

 

2.9 Summary 

 

Although literature generally emphasis the importance and benefit of ICT for 

disabled individuals, there is a significant lack of technology enhanced learning tool 

for individuals with intellectual disability.  Number of different learning technology 

studies is limited in both national and international literature.  On the other hand, 

current studies generally examine effectiveness of the technological learning tools 

instead of how to best implement that to special education environment.  There is a 

need to research the most proper way to  integrate these technologies into learning 

environment for intellectual disability.  Smart toy, which is developed in scope of 

this research, is expected to fill this gap. 

 

Additionally, literature in usability mostly covers studies related with use of ICT 

such as web site, virtual learning environment, and assistive technologies.  In 

addition, many of these studies are for visually impairments.  Therefore, there is also 

a gap in the literature as empirical data about usability of smart toys for intellectual 

disability.  This study analyzed smart toy technology in means of design to 

effectively integrate this technology into special education environment.  In addition, 

special education teachers have big importance for individuals and parents in this 

field.  Teachers' intentions to technology will affect use the use of it and its spread as 

an educational tool.  In the literature, there are many successful empirical results for 

disabled individuals, but if a teacher does not find technological tool as usable, it 

would be hard to utilize them.  With this study, special education teachers' views 



20 

about smart toys are examined.  It is aimed to fill the gap as to giving detailed 

implementation and usability analysis of smart toy in special education settings. 
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CHAPTER 3 

 

 

METHODOLOGY  

 

3.1 Introducti on 

The purpose of this study is to investigate the effectiveness of smart toys on teaching 

social studies concepts and to determine if they have a positive impact on motivation 

of children with ID determine.  Moreover, it was also aimed to analyze how usable 

(effective, efficient and satisfactory) the smart toys technology.   

This chapter includes the research methodology of the study.  To this end, the  design 

of the study, participants, data collection procedures and analysis, data sources, and 

trustworthiness issues such as reliability, and limitations of the study are discussed in 

this part. 

3.2 Design of the Study 

 

In this study, a multi method research design was used (Figure 3.1) It is an eclectic 

approach that combines both qualitative and quantitative approaches (Creswell, 

2009).  While Design-based Research model was administered  in qualitative part of 

the study, multiple baseline design across subjects, which is a single subject research 

design, was used in quantitative part to investigate effectiveness of smart toys on 

teaching social studies concepts to children with ID. 

 

The independent variable of the study is the technology enhanced learning 

environment that includes smart toys; whereas the dependent variables are specified 

as the change in correct response rate for related social studies concept.  
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In qualitative part of the study, Design-based Research model was administered 

(Figure 3.2).  

 

 

 

 

 

 

In the current study, Reeves et al.ôs (2004) design based research model was applied.  

The last version of the model of this study is shown in Figure 3.3.  There were four 

phases in this study. 

Figure 3.1 Multimethod Research Design 

Figure 3.2 Design Based Research Model (Reeves et al., 2004, p. 60) 
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Figure 3.3 The study based on Reevesô Design Based Research Model (Reeves et al., 2004) 
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design and implement smart toy based learning were taken into account. 

Preliminarily design principles were determined according to the detailed literature 

review, consulting the field expertsô ideas and various analyses conducted.  Smart 

toy analysis and design phase lasted about 20 months, between September 2012 and 

May 2014.  In this step, the researcher presented the prototype of the smart toy to the 

special education teachers, academicians so that they could concretize the smart toy 

concept.  Also, special education children and teachers tested prototype study on 

Land and Marine animals.  In total, nine meetings were conducted in 20 months and 

twelve special education teachers were interviewed in these meetings to have an idea 

concerning their views about a smart toy, which was developed in the main study.  

Details of time schedule of meetings of prototype study are given in the Table 4.2.1.  

During the whole process, as a rule of Design-based research, analysis activity 

continued to the end iteratively between each phase.  

In the second phase, storyboards of the first prototype of the main study (Smart 

Animals Toys) were determined and prepared.  It was prepared by taking into 

account outcomes gathered in the first phase and lasted about 8 months, between 

June 2014 and January 2015.  During the preparation of the storyboards, opinions of 

the academicians and special education teachers were taken again.  Meetings, 4 in 

total, were arranged with one special education teacher and two academicians.  

Design was made according to the curriculum of special education school (First 

Level) due to the importance, validity, and practicality of special education 

curriculum for all special education settings.  Design of the first prototype of smart 

toys of the main study (Smart Animals Toys) took 3 months and finished in March 

2015.  In this phase, evaluation and testing processes of designed prototype (pilot 

study) were performed.  Pilot study was conducted with three children with ID.  

Before the pilot study, a meeting was conducted with teachers and information was 

given about the research by the researcher.  Details of the pilot study are given in part 

3.12. 
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In the third phase, final version of the smart toy was developed by making some 

changes in pilot application according to the views of special education experts and 

teachers taking into account in the second phase from pilot study in June 2015.  The 

changes that were made in pilot application are given in Table 4.3. 

In this phase, usability testing of final version was conducted with teachers and 

children.  Usability testing with children took 6 months.  It started in June 2015 and 

finished in December 2015.  In effectiveness study, single subject research design, 

which is quasi-experimental research type, was used to investigate the effectiveness 

of smart toys on studentôs social skills.  In measurement of effectiveness data, 

multiple baseline design across subjects was implemented with 3 phases (baseline, 

intervention, and follow-up).  While the first phase is the baseline that shows 

performance of student before the treatment (teaching with smart toy), intervention 

which is the second phase shows learning performance of child after the treatment 

(Fraenkel & Wallen, 2005, p.308).  Third phase (follow-up) was included to ensure 

that the effects of the smart toys on teaching social studies concepts are maintained.  

The number and type of the problem behaviors of the participants; observation of 

participants behaviors related to teaching material and teaching process were also 

determined during teaching and assessment process.  Teaching environments were 

eliminated from stimuli (visual and auditory noise sources) that can lower 

participantsô attention level and duration. 

Performance level of each participant for each identified concepts (social studies 

concepts) were determined by criterion- referenced tests in baseline.  The number of 

given right answers of each participant to each identified concept were recorded to 

participant file.  We used criterion referenced test because of we have to focus on 

participantôs individual learning progress in special education.  In criterion-

referenced assessment, participants are scored based on how well they know a 

standard or set of standards (Fraenkel & Wallen, 2005, p.136).  In this type of 

assessment, a participant is only compared to himself or herself, it does not matter 

how other children perform.  After teaching process performed with smart toys, 
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posttest was applied and same criteria referenced tests was used again.  During each 

quantitative study, participantôs behavior was recorded with camera.  

In usability testing with teachers, interviews were done with four special education 

teachers who joined the main study one to one or watching session from video 

camera recorder.  It lasted in January 2016.  They were expected  to evaluate  pre and 

post intervention sessions and response the interview questions so as to get their 

opinions. 

 

3.3 Rationale for the Single Subject Design 

 

Since there are not enough children available to make the use of group design 

practical, single subject design was performed to make it possible intensive data 

collection on very few individuals.  Single subject designs are commonly used 

method to examine the changes in behavior an individual after a treatment or 

intervention (Fraenkel & Wallen, 2005, p.302).  In this study, multiple baseline 

design across subjects, which is a single subject design, was used.   

 

3.4 Multiple Baseline Design 

 

Multiple baseline design is used to evaluate the effectiveness of teaching or behavior 

program intervention in multiple states (Horner & Baer, 1978; Murphy& Bryan, 

1980).  Multiple baseline patterns can be used for three different cases given below:  

 

(1) Multiple Baseline Design Across Behaviors:  Study of the effectiveness of a 

method on multiple target behavior of same subjects or groups in the same 

setting.  

(2) Multiple Baseline Design Across Subjects: Study of the effectiveness of a 

method on one target behavior of multiple subjects in the same setting. 
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(3) Multiple Baseline Design Across Settings: Study of the effectiveness of a 

method on a target behavior of one subjects in the multiple setting. 

 

When applying multiple baseline design, baseline data need to be collected 

simultaneously on multiple cases (behavior, subject, and setting).  There may be 

difficulties in the baseline data collection process for the cases due to continuous or 

throughout the day observation need.  In addition, the extended baseline 

measurement or take a long time of research can lead to frustration in the subjects 

and or practitioners (Murphy & Bryan, 1980).  In such cases, multiple probe design 

is recommended which eliminates long baseline data collection and threatens the 

internal and external validity (Tawney & Gast, 1984). 

  

3.5 Analysis of Data in Multiple Baseline Design 

 

Data in multiple baseline design, as well as other single subject designs are analyzed 

graphically (Fraenkel & Wallen, 2005, p.306; Kērcaali Ķftar & Tekin, 1997).  Line 

graph is used to make graphical analysis.  While vertical axis of the graph shows the 

quantitative value of the dependent variable, horizontal axis show quantitative value 

of the application (days, hours, weeks, or observation sessions).  Lines drawn vertical 

to the horizontal axis shows the phases (baseline phase, treatment phase, such as 

follow-up phase) and is used to separate from each other.  (Fraenkel & Wallen, 2005, 

p.306; Kērcaali Ķftar & Tekin, 1997). 

 

3.6 Participants of the Study 

 

The participants of the pilot and main study are homogeneous sample group 

including six elementary school children with ID who possess the capabilities of a 

certain developmental stage to be able to carry out certain specified tasks defined in 

participant selection criteria.  Participant selection criteria are given below.  One 
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participant child was from SUSMD and other two participant children were from 

SSERC in Ankara.  The mentioned school and center have been preferred by the 

researcher because of the large number of children and the proximity of the their 

locations.  Before the study, a meeting was made with teachers and information 

given to them about the study by the researcher.  Each child was tested in a one to 

one session whether he/she knows animals in the research.  There were ten animals, 

which were included in the research.  Each animal was asked four times in four 

different animals.  The child was selected as subject if she does not give three correct 

answers in four responses.  Only six children participated research regularly and 

suitable for the selection criteria listed above.  

 

In the pilot and main study, there were three children for each of them.  ñThe Parent 

Permission Formò (Appendix A) was signed by parents.  During the study, the 

participants' real names are not used; predetermined code names are used.  Their 

code names are M-SA, M-TK, M-BO, P-MS, P-AS and P-ES.  P-MS, P-AS and P-

ES participated in the pilot study; M-SA, M-TK and M-BO participated in the main 

study.  

 

M-SA is 11 years old male having ID.  His disability rate is 50% and intelligence 

quotient (IQ) level was 55.  He was attending  SSERC  twice a week for one year.  

He attended the study in summer semester.  His mother and fatherôs occupations are 

cleaner.  His parentôs educational status is primary education and income rate is 

middle.  He has two brothers/sisters. 

 

M-TK is 16 years old male having ID.  His disability rate is 50% and intelligence 

quotient (IQ) level is 50.  He was attending SSERC twice a week for two years.  He 

attended the study in summer semester.  His mother is a housewife.  His parentôs 

educational status is primary education and income rate is middle.  He has two 

brothers/sisters. 
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M-BO is 16 years old male having ID.  His disability rate is 50% and intelligence 

quotient (IQ) level is 55.  He was attending SUSMD three days in a week for three 

years.  During the study, he was attending Special Education and Rehabilitation 

Center twice a week.  His mother is housewife and father is truck driver.  His 

parentôs educational status is primary education and income rate is middle.  He has 

two brothers/sisters. 

 

 

 

 

 

 

 

 

 

 



 

 

Table 3.1 Demographic Information about Participants 
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M-SA Male 11 Intellectual 

Disability 

Moderate No Cleaner Primary 

Education 

Cleaner Primary 

Education 

M-TK Male 16 Intellectual 

Disability 

Moderate No Housewife Primary 

Education 

Unemployed Primary 

Education 

M-BO Male 16 Intellectual 

Disability 

Moderate Yes/ 

Scoliosis 

Housewife Primary 

Education 

Truck Driver Primary 

Education 

P-MS Male 11 Intellectual 

Disability 

Moderate No Housewife Primary 

Education 

Cleaner Primary 

Education 

P-AS Male 9 Intellectual 

Disability 

Severe  Yes 

/Hearing 

Loss 

Housewife Primary 

Education 

Turner High 

School 

P-ES Male 11 Intellectual 

Disability 

Severe No Housewife Primary 

Education 

Repairman Primary 

Education 
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Researcher 

 

The researcher has a BS degree in Electronic and Communication Engineering, MS 

degree in Computer Engineering, and PhD candidate in Computer Education and 

Instructional Technology with experience as an instructor in a university.  She 

teaches ñComputer Programmingò at the undergraduate level.  In addition, she 

conducts research on the teaching of cognitive concepts and skills with smart toys to 

people with intellectual disability.  Teachers in public schools did not attend the 

experimental part of this study because he /she teaches more than one child at the 

same time.  For this reason, all phases belonging to the children in the pilot study in 

the public school were carried out by the researcher.  However, consultations were 

held with the teachers throughout all phases. 

 

 

Teachers 

 

Four special education teachers participated the research and conducted intervention 

and follow-up sessions.  All teachers have experience as an instructor over five years 

in a Special Education and Rehabilitation center that provides education to children 

from autism to intellectual disability in Ankara.  Three of teachers have worked at 

SSERC, one teacher was from SUSMD.  

 

 

Observer 

 

Interobserver reliability and procedural fidelity data were determined by two special 

education teachers in the study. They have bachelor degree in education of 

individuals with intellectual disability. Two observers were informed by the 

researcher about the study and teaching with the smart toy before of the experimental 

study. 
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3.7 Participant Selection Criteria 

 

Children must have met the following requirements: (1) attend school regularly, (2) 

have sufficient visual level, (3) have IQ level over 55 determined in their written 

report by Counseling and Research Center, (4) have sufficient receptive language 

level (touch, show, tell and look etc.) that will perform basic instructions and (5) The 

child mustnôt know animals included in the research. 

 

3.8 Utilized Materials 

 

Environment (Settings) 

In the study, all sessions were implemented in an individual training room at two 

school in Ankara.  The school names  were used as code name.  The code name of 

first school was SSERC  and code name of second school was SUSMD.  There were 

one table, two chairs and several closed teaching materials cabinet out of research 

materials and equipment in individual training room.  In the application home, there 

were one table, several chairs, one seat and research materials and equipment.  One 

camera was placed in both rooms to keep data records.  Camera was positioned to 

see the child reactions and items that were placed on the table.  All sessions were 

carried out between 9:30 to 16:00 on weekdays as one to one sessions for each child. 

 

Equipment and Materials 

 

The listed tools and equipment, which were used throughout the research (see Figure 

3.11): 

 

For Teaching of Social Studies Concepts: 

ï Samsung Intel Atom 1.66 GHz, 10.2 inch PC 

ï Flash Animation 
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ï 10 different figures hard plastic animal toys /Smart Animals Toy (inserted 

RFID tags) 

ï 1 Reader device 

ï Cable 

 

Smart animals toy used a radio-frequency identification (RFID) system.  A special 

RFID tag was placed  under or inside the hard plastic animal depend on their size 

(see Figure 3.11).  RFID tags are imperceptible to the child.  In this system, an RFID 

reader connected to the computer recognizes the toy via the tags (see Figure 3.12).  to 

In design  of computer animations, Adobe Flash CS6 was used.  The computer 

application was triggered by the transmitted tag data. 

 

Depending on the toys placed on the RFID reader, the related animalôs animation 

appears on computer screen.  The learning activity with smart toy includes four 

phases, which are beginning, instruction, reinforcement, and measurement-evaluation 

phases.  In the beginning phase, the child is expected to register with the help of her 

teacher via login screen in flash animation with predefined login name and then 

choose a play character (Can or Cici) to continue the animation.  After play character 

was chosen, ñLearning Animalsò screen welcomes children.  After this phase, animal 

to be taught was chosen with the help of teacher and second phase, instruction phase 

starts.  In this phase, the child is expected to watch instructional animation on the 

screen and put correct toys on the surface of the RFID reader according to voice 

instructions.  If an incorrect item is placed on the readerôs surface, instructional 

animation is repeated until right toy is put on the readerôs surface.  In the third, 

reinforcement phase, related animal is asked respectively from one, two, and three 

choices.  If an incorrect animal is placed on the readerôs surface, instructional 

animation is repeated and then return to the unsuccessful level.  In the last, success 

rate of child is tested by asking correct animal four times in measurement and 

assessment phase.  During the measurement, all answers are recorded and score is 

shown at the end of application.  Screen captures of last version of smart toy 

application are presented in Figure 3.13. 



 

 

34 

 

For Collection of Interobserver and Procedural Fidelity Data 

ï Samsung Digital Camera 

For Keeping Children Performance Records  

ï Data Collection Forms for Baseline , Intervention and Maintenance Phases 

ï Pencil, Notebook
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Figure 3.12  Mechanisms of Smart Animals 

 

 

Figure 3.11 Main Components of Smart Animal Toys 
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Figure 3.13 Screen Captures Last Version of Smart Animal Toy Application 

 

3.9  Experimental Conditions 

In the study, there were three phases performed in different time schedules: 

 

1. Baseline Phase (at least 3 sessions for each child ) 

This phase shows performance of each child before the treatment.  It was 

implemented at least in three repeated sessions for each child.  Baseline data 

were collected with Baseline Data Collection Tool named ñBaseline and Follow-

Up Sessions Data Collection Formò (see Appendix C).  During the application, 

the child sit opposite to researcher or teacher and the the concept to be taught was 

asked four times in four different concepts (Figure 3.14).  Child was expected to 

answer for 4-5 seconds; the instruction was repeated if child did not answer the 

question.  If the child still did not respond, or incorrect response was considered 

as the wrong response.  For the child's right, wrong, and unresponsive answers 
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were marked to ñBaseline and Follow-Up Sessions Data Collection Form ñ(see 

Appendix C). 

 

 

Figure 3.14 Baseline Session 

 

2. Intervention Phase (Teaching the concept- At least 3 sessions for each 

child) 

In this phase, smart animal toy application are used for teaching related social 

studies concepts to children with ID. Teacher controlled the application and 

helped the child during intervention session (Figure 3.15).  The intervention 

session for each subject is continued until the three consecutive sessions meet the 

success criteria. The correct answers of individuals are reinforced with audial and 

visual feedback by the smart toy application, incorrect answers are ignored and 

the training part is displayed again automatically and child is asked to answer 

again.  It is repeated until child completes all steps correctly (see Figure 3.16).  

After each intervention session, intervention data were collected with 
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ñIntervention Sessions Data Collection Formò (see Appendix D) that shows 

learning performance of child after the treatment.  It consisted of totally at least 

three repeated sessions for each child. 

 

 

 

Figure 3.15 Intervention Session 
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Figure 3.16 Flowchart of the Intervention Session 
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3. Follow-up Phase (At least 1 session for each child) 

To determine whether the teaching of social studies concepts that was performed 

with smart animal toys persist for a certain time in children with ID (expected to 

be positive) or not, continuous data were collected at least 7 days after the 

training. During the sesion,  the child sit opposite to researcher or teacher and the 

the concept to be taught was asked four times (Figure 3.17).   Only one session 

was applied for three children.  Follow-up data were collected with ñBaseline and 

Follow-Up Sessions Data Collection Formò (see Appendix C) 

 

 

 

 

Figure 3.17 Follow-up Session 
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Table 3.2 Overview of Research Questions, Data Sources, Data Collection 

 Instruments, Data Analysis Techniques, and Validity Issues 

Research Questions Data Sources Data 

Collection 

Instrument  

Data 

Analysis 

Techniques 

1. What are the design 

principles of a smart 

toy application for 

children with ID?  

 

12 Special 

Education 

Teacher and 2 

Academicians 

Semi-

structured 

interviews 

 

Content 

Analysis 

 

2. Do the smart toys 

have a positive 

impact on teaching 

social studies 

concepts to children 

with ID? 

 

3 elementary 

school children 

with ID 

 

Criterion 

referenced 

performance 

tests, 

Observations 

Graphical 

Analysis 

Descriptive 

analysis 

3. What are the 

teachersô opinions 

on the impact of 

smart toys on the 

motivation of 

children with ID? 

 

4 Special 

Education 

Teachers 

 

Semi-

structured 

interviews 

Content 

Analysis 

4. How usable 

(effective, efficient 

and satisfactory) is 

the smart toys 

technology?   

4 Special 

Education 

Teachers 

 

Semi-

structured 

Interviews, 

Observations 

Content 

Analysis- 

Descriptive 

analysis 
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3.10 Data Collection Procedure and Instruments 

 

In this research, semi-structured interviews, video records of training sessions and 

observations were the main data collection sources of the study.  Four kinds of data 

were collected with these instruments: effectiveness data (1), reliability data (2), 

social validity data, (3) and usability data (4).  Details of each data collection 

procedure are given in the following Table 3.3. 
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Table 3.3 Data Collection Procedure, Instruments, and Roles of Practitioners 

Process Data Collection Tools Data Type 
Practitione

r  

Before the 

implementation 

¶ The Parent Permission 

Form (Appendix A) 

 Parents 

¶ The Demographic 

Information Form 

(Appendix B) 

Descriptive 

Data 

Special 

Education 

Teachers 

During the 

implementation 

¶ Baseline and Follow-up 

Sessions Data 

Collection Form 

(Appendix C) 

¶ Intervention Sessions 

Data Collection Form 

(Appendix D) 

 

Effectivenes

s and 

Usability 

Data 

Researcher, 

Special 

Education 

Teachers 

¶ Video Recording Interobserve

r Reliability 

and 

Usability 

Data 

Special 

Education 

Teachers, 

Observer 

After the 

implementation 

¶ Observer Notification 

Sheet (Appendix F) 

 

Interobserve

r Reliability 

Observer 

¶ Baseline and Follow-up 

Sessions Procedural 

Fidelity Checklist 

(Appendix H) 

Procedural 

fidelity data 
¶ Reliability Checklist  

(Appendix G) 

¶ Intervention Sessions 

Procedural Fidelity 

Checklist (Appendix H) 

 

¶ Interview Protocol for 

the Special Education 

Teachers for Social 

Validity (Appendix J) 

Social 

Validity 

Data 

Special 

Education 

Teachers 

 

¶ Interview Protocol for 

the Special Education 

(Appendix E) 

Usability 

Data 
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3.10.1 Collection of Effectiveness Data 

 

In the research, change in the dependent variable (target skill) was recorded by 

Baseline, Intervention, and Follow-up Sessions Data Collection Formò (Appendix 

D).  Childôs behavior was classified in two types: (1) Child gives correct response in 

acceptable rate.  (2) Child gives incorrect response.  Depend on child correct or 

incorrect response,ò+ò or ñ-ñsign was put to form in every step of the skill then 

percentage of the correct behavior rate are calculated depend on the number of these 

sign on the data collection form.  A correct response was defined as choosing a 

correct animal within four different animals after the presentation of question.  Each 

question was repeated four times for taught animal concepts.  An incorrect response 

refers to choosing an incorrect option and has 0 point.  A correct response has 1 

point. So, the total maximum possible points was 4 points for each session.  The 

program also automatically scored the childrenô responses for intervention and 

follow-up sessions.  After calculation, result data were visualized in a table at 

measurement screen. 

 

3.10.2 Collection of the Reliability Data 

 

In this research, three kinds of reliability data were collected.  (1) Inter-observer 

reliability, (2) Inter-coder reliability and (3) procedural fidelity.  The typical 

recommendation for the reliability data collection range from at least 20% - 50% of 

each session (Gast & Ledford, 2014).  In this research, reliability data were collected 

randomly chosen 20% of all sessions.  

 

3.10.2.1 Collection of Inter -observer Reliability and Observer Training 

 

Inter-observer reliability was used to examine the agreement between observers. It is 

the degree to which two independent observers watching the same events agree on 
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what they observe. The researcher was the primary observer and rated all sessions for 

all participants.  The secondary observer was a special education teacher who was 

not involved in the experimental procedures, she also rated all sessions.  The 

secondary observer was trained at the start of the study relating to intervention and 

data gathering process.  The training information was given relating by using 

ñObserver Notification Sheetò (Appendix F).  She was independently coded the 

observations.  The steps used to collect reliability data as follows: (1) All sessions 

were recorded by video camera; (2) Secondary observer was informed by ñObserver 

Notification Sheetò; (3) All sessions were watched and rated by the observers.  (4)  

Finally, Inter-observer reliability was calculated by using the ñagreements/ 

(agreements + disagreement) x 100ò formula which is used for analysis of the 

reliability data between the observers (Tawney & Gast, 1984).   

 

3.10.2.2 Collection of Inter-coder Reliability for I nterviews and Result 

 

Content analysis is defined as systematization of text analysis that examines 

ñunderlying meanings and ideas are revealed through analyzing patterns in elements 

of the text, such as words or phrasesò (Yang, 2008, p. 689.).  Intercoder reliability is 

at the heart of this method and prevents the mistakes while transcribing instruments 

(Creswell, 2009).  It is ñthe extent to which the different judges tend to assign exactly 

the same rating to each object" (Tinsley & Weiss, 2000, p. 98).  To determine inter 

coder reliability in this study; two researchers coded the same interview data 

independently and the codings compared for agreements.  The researcher was the 

primary coder and transcriber and coded all interviews.  The secondary coder was a 

foreign language teacher.  Her master thesis was related with qualitative data 

analysis.  She has also experience in qualitative coding as intercoders because of her 

thesis study.  Inter-coder reliability was determined by using the standard formula 

(Miles & Huberman, 1994, p. 64): Reliability = Number of Agreements / (Total 

Agreements + Total Disagreements). 

 

Miles and Huberman (1994) suggest that inter-coder reliability in qualitative data 

analysis should be at least or exceed 90% and it is accepted as good reliability.  In 
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this study, Miles and Huberman (1994)ôs inter-coder reliability score was the basis 

on evaluation.  

 

Intercoder reliability was measured for interview data in this study.  The reliability 

checking was performed for interviews conducted with four special education 

teachers to answer the research question one, three  and four.  Before starting the 

coding, information was given to the intercoder by researcher related with the aim of 

the study and research questions.  After only one question of interview was coded 

together, rules were determined related with main theme and sub-themes.  All 

interview transcripts were coded independently and finished in nearly 2 days.  After 

finishing the coding, themes and subthemes were compared and reliability 

coefficients were calculated according to Miles and Hubermanôs (1994) formula 

considering the number of agreements having similar meanings and number of 

disagreements.  Intercoder reliability data was found  0.91, which was reliable quite. 

 

3.10.2.3 Collection of Procedural Fidelity Data 

 

Ledford and Gast (2014) defines procedural fidelity as the degree to which a research 

plan was implemented as intended.  In this research, procedural fidelity data was 

collected by using ñBaseline and Follow-up Session Procedural Fidelity Checklist" 

(Appendix G) and ñIntervention Session Procedural Fidelity Checklistò (Appendix 

H).  For two children, treatment was done by special education teacher.  For other 

one child, it was done by researcher not studies in special education field.  According 

to Tekin-Iftar (2012), if treatment was carried out by the person who was not from 

the special education field, procedural fidelity data is collected at least 30% of 

sessions which were selected randomly (pg.111).  For that reason, procedural fidelity 

data was collected from 30% of each different type of sessions in this research.  

Procedural fidelity data were calculated by using the formula: observed practitioner 

behavior/planned practitioner behavior X 100 (Ledford & Gast, 2014; Tawney & 

Gast, 1984).  Procedural fidelity data were collected on researchersô behaviors of (a) 

getting the attention of the learner, (b) presenting target stimuli, (c) waiting for the 

learner to respond, (d) presenting stimuli after behavior, (e) waiting for intervals 
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between sessions and (f) ending the session.  These behaviors were examined during 

baseline, intervention, and follow-up sessions. 

 

3.10.3 Collection of the Social Validity Data 

 

Social validity is the measure of appropriateness of the goals, findings and methods 

an intervention program (Tekin & Kircaali-Ķftar, 2006; Wolf, 1978).  In this study, a 

social validity form was developed consisting of six questions according to the 

Wolfôs (1978) three levels of social validity.  While four questions were related with 

social significance of researchôs aim and social appropriateness of the methods in the 

research, other two of them were about social importance of the effects.  Social 

validity questionnaire was administrated to special education teachers of participants 

at the end of implementation.  Interviews were done using form named ñInterview 

Protocol for The Special Education Teachers for Social Validityò (Appendix J).  Four 

special education teachers who joined the main study one to one or watching session 

from videos were chosen for interview. They were expected  to evaluate  pre and 

post intervention sessions and response the interview questions so as to get their 

opinions. 

 

3.10.4 Collection of the Usability Data 

 

In order to determine the usability issues of smart toy applications, two different 

methods, ñexpert approach-heuristic evaluationò and ñexperimental approach-user 

testò methods were used together.  User testing method was used together with 

expertsô view because of properties of special education field. People with ID can not 

reflect their thoughts and in the each test can behave differently than before. 

Therefore, when field experts use ñheuristic evaluationò method to identify usability 

issues, user testsô data may be helpful to them.  

 

In collection of usability data, interviews and observational data were used.  

Interviews were done using a form named ñInterview Protocol for The Special 
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Education Teachers (Usability Data)ò (Appendix E).  For interviews, four special 

education teachers were selected who joined the main study one to one or watching 

experimental sessions from video camera recorder.  They were expected  to evaluate  

pre and post intervention sessions and response the interview questions so as to get 

their opinions.  In usability testing, users are included as testers to fulfill  specific 

tasks identified prior to the testing (Nielsen, 1993).  In this study, playing with the 

smart toy from starting to end was defined as the main task and this task was 

performed with children having ID.  

 

Observational data was collected with two forms named Baseline and Follow-up 

Sessions Data Collection Form (BFF) (see Appendix C) and Intervention Sessions 

Data Collection Form (IF) (see Appendix C).  IF was only used to conduct the smart 

toy usability testing in the pilot and main study because of the intervention sessions 

were the sessions that the smart toy was used.  IF had five columns, namely task 

(target behavior), performed, not performed and, no response.  Task refers to action 

that the child needs to perform in each screen.  During the usability test, a video 

camera was used to observe and record the children. 

 

3.11 Smart Toy Prototype 

 

Smart toy study started first as a prototype including some sea and land animals in.  

Its video is accessible from the web site http://www.oztek.metu.edu.tr (OZTEK, 

2015).  Its development process took approximately 6 months.  At first, the study 

was limited with autistic children with moderate intellectual disability.  For that 

reason, developmental characteristics of children with autism have been taken into 

account in the design of the prototype.  Sounds, visuals, and animations have been 

developed considering views of field experts. 

 

In design process, instructional materials were examined in two special education 

schools that used in the educational process of autistic children (OISEC and 

CSEABTC ) and interviews have done with field teachers in the mentioned schools.  

As a result of the examination, the concepts related with land and sea animals were 
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choosen to teach using smart toy applications.  In addition, the mentioned concepts 

were also appropriate in creating teaching scenerios with smart toy architecture.  

Smart toy technology, which enables real and virtual environment to combine,   has 

potential to increase the effectiveness of learning activity compared to the classical 

methods.  Protoype design  was carried out by receiving feedback from special 

education experts on how to design visual parts and other details (sounds, 

animations, etc.).  At the end of this stage, first smart toy prototype has been 

developed as instructional material for austistic child with ID (see Figure 3.18).  As 

seen in the Figure 3.18,  first application included eight animals.  Screen captures of 

prototype smart toy application are presented in the Figure 3.19 and 3.20 

 

The prototype of the smart toy set consists of three different prototype applications.  

The first prototype application consists of computer animation, plastic marine, and 

land animal toys.  This prototype application was designed to facilitate the teaching 

of land and marine animals (which are defined in a set of FarmTech smart toys) 

related with where they live and what their names are.  In this application, the child 

with ID chooses a land or marine animal character and puts this animal character to 

reader surface in order to interact it with computer (Figure 3.18).  Depending on 

plastic toy contacted with reader surface, an animation appears on the computer 

screen.  Animation includes visual content and verbal information about related 

animal name and its voice in the natural environment.  In this activity, it is possible 

to repeat and pause the each playing upon the child or the teacherôs demands. 

 

The second application of the prototype consists of land and marine visuals as well 

as computer animations.  The trained concepts in the first application are measured in 

this second application and all animals appear respectively on the screen.  Depending 

on voice instructions in the animation, for example ñWhere does the cow live?ò the 

child is expected to put the right environment card (sea or land) on the reader 

surface.  If he/she does so correctly, the animation moves on the second question by 

giving a óCongratulationsô response and continues until all the questions are 

answered correctly.  If the child does so incorrectly, the application waits until he/she 

puts the correct card on the reader surface by giving a ñTry Againò feedback.  
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ñFind Correct Animalò application is the third application of prototype smart toy.  In 

this activity, the child is expected to place the right plastic animal on the reader 

surface after audio instruction such as ñFind the Turtle and Put the Surface.ò  If 

he/she does so correctly, animation continues giving a ñTry Againò feedback until 

he/she matches with correct animal. 

 

 
 

 

 

Figure 3.18 First Smart Toy Prototypes 

Computer 

Animation 

Plastic Animals Environment Cards Reader Surface 
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Figure 3.19 Screen Captures of Sea and Land Animals Prototype Smart Toy 

Application 
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Figure 3.20 Plastic Smart Animals and Their Screen Captures of Computer 3.12 

Pilot Study 

 

After the development of prototype smart toy, according to the observations and 

suggestions of special education teachers and experts, this study was redesigned to be 

used by special education children with intellectual disability in the scope of a 

TUBITAK project named OZTEK.  During research, first prototype was shown to 

special education teachers and academicians.  In total, eleven meetings have been 

done with them.  Related web sites and projects were examined.  All screens, 

animals, animations, and sound effects were changed in the pilot study.  
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Pilot study was conducted with three children with ID in SUSMD.  Before the pilot 

study, a meeting was conducted with teachers and the researcher gave information 

about research.  According to the recommendations of special education teachers, 

fifteen children were selected.  

 

At the start of study, each child was tested whether he/she knows the animals or not.  

Ten animals were asked one by one four times among four different animals.  The 

child was selected as subject if she/he does not give three correct answers in four 

responses.  While five children among fifteen knew all animals, three children did 

not listen instructions and show suitable not behavior.  Other three of them did not 

come school regularly.  Only three children participated regularly and were suitable 

to the participation selection criteria.  ñThe Parent Permission Formò (Appendix A) 

was signed by parents.  Predetermined code names were used.  The code names of 

children participate to pilot study were P-MS, P-AS and P-ES.  

 

All sessions carried out by the researcher herself since the teachers of the classes had 

to attend to other children.  Thirty-five sessions were performed in total with three 

participants.  Firstly, baseline data were collected at least three sessions before the 

intervention, and after reaching the stable response, baseline sessions were ended.  In 

baseline sessions, a stable response refers to a behavior demonstrated by a participant 

unable to recognize an animal after three consecutive sessions.  Then intervention 

session was performed and stable response condition was checked.  If the stable 

response was given, intervention session would be ended.  If stable response was not 

given, intervention session would continue.  In the intervention sessions, stable 

response refers to a behavior demonstrated by a participant in at least three 

consecutive sessions implying that he/she can recognize the picture and, thus, learned 

the target skill.  Finally, follow-up sessions were performed. 
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CHAPTER 4 

 

RESULTS 

 

4.1 Introduction  

 

In this chapter, the results of the research are presented.  The research questions were 

analyzed in accordance with the related phases of the design based research (see 

Figure 3.3).  While the research question 1 was mainly investigated in phase 1 and 4, 

research question 2 was investigated in phase 3.  The research questions 3 and 4 were 

investigated in the phase 2 and 3.  The results of the research questions are presented 

under the following headings: (1) Effectiveness data, (2) Reliability data, and (3) 

Interview data (Usability and Social Validity) (shown in Table 4.1).   

 

Table 4.1 Types of Result Data Related with Research Questions 

Research Questions Data Type          Phase 

Research Question 1:  What are the 

design principles of a smart toy 

application for children with ID? 

 

Interview Data 

 

 

Phase 1, Phase 4 

 

Research Question 2:  Do the smart toys 

have a positive impact on teaching 

social studies concepts to children with 

ID? 

 

Effectiveness and 

Reliability Data 

 

Phase 3 

Research Question 3:  What are the 

teachersô opinions on the impact of 

smart toys on the motivation of children 

with ID? 

Interview and 

Reliability Data 

 

Phase 2, Phase 3 

Research Question 4:  How usable 

(effective, efficient and satisfactory) is 

the smart toys technology? 

Interview , 

Effectiveness and 

Reliability Data 

 

Phase 2, Phase 3 
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4.2 Phase 1 (Research Question 1) 

4.2.1 Preliminary Design Principles  

Preliminary Design Principles of New Developed Smart Toy 

 

After prototype smart toy was developed, it was shown to 12  special education 

teachers and two academicians in total 11 meetings.  In addition, previous studies 

were examined focusing on characteristics and design of computer games for 

individuals with IDs in the literature.  The list of institutions and field experts held 

meetings in prototype study was given below table.  Code names were used as name 

of institution.  According to the observation notes and suggestions of academicians, 

special education teachers and experts in nine meetings, based on review of 

prototype smart toy, preliminary design principles of main smart toy application 

were determined as defined below.  

Table 4.2.1 The List of Institutions and Field Experts Held Meetings in Prototype 

Study 

Name of Institution Date Meetings 

 

OISEC 

 

 

June 25, July 11 and 

October 9, 2012 

 

3 meetings  with 1 

special education 

teacher and working 

with 2 children 

 

CSEABTC 

 

 

13 and 20 March, 2013 

2 meetings with 2 

special education 

teachers, working with 

2 children 

 

BSERC October 31, 2014 1 meeting with 1 special 

education teacher 

SUSMD  January 21 and March 9, 

2014 

2 meetings with 6 

special education  

teachers 

AASMD  

 

April 9, 2014 1 meeting with 2 special 

education teachers 

MU and GU  

November 3 and 11, 

2014 

2 meetings with 2 

academician 
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According to the interview results obtained by two academicians from MU and GU 

(see Table 4.2.1), the expectations in the design of new smart toy applications are as 

follows.  

 

Å The concepts to be taught should be included in the special education 

curriculum; 

Å A virtual play character (Narrator) should also be added; 

Å A virtual play character  should be changeable (boy or girl) depending on 

the childôs preference; 

Å The final scene in the application should include what the child has 

accomplished throughout the smart toy play; 

Å Feedbacks should be given to each child regarding their success or failure 

in the play;  

Å The educational content should be adapted to the children with ID; 

Å An appropriate game concept should be introduced to attract the  

childrenôs attention and maintain their motivation high; 

Å The visual design, animations, and sound effects should be simple and 

considering the childrenôs mental capacity and specific conditions. 

 

According to the interview results obtained by  six special education teachers in  

SUSMD, as well as  one teacher in BSERC (see Table 4.2.1),  both located in 

Ankara,  the expectations in the design of new smart toy applications are as listed in 

the following.  

 

Å While teaching an animal, number of choices should be two for each 

animal  (one correct and one incorrect) in the reinforcement screens of 

learning applications; 

Å The application should include only farm or marine animals and they 

should be separately; 
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Å Occupations, trucks or fruits and vegetables can be used as alternatives in 

concept teaching; and  

Å In the application, the feedback should not be included in the assessment 

screens. 

 

There were also interviews held by two special education teachers at AASMD and 

OISEC (see Table 4.2.1), with the following results: 

 

Å The application  should  include very few concepts in one frame such as 

sound, name, or  living environments only, and there should exist a 

separate learning application for each concept; 

Å The developed application  should be a design that highlists all the related 

attributes of the concept being taught; 

Å Toy play should allow the children to interact with their intended 

educational contents and  purposes; 

Å Smart toys should be designed in a way that is both safe for child and 

fragile or prone to damages easily; 

Å Higher level animals such as bears  and  elephants (non-domestic 

animals) not encountered in daily life are not  needed to be learnt by 

children at an early stage, can be later be included to increase the level of 

application for  other children having severe mental disorders.  Farm 

animals such as chickens, cows, and sheep or animals encountered  

mostly in daily life such as cats, dogs are primarly  preferred for  

teaching;  

Å Smart toy play should be guided and monitored by teacher to increase 

effectiveness; and 

Å In the learning applications,  the picture of the relevant concept should be 

appear  on the screen and,  then,  the child  should be able to reinforce the 

concept by matching its picture with the right smart toy,  assessment 

should start only afterward. 
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The following opinions are shared by the teachers at SUSMD and AASMD (see 

Table 4.2.1) 

 

Å The learning applications should not be complex  and  include all animals 

in one animation; 

Å In design of the learning applications,  the audio instructions should be 

simple, clear, and short; 

Å The applications should have different difficulty levels to make them 

usable by children with different cognitive levels; 

Å In the assessment screen, the same question should be asked four  times 

and  in the same way; 

Å The number of options on the assessment screens should be four at most; 

Å The first prototype should only  be used only as  a reinforcement  if  it 

does not include a separate application; and  

Å In the application, there should be a selection screen that allows the 

teacher to choose which concept to teach and in which order. 

 

In addition, interviews held at CSEABTC in Ankara (see Table 4.2.1) yielded the 

following results from the teachersô perspectives.  

 

¶ In the assessment and learning applications, if  the child does not place the  

smart toy on the reader surface within  4-5 seconds after the audio  

instruction,  the instruction  should be repeated until he/she does so; and 

¶ In the learning applications, if the child places the wrong smart toy on the  

reader surface,   the related question  should be repeated  by giving a visual 

hint. 
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4.3 Phase 2 and 3 (Research Question 2, 3, and 4) 

4.3.1 Effectiveness Data (Effectiveness Study of the Pilot and Main Study with 

Children)  

 

The effectiveness data were analyzed separately for pilot and main study.  Details of 

pilot study are given below.  Effectiveness data of the main study of the research 

related with teaching social studies concepts to children with ID by using smart toy 

are illustrated in the Figure 4.4.  It shows progress of participants from baseline to 

follow-up sessions.  Each data point represents an observation session.  Data point 

appears on a participantôs graph for each observation session she attended; if there is 

no data point, this refers the participant did not attend the session.  The phase lines 

distinguish the baseline phase from the intervention phase with the smart toys, and 

then the intervention phase from follow-up phase.  While the horizontal axis 

represents the number of baseline sessions (baseline, intervention, follow-up); the 

vertical axis of the graphic represents the percentage of the participantsô correct 

responses during baseline sessions.  The results are analyzed in three stages for each 

participant: (1) baseline sessions, (2) intervention session and, (3) follow-up sessions.  

In the research, since participant children attend to school in different days and   

continue in different school, same sessionsô data of children had to be collected in 

parallel not started at different times.  Also, some selected participant did not attend 

study regularly and in the middle of study.  Therefore, some participants had to be 

replaced by different participants. 

 

4.3.1.1 Effectiveness Data of the Pilot Study 

Observations during the Pilot Study 

 

All sessions were performed by the researcher for three children.  The percentage of 

the child P-AS's correct responses throughout baseline, intervention, and follow-up 

phases are displayed in Figure 4.1.  P-AS completed the six baseline sessions before 

teaching the concept (chicken) by using smart toys.  He received no information 

regarding his performance.  According to baseline data, the mean score of P-AS in 
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giving right responses for related animal character (chicken) is 29%.  While he 

performed 0% in the first session, he performed 50% and 25% in the last three 

sessions. 

 

Out of the second and third intervention sessions (50% and 75%), participant P-AS 

performed 100% correct response in all four sessions during the intervention as 

shown in the Figure 4.1.  The intervention sessions were ended when the three 

consecutive sessions gave the desired extent (100%).  He performed 100% in the first 

and 75% in the second at the follow-up sessions.  Two measurements were taken as 

follow-up session data.  

 

 

 

Figure 4.1 Percentages of Correct Responses of Participant P-AS 

 

The child P-ES's percentage of correct responses throughout baseline, intervention, 

and follow-up phases are shown in Figure 4.2.  P-ES completed six baseline sessions 

before teaching the concept (sheep) by using smart toys.  He received no information 

regarding his performance.  According to baseline data, the mean score of P-ES in 

giving right responses for related animal character (sheep) is 12.5%.  While he 

performed 0% in first the two and fourth session, he performed 25% in the last two 

and third session. 
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Participant P-ES performed 100% correct response in three sessions during 

intervention as shown in the Figure 4.2.  The desired extent (100%) was reached at 

least three consecutive sessions, so intervention sessions were ended.  He performed 

100% in all follow-up sessions.  Two measurements were taken as follow-up session 

data.  

 

 

 

Figure 4.2 Percentages of Correct Responses of Participant P-ES 

 

The percentage of the child P-YS's correct responses throughout baseline, 

intervention, and follow-up phases are shown in the Figure 4.3.  P-YS completed the 

four baseline sessions before teaching the concept by using smart toys.  He received 

no information regarding his performance.  According to baseline data, the mean 

score of P-YS in giving right responses for related animal character (rabbit) is 12.5%.  

While he performed 0% in the first, second, and fourth session, he performed 25% in 

the last two and third session. 

 

Participant P-YS performed 100% correct response in only two sessions during 

intervention as shown in the Figure 4.3.  He performed 100% in the follow-up 

session.  One measurement was taken as follow-up session data.  
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Figure 4.3 Percentages of Correct Responses of Participant P-YS 

After the pilot study, based on discussions with experts, it was decided that all sound 

recordings be made once again, this time in a professional studio.  Also, in the pilot 

study, there were forward buttons, which move the application to next screen, and 

teachers had to press with help of a touchscreen or mouse.  This diverted both the 

child's attention and minimized the integrity of the applications.  These problems will 

prevent children advance notice activity on-screen card was tried to be overcome by 

the design.  These problems were overcome by the designing a RFID card.  All 

forward buttons were changed in a way that can be operated with this card. 

In addition, in the old version, the correct animal always appeared in the upper left 

corner, giving a hint to participants to guess the correct animal.  For that reason, in 

each reinforcement, measurement and evaluation screen, order of animals was 

designed to change randomly.  

As another change, animals were changed in a way that would appear randomly on 

each reinforcement, measurement, and evaluation screen.  In old version, the animal 

quartets used to be same in each measurement screen.  Also, in the old version, there 

was no play character on the screen and only a voice would instruct the participant.  

In the main version (modified version), there is a play character featuring a boy or a 

girl.  Play character appears on screen during his/her speech. 
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4.3.1.2 Effectiveness Data of the Main Study 

 

4.3.1.2.1 Effectiveness Data of the First Participant M-SA 

 

The first child M-SA's percentage of correct responses throughout baseline, 

intervention, and follow-up phases are shown in the Figure 4.4.  M-SA completed the 

five baseline sessions before teaching the concepts (animals) by using smart toys.  

He received no information regarding his performance.  According to the baseline 

data, the mean score of M-SA in giving right responses for related toy animal 

character (duck) is 15%.  While he performed 0% in the first and second sessions, he 

performed 25 % in the last three sessions. 

 

Out of the second intervention session (75%), participant M-SA performed 100% 

correct response in all four sessions during intervention as shown in the Figure 4.4.  

The intervention sessions were ended when the three consecutive sessions gave the 

desired extent (100%).  He performed 100% at the follow-up session.  Only one 

measurement was taken as follow-up session data.  

 

4.3.1.2.2 Effectiveness Data of the First Participants M-TK  

 

The second child M-TK's percentage of correct responses throughout baseline, 

intervention, and follow-up phases are shown in Figure 4.4.  M-TK completed the six 

baseline sessions before teaching the concepts (animals) by using smart toys.  He 

received no information regarding his performance.  According to the baseline data, 

the mean score of M-TK in giving right responses for related toy animal character 

(rabbit) is 8.3%.  While he performed 0% in the four sessions, he performed 25 % in 

the last and first sessions. 

 

M-TK performed 100% correct response in all five sessions during intervention as 

shown in the Figure 4.4.  The desired extent (100%) was reached at least three 

consecutive sessions, so intervention sessions were terminated.  He performed 100% 
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at the follow-up session.  Only one measurement was taken as follow-up session 

data. 

 

4.3.1.2.3 Effectiveness Data of the First Participants M-BO 

 

The third child M-BO's percentage of correct responses throughout baseline, 

intervention, and follow-up phases are shown in the Figure 4.4.  M-BO completed 

the seven baseline sessions before teaching the concepts (animals) by using smart 

toys.  He received no information regarding his performance.  According to baseline 

data, the mean score of M-BO in giving right responses for related animal character 

(dog) is 10.7%.  While he performed 0% in the first, fifth, sixth and seventh sessions, 

he performed 25 % in the second, third and fourth sessions. 

M-BO performed 100% correct response in all four sessions out of first session 

(75%) during intervention as shown in Figure 4.4.  The intervention sessions were 

ended when the at least three consecutive sessions gave the desired extent (100%).  

He performed 100% at the follow-up session.  Only one measurement was taken as 

follow-up session data. 
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Figure 4.4 Percentages of Correct Responses of Three Participants for the Baseline, 

Intervention, and Follow-up Sessions 
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4.3.2 Reliability Data 

 

In the study, three different reliability data were collected: (1) Inter-observer 

Reliability Data, (2) Procedural Fidelity Data and, (3) Inter-coder Reliability Data. 

 

4.3.2.1 Inter -observer Reliability Data 

 

In order to calculate inter-observer reliability, the agreement on the same content was 

checked between observers.  While primary observer was the researcher, the second 

observer was independent from the research.  For assessing inter-observer reliability, 

all sessions were watched by the second observer after data collection procedure was 

explained by using ñObserver Notification Sheetò (Appendix F).  Then baseline and 

follow-up sessionsô data were coded to Appendix C, intervention sessionsô data for 

each child were coded to Appendix D.  

 

In this part, ñagreements/ (agreements + disagreement) x 100ò formula was used for 

analysis of the reliability data between the observers (Tawney & Gast, 1984).   The 

results were as follows: the mean inter-observer agreement was 100% across all 

children during the three sessions (100% for the baseline session, 100% for the 

intervention session, and 100% for the follow-up session). 

 

4.3.2.2 Procedural Fidelity Data 

 

Purpose of procedural fidelity is to examine how the planned implementation is 

applied correctly by practitioner (Tekin-Iftar, 2012).  Procedural fidelity data were 

collected for baseline, intervention, and follow-up sessions as show in the Table 

4.2.2.  In this study, procedural fidelity data were collected from at least 30% of each 

different type of sessions, which were selected randomly and coded according to the 

related session to ñProcedural Fidelity Checklistò (Appendix G and Appendix H).  

Procedural fidelity data were calculated by using the formula: observed practitioner 



68 

 

behavior/planned practitioner behavior X 100 (Ledford & Gast, 2014; Tawney & 

Gast, 1984). 

 

Table 4.2.2 Procedural Fidelity Data for Baseline, Intervention, and Follow-up 

Sessions 

 

Baseline 

Sessions 

Intervention 

Sessions 

Follow-up 

Sessions 

Total Session Number 18 15 4 

Evaluated Session Number (calculated at 

least as % 33 of total of sessions) 
6 7 3 

Procedural Fidelity Data 88 100 92 

 

 

Procedural Fidelity Data for Baseline Sessions 

 

In the study, 18 baseline sessionsô data were collected.  Five sessions belong to the 

first participant (M-SA), 6 sessions belong to the second participant (M-TK), and 7 

sessions belong to the third participant (M-BO).  Six sessions were selected 

randomly in total for procedural fidelity calculation (30% of total baseline sessions).  

Procedural fidelity data show that practitioner applied the baseline sessions with 88% 

accuracy level. 

 

Procedural Fidelity Data for Intervention Sessions 

 

Fourteen intervention sessionsô data were collected from three participants.  Five 

sessions belong to the first participant (M-SA), 4 sessions belong to the second 

participant (M-TK), and 5 sessions belong to the third participant (M-BO).  Seven 

sessions were selected randomly in total for procedural fidelity calculation (50% of 

total baseline sessions).  Procedural fidelity data show that practitioner applied the 

intervention sessions with 100% accuracy level. 

 

Procedural Fidelity Data for Follow-up Sessions 
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Follow-up sessionsô data were collected from three participants.  One session 

belongs to the fi rst participant (M-SA), 1 session belongs to the second participant 

(M-TK), and 2 sessions belong to the third participant (M-BO).  Three sessions were 

selected randomly in total for procedural fidelity calculation (75 % of total baseline 

sessions).  The result of procedural fidelity data proves that practitioner applied the 

follow-up sessions with 92% accuracy level. 

4.3.3 Usability Data 

 

To answer the fourth research question, observation and interview data were 

collected.  To collect data from the children playing with the smart toy observation 

method was used.  An observation sheet including specific tasks related to smart toy 

based training was prepared (see Appendix D).  The children were observed whether 

they fulfill these tasks or not.  Details of observations were also noted as comments.  

For each child, usability testing was applied individually under the guidance of 

his/her teacher.  The researcher informed the teachers about how to play with the 

smart toy before the sessions.  Also, the smart toy was introduced to each child by 

the teachers before starting of each play session.  The usability testing results are 

presented below. 

 

Besides, the changes in the smart toy application after pilot study were considered in 

usability analysis.  After pilot study, main (last) version of smart toy application was 

developed by making some changes in the pilot application according to the views of 

special education expert and teachers.  They are given in Table 4.3. 

 

 

 

 

 

 

 

 



70 

 

Table 4.3 The modifications in the Smart Toy Application after the Pilot Study 

Sample 

Screen No 

Modifications 

All  All recordings were made once again in a professional studio 

environment. 

 

9,12,14 

All forward buttons were changed in a way that can be operated 

with a RFID card. 

16 All themed  backgrounds was removed from the measurement 

screens. 

16 Animal sounds were eliminated from the measuring and assessing 

screens. 

 

11,13,14,16 

The order of animals was designed to change randomly in each 

reinforcement, measurement, and evaluation screen.  In the old 

version, the correct animal appeared in the upper-left corner. 

 

11,13,14,16 

 

 The animals were designed to appear randomly in each 

reinforcement, measurement, and evaluation screen. 

All screen A play character was added to accompany the audio instructions. 

 

 

4.3.3.1 Efficiency (Behaviors of Children) 

 

In the Table 4.4, comparison of intervention session time between pilot study and 

main study ï effectiveness data are shown.  Time differences have been calculated as 

duration between choosing play character and end of intervention time.  

Measurement sessions that were made after in each intervention sessions have not 

been considered. 

 

As seen in the Table 4.4, there is no significant difference in the mean spent time 

between pilot study and main study.  While participants in the main study completed 

intervention sessions in average 03:24 minutes, before changes in application 

participants in pilot study completed intervention sessions in average 03:48 minutes.  

Maximum value of total playtime in the main study was 05:42 minutes for 

participant M-SA.  Because, he repeated training session twice because of choosing 

incorrect animal.  Minimum value was 02.30 minutes for M-TK.  Main reason 

behind this result is similarity of main and pilot study.  There were no changes in the 

number of steps in two applications in training of skill that effect application 

duration. 
























































































































































































