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ABSTRACT 

 

A MODELING STUDY ABOUT BARRIERS WHICH ANATOLIAN 
TEACHER TRAINING SCHOOL PHYSICS TEACHER FACED 

IMPLEMENTING MICRO-COMPUTER BASED LABORATORY 

 

Alptekin, Funda 
Doctor of Philosophy, Secondary Science and Mathematics Education 

Supervisor: Prof. Dr. Ali Eryılmaz 
 

October 2018, 401 pages  

 

The aim of this study is fourfold: (a) to explore the barriers Anatolian Teacher 

Training High School (ATTHS) physics teachers face with implementing 

Microcomputer Based Laboratory (MBL), (b) to develop two structural equation 

models (SEM) and a hierarchical linear model (HLM) to determine relationships 

between these barriers, (c) to describe how MBL is being implemented in ATTHS 

physics courses and (d) Make suggestions for an effective in-service training course 

for MBL. A total of fifteen questionnaires were sent to 196 ATTHS with an 

accessible population of 196 principals, 239 physics teachers and 5880 students.  

With the aid of descriptive statistics the results of the needs assessment survey were 

examined. The result of the models, literature review and in-service training course 

needs assessment were connected. None of the teachers stated that they have 

negative attitude toward any of the attitudes. They stated that second order barriers 

have smaller effects than first order barriers. Many of the teachers stated that lack of 

resources is the main problem, and SEM showed that lack of resources is the 

problem which affects most. Institutional issues directly affect lack of resources and 

the direct effect of attitudes is small on MBL integration. Students' attitudes also 
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have a small direct effect on MBL integration. Students' MBL proficiency has a high 

direct effect on MBL integration. When HLM results were examined, none of the 

teacher factors affected the desire of students to use MBL. Only two student factors 

affected the desire of students to use MBL; attitude toward use of technology and 

attitudes toward the physics course. Moreover need analysis showed that the teachers 

mainly prefer in-service courses in their home cities, and they prefer in-service 

courses for all topics. They do not prefer their colleagues at instructors on in-service 

courses. 

  

 

Keywords: Technology, Barriers, Micro-computer Based Laboratory, In-service 
training, Physics Teachers, Structural Equation Modeling, Hierarchical Linear 
Modeling  
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ÖZ 

  

ANADOLU ÖĞRETMEN LİSESLERİNDE GÖREV YAPAN FİZİK 
ÖĞRETMENLERİNİN BİLGİSAYAR TABANLI LABORATUVAR 

UYGULAMALARI SIRASINDA KARŞILAŞTIKLARI ENGELLER İLE 
İLGİLİ BİR MODELLEME ÇALIŞMASI 

  

 

Alptekin, Funda 
Doktora, Orta Öğretim Fen ve Matematik Alanları Eğitimi 

Tez Danışmanı: Prof. Dr. Ali Eryılmaz 
 

Ekim 2018, 401 sayfa 

 

Bu çalışmanın temel olarak dört amacı bulunmaktadır. Bunlar (a) Anadolu Öğretmen 

Liselerinde (AÖL) görev yapan fizik öğretmenlerinin Bilgisayar Tabanlı Laboratuvar 

(BTL) uygulamaları sırasında karşılaştıkları engelleri belirlemek, (b) bu engeller 

arasındaki ilişkileri öğretmenler ve öğrencilerin verilerinden iki yapısal eşitlik 

modellemesi bir de çok düzeyli analiz yaparak belirlemek, (c) BTL’nin AÖL fizik 

derslerinde nasıl uygulandığını tanımlamak ve (d) etkili bir BTL hizmet içi kursu için 

önerilerde bulunmaktır. Çalışmanın örneklemini 196 AÖL içerisindeki 196 müdür ve 

müdür yardımcısı, 239 fizik öğretmeni ve 5880 lise öğrencisi oluşturmaktadır. Bu 

örnekleme çalışmanın amaçlarına ulaşabilmek için toplamda 15 anket uygulanmıştır.  

Modellemelerden elde edilen sonuçlar, ihtiyaç analizi anketinin sonuçları, betimsel 

istatistikler ve alan yazın taraması birleştirilerek çalışmanın sonuçları elde edilmiştir.  

Bu sonuçlara göre; AÖL fizik öğretmenlerinin hiç birisi ölçülen alanlarda negatif 

tutuma sahip değillerdir ve bu öğretmenler ikinci derece engellerin onların BTL 

uygulamaları yapmasını birinci derece engeller kadar etkilemediğini söylemişlerdir. 

Öğretmenlerin birçoğu kaynakların yoksunluğunun onların BTL uygulamaları 
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yapmalarını engelleyen en önemli faktör olduğunu söylemişlerdir. Öğretmen verisi 

ile yapılan yapısal eşitlik modellemesi sonuçları da bu konuda öğretmenleri 

desteklemektedir Kurum, kaynakların yoksunluğunu direk olarak etkilerken, tutumlar 

BLT uygulanmalarını küçük oranda etkilemektedir. Öğrenci verisi ile yapılan yapısal 

eşitlik modellemesi sonuçları da öğrencilerin tutumlarının da BLT uygulamalarını 

küçük oranda etkilediği görülmüştür. Öğrencilerin BTL yeterliliklerinin BLT 

uygulamalarını yüksek oranda etkilediği görülmüştür. Hiyerarşik doğrusal 

modelleme sonuçlarına bakıldığında da hiçbir öğretmen değişkeninin öğrencilerin 

BTL uygulamaları yapılmasına yönelik isteğini değiştirmediği görülmüştür. Sadece 

öğrencilerin fizik dersinde teknoloji kullanımına fizik dersine yönelik tutumları BTL 

uygulamaları yapılmasına yönelik isteği etkilemektedir.   

 

Anahtar Kelimeler: Teknoloji, Engeller, Bilgisayar Tabanlı Laboratuvar 

Uygulamaları, Hizmet İçi Eğitim, Fizik Öğretmeni, Yapısal Eşitlik Modeli, Çok 

Düzeyli Analiz 
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CHAPTER 1  

 

1. INTRODUCTION 

 

1.1. Background of the Study 

There is a great innovation in information and communication technologies. The first 

cell phones were more than one kilogram and could be used for 20 minutes for talking. 

Today we can do nearly whatever we want with cell phones. We can make video 

conversations, play games, connect to the internet and read books. The computer 

designed and built by IBM in 1944 was room-sized and was used to produce 

mathematical tables. But today nearly every home has computers as a main asset, and 

there is a great interest in society in technological innovations.  

New generations are born and grow with technology. Their interests and enjoyment 

shift toward technological applications. Thus, there is an inbuilt need to use the latest 

technological innovations in education. With the improvements and innovations in 

technology; the methods and, or the materials used in the education have been 

changing. When computers were first embedded into education, they were used to 

provide instruction by substitution of direct lectures for distance learning at Florida 

State Open University in United States in late 50s (Chambers & Sprecher, 1980).  

During the following years, use of computers in education, that is applications of 

computers in education, has changed and become enhanced. With the improvements 

in instructional technology, technological tools have become an important part of the 

teaching and learning processes. PowerPoint presentations, drill and practices, 

simulations, games, computer-based textual content and digital audio lectures, 

hypermedia, internet and microcomputer based applications are some basic examples 

of instructional tools. 

With emerging technology, national education departments tried to change their 

educational policies. Throughout the world use of computers in classroom settings is 
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offered by curriculum makers and educational specialists. The National Science 

Education Standards in the USA and American Association for the Advancement of 

Science (AAAS) stated that various technologies including calculators, hand tools, 

and computers are important for scientific literacy and they should be used in various 

contexts in classroom settings (as cited in Chang, 2003). Also in Turkey, the use of 

computer software and CD-ROMs in the Science and Technology Curriculum were 

encouraged (p.22). It was stated that computers and other information and 

communication technologies give opportunities to facilitate science education (2006, 

p.22). The importance of computers in education in five year developmental plans was 

also stated (State Planning Organization, 2000; 2007).   

In the era of technology, improvements in technology affect education, and thus the 

materials, methods and learning environments have been changing. Educational 

technologies have been used for different purposes in educational settings. Use of 

computers in education is one of the different applications of educational technologies, 

and all educational systems in the world support the use of computers in teaching. In 

our country, Turkey, we also use computers at different grade levels. Middle School 

Science and Technology Curriculum supports and encourages use of technologies in 

science and technology courses (p. 22), claims that computers and other information 

and communication technologies promote science learning (2006, p. 22).  Physics 

Curricula support the use of technology in order to promote and increase physics 

learning and enhance information and communication skills (High School Physics 

Curriculum, 2007, p. 19). 

Earlier, the instructional technology was defined only as instructional media which 

convey instructional messages. Due to technological improvements, technological 

media used in education have been advanced. Beside the improvement in technology, 

based on research, how it should be used has been changed also. This would lead to 

changes in the definition, and instructional technology has been classified as a process 

as well as products (Reiser & Dempsey, 2007).    

The Association for Educational Communications and Technology (AECT) defines 

educational technology as “the study and ethical practice of facilitating learning and 
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improving performance by creating, using, and managing appropriate technological 

processes and resources” (as cited in Reiser & Dempsey, 2007, p. 6). Instructional 

technology is the use of media for instructional purposes and use of systematic 

instructional design procedures (Reiser & Dempsey, 2007). Instructional technology 

is a narrower term than educational technology. Educational technology deals with 

educational administrative applications as well whereas instructional technology does 

not (Roblyer, 2006). 

In his famous book of “Diffusion of Innovations”, Rogers (1995) defined 

“technology” as follows: “A technology is a design for instrumental action that 

reduces the uncertainty in the cause-effect relationships involved in achieving a 

desired outcome. A technology usually has two components: (1) a hardware aspect, 

consisting of the tool that embodies the technology as a material or physical object, 

and (2) a software aspect, consisting of the information base for the tool” (p. 12).  In 

his definition, “technology” represents a mixture of hardware and software 

components and it is frequently used as a synonym of “innovation”. The term 

“integration” was frequently used interchangeably with the term “use” in several 

studies (Lloyd, 2005). In this study as well, technology integration is viewed as 

teachers’ use of ICT technologies including computers, projectors, printers, scanners, 

televisions, overhead projectors, DVD/VCD/Video players, and instructional software 

for instructional purposes in elementary school settings. 

Besides using technology in classroom teaching, laboratory applications using 

technology have a broader aspect. Simulation and interactive virtual experiments are 

some examples of technological tools used in laboratories or instead of laboratory 

applications. Microcomputer-based laboratory (MBL) applications are some of the 

technological tools used in laboratories. In general, MBL is a system which gathers 

data with the aid of probes and draws graphs of the experiment simultaneously. With 

sensors connected into computers, real time data is collected and real time graphs are 

drawn (Al-Shaya, 2003; Travers, 2005). With the help of micro-computers, students 

will spend time and energy to understand the experiment, to interpret experiment 

results and to form scientific knowledge which they accumulated while collecting data 
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and drawing graphs. Micro-computers provide the ability to use limited time allocated 

to laboratory in a more effective way (Krajcik, Soloway, Blumenfeld, & Marx, 1998; 

Osio, 2002). Laboratory applications done with micro-computers are called Micro-

Computers based Laboratory (MBL). Han also stated that (as cited in Osio, 2002) 

MBL supports disabled students in learning science.  

Using MBL in an effective way is related directly to how teachers use this technology, 

how they integrate MBL in their lessons and how they integrate MBL in concept 

teaching with their students’ experiences (Osio, 2002). It is important to use MBL in 

an inquiry environment. MBL provides students with simultaneous real time data 

collection but students should first be made to predict hypothesis and then they collect 

data with electronic sensors, after which they should analyze and interpret experiment 

results with various tables and graphs (Thornton & Sokoloff, 1990).   

The improvements in technology raises peoples’, not only adults but also children’s’ 

interest towards technology. It makes students more interested and more 

knowledgeable about technological tools and thus it shifts their teachers to use 

technology effectively. It is also substantial that training of teachers about 

technologies they have faced with to make effective usage of the new technology. 

Effectiveness of computer-assisted teaching is highly dependent on the training of 

teachers and their preparedness, attitudes, expectations and views about computer-

assisted learning (Uşun, 2004). Thus, in-service training courses are organized by the 

Ministry of National Education (MONE) in order to enhance teachers’ knowledge 

about information and communication technologies used in education. Moreover, 

instructional technologies and material development and computer applications in 

science education courses are made compulsory at all teacher education programs in 

higher education (Higher Education Board, 1998).   

Ertmer (1999) stated that the level of technology integration should be determined by 

observing the extent to which technology facilitates learning and teaching processes 

rather than counting available technologies. Even if there is a general belief that 

integration technology in courses increases students’ achievements and prepares them 

as teachers for their future workplaces and schools, which are full of technological 
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equipment to use in courses; teachers are reluctant to use them in their courses (Cuban, 

Kirkpatrick & Peck, 2001; Inan, 2007). Mainly they prefer to use technology for drill 

and practices more than authentic educational applications (Inan, 2007; Inan & 

Lowther, 2010).  

It was stated that there are many factors which prevent teachers from integrating 

technology into their courses (Ertmer, 1999). Becker states that computers become 

precious and well-functioning instructional materials, if teachers have convenient 

access to technology, have a constructivist pedagogical belief are free to change the 

curriculum and have an adequate knowledge of technology (2000, as Yavuz, 2005). 

Barriers teachers faced when implementing technologies are classified as first order 

barriers and second order barriers (Ertmer, 1999). First order barriers are external 

barriers, which are easy to determine and easy to solve. Lack of time, lack of technical 

support, lack of technical equipment, not reaching equipment easily and time are 

stated as first order barriers. Moreover, subject culture, high stake examinations and 

principal support are also stated as first order barriers. Second order barriers are 

internal barriers and they are mostly not realized by teachers themselves. It is difficult 

and takes time to establish and overcome these barriers. Attitudes and beliefs, and 

knowledge and skills are second order barriers. In Table 1.1, barriers and their 

explanations are summarized. 

Table 1.1. The first and second order barriers (obtained and regulated from literature) 

Dimension Explanation 

First Order 

Barriers 

Lack of 

Resources 

Lack of Technology Lack of hardware, software and manuals 

Lack of Access to 

Technology 

Not reaching and using a proper amount 

of the right technology in a convenient 

way by teachers and students  

Lack of Time Lack of time of teachers in order to use 

MBL equipment and make experiments, 

learn how MBL applications are done 

and prepare for MBL applications after 

lessons   
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Dimension Explanation 

Lack of Technical 

Support 

Lack of technical support from/at school 

or other institutions to find solutions for 

hardware and software problems faced 

when using MBL equipment  

Institution  Leadership Teachers’ not being supported by 

leaders to use MBL, not determining 

places to use MBL, not determining a 

proper time schedule to use MBL for 

public places and not ensuring 

coordination between teachers     

Time Tabling Structure Adjustments made by MONE or other 

institutions which are course or 

laboratory hours per weeks stated in the 

curriculum  

Lack of Technology 

Integration Plan 

Lack of a technology integration plan of 

MONE or other intuitions about use of 

technology in education and lack of 

planning of in-service or pre-service 

educations.  

Subject Culture Inconvenience of nature of subject or 

courses not proper to use of technology  

Assessment High Stake Examinations 

Second 

Order 

Barriers 

Attitudes and Beliefs Teachers’ views about their students’ 

attitudes and beliefs about MBL 

applications. 

Skills Lack of Technology 

Skills 

Lack of skills about use of technological 

equipment and programs. Lack of 

technology skills.  

Lack of Technology 

Supported-Pedagogy 

Skills 

Lack of skills and knowledge related to 

the content to be taught with the 

integration of technology 

Lack of technology-

related-classroom 

management skills 

Lack of classroom management skills in 

the courses in which MBL applications 

are done.   

 

Factors affecting technology integration are highly related to each other. Many 

qualitative and quantitative studies were conducted to determine this relationship 

(Hew & Brush, 2007; Inan, 2007; Robinson, 2003; Teo, 2009). Hew and Brush (2007) 

examined the relationship between subject culture, assessment, institution, knowledge 
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and skills, resources and teachers’ attitudes and beliefs. Their study is a literature 

review study. Inan (2007) proposed an empirical model and showed the relationships 

between age, years of teaching, teacher’s readiness, support, computer availability, 

computer proficiency and teachers’ belief.  

For science teaching, laboratory activities have a great deal of importance. Laboratory 

activities give students a chance to obtain the knowledge of how science is done. 

Moreover, the laboratory makes students conduct a deep learning of science. 

However, laboratory applications have often failed to reach or achieve these idealized 

ideas (Lazarowitz & Tamir, 1994; Tobin, 1990a). The reason for not living up to these 

ideas is the time spent on data collection, “lack of satisfaction with measurement” and 

“time delay between conducting an experiment and processing data” (Lazarowitz & 

Tamir, 1994; MacKenzie, 1988).     

At this point, MBL, a technological tool, resolves problems arising from ordinary 

laboratory activities. With MBL applications, students should collect data 

simultaneously while doing experiments with the aid of sensors. They display data 

just as they finish observing the experiment. They can access the data of the 

experiment whenever they want to as the data is stored on a computer. Thus, students 

gain time they spent on conducting the experiment and data processing. They should 

have more time for manipulating variables, testing hypothesis, exploring relationships, 

dealing with misconceptions and developing high level thinking abilities (Kelly & 

Crawford, 1996; Lazarowitz & Tamir, 1994; Rogers, 1995; Thornton, 1997; Tinker, 

1981). 

However, as in implementation of other technological application in lessons, teachers 

do not integrate MBL in their courses. As cited in Russell (2002), in a study done with 

44 science teachers at Brisbane secondary schools in Australia, only about 4% of 

science teachers integrate MBL in their courses (Russell, 1991a; Russell, 2002). In the 

other studies done about MBL it was stated that even teachers who are enthusiastic to 

use MBL, feel their old method is better than using MBL and the difficulties they 

faced implementing MBL exceeded the disadvantages of ordinary laboratory 

applications. Russell stated that it is difficult for teachers to use MBL because they do 
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not apply constructivist theories of learning to MBL. In addition, in his study he 

examines the effect of MBL on high school students’ physics achievement (Russell, 

2002) 

1.2. Purpose of the Study 

The aim of the study is four-fold. First of all we want to determine the barriers teachers 

faced implementing MBL. In order to achieve this aim we collected self-reported data 

from teachers and managers in order to describe barriers teachers faced. 

The second aim of the study is to describe how MBL is implemented in Anatolian 

Teacher Training High Schools (ATTHS). In order to achieve this aim we have 

collected self-reported data from teachers and students about implementing MBL. 

The third aim of the study is to develop a structural equation model and a hierarchical 

linear model to determine relationships between these barriers. In order to achieve the 

result of this aim we have used self-reported data from teachers about barriers, but 

also we have used other self-reported data we have collected independently from a 

barrier questionnaire, such as proficiency, attitude and experience. Moreover we have 

used students’ self-reported data such as their attitudes and proficiency. We have 

collected student data from classes of physics teachers in sampled ATTHS. The data 

forms a nested structure. Thus, we have modeled a relationship between teacher and 

student data with a hierarchical linear model. 

The fourth aim of the study is to make a suggestion to MONE for the effective 

implementation of MBL. A literature review will be compared with all the data and 

analysis done and suggestions will be made about the needs of the system for the 

effective implementation of MBL. 
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1.3. Research Questions of the Study 

In order to fulfill the purposes of the study, the research questions and sub-questions 

of this study are as follows: 

1. What are the perceptions of ATTHS physics teachers and students about how 

MBL is used in their physics lessons? 

a. What are the perceptions of ATTHS physics teachers about how 

MBL is used in their physics lessons in Turkey? 

b. What are the perceptions of students in ATTHS about how MBL is 

used in physics lessons in Turkey? 

2. What are the attitudes of ATTHS physics teachers and their students about 

physics lessons, use of technology in physics lessons, laboratory in physics 

lessons and using MBL in physics lessons? 

a. What are the attitudes of ATTHS physics teachers toward using MBL 

in physics lessons? 

b. What are the attitudes of ATTHS physics teachers toward using 

technology in physics lessons? 

c. What are the attitudes of ATTHS physics teachers toward laboratory 

in physics lessons?  

d. What are the attitudes of ATTHS physics teachers toward physics 

lessons? 

e. What are the attitudes of students in ATTHS toward using MBL in 

physics lessons? 

f. What are the attitudes of students in ATTHS toward using technology 

in physics lessons? 

g. What are the attitudes of students in ATTHS toward laboratory in 

physics lessons? 

h. What are the attitudes of students in ATTHS toward physics lesson? 

3. What are the barriers ATTHS physics teachers face when implementing 

MBL in physics lessons? 
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a. What are the most common factors affecting MBL implementation of 

physics teachers in ATTHS? 

i. What are the views of ATTHS physics teachers about the 

barriers they face when implementing MBL? 

ii. What are the views of principals at ATTHS about the barriers 

ATTHS physics teachers face when implementing MBL? 

b. What is the best fitting structural equation model explaining the 

relationships among lack of resources, teaching experience, teacher 

attitudes and belief, MBL proficiency, subject culture, institution and 

MBL integration by ATTHS physics teachers? 

c. What is the best fitting structural equation model explaining the 

relationships among attitudes of students in ATTHS toward physics 

lessons, laboratory, using MBL and using technology in physics 

lessons, students' desire to use MBL, MBL proficiency and grade 

level of students? 

d. What is the best fitting hierarchical linear model explaining the 

relationships among lack of time, lack of source, teaching experience, 

teacher attitudes (toward physics lessons, laboratory, using MBL and 

using technology in physics lessons)  and belief, MBL proficiency of 

teachers, subject culture, lack of resources, institution, MBL 

proficiency of students, students attitudes (toward physics lessons, 

laboratory, using MBL and using technology in physics lessons), 

student desire to use MBL and MBL integration by ATTHS physics 

teachers? 

4) What are the characteristics of an effective in-service training course about 

MBL based on SEMs about integration of MBL, teachers' and principals' views 

and literature review?  

a. What are the views of ATTHS physics teachers about in-service 

training courses?  

b. What are the characteristics of an effective in-service training course?  
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1.4. Statistical Research Hypothesis 

In accord with the research questions, null hypotheses are stated respectively: 

H1_0: The structural equation model explaining the relationships among lack of 

resources, teaching experience, teacher attitudes and belief, MBL proficiency, subject 

culture, institution and MBL integration by ATTHS physics teachers is not significant. 

Figure 1.1 shows a model of the first null hypothesis. 

 

Figure 1.1. The structural equation model explaining the relationships among lack of resources, 

teaching experience, teacher attitudes and belief, MBL proficiency, subject culture, institution and 

MBL integration by ATTHS physics teachers 

H2_0: The structural equation model explaining relationships among attitudes of 

students in ATTHS toward physics lessons, laboratory, using MBL and using 

technology in physics lessons, students' desire to use MBL, MBL proficiency and 

grade level of students is not significant. Figure 1.2 shows a model of this null 

hypothesis. 
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Figure 1.2. The structural equation model explaining relationships among attitudes of students in 

ATTHS toward physics lessons, laboratory, using MBL and using technology in physics lessons, 

students' desire to use MBL, MBL proficiency and grade level of students 

H3_0: The hierarchical linear model explaining the relationships among lack of 

resources, teaching experience, teacher attitudes (toward physics lessons, laboratory, 

using MBL and using technology in physics lessons) and belief, MBL proficiency of 

teachers, subject culture, institution, assessment, lack of skills, MBL proficiency of 

students, students’ attitudes (toward physics lessons, laboratory, using MBL and using 

technology in physics lessons), student desire to use MBL and MBL integration by 

ATTHS physics teachers is not significant. The model of this null hypothesis is given 

in Figure 1.3.  
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Figure 1.3. The hierarchical linear model explaining the relationships among lack of resources, 

teaching experience, teacher attitudes (toward physics lessons, laboratory, using MBL and using 

technology in physics lessons) and belief, MBL proficiency of teachers, subject culture, institution, 

assessment, lack of skills, MBL proficiency of students, students’ attitudes (toward physics lessons, 

laboratory, using MBL and using technology in physics lessons), student desire to use MBL and MBL 

integration by ATTHS physics teachers 

1.5. Significance of the Study 

MONE has distributed materials about MBL applications to a great majority of high 

schools in Turkey. In addition, ATTHS have had these materials for a long time. 

Besides, MONE has designed in-service training courses for high school science 

teachers about how they use these materials.  

This study shows whether students’ and teachers’ views and attitudes about MBL 

applications are similar. In addition, relationships between their attitudes and views 

are examined. Determining the barriers teachers faced will help MONE decide what 

regulations they should implement in school environments and in-service training 

courses they will organize. An effective training course increases students’ 

achievement. Planning and designing effective courses will supply meaningful 

learning to the students in an indirect way.   
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However, as with other new technological applications, even in the history of MBL 

from 1988, as well as the history of the use of MBL in Turkey from the 1990s, both 

show that teachers do not integrate MBL in their courses. Even in all teacher training 

high schools (while this thesis written Anatolian teachers training high schools 

changed to Anatolian high schools) and all science schools except schools in the 

Middle East geographical region of Turkey, there is no data about the use of MBL in 

these schools.  

There are studies about barriers teachers faced integration technology in their classes 

in both national and international literature. When taken together, the studies reviewed 

above seem to provide a comprehensive list of factors. But a closer look reveals that 

few studies systematically investigated the interactions among factors and that 

organizational structures have not yet been taken into account in the context domain. 

Moreover, there is no study found by the researchers about barriers the teachers faced 

implementing MBL and the relationships between these barriers. Furthermore, there 

is not any study about implementing MBL in physics education found in the literature 

and it should be the first study in literature in Turkey.  

There are in-service courses designed and administered by MONE about use of MBL 

equipment for physics, chemistry and biology teachers. However, the use of MBL is 

still not widespread. Even though there are such a large number of in-service courses 

applied by MONE, the teachers still do not use it, so there should be other problems. 

These problems should be determined by a needs analysis. What teachers do not know 

about MBL should be learned, and also what they want to know. Besides these, the 

barriers should be determined and the content and context of the in-service courses 

should be based on these results and actions should be taken by MONE for an effective 

use of MBL. An in-service course should be designed according the relation of barriers 

with each other and with an effective in-service model.  

Also in the literature, it was seen that the barriers only examined the use of MBL in 

terms of the teachers’ side. Student factors were not taken into consideration. 

However, students play an important role in the education.  
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At the end of the study, with a collective structural equation model, all points stated 

above should be met. As barriers and their relation will be raised up, they will lead 

MONE to take action in order to overcome these barriers. Thus, such materials so 

much money is spent to buy will not languish on dusty shelves. An effective in-

service course could be designed and the money should not be wasted.  

Furthermore, when we examine the study in the perspective of teacher and student 

samples, it is in a different place. The study covers all the population in terms of 

teachers and a big sample from four geographical regions. There is no study found in 

the literature about technology integration works with such a big student sample and 

the whole teacher population. Even so, there are not so many studies working with 

such a big sample.  

1.6. Definitions of Important Terms 

In this section, definitions of important terms stated in the dissertation will be given.  

Microcomputer Based Laboratory (MBL): In this study micro-computer based 

laboratory is used to refer to laboratory applications which are done with sensors and 

a specific interface to collect real time data and draw real time graphics (Russell, 

2002).   

Microcomputer Based Laboratory (MBL) integration: Teachers’ use of 

Microcomputer based laboratory hardware and software for instructional purposes in 

their lessons (Russell, 2002).  

Technology integration: Teachers use of all type of technology for instructional 

purposes in their lessons. In the literature, the aim of use of technology integration is 

stated as being to re-shape instructional activities to carry out them more reliably and 

productively, to increase students’ achievements and thinking abilities (Hew & Brush, 

2007). In this study, technology integration is viewed as use of all technological 

software and hardware, such as computers, software, projectors, the internet, etc.      
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Attitude: In this study attitude represents “positive or negative feelings or cognitive 

readiness of a person learned or regulated from experiences which affect the behavior 

of a person to an event, subject or people…” defined as Gibson, Ivancevich and 

Donnelly (1991). In this study the subjects are the physics laboratory, use of 

technology in physics courses, MBL and physics course. Attitudes are measured for 

students and teachers. These questionnaires are given in Appendix F and H. 

Teachers’ Attitudes toward Physics Laboratory: In this study it refers to 

the teachers’ scores on a 25-item, 5 points Likert type Teachers’ Attitudes toward 

Laboratory Questionnaire (TATLQ). 

Teachers’ Attitudes toward Use of Technology in Physics Course: In this 

study it refers to the teachers’ scores on a 25-item, 5 points Likert type Teachers’ 

Attitudes toward Laboratory Questionnaire (TATTQ). 

Teachers’ Attitudes toward MBL: In this study refers to the teachers’ scores 

on a 25-item, 5 points Likert type Teachers’ Attitudes toward MBL Questionnaire 

(TATMBLQ). 

Teachers’ Attitudes toward Physics Course: In this study refers to the 

students’ scores on a 24-item, 5 points Likert type Teachers’ Attitudes toward Physics 

Course Questionnaire (TATPQ). 

Students’ Attitudes toward Physics Laboratory: In this study it refers to the 

teachers’ scores on a 25-item, 5 points Likert type Students’ Attitudes toward 

Laboratory Questionnaire (SATLQ). 

Students’ Attitudes toward Use of Technology in Physics Course: In this 

study it refers to the teachers’ scores on a 25-item, 5 points Likert type Students’ 

Attitudes toward Laboratory Questionnaire (SATTQ). 

Students’ Attitudes toward MBL: In this study refers to the teachers’ scores 

on a 25-item, 5 points Likert type Students’ Attitudes toward MBL Questionnaire 

(SATMBLQ). 
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Students’ Attitudes toward Physics Course: In this study refers to the 

students’ scores on a 25-item, 5 points Likert type Students’ Attitudes toward Physics 

Course Questionnaire (SATPQ). 

Barriers: Barrier is defined as “a is something such as a rule, law, or policy that makes 

it difficult or impossible for something to happen or be achieved.” in the dictionary 

(Collins, 2018). In this study, barrier is defined as some factors / difficulties teachers 

face during technology integration (Bingimlas, 2009; Ertmer, 1999; Inan & Lowther, 

2010; Hew & Brush, 2007; Lawless & Pellegrino, 2007; Gerard, Varma, Corliss & 

Linn, 2011). In this study, technology specifically means MBL. Thus, barriers toward 

technology integration are used as barriers toward MBL integration. 

Total Teaching Experience: In this study, total teaching experience refers to 

the number of years of service in the teaching profession. Total teaching experience 

is a self-reported item and is assessed with a question in the teacher questionnaire. 

MBL Proficiency: Proficiency in using MBL, related equipment and 

programs, pedagogical knowledge and classroom management. MBL Proficiency in 

this study refers to the teachers’ scores on a 15-item from “absolutely disagree” to 

“absolutely agree” using 5-point Likert type questions in the teacher questionnaire. 

Lack of Technology:  Teachers’ perceptions about lack of having enough 

hardware, software and user manuals to be a barrier to the use of MBL. Lack of 

Technology in this study refers to the teachers’ total scores on the first five items of 

the Barriers Teachers faced using MBL Questionnaire for Teachers (BMBLQT). The 

questionnaire is given in the Appendix K. 

Lack of Access to Technology: Teachers’ perceptions about lack of easy 

access to a sufficient amount of the correct technology in the proper place and at the 

proper time. “Lack of Access to Technology” in this study refers to the teachers’ total 

scores on the four 5-point Likert type items range in the Barriers Teachers Faced Using 

MBL Questionnaire for Teachers (BMBLQT). 
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 Lack of Time: Teachers’ perceptions about their lack of time to learn how to 

implement MBL applications and to prepare, to design and implement MBL in the 

lessons. “Lack of Time” in this study refers to the teachers’ total scores on the five 5-

point Likert type items range at BMBLQT. 

Lack of Technical Support: Teachers’ perceptions about lack of access to 

technical support from their school and any other institutions whenever they faced 

problems about hardware and software use. “Lack of Technical Support” in this study 

refers to the teachers’ total scores on the three 5-point Likert type items range in the 

BMBLQT. 

Leadership: School Principals’ appreciation and encouragement of teachers’ 

use of MBL, providing laboratories to use MBL, ensuring coordination between 

teachers about using equipment and laboratory time. “Leadership” in this study refers 

to the teachers’ total scores on the four 5-point Likert type items range in the 

BMBLQT. 

Time Tabling Structure:  Weekly course and laboratory hours stated in the 

curriculum and determined by MONE and other institutions (independent from course 

teachers and principals at the schools). “Time Tabling Structure” in this study refers 

to the teachers’ total scores on the two 5-point Likert type items range in the 

BMBLQT. 

Lack of Technology Integration Plan:  Teachers’ perceptions about MONE 

and other institutions having a general technology integration plan and a plan about 

in-service training courses. “Lack of Technology Integration Plan” in this study refers 

to the teachers’ total scores on the three 5-point Likert type items range in the 

BMBLQT. 

Subject Culture: Teachers’ perceptions about the course or topic being 

appropriate for the use of MBL.”Subject Culture” in this study refers to the teachers’ 

scores on a 5-point Likert type items range in the BMBLQT. 
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Assessment: Teachers’ perceptions about the effect of high-stake 

examinations “Assessment” in this study refers to the teachers’ total scores on the 

three 5-point Likert type items range in the BMBLQT. 

Lack of Technology Skills: Teachers’ perceptions about their lack of skills 

and knowledge about the use of software and hardware. “Lack of Technology Skills” 

in this study refers to the teachers’ total scores on the four 5-point Likert type items 

range in the BMBLQT. 

Lack of Technology Supported-Pedagogy Skills:  Teachers’ perceptions 

about their lack of knowledge and skills about integrating MBL with the course 

(integrating MBL with content, main concepts, and structure of the field. “Lack of 

Technology Supported-Pedagogy Skills” in this study refers to the teachers’ total 

scores on the seven 5-point Likert type items range in the BMBLQT. 

Lack of Technology-Related-Classroom Management Skills: Teachers’ 

perceptions about their lack of knowledge and skills about classroom management in 

the lessons in which MBL is used. “Lack of Technology-Related-Classroom 

Management Skills” in this study refers to the teachers’ total scores on the four 5-point 

Likert type items range at BMBLQT. 
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CHAPTER 2  

 

2. LITERATURE REVIEW 

 

2.1. Barriers towards Technology Integration 

Technology integration is embedding technological hardware and software tools such 

as computers, multimedia, video recorders, handheld devices, probe wares, the 

Internet and so on to support teaching and learning processes (Hew & Brush, 2007). 

Use of technology should be done along with creating lessons plans to communicate 

with students’ parents, presenting lessons with a projector to students using computers 

for drill and practice activities, and to using software applications to enhance problem 

solving skills (Inan & Lowther, 2010). In this study, technology integration is defined 

as all software and hardware used in order to enhance teaching and learning.   

It is stated that use of information and communication technology (ICT) in education 

not only enhances and assists the learning but also helps students to be a part of society 

in future having appropriate technological skills (Cavucci, 2009; Rogers & Finlayson, 

2004; van Braak, 2001). Being delivery of education in parallel with adopting 

technological innovations, the use of ICT in education helps students to be familiar 

with ICT skills and this leads them to pass into working life more easily (van Braak, 

2001) "to communicate, collaborate and solve problems" (Ertmer, Ottenbreit-

Leftwich, Sadik, Sendurur & Sendurur, 2012). Hew and Brush (2007) also state that 

technology helps students to reach opportunities easily which is not otherwise 

possible, such as expert speakers at different geographical locations.   

Use of information and communication technologies has been supported by 

governments all over the world. In addition, the Turkish government supports the use 

of ICT in education and she suggests using ICT in education supports and informs the 

development and strategic plans (Information Society Strategy Action Plan, 2006; 

2014). The Information Society Strategy Action Plan (2006, 2014) states the 
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importance of using Information and Communication technologies in all areas of life. 

It is stated that use of ICT in education will not only increase effectiveness of 

education but also will help to raise development of the country in the long term. The 

FATIH project is seen as one of the most important projects in education, which aims 

to increase the use of ICT in education. The name comes from the first letters of the 

project in Turkish, which means Action to Increase Opportunities and Improve 

Technology (Eğitimde FATİH Projesi Hakkında, 2016). The FATIH project aims to 

provide equal opportunity in education to all students and improve technology in 

schools. This project is composed of 5 main components, which are providing 

hardware and software infrastructure, providing and managing educational e-content, 

the in-service training of teachers about effective ICT use, effective using of ICT in 

the curriculum and providing conscious, secure, manageable and measurable use of 

ICT. It is even aimed at giving in-service courses about ICT to teachers with this new 

project, as in the past in-service training courses about ICT and especially use of MBL 

were given to the teachers by MONE (“Hizmetiçi Eğitim Planları”, 2016) 

Even though it is easier to reach technology and the use of ICT has also been supported 

by governments, there is an apparent gap between the amount of technology available 

in today's classrooms and teachers' use of that technology for instructional purposes 

(Kopcha, 2012). Moreover, there is not sufficient empirical support for the idea that 

access to technology should increase student learning and quality of instruction (Inan 

& Lowther, 2010). While computers and other technological tools are a prerequisite 

for technology integration, their presence in a classroom will not guarantee its 

effective use (Cuban, Kirkpatrick & Peck, 2001; Skoretz, 2011), For example when 

computers are used in the classroom they are mainly being used for drill and practice 

activities (Skoretz, 2011) or word processing (Cuban, Kirkpatrick & Peck, 2001; 

Ertmer, 2005; Lawless & Pellegrino, 2007). Therefore, it does not result in a drastic 

change in student learning if technology is removed from classrooms. However, 

research states that this is not because technology is an ineffective tool, but because 

of teachers not having the necessary skills to effectively integrate technology into the 

classroom (Inan & Lowther, 2010; Russell, Lucas & McRobbie, 2003; van Braak, 

2001)    
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It is important to integrate technology in a meaningful way. Ertmer (1999) proposes 

that the level of technology integration cannot be determined by counting the number 

of available technologies or the number of hours they were used. Rather, it is better to 

“observe the extent to which technology was used to facilitate teaching and learning” 

(p. 50). Integration of technology into education meaningfully is an active and 

complicated process, which is difficult to achieve for teachers (Bingimlas, 2009; 

Mishra & Koehler, 2006). To effectively integrate technology into education, teachers 

should have the knowledge of technology, pedagogy and content knowledge. That is, 

teachers should know both how to use technological tools, how and why this 

technology should be used to support education, and for which topics it is proper to 

use technology. Teachers must not only gain an understanding of the relation between 

technology, pedagogy and content knowledge but also apply this understanding within 

their classroom practice to effectively integrate technology in meaningful ways to 

influence student learning (Mishra & Koehler, 2006).    

With improvements in technology, schools were occupied with technological 

equipment, policy makers entered technology integration into curricula and other 

reports, professional development courses were given to the teachers, teachers still do 

not integrate technology in their courses. There are different studies about why 

teachers do not integrate technology into their courses. They declare that there are 

some factors / difficulties known as barriers they face during integration of technology 

(Bingimlas, 2009; Ertmer, 1999; Inan & Lowther, 2010; Hew & Brush, 2007; Lawless 

& Pellegrino, 2007; Gerard, Varma, Corliss & Linn, 2011).  

Ertmer (1999) classifies these barriers as first order barriers and second order barriers. 

She states that first order barriers are extrinsic to teachers. These barriers are 

incremental and institutional. Lack of access to technology (computer and software), 

insufficient time to plan instruction, inadequate administrative and technical support 

are defined as first order barriers. Second order barriers are intrinsic to teachers. These 

barriers are fundamental and personal. Teachers’ beliefs about teaching and 

computers, teachers’ beliefs about classroom practices and their resistance to change 

are defined as second order barriers (Ertmer, 1999). 
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She states that it is easy to determine and eliminate first order barriers. It is believed 

that removing first order barriers would enable teachers to integrate technology. But 

as stated earlier as a major problem, that although teachers have a sufficient amount 

of technology, it is seen that teachers still have not integrated technology. This brings 

out the second order barriers. Second order barriers originate from teachers’ hidden 

beliefs about teaching and learning, which cannot be determined easily by them or 

other people (Ertmer, 1999). Moreover, second order barriers are common among 

teachers and result in more difficulties than first order barriers (Ertmer, 1999). 

Furthermore, second order barriers exist for a long time and are not easily observable. 

They can be seen as a major factor, which interferes with teachers’ ability to integrate 

technology (Ritchie & Wibur, 1994 as cited in Ertmer, 1999).  

Moreover, teachers’ integration of technology, even if they have first order barriers, 

depends on how critical they perceive these barriers to be. Sometimes, the reasons for 

why they are frustrated by first order barriers give an explanation about second order 

barriers. For example, if a teacher who complains about the number of computers in 

his/her classroom wants to teach the course more easily with a high number of 

computers instead of increasing students higher order learning abilities, this shows 

that s/he does not know how to effectively integrate technology into his/her classroom. 

However, we can say that a teacher who wants to increase the number in order to make 

activities beyond those stated in the curriculum, we can infer that s/he may know how 

effectively integrate technology in his/her classroom.  

Another classification similar to first order and second order barriers is teacher level 

barriers, such as lack of time, resistance to change and negative attitudes, and school 

level barriers such as lack of access to resources, lack of in-service training and lack 

of technical support (Becta, 2004, Bingimlas, 2009). Moreover, Pelgrum called 

obstacles to barriers and classified as material and non-material (2001). Non-material 

obstacles are teacher level barriers as Becta (2004) states and second order barriers as 

Ertmer (1999) states. lack of knowledge and skills and lack of time are non-material 

obstacles. As Ertmer takes lack of time as a first order barrier, Pelgrum (2001) takes 

it as a non-material obstacle. The material obstacles are stated as lack of computers 
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and software (lack of technology as stated in Ertmer (1999)) and lack of access to 

computers.  

Besides these barriers, teachers’ demographic characteristics such as age, teaching 

experience, computer proficiency and readiness (Inan & Lowther, 2010; Rogers, 

2000) are stated as the barriers affecting teachers’ technology integration. 

As many of the studies talk about teacher level barriers affecting technology 

integration, very few studies talk about student level barriers. Rogers and Finlayson 

(2004) state that readiness of students in terms of ICT skills is a significant variable in 

technology integration.  

We classified barriers into seven main categories (a) lack of resources, (b) institution, 

(c) subject culture, (d) assessment, (e) attitudes, (f) beliefs, and (g) knowledge and 

skills, very similar to Ertmer’s classification (Ertmer, 1999) in this study. These main 

barriers are defined in the following sections.  

2.1.1. Lack of Resources  

Lack of resources includes lack of technology, lack of access to technology, lack of 

time and lack of technical support. Sometimes these barriers interpenetrate each other. 

Detailed explanations of all these barriers are given below. 

2.1.1.1. Lack of Technology 

 Lack of hardware and software, such as lack of computers to enhance instruction, is 

one of the main barriers (Ertmer, 1999; Hew & Brush, 2007; Keengwe, Onchwari & 

Wachira, 2008). As one of the intrinsic barriers, it is seen as one of the major barriers 

to technology integration, and it is assumed that technology integration would follow 

the removal of this barrier, and it would help the effect and existence of any second 

order barriers to be seen (Ertmer, 1999).  

Moreover, Mumtaz (2000) states that lack of hardware and software obstructs teachers 

from implementing technology, and thus results in limited experience of technology 
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of teachers and students. She states that the first step of technology integration is 

having the necessary resources. 

The barrier of lack of access to technology, except for not having hardware or 

software, is in general a lack of an available and proper amount of relevant and 

qualified technology in a convenient way for teachers and students (Hew & Brush, 

2007). Becta (2004) states that even the technology still in school is well-qualified but 

in an insufficient amount, so teachers face problems in organizing to use these 

technologies. Moreover, they need technological resources not only using in the 

classroom to enhance their courses, but they also need technology to prepare 

technology enhanced lesson plans or to improve themselves (Becta, 2004). Clark 

(2006) in his Delphi method study, tried to get educators to determine and reach a 

consensus about the effective use of technology in high schools, and states that even 

if there is available technology but it does not work properly, it behaves as a very 

important barrier.  

2.1.1.2. Lack of Time  

Lack of time is one of the resource type extrinsic barriers (Becta, 2004; Ertmer, 1999). 

From beginning of the integration of technology, teachers need time to learn to use 

the hardware and software (Butler & Sellbom, 2002; Cuban, Kirkpatrick & Peck, 

2001; Hew & Brush, 2007), time to collaborate (Beggs, 2000) time to plan and develop 

technology enhanced lesson plans (Newhouse,1999) and instructional materials 

(Rogers, 1999). They state that preparing lesson plans which integrate technology 

takes more time than preparing lesson plans which do not include technology (Brush, 

et al., 2003). Moreover, Kopcha (2012) states that using technology takes more 

teachers’ time in the classroom to deal with students. Lack of time is a big barrier in 

that teachers need time to learn how to use the hardware and software, time to plan, 

and time to collaborate with other teachers. Teachers also need time to develop and 

incorporate technology into their curriculum (Keengwe, Onchwari & Wachira, 2008). 
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2.1.1.3. Lack of Technical Support  

Lack of technical support is another first order lack of resource barrier. It is defined as 

lack of technical support from/at school or other institutions to find solutions about 

hardware and software problems faced during integrating technology (Hew & Brush, 

2007; Ertmer, 1999; Keengwe, Onchwari & Wachira, 2008; Rogers, 2000) In her 

study which examines teachers’ level of use of emerging technologies and the barriers 

according to these levels based on the literature and on data from two studies with K-

12 teachers and higher education faculty, Rogers (2000) states that teachers who at a 

higher level of integration were more likely to be faced with a lack of technical and 

institutional support for 517 K-12 level art teachers.  

Becta (2004) states that lack of technical support affects teachers in two ways. First of 

all they fear to use technology, for example if something goes wrong with the 

equipment when they use technology and there is nobody to solve the problem. 

Secondly, they really face technical problems while using technology and there is 

again no technical support. This makes teachers lose time and results in teachers losing 

their eagerness.  

2.1.2. Institution  

Lack of leadership, lack of a technology integration plan and the effect of time the 

tabling structure are the other second order barriers classified as institutional type 

barriers. Rogers (2000) states that lack of encouragement of principles to integrate 

new technologies into education and not providing funding for technical support and 

technological products are barriers that come from the institution. O’Dwyer, Russell 

and Bebell (2005) claim that national institutions not providing professional 

development programs that focus on integration of technology, and not giving 

emphasis to the importance of technology integration of school leaders, are one of the 

major barriers). Butzin (2004) in her study examined the major barriers to successful 

technology integration in elementary school. She states that first major barriers come 

from the institution. She indicates that teachers feel pressure to cover a huge amount 

of material in a school semester, with crowded classrooms of approximately 25-30 
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students. Thus, teachers need additional time to prepare technology enhanced 

classroom materials to cover all objectives stated in the curriculum, and to supply all 

students the same thing. So they prefer standing in front of the classroom (Butzin, 

2004). Mumtaz (2000) states in her literature review that institutions, researchers and 

teachers are three interlocking major factors. Institutions support in terms of technical, 

finance, training and facilities are further factors on the way to implement technology 

integration. 

2.1.2.1. Leadership  

Leadership becomes a barrier in schools as teachers are not supported by leaders in 

schools determining the proper places to use technology, determining a proper time 

schedule for public places and ensuring coordination between teachers (Dawson and 

Rakes, 2003; Ertmer, 1999; Keengwe, Onchwari & Wachira, 2008; O’Dwyer, Russel 

& Bebbel, 2005). Mumtaz (2000) indicates that it is important for teachers to have 

been supported by schools for successful technology integration. Dawson and Rakes 

(2003) assert that the principals’ commitment is as important as the teachers’ 

commitment with regard to technology integration. The principal’s commitment 

makes them the facilitator of technology integration by the teachers. That is, 

leadership in school mainly determines the outcome of technology integration and it 

is expected from school managers to behave as leaders to teachers for training and 

intervention (Dawson & Rakes, 2003). Dawson and Rakes (2003) examine the effect 

of in-service training taken by managers on integration of technology in the classroom. 

They made a survey to 398 principals who use the internet and reached a conclusion 

that there is a statistical significance between the relation of the type and amount of 

training taken by principals and the level of technology integration. The results also 

argued that the ages of the principals also affected the success of technology 

integration. 

Akpınar (2003) states in the study with 543 teachers at different grade levels 

(kindergarten, middle school and high school) that factors about leadership in schools 

do not affect teachers' integration of technology. He indicates that except for other 

countries and studies, teachers in his study stated that the manager helps the teachers 
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to maintain technological equipment. Schiller (2002) states that principals have an 

important role in technology integration as they influence organizational and social 

culture of the school and thus of the teachers. 

2.1.2.2. Time Tabling Structure  

The MONE in each country designs and administers determined hours for courses and 

laboratories for a course in their curriculum. Sometimes these times should be 

inappropriate for integrating technology in courses. Moreover, it is stated that duration 

of a block of course is also determined by the integration of technology. In his study, 

Becker (2000) examined the data of Teaching, Learning and Computing (TLC) 

national survey done in 1998 of 4000 teachers. He proposes that teachers thought that 

they have to teach large amount of concepts and gain a large number of skills in a 

semester. So it is not possible to integrate technology in the classroom. He found also 

that teachers who have longer blocks of time, such as 90-120 minute classes, integrate 

technology more frequently in their course than teachers who have shorter blocks of 

time, such as 50-minute classes (Becker, 2000).  

2.1.2.3. Lack of Technology Integration Plan  

This barrier is the lack of a technology integration plan of MONE or other institutions 

about use of technology in education and lack of planning of in-service or pre-service 

education. In their study, O’Dwyer et al.’s (2005) examined the effect of the school 

and district on technology integration. They looked at the effect of the "type and 

availability of professional development, perceived need for technology-related 

professional development, pressure to use technology, the level of technology support 

available, teachers’ pedagogical beliefs, as well as teachers’ comfort level with 

technology, and beliefs about the efficacy of technology" on technology integration. 

They state that there is "potential to develop a greater understanding of the policies 

and practices at both the teacher, school and district levels that facilitate the adoption 

of technology in the classroom to support teaching"(p.372). 

Lack of or inappropriate in-service training is one of the barriers due to the institution 

(Butzin, 2004; Goktas, Yildirim, & Yildirim, 2009). Butzin (2004) states that mainly 
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in-service training focused on how to use computers rather that how to use computers 

effectively in education. She states that ongoing training and coaching is important for 

effective technology integration (Butzin, 2004). Kopcha (2012) also states that 

professional development should be a major barrier when it is far away from real 

classroom practice, that is, it was like a onetime one place in-service training and 

focuses only on the technical skills of how to use computers. Moreover, Pelgrum 

(2001) claims that using new innovations in education should not be successful if 

teachers will not be equipped with the necessary knowledge and skills to integrate the 

technology. 

2.1.3. Subject Culture  

In this study, subject culture is used as the belief of teachers about the inconvenience 

of the nature of the subject, or courses not appropriate for the use of technology. 

Culture should be defined as conventional "systems of ordinary, taken-for granted 

meanings, values and symbols, with both implicit and explicit content that is 

deliberately and unintentionally shared among members of a social group (Erikson, 

1987 as cited in Selwyn, 1999).   

Goodson and Mangan (1995) define subject culture as "the general set of 

institutionalized practices and expectations which have grown up around a particular 

school subject, and which shapes the definition of that subject as both a distinct area 

of study and as a social construct". Selwyn (1999) states that subject culture has a 

strong influence on school organization and practice as it is common across schools. 

Even national curriculum is designed based on the subject culture. Thus, when talking 

about technology integration, the effect of subject culture should be taken into 

consideration. Selwyn (1999), in his study made interviews with 96 high school 

students and 20 teachers about the effect of subject culture on technology integration. 

He reached total of 38 different subject areas and according to qualitative examination 

of interviews, he states that subject culture has an effect on technology integration. He 

states that teachers and students’ attitudes towards technology integration is related 

their perceptions of subject culture. For example, students and teachers think that 

science and mathematics is suitable for use of computers as they are composed of 
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information of a binary right and wrong format similar to the computer. But it is not 

proper to use computers for art courses as they are more interpretive and changeable 

(Goodson & Mangan, 1995; Selwyn 1999). 

2.1.4. Assessment 

As was expressed above for the institutional type barriers, Butzin (2004) states that 

teachers feel pressure to cover a huge amount of material in a school semester, with 

crowded classrooms of approximately 25-30 students. They have to cover all 

objectives stated in the curriculum and help students gain higher scores on 

standardized test. Thus, teachers need additional time to prepare technology enhanced 

classroom materials to cover all objectives stated in the curriculum to supply all 

students the same thing. So they prefer standing in front of the classroom in the 

traditional way to teach a topic (Butzin, 2004). Moreover, Bichelmeyer (2005) states 

that teachers feel pressure to mirror the requirements of examinations. He states that 

sometimes using technology shifts the focus from enhancing instruction to facilitating 

assessment. 

2.1.5. Attitudes 

Teachers’ attitude is one of the major barriers that affects teachers’ technology 

integration (Ertmer, 1999; Keengwe, Onchwari & Wachira, 2008; Rogers, 2000). In 

this study attitude is classified as “positive or negative feelings or cognitive readiness 

of a person learned or regulated from experiences which affect the behavior of the 

person to an event, subject or people…” defined by Gibson, Ivancevich and Donnelly 

(1991). In the context of technology integration, teacher attitudes toward technology 

may be conceptualized as teachers liking or disliking the use of technology. Attitudes 

towards computers influence teachers’ acceptance of the usefulness of technology, and 

also influence whether teachers integrate ICT into their classroom (Akbaba & 

Kurubacak, 1999; Clark, 2001; Huang & Liaw, 2005). Mumtaz (2000) also states that 

teachers who have a positive attitude toward technology successfully integrate 

technology in their classroom.  
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“A tendency to react favorably or unfavorably toward a designated class of stimuli 

(Anastasi & Urbina, 1997, p.104). In this study, there are four stimuli; physics, 

laboratory, use of MBL and technology use in physics lesson. Attitude is considered 

as a multi-dimensional variable and it consists of interest, importance, self-efficacy 

(confidence) and achievement motivation.   

Interest related behaviors respond to the question of to what degree that the students 

like to do out of the class activities related to the content. “An interest in a problem, a 

topic, a subject is evidence that there is a vital union between the student and the 

student’s study” (Monroe, 1968, p. 472). “Interest is the accompaniment of 

identification, through action, of the self with some object or idea for the maintenance 

of a self-initiated activity. Self-initiated activity is an essential component of interest 

behavior” (Dewey, 1913, p. 14). Moreover, interest is a content specific concept 

(Schiefele, 1991)    

Importance deals with the importance of the content. The importance of something is 

its quality of being important, necessary, or significant in a particular situation 

(Sinclair, 1993, p. 728). The importance in this study is if the students think the stimuli 

are useful, necessary and important for them in their daily life and learning.  

Achievement motivation is a combination of psychological forces, which initiate, 

direct, and sustain behavior toward successful attainment of some goal, which 

provides a sense of significance. Oliver and Simpson (1998) state that achievement 

motivation responds to the question “to what extent does the student try to do as well 

as possible when engaging in science, for this study in physics.”   

Self -efficacy is the belief in one's capabilities to organize and execute the sources of 

action required to manage prospective situations (Bandura, 1986). Academic self-

efficacy is more directly related to one’s feelings of mastery, or an ability to succeed 

in a given specific subject (Bong & Clark, 1999; Zimmerman, 1995).  
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In this study the effect of attitudes toward use of technology in physics courses, 

attitudes toward physics lessons, attitudes toward the physics laboratory and attitudes 

toward MBL in physics courses on teachers’ barriers about technology is examined.  

In technology integration in education as stated above, technology is a broader 

concept. Mainly it is used as computers and attitudes toward use of computers as has 

been discussed (van Braak, 2001). 

Sang, Valcke, van Braak, Tondeur and Zhu (2011) examined teacher-related factors 

for ICT integration in their study with 820 Chinese elementary school teachers. They 

state that attitudes toward technology integration indirectly influences ICT usage, as 

attitudes affect motivation and mediation of ICT usage. They claim that if teachers 

have favorable attitudes toward ICT use they become more eager to use ICT in 

education.  

Swyer (1998) in his study tried to determine teachers’ and students’ attitudes toward 

MBL. He designed a survey instrument and this instrument was administered to 53 

teachers and 59 students in the province of Newfoundland and Labrador. He aimed to 

measure whether they think MBL enhances teaching and learning. He found that both 

students and teachers have positive attitudes toward MBL, and they both think that 

MBL enhances teaching and learning (Swyer, 1998). 

2.1.6. Beliefs 

Beliefs as a barrier can be defined as teachers’ views about usefulness and difficulty 

related to integrating technology into education (Inan & Lowther, 2010; Kopcha, 

2012). The effect of teachers’ beliefs about use of technology can be seen in teachers’ 

everyday practices and teachers’ beliefs affect teachers’ attitudes and actions (Rogers 

& Finlayson, 2004). Ertmer et al. (1999) indicate that teachers’ beliefs determine the 

type and frequency of technology used. Moreover, they say that these beliefs affect 

teachers’ perceptions about how technological tools can be accessed. For example, 

computers can be used as a free time activity tool or a tool that is the main agent for 

conveying instructional messages (Ertmer et al., 1999). Rogers and Finlayson (2004) 

examined 300 lesson reports written after ICT integration by 61 teachers from 11 
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different schools. These teachers have been taking a training program about 

developing integration of ICT in the science classroom at secondary level. After the 

teachers have attended a module of training, they integrated technology and wrote a 

report about their lesson. Rogers and Finlayson (2004) examined these reports 

qualitatively using NVivo qualitative analysis tools and emphasized that teachers’ 

beliefs about students’ abilities is also affected by teachers’ beliefs about the 

usefulness of technology integration. They also state that beliefs affect teachers’ 

pedagogical views. In their study Wozney, Venkatesh and Abrami (2006) 

administered a Technology Implementation Questionnaire of 33 belief items to 764 

elementary school teachers and found that perceived expectancy of success and 

perceived value of technology highly predict teachers’ technology use. In another 

study, Çağıltay, Çakıroğlu, Çağıltay and Çakıroğlu (2001) found that Turkish teachers 

mostly have positive beliefs related to computer use. The results of their study 

indicated that the teachers mostly expressed that computers increase the quality of 

education and the use of computers increases students’ knowledge and skills, interests 

and motivation towards lessons. 

2.1.7. Lack of Knowledge and Skills of Teachers 

In this study, barriers about the knowledge and skills of teachers will be studied in the 

areas of lack of technology knowledge and skills, lack of technology supported-

pedagogy knowledge and skills, and lack of technology-related-classroom 

management knowledge and skills. 

Mumtaz (2000) states in her literature review that teachers’ belief about classroom 

management skills and technological skills affect technology integration even though 

teachers are given technical support and school administrations have positive 

attitudes. 

2.1.7.1. Lack of Technology Knowledge and Skills 

It is stated in the literature that lack of specific knowledge and the skills of teachers in 

the use of technological equipment and programs is also a barrier to technology 

integration (Ertmer, 2005; Hew & Brush, 2007). van Braak (2001) states that there is 
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a positive relationship between teachers’ familiarization of computers and their 

computer use in classrooms, and whether they have a technical background and skills. 

Inan (2000) also considers the computer proficiency of teachers to be one of the 

important barriers to computer integration. Pelgrum (2001) points out that if teachers 

do not have the necessary skills and knowledge, providing them with software and 

hardware does not work for integrating technology. 

2.1.7.2. Lack of Technology Supported-Pedagogy Knowledge 

and Skills 

Lack of skills and knowledge related to the content to be taught with the integration 

of technology is one of the other barriers stated in the literature (Ertmer, 2005; Hew 

& Brush, 2007; Keengwe, Onchwari & Wachira, 2008). Koehler and Mishra (2009) 

point out that there are three main components of teachers’ knowledge: pedagogy, 

content and technology. Technological Content Knowledge (TCK), Technological 

Pedagogical Knowledge (TPK), Pedagogical Content Knowledge (PCK) and 

Technological Pedagogical Content Knowledge are integrated and interactive parts of 

teachers’ knowledge (Koehler & Mishra, 2009). Chuang, Weng and Huang (2015) 

examined the relation between teachers’ technological pedagogical content 

knowledge and their technology integration practices with a structural equation model. 

They examined technology integration in three domains; social media, information 

and communication technologies, and multimedia applications. They indicate that 

there is a direct relation between TPCK scores and using ICT tools and multimedia 

applications, and stated that there is not a significant relation between social media 

integration and TPCK. 

2.1.7.3. Lack of Technology-Related-Classroom Management 

Knowledge and Skills 

Butzin (2004) states that teachers’ fear of losing classroom control during technology 

integrated lessons is the second major barrier. Butzin claims that in classrooms which 

do not have computers for each student, teachers could not decide how to use 

computers, or how to make classroom organizations in turn (2004). Selwyn (1999) 

states that teachers feel fear of losing control and guidance in technology integrated 
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classrooms. Moreover, students also thought that their teachers do not know what to 

do in the classroom when technology is integrated into lessons and they state that it is 

easy for students to mess around in the classroom.   

In addition to these second and first order barriers stated in the literature, there are 

some other barriers, such as teachers’ demographic characteristics including age, 

gender and teaching experience (Bebell, Russell & O’Dwyer, 2004; van Braak, 2001;). 

van Braak (2001) states that there is a positive relationship between teachers’ age and 

their attitude toward technology integration. He also states that the relation exists 

between gender and attitude. It is seen also that there is a relation between teachers’ 

experience and technology integration. It is mostly seen that teachers with higher 

levels of experience are the furthest from using technology. Bebell et al. (2004) state 

that teachers, who have between 1 and 5 years experience have the highest confidence 

in integrating technology in lessons. Bebell et al. (2004) continue to say that new 

teachers are more likely to prepare instructional materials using technology. Inan and 

Lowther (2009) found that computer proficiency decreases with age and experience. 

In her study, Koca (2006) looked for change of teachers’ ICT use and acceptance in 

terms of gender, teaching experience, subject, and educational degree. She pointed out 

that novice teachers integrate ICT more frequently than expert teachers do. 

2.2. Microcomputer Based Laboratories in Physics 

Laboratory is defined as the general name for activities based on observations, 

experiments and experiences of students as a part of teaching natural sciences 

(Trumper, 2003). It is thought that laboratory is the basis of the natural sciences and 

it is essential to teach or learn science (Arons, 1993 as cited in Trumper, 2003). In a 

successful learner-centered physics course, students should be active participants in 

the scientific process to explore the physical world, analyze data, draw conclusions 

and generalize their newly gained scientific understanding of phenomena that are a 

part of their everyday world (Thornton, 1987).  

There are many purposes that laboratory applications are used for, from gaining 

laboratory skills, teaching and learning concepts, those concepts’ concrete 
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representations, understanding the nature of science, and creating and increasing 

positive attitudes toward science (Klopfer, 1990; Trumper, 2003). It is stated that 

students’ learning can be increased by concrete experience (Arons, 1983 as cited in 

Thornton, 1987). A well-designed laboratory activity should be a meaningful tool for 

meaningful learning (Thornton, 1987). As another point to consider, it was stated that 

laboratory applications do not work for naïve learners’ concept learning (Trumper, 

2003). 

Moreover, teachers think that during laboratory application, so much time passes 

through data collection. In those countries in which the main aim is to prepare students 

to high stake examinations, teachers, students and parents spending time with 

laboratory applications is not wanted. Rather they prefer to spend time on problem 

solving methodologies for high stake examinations.  

During classic laboratory applications, data gathering takes so much time, and for the 

naïve learner, becomes only data gathering. At this point, MBL instruments have been 

developed by the Technical Education Research Center (TERC) in order to decrease 

this negative side effect of laboratory (Thornton, 1987). MBL applications, as we can 

infer from its name, is a laboratory application done with the aid of a microcomputer. 

MBL instruments developed by TERC composed of microcomputer connected probes 

(temperature, position, velocity, acceleration, sound, light, force, heart rate) and 

measurements, is taken simultaneously by probes as the experiment is done and 

graphical and digital forms of the measurements can be seen. That is by MBL 

instruments data can be displayed graphically at the same time as measuring physical 

quantities. Also, the data can be transformed (to the different graph scales) and 

analyzed, printed or saved on discs for further analysis (Osio, 2002; Thornton, 1987; 

Thornton & Sokolof, 1989). 

MBLs are effective tools because of the following features (Osio, 2002; Thornton & 

Sokoloff, 1989; Yerrick & Hoving, 1999): 

• MBL tools are usable by the novice students: 



 

 

 

38 

 

Learning a hardware and software, which is new to the student is difficult for 

novice learners. For example, it is difficult for them to use an oscilloscope. 

They feel a fear of not using the oscilloscope properly or making incorrect 

actions. So, they could not pay attention to the concepts. However, once they 

have learned how to use MBL equipment, they will make all experiments with 

the same tools. Thus, they pay attention to concepts, not how to use the 

equipment. MBL is easy to use for all grades of students in different majors 

(physics and non-physics students). 

• MBL tools promote critical thinking skills that reduce the labor of data 

collection:   

Collection of data via MBL tools not only gives time to examine the data 

collected by students themselves, but also analyze the point they could not 

understand, collect different data and then interpret the concepts behind the 

data. It is also important for hypothesis verification. 

• MBL tools promote learning from peers and collaboration: 

Time spent for collecting data can be spent talking with their friends to discuss 

the concepts.  

• MBL tools are an effective means of teaching graphs: 

Understanding and interpreting graphs is an important point in teaching 

physics. Distinguishing dependent and independent variables in a graph result 

in which one variable changes the other. Using MBL tools for teaching graphs 

is a side aim of using MBL tools.  

• MBL tools take the abstract concrete through immediate feedback: 

During an experiment done with MBL tools, real time graphs are formed. 

Students can simultaneously see the formed graph not a static picture. This 

helps students make the link between concrete elements in the real world and 

the abstract representations of physics in the classroom. 
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• MBL helps to overcome science anxiety. 

2.3. Relationship among Barriers about Technology Integration 

Using MBL in an effective way is related directly to how teachers use this technology, 

how they integrate MBL in their lessons and how they integrate MBL in concept 

teaching with their students’ experiences (Osio, 2002). As stated earlier even if there 

is MBL equipment in schools, teachers do not use this equipment in their courses. It 

was concluded that there should be some factors, barriers affecting teachers’ use of 

this technology. Factors affecting technology integration are highly related to each 

other. Many qualitative and quantitative studies were conducted to determine this 

relationship (Hew & Brush, 2007; Inan, 2007; Robinson, 2003; Teo, 2009). Hew and 

Brush (2007) examined the relationship between subject culture, assessment, 

institution, knowledge and skills, resources and teachers’ attitudes and beliefs. Their 

study is a literature review study. Inan (2007) proposed an empirical model and 

showed the relationships between age, years of teaching, teacher’s readiness, support, 

computer availability, computer proficiency and teachers’ belief. Mainly these studies 

examined only teacher related variables and only data was gathered from teachers. 

Different from studies from the literature, this study collects data from teachers, 

students and principals to form and present a whole model that shows the relationship 

between these variables. Also, there have not been any studies found in the literature 

about barriers teachers faced when using MBL equipment. Relationships found in the 

literature are examined below in detail. 

Mumtaz (2000), in her study, made a literature review about factors affecting teachers’ 

use of technology in their classroom. She concludes that institution, resources and 

teachers are related factors and are three interlocking major barriers. The chain starts 

with institution. She states that the institution does not give teachers enough time to 

learn and apply technology in their classrooms. Also schools believe that there is no 

need to change, that it is proper to continue the traditional teacher student interaction. 

Moreover, institutions do not support training for and collaboration with teachers to 

improve their abilities in technology integration. Related to the school, lack of 

technology also affects technology integration. With lack of equipment, teachers have 



 

 

 

40 

 

limited or lack of experience with technology in their classroom. Even if all school 

level factors are removed; there are still teacher level factors on integrating technology 

in the classroom (Mumtaz, 2000). Teachers’ beliefs about how the subject should be 

taught, lack of technology knowledge and skills highly influence teachers’ use of 

technology in the classroom.   

Hew and Brush (2007) examined 48 empirical studies about factors affecting 

technology integration and used a constant comparative method to analyze these 

studies and drive the barrier and strategy categories. They stated that they have found 

123 barriers and classified into six main categories as resources, knowledge and skills, 

institution, attitudes and beliefs, and assessment and subject culture. Figure 2.1 shows 

the percentages of the main six barriers they have found. 

 

Figure 2.1. Relative percentages of the barriers in the studies Hew and Brush (2007) examined 

Moreover, Hew and Brush examined the relationships between these barriers. 

According to these studies some of the factors affect technology integration directly, 

whereas the others affect it in an in-direct way. Teachers’ attitudes and beliefs, 

knowledge and skills, resources and institution directly affect technology integration. 

Assessment affects subject culture, teachers’ attitudes and beliefs and institutions. 

Teachers’ attitudes and beliefs are affected by all factors except resources. Figure 2.2 

shows these relationships, and studies in which these relationships were mentioned. 
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Figure 2.2. Relationship between barriers stated in Hew and Brush (2007) 

In his study, van Braak (2001) examined the relations between demographic factors 

such as age and gender, computer experience, computer attitudes, “innovativeness”, 

“Perceived medium attributes”, and “observed organizational constraints” of 

Computer Mediated Communication (CMC) users and non-users. He administered a 

questionnaire to randomly selected 800 Dutch-language secondary education teachers 

in Brussels. After data cleaning and missing value analysis, 233 teachers’ data sets 

were examined. At first, he employed chi-square testing and analysis of variance in 

order to examine differences between CMC users and non-users. Then they 

administered logistic regression modeling to predict the effect of all independent 

factors on CMC use. He found a significant relation between attitude toward CMC 

and technological “innovativeness” (r=0.51, p<0.01), attitude toward CMC and 

perceived CMC attributes (r=0.64, p<0.01), and technological “innovativeness” and 

perceived CMC attributes (r=0.55, p<0.01). After that in order to gain information 

about the relationship, he administered structural equation modeling. Figure 2.3 shows 

the result of the structural equation modeling (n=233, df=5, X=1.58, P=0.90, 
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GFI=0.99, R for perceived CMC attributes=0.48, R for technological 

“innovativeness”=0.29, R for observed organizational constraints=0.02).  

 

Figure 2.3. Estimated Model of the Explanatory Variables of CMS of van Braak’s (2001)  

Velazquez (2007) states that teachers’ will (attitudes), teachers’ skills (ability to use 

technology) and tool (access to technological tools) are the former predictions of the 

level of technology integration done by teachers. Figure 2.4 shows Velazquez’s 

hypothetical model of technology integration. Velazquez administered a survey to a 

total of 1910 middle and elementary school teachers, 932 in Dallas and 978 in Mexico 

City. To measure will to perform technology integration, an attitude scale was 

administered, to measure skill; a technology proficiency self-assessment test was 

administered. To measure tools, direct questions were asked about access and 

sufficiency of technological tools in school and home. To measure the variable 

technology integration, to measure the technology level, they adapted questions from 

three different surveys; level 1 as entry, level 2 as adoption, level 3 as adaptation, level 

4 as appropriation, and level 5 as invention. After they administered questionnaires, 

the data were analyzed using structural equation modeling.  
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Figure 2.4. Hypothetical model of technology integration Velazquez (2007) 

During the analysis they could not reach the maximum variance explained and 

changed the model. The finalized model as shown in Figure 2.5. With the finalized 

model total variance was explained by 92 %. Will explains 56% of the variance of 

Skill, Skill explains 33% of the variance of Integration and Tool explains 49% of the 

variance of Integration. Beta values are shown in the Figure. 

 

Figure 2.5. Finalized model of Velazquez (2007) 

Inan and Lowther (2009) aim to examine the effects of teachers’ demographic 

characteristics (age and years of teaching), belief, readiness, computer proficiency, 

technical support, overall support and computer availability for teachers’ technology 

integration. They administered a Teacher Technology Questionnaire to 1382 teachers. 

The estimated path model is shown in Figure 2.6. They found that the eight variables 

0.749 

0.606 

0.445 



 

 

 

44 

 

hypothesized to affect technology integration explained 56.4% of the variance of 

teachers’ technology integration. The teachers’ readiness (Beta = 0.493) had the 

strongest effect among the variables having a significant direct effect. The direct 

effects of teachers’ beliefs (Beta = 0.289) and computer availability (Beta = 0.126) 

can also be considered as strong and medium, respectively. Moreover, it is stated that 

availability of computers (Beta=0.097; Beta = 0.052), technical support (Beta=0.160; 

Beta =0 .207) and overall support (Beta=0.485; Beta = 0.361) positively influence 

teacher beliefs and teacher readiness respectively. When they looked at the total effect 

on technology integration, teachers’ readiness has the highest effect on technology 

integration. Overall support (Beta=0.389, p<0.01) and computer proficiency 

(Beta=0.302, p<0.01) follow teacher readiness. Years of teaching (Beta=-0.084, 

p<0.01) and age (Beta=-0.024) have the smallest total effect on technology 

integration.  

 

Figure 2.6. Estimated Path Model of Inan and Lowther (2009) 

Sang, Valcke, van Braak, Tondeur and Zhu (2011) examined the direct and indirect 

effect of ‘teachers’ constructivist teaching beliefs’, ‘teacher attitudes towards 

computers in education’, ‘teachers’ computer motivation’, ‘teacher perception of 
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ICT-related policy’ on technology integration using path analysis on the data from 

820 Chinese primary school teachers. Figure 2.7 shows the estimated path model. 

All the GFIs are in line with recommended benchmarks for acceptable fit [χ2 = 

11.670 (df = 6; p > 0.05), CFI = 0.994, GFI = 0.995, AGFI = 0.983, TLI = 0.984, 

RMSEA = 0.034]. The total proportion of explained variance in prospective 

computer use amounts to 35% (R²= 0.35). The figure includes estimates of both 

direct and indirect effects on ICT use in the classroom. In view of parsimony, only 

significant effects have been retained in the model. ICT classroom use is directly 

predicted by the supportive use of ICT (Beta = 0.52, p < 0.001) and ICT motivation 

(Beta= 0.20, p < 0.001). All other relationships in the model seem to be of an 

indirect nature, considering the role played by the mediating variables: perception of 

ICT policy, attitudes towards ICT in education, and ICT motivation. 

 

Figure 2.7. Estimated path model of Sang, Valcke, van Braak, Tondeur and Zhu (2011) 

Miranda and Russel (2012) worked with the teacher sample that consisted of 1040 

elementary teachers (kindergarten to 6th grade) from 81 schools. The USEIT teacher 

survey, which included a large number of items focusing on a variety of issues related 

to IT. Researchers at Technology Assessment Study Collaborative (inTASC) 

developed a 330-item survey around 14 factors theorized to affect technology use. 

These factors were as follows: (1) district vision for technology, (2) school and district 
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culture, (3) leadership, (4) technology resources, (5) technology support, (6) 

professional development, (7) technology policies and standards, (8) technology 

beliefs, (9) pedagogical beliefs, (10) equity, (11) community, (12) demographics, (13) 

physical infrastructure and (14) preparedness. Different from other studies, Miranda 

and Russel examined teacher-directed student use. But they aimed to find teacher-

related factors that affect teachers’ technology use and the relationship between these 

factors. Figure 2.8 shows the estimated path of Miranda and Russel’s study (2012).  

 

Figure 2.8. Estimated model of Miranda and Russel (2012) 

In another study, Karaca (2011) applied path analysis in order to find factors affecting 

elementary school teachers’ technology integration. Karaca administered a survey to 

1080 teachers in Ankara. In this study, the direct and indirect effect of principal 

support, lack of time, computer use in years and teaching experience, colleague 

support, teacher attitude and belief, technology competencies, and technology 

integration were all surveyed. Figure 2.9 shows the estimated path model of Karaca 

(2011).  She stated that all the hypothesized direct effects were found to be significant. 

Except for the chi-square value (χ2 =17.75, df=8), which can be changed according to 

sample size, other fit indices provide reasonably good fit (RMSEA= 0.34, CFI=0.99, 

NFI=0.99, TLI= 0.98). Teachers’ technology integration is highly influenced by their 
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technology competencies, both directly and indirectly. Teachers’ attitudes and beliefs 

towards using technology directly influence teachers’ technology integration in 

elementary school settings. Despite its small direct effects, support of the principal 

shows the strongest indirect effect on technology integration, since colleague support, 

teachers’ technology proficiency and teacher attitude and belief partially mediated the 

relationships between them. Number of years of computer use both directly and 

indirectly influences teachers’ technology integration to elementary school settings. 

Teachers’ technology proficiency and teacher attitude and belief partially mediate the 

relationships between teaching experience and technology integration. Lack of time 

has a small negative indirect effect on technology integration. Number of years of 

computer use has the strongest direct effect on teachers’ technology proficiency. 

Teaching experience and lack of time have negative direct effects on teachers‟ 

technology competencies. Teachers’ technology proficiency directly influences 

teachers’ attitudes and beliefs. Although principal support has a small significant 

direct effect on teacher attitude and belief, it has a strong indirect effect, since 

colleague support partially mediated the relationships between principal support and 

teachers’ attitude and beliefs. Teaching experience both directly and indirectly 

influences teachers’ attitudes and beliefs through the mediator role of teachers’ 

technology competencies. Technology proficiency mediates the indirect effects of the 

number of tears of computer use on teachers’ attitudes and beliefs towards using 

technology. The largest influence in the model is that of principal support on colleague 

support. Principal support has a strong positive effect on colleague support. 
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Figure 2.9. Estimated Path Model of Karaca (2011) 

In the light of the literature three models were formed, which examine the 

relationships among barriers during technology integration, especially MBL 

integration. Figure 2.10 shows how the model was formed and studies done in the 

literature about these relationships. The student model and hierarchical model were 

formed according to these relationships too. 

2.4. Professional Development 

In Turkey, the FATIH project is seen as one of the most important projects in 

education, which aims to increase the use of ICT in education. This project is 

composed of 5 main components, and one of them is the in-service training of teachers 

about effective ICT use. Moreover, from the past, in-service training courses about 

ICT and especially use of MBL have been given to the teachers (“Hizmetiçi Eğitim 

Planları”, 2016). Even though it has been supported for government to use technology 

in education and professional development courses, teachers still think that 

institutional factors and lack of ineffective professional development are some of the 

barriers to use of technology (Gerard, Varma, Corliss & Linn, 2011; Inan & Lowther, 
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2010; Lawless & Pellegrino, 2007). It is known from previous research that 

educational innovations usually do not succeed if teachers are not provided with the 

skills and knowledge needed to carry them out. Training teachers is a very expensive 

activity and hence, often much neglected in large-scale innovations (Pelgrum, 2001). 

Professional development activities are seen as “a means of closing the gap between 

current and potential uses of technology” in education (Higgins & Spitulnik, 2008). 

Professional development is defined as “any activity that is intended partly or 

primarily to prepare paid staff members for improved performance in present or future 

roles in the school districts” (Little, 1987, as cited in Desimone, 2009). It is designed 

processes and activities in order to improve knowledge and skills and develop positive 

attitudes of teachers to enhance student learning (Borko, 2004). It is aimed to gain new 

skills for teachers to result in changes in instructional practice to reach improvement 

in learning outcomes of students (Bell & Gilbert, 1996; Guskey, 2002).   

An effective professional development should be considered in terms of facilitator, 

teachers, characteristics of professional development and subject matter context 

(Borko, 2004). For an effective professional development, first of all teachers should 

be eager to attend PD and believe that PD will enhance their knowledge and skills, 

increased effectiveness with students and ideas given in PD are directly related to their 

daily applications in classrooms. Also, their attitudes changes after they see 

improvement in student achievement (Desimone, 2011; Garet, Porter, Desimone, 

Birman, & Yoon, 2001; Guskey, 2002).   

Even though the number of professional development programs increases, it does not 

lead to an increase in student achievement (Lawless & Pellegrino, 2007). Then the 

effectiveness of PD programs was researched. Borko (2004) states that for a 

professional development program to be effective there should be multiple facilitator, 

multiple sites in which PD is applied and effectiveness should be examined from 

different sides. Even though there are different views about the effectiveness of PD, 

there is a much agreed consensus about the characteristics of effective PD as 

“structural features” and as duration (Gabriel, 2011; Lemani, 2004), collective 

participation and form of the activity and “core features” as content focus, active 
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learning, coherence (Birman, Desimone, Porter & Garet, 2000; Desimone, 2009; 

Desimone, Porter, Garet, Yoon & Birman, 2002; Garet, Porter, Desimone, Birman & 

Yoon, 2001)  

Based on the literature review, the characteristics of effective professional 

development will be elaborated below:  

Content focus. Professional development activities should focus on improving and 

deepening teachers' subject matter content knowledge, and how students learn that 

content. Any of the PD which does not belong to any subject matter content should 

not be effective. For example, a PD which is talking about of the use of smart board 

in force concept should be more effective than a PD which is talking about the use of 

smart board in education.     

Active learning. Teachers should have opportunities to get involved, such as 

observing and receiving feedback, analyzing student work, or making presentations, 

as opposed to passively sitting through lectures, so as to become actively engaged in 

a meaningful analysis of teaching and learning. It is instructional design of the 

professional development course. As for all other learning processes, a PD which 

helps teachers to form their own learning with authentic methodologies will be more 

effective. 

Coherence. What teachers learn in any professional development activity should be 

consistent with teachers’ knowledge and beliefs and consistent with school, district, 

and state reforms and policies. The degree to which the activity promotes coherence 

in teachers’ professional development, by incorporating experiences that are 

consistent with teachers’ goals and aligned with state standards and assessments, and 

by encouraging continuing professional communication among teachers.  

Duration. Research shows that intellectual and pedagogical change requires 

professional development activities to be of sufficient duration, including both in the 

span of time over which the activity is spread (e.g., one day or one semester) and in 

the number of hours spent in the activity. Research has not indicated an exact “tipping 
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point” for duration but shows support for activities that are spread over a semester (or 

intense summer institutes with follow-up during the semester) and include 20 hours 

or more of contact time. A high-quality professional development program is 

conducted as an ongoing, iterative process, not a one-shot approach. Teachers need 

continued practice to become comfortable with and to implement the innovation, 

especially when the innovation is instructional technologies. 

Collective participation. This feature can be accomplished through participation of 

teachers from the same school, grade, or department or same subject to build an 

interactive learning community. For example, a PD about use of smart boards 

composed of only high school physics teachers will be more effective than a PD 

composed of science teachers at all grade levels from kindergarten to university.    

Form. This feature is about the structure of the activity whether it is an authentic type 

of activity, such as a study group, teacher network, mentoring relationship, committee 

or task force, internship, individual research project, or teacher resource center, for 

example, or as a traditional workshop or conference.  

Besides these highly stated six characteristics, it was stated that the educator in the 

professional development program also has importance. It was stated that educators 

from universities lack a shared language of teachers and teachers from universities are 

divorced from the realities of practice (Gabriel, 2011).  

Except for general characteristics of effective PD, some researchers definitely talk 

about the characteristics of effective PD in respect of technology integration (Gerard, 

Varma, Corliss & Linn, 2011; Higgins & Spitulnik, 2008; Kopcka, 2012; Lawless & 

Pellegrino, 2007; Lemani, 2004; Skoretz, 2011) 

Lemani (2004) stated that evaluation, support and application of product of 

professional development as other key factors for effective professional development 

in technology integration as well as duration and active participation. Lemani talked 

that effective professional development should use evaluation “to ensure that each 

activity is meeting the needs of the participants and providing them with new learning 
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experiences”. He stated that in their PD Trek-21 model in the summer institute they 

applied formative and summative evaluation. Application of the product is another 

factor for effective PD. As PD is an ongoing process, and product should be applied, 

and how it is applied should have been seen for effectiveness of PD.  While in the 

application of PD products the teacher may have needed technical and instructional 

support. Not because of the effectiveness of PD, but because of the technical barriers 

the teacher should give up technology integration (Lemani, 2004). Guskey (2002) also 

states that teachers should be provided with continued follow-up and support. 

Moreover, he states that teachers should receive regular feedback on the student 

learning progress. 

Garet, Porter, Desimone, Birman and Yoon (2001) state that there were six principles 

of effective professional development. They state that PD should focus on teacher 

knowledge include authentic type activities and active learning, activities should be 

based on teacher needs, and there should be extensive duration and collective 

participation. They stated duration, collective participation, content, coherence and 

active learning are more important than form of PD. They examined effect of these 

principles on teacher professional development and it is effect on self-reported change 

in teachers’ knowledge and skills and classroom teaching practices. The relationship 

they gathered from analysis can be seen in Figure 2.10. 
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Figure 2.10. The relationship of features of professional development to teacher outcomes (Garet, 

Porter, Desimone, Birman & Yoon, 2001) 

Furthermore, Webster-Wright (2009) examines 203 papers about PD at Proquest 

database between April 2006 and March 2007. They stated that 40 % of databases are 

about education. Based on these studies they have concluded that effective PD should 

have some criteria: 

• should be long term, 

• should require collaboration between attendees, 

• should relate their practices, 

• should not be in traditional manner as didactic form, 

• should be more flexible, learner centered, more engaging and interactive  

• should concentrate more on “how we should teach” than “how they teach” 

• should see teachers as people who can manage their learning rather than as 

people who are weak and need guidance 
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In a meta-analysis study, Lawless and Pellegrino (2007) examined studies which talk 

about professional development programs that enhance teachers’ technology 

integration abilities. They stated that there were three effective design components. 

First of all, opportunities should be provided for teachers in order to learn how to 

integrate technology in a specific context. It is similar for effective professional 

development characteristics as being content specific. The second design component 

is reflection. That is, reflection after professional development training ended helped 

teachers “to build community of practices”. The third one is mentoring and coaching. 

As mentors or coaches focus on teachers’ individual needs it helps teachers to gain 

confidence. They evaluated studies in terms of the type of professional development, 

unit of analysis and design and method. The evaluation criteria have been shown in 

Figure 2.11.  

 

Figure 2.11. Evaluation criteria of Lawless and Pallergino (2007) 

Tiemann (2009) expanded upon Lawless and Pellegrino’s (2007) meta-analysis to 

include technology integration professional development programs that produced 

changes in teacher beliefs, attitudes or levels of efficacy for technology integration.  

Studies that included professional development meant to increase technology 

integration, but instead evaluated the participants’ change in computer skills or 

attitudes towards using computers, were eliminated. While computer skills are a 

necessary prerequisite for technology integration, computer skills do not necessarily 

lead to technology integration in classroom practice. Based upon this analysis, the 
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author agreed that more research is needed to identify specific elements of effective 

technology integration professional development programs.  

In order to see effects of professional development on barriers they faced during 

technology integration, Kopcha (2012) examined 18 elementary school teachers’ 

perceptions of these barriers after two years of situated professional development. 

Interviews, surveys and observations were conducted to examine changes in teachers' 

perceptions of the barriers over time. He stated barriers teachers faced during 

technology integration to be lack of technology access, attitude and beliefs, lack of 

time and lack of professional development.  In the first year of the PD, the mentor 

determined the needs of the teacher with surveys, interviews and observations and 

requirements to remove barriers and increase related skills. In the second year a 

community of teachers was formed in order to assist teachers to support each other 

and lead them to use technology. He stated that professional development was based 

on Mouza’s principles of effective professional development (2006). He planned to 

remove the barriers to designing professional development based on these 

effectiveness criteria.  

He stated that teachers reported positive perceptions of several barriers after mentoring 

to teacher-led community of practice, and they were more interested in integrating 

technology. He concluded that situated professional development activities create an 

environment conducive to integration of technology. He claims that situated 

professional development, such as mentoring, helps teachers to overcome the barriers 

and enhance use of technology more than workshop-style training.  

It has been seen in the literature as stated earlier that PD is an important point in the 

use of technology integration. Higgins and Spitulnik (2008) went further and 

examined studies in the literature around technology integration in inquiry-based 

science instruction. It is stated that technological tools may facilitate use of inquiry in 

science classrooms by providing additional support for cooperative learning and 

analyzing information. They stated that emphasis on the subject matter, interaction 

between colleagues and focusing on student learning are key issues in PD regarding 

technology integration in science.  
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Gerard, Varma, Corliss and Linn (2011) also examined the effectiveness of 

professional development in technology-enhanced science education in the side of 

knowledge integration frameworks in terms of “how and to what degree the 

professional development programs supported teachers to engage in constructivist-

oriented learning processes and the degree of impact the programs had on teachers’ 

use of technology to enhance students’ inquiry learning experiences.   

In the literature, there are many studies about barriers teachers faced during 

technology integration. These technological tools sometimes referred to as 

information and communication technologies, and sometimes referred to only as 

computers, and sometimes referred to as specific applications such as simulations, and 

sometimes referred to as technological tools such as overhead projectors. 

In this study, we will talk about MBL as a technological tool and application. There 

is very limited study about barriers teacher faced during MBL applications. 

2.5. Summary of the Literature Review 

In this section, a literature review about barriers teachers faced during technology 

integration was provided in detail with the relationship between them. A literature 

review about the specific technology, MBLs, used in this dissertation was provided 

information about previous research studies, and models that show the relationships 

among the variables affecting technology integration were given. Based on these 

previous findings, two structural equation models and a hierarchical linear model 

was proposed according to these literature findings. In order to suggest an effective 

in-service training course, literature about effective professional development was 

examined and characteristics of effective professional development were given. 

 



 

 

 

57 

 

CHAPTER 3  

 

3. METHODOLOGY 

In this chapter, research methods, characteristics of population and samples, 

instrument formation and, reliability and validity of instruments, procedures followed 

for data collection, statistical methods used in the data analysis, limitations and 

assumptions of the study are all presented and discussed. 

3.1. Research Design 

The main research design of the study is a cross-sectional correlational study, the 

results describe the degree to which two or more variables are related and it does so 

by use of a correlational coefficient (Fraenkel, Wallen & Hyun, 2012). However, the 

results do not say which variables affect the other. The correlational studies do not 

establish a cause and effect relationship (Fraenkel, Wallen & Hyun, 2012). It says only 

whether the relationships between the variables are significant or not. This study is 

used for structural equation modeling and hierarchical linear modeling, which are 

advanced statistical techniques used to clarify that the relationships exist between the 

dependent and independent variables. The statistical method used (Structural Equation 

Modeling) and software obtained relationships can show cause and effect 

relationships.  Hierarchical linear modeling is needed to interpret the nested structure 

of the data as it was collected, both from teachers and their students via self-report 

questionnaires. The research questions, their methodology and samples are given 

briefly in Table 3.1. Samples are Anatolian Teacher Training High School (ATTHS) 

vice principals, principals (from now on only principals will be used to describe both 

principals and vice principals), physics teachers and their students. 
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Table 3.1. Brief Explanation of the Study 

Main Question Sub-Questions 

Research 

Method Sample 

1. What are the perceptions of 

ATTHS physics teachers and 

students about how MBL is 

used in their physics lessons? 

a. What are the perceptions of 

ATTHS physics teachers about 

how MBL is used in their physics 

lessons in Turkey? 

Survey 

ATTHS 

physics 

teachers 

b. What are the perceptions of 

students in ATTHS about how 

MBL is used in physics lessons in 

Turkey? 

Survey 
ATTHS 

students 

2. What are the attitudes of 

ATTHS physics teachers and 

their students about physics 

lesson, use of technology in 

physics lessons, laboratory in 

physics lessons and using 

MBL in physics lessons? 

a. What are the attitudes of ATTHS 

physics teachers toward using 

MBL in physics lessons? 

Survey 

ATTHS 

physics 

teachers 

b. What are the attitudes of ATTHS 

physics teachers toward using 

technology in physics lessons? 

Survey 

ATTHS 

physics 

teachers 

c. What are the attitudes of ATTHS 

physics teachers toward laboratory 

in physics lesson? 

Survey 

ATTHS 

physics 

teachers 

d. What are the attitudes of ATTHS 

physics teachers toward physics 

lesson? 

Survey 

ATTHS 

physics 

teachers 

e. What are the attitudes of students 

in ATTHS toward using MBL in 

physics lessons? 

Survey 
ATTHS 

students 

f. What are the attitudes of students 

in ATTHS toward using 

technology in physics lessons? 

Survey 
ATTHS 

students 

g. What are the attitudes of students 

in ATTHS toward laboratory in 

physics lessons? 

Survey 
ATTHS 

students 

h. What are the attitudes of students 

in ATTHS toward physics lesson? 
Survey 

ATTHS 

students 

3. What are the barriers ATTHS 

physics teachers face when 

implementing MBL in 

physics lessons? 

a. What are the most common factors 

affecting MBL implementation of 

physics teachers in ATTHS? 

i. What are the views of ATTHS 

physics teachers about the barriers 

they face when implementing 

MBL? 

ii. What are the views of principals 

at ATTHS about the barriers 

ATTHS physics teachers face 

when implementing MBL? 

Survey 

 

ATTHS 

physics 

teachers 

 

ATTHS 

principals 
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Main Question Sub-Questions 

Research 

Method Sample 

b. What is the best fitting structural 

equation model explaining the 

relationships among lack of 

resources, teaching experience, 

teacher attitudes and belief, MBL 

proficiency, subject culture, 

institution and MBL integration by 

ATTHS physics teachers? 

Correlational 

ATTHS 

physics 

teachers 

c. What is the best fitting structural 

equation model explaining the 

relationships among attitudes of 

students in ATTHS toward physics 

lessons, laboratory, using MBL and 

using technology in physics 

lessons, students' desire to use 

MBL, MBL proficiency and grade 

level of students? 

Correlational Students 

d. What is the best fitting hierarchical 

linear model explaining the 

relationships among lack of time, 

lack of source, teaching experience, 

teacher attitudes (toward physics 

lessons, laboratory, using MBL and 

using technology in physics 

lessons)  and belief, MBL 

proficiency of teachers, subject 

culture, lack of resources, 

institution, MBL proficiency of 

students, students attitudes (toward 

physics lessons, laboratory, using 

MBL and using technology in 

physics lessons), student desire to 

use MBL and MBL integration by 

ATTHS physics teachers? 

Correlational 

Students 

and 

ATTHS 

physics 

teachers 

4. What are the characteristics 

of an effective in-service 

training course about MBL 

based on SEMs about 

integration of MBL, teachers' 

and principals' views and 

literature review?   

a. What are the views of ATTHS 

physics teachers about in-service 

training courses? 

Survey 

ATTHS 

physics 

teachers 

b. What are the characteristics of an 

effective in-service training 

course? 

Integration of Literature 

Review with the Findings 

of This Research 
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3.2. Population and Sample 

The target population of the study is all ATTHS in all geographical regions of Turkey 

(the unit of analysis is ATTHS). The physics teachers at ATTHS, their students and 

principals of these schools are also our population. According to the statistical data of 

MONE (2012) there are 267 ATTHS, 306 physics teachers, 22443 9th grade, 18617 

10th grade, 1086 11th grade (who chose science and mathematics classes) and 8276 

12th grade (who chose science and mathematics classes), a total of 50412 students and 

267 ATHHS principals is the target population of this study. The accessible population 

is ATTHS in four geographic regions; Aegean, Mediterranean, Marmara and Central 

Anatolia Regions. The accessible population of the study is also the sample of the 

study. There are 196 ATTHS, 239 physics teachers, 196 principals and 5580 students 

in the accessible population.  

For structural equation modeling research, sample size is an issue to be considered. 

Chou (2006) uses Krejcie and Morgan, and Cohen Statistical Power Analysis in order 

to estimate sample size. He states that using Cohen’s formula has significance over 

Krejcie and Morgan’s “for higher accuracy to base decisions on research findings with 

confidence”. 

Moreover, a sample should consist of at least of 10 % of the population in order to 

represent it (Fraenkel, Wallen & Hyun, 2012). We take our unit of analysis as the 

school, but 10 % of 267 is 27, and it is too small, so we did not choose 26 schools as 

our sample. Our teacher sample was composed of 306 teachers. 10 % of teachers is 31 

and it is also very small. We have aimed to reach one class of student of each teacher, 

which resulted in 9792 students, and 10 % of the student population is 980. Even 

though 980 is a good number to be sampled, teachers of these students were around 

30 and it is too small to make a structural equation model and factor analysis. It was 

stated that for a good calculation of factors, sample sizes should be 10 times the 

number of items. We have different questionnaires for different samples. Attitude 

questionnaires have a maximum of 25 items and the sample size should be 250.  



 

 

 

61 

 

This thesis is financially supported by BAP – 2012-05-05-05. After determining the 

minimum sample size for the study, we wanted to reach the largest sample size that 

the BAP budged allows us. Thus, the final number of the sample is chosen by 

convenience, when considering the money allocated from the budget. The total cost 

of printing of students’ questionnaires in optical forms, printing of teachers’ and 

principals’ questionnaires, and sending and returning back of questionnaires via cargo 

were calculated for all geographical regions. Then, in order to reach the maximum 

number of samples these four geographical regions are chosen as was most appropriate 

in terms of price for sending and returning of cargo. Our student sample size is 3623, 

and it is approximately 15 times larger than the sufficient sample size. Our teacher 

sample size is 196. It is 21 % above the sufficient sample size. 

The barriers questionnaire has 50 questions. There should be 500 teachers for reliable 

factor analysis. However, our budget was not enough for such a number of teacher 

samples. Luckily, preliminary statistics for factor analysis do not show any problem 

for factor analysis.    

Questionnaires were sent to number of schools in each region and a number of the 

total pool of physics teachers, and the returned numbers were given in Table 3.2. These 

data is based on statistical data from MONE (2012). 

Table 3.2. Number of the physics Teachers and ATTHS in four Geographical Regions 

 Name of The 

Region 

Total 

Number of 

ATTHS 

Total Number 

of ATTHS 

Back 

Total Number 

of Physics 

Teacher 

Total 

Number of 

Teacher 

Questionnaire 

Back 

Marmara 40 28 53 39 

Central Anatolia 63 47 84 55 

Mediterranean 37 26 46 30 

Aegean 56 42 59 50 

Total 196 143 242 174 
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As can be seen on Table 3.2, 143 schools sent questionnaires back. This is 72.96 % of 

the total sample of the study. Moreover, the number of teacher questionnaires sent 

back equals 71.90 % of the sample of the study.  

When we look at the percentages of female and male teachers among the total sample, 

it is seen that 24.14 % of the sample is female and 75.86 % of the sample is male. It is 

also not distributed equally for each region. In Table 3.3, detailed information about 

regions and teacher gender can be seen. We are not aiming to give differences about 

each region, nor do we not look for the relationship between which region the teacher 

works in and the barriers they faced. Thus, the percentage of teacher or school 

numbers in each region and their gender are not important. We are giving the 

information just for descriptive purposes. 

Table 3.3. Number of physics teachers and their genders in each geographical region 

   

Gender 

Total Female Male 

ƒ % ƒ % ƒ % 

Region Aegean 15 8.62 35 20.11 50 28.74 

Mediterranean 8 4.60 22 12.64 30 17.24 

Central 

Anatolia 

13 7.47 42 24.14 55 31.61 

Marmara 6 3.45 33 20.11 39 22.41 

Total 42 24.14 132 75.86 174 100 

 

157 teachers wrote their ages in the questionnaire. Most of them are between 36 and 

45 (52.23 %). There are 3 teachers 25 and below, and 2 teachers are 56 and over. 

Figure 3.1 shows frequencies of the age of the teachers. 
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Figure 3.1. Frequencies of age of the teachers 

In our sample 108 (67.07 %) of the teachers graduated with a Physics Education major. 

3 of the teachers graduated from a non-physics background department. 63.8 % of 

them stated that they graduated from an Educational Faculty and 33.3 % of them stated 

that they graduated from a Faculty of Science and Arts. 19 % of the teachers have a 

master degree and none of the teachers in the sample have a Ph.D. degree. The 

departments from which the teachers graduated was given in Table 3.4. 

Table 3.4. Departments from which the teachers graduated 

  

Frequency 

(ƒ) 

Percent 

(%) 

Valid 

Percent 

Department 

 

 

 

 

 

Biology Education 1 0.57 0.58 

Biology 1 0.57 0.58 

Physics 

Engineering 

3 1.72 1.74 

Physics Education 108 62.07 62.79 

Physics 58 33.33 33.72 

Science Education 1 0.57 0.58 

Missing System 2 1.15  

  Total 174 100  
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In order to reach the maximum sample size (teachers and students) with the limited 

amount of money available for printing optical forms and sending and collecting them 

via cargo, it was decided to administer student questionnaires to a class of students of 

one of the physics teachers in the selected schools. According to statistical data of 

MONE (2012) there are approximately 30 students in each class in ATTHS. 12th 

grade students are out of our sample as they are going to enter university entrance 

examination and they are not eager to spend time to answering such a questionnaire. 

Thus, our student sample was composed of 5880 high school students.  

It was aimed to administer questionnaires to equal numbers of 9th and 10th and 11th 

grade students. Hence, it was determined by an excel formula, in which school the 

questionnaires administered, and to which grade level. With this formula, grade levels 

are disturbed randomly and in equal numbers to ATTHS schools. After the formula 

was applied, the questionnaires are given to 9th grade students in 66 schools, and the 

questionnaires are given to 10th and 11th grade students in 65 schools. The names of 

schools and at which grade level the questionnaires are applied are given in Appendix 

A.  

Our sample of students is 5880, so when thinking about mortality issues, we have sent 

6272 questionnaires. A total of 3623 student questionnaires were sent back from the 

schools, representing 61.62 % of our sample. 11 students did not mark gender. 56.39 

% (2043) of students are female and 43.30 % (1569) are male. 36.3 % (1316) of them 

are in the 9th grade, 30.2 % (1095) of them at 10th grade, 31.2 % (1127) of them at 

11th grade, and 2.3 % (82) of them at 12th grade. 3 of them did not mark grade level. 

In the analysis, as stated earlier we did not plan to include 12th grade students as they 

should not be eager to complete such questionnaires, thus they were removed from the 

study even though it was administered at some schools. 29.81 % (1080) of students 

are from the Aegean region, 18.88 % (684) of them from the Mediterranean region, 

30.89 % (1119) from Central Anatolia region and 20.43 % (740) of them are from the 

Marmara region. The detailed information about student samples can be seen in Table 

3.5. 
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Table 3.5. Information about Student Samples 

 Region  

 Aegean Mediterranean 

Central 

Anatolia Marmara Total 

  ƒ % ƒ % ƒ % ƒ % ƒ % 

C
la

ss
 

9 Gender Female 252 6.96 128 3.53 213 5.88 186 5.13 779 21.50 

Male 179 4.94 97 2.68 165 4.55 94 2.59 535 14.77 

Missing System 0 0.00 2 0.06 0 0.00 0 0.00 2 0.06 

Total 431 11.90 227 6.27 378 10.43 280 7.73 1316 36.32 

10 Gender Female 189 5.22 134 3.70 165 4.55 143 3.95 631 17.42 

Male 138 3.81 106 2.93 124 3.42 92 2.54 460 12.70 

Missing System 1 0.03 0 0.00 2 0.06 1 0.03 4 0.11 

Total 328 9.05 240 6.62 291 8.03 236 6.51 1095 30.22 

11 Gender Female 165 4.55 104 2.87 216 5.96 109 3.01 594 16.40 

Male 155 4.28 81 2.24 190 5.24 104 2.87 530 14.63 

Missing System 0 0.00 0 0.00 3 0.08 0 0.00 3 0.08 

Total 320 8.83 185 5.11 409 11.29 213 5.88 1127 31.11 

12 Gender Female 1 0.03 17 0.47 14 0.39 6 0.17 38 1.05 

Male 0 0.00 15 0.41 27 0.75 2 0.06 44 1.21 

Missing System 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 

Total 1 0.03 32 0.88 41 1.13 8 0.22 82 2.26 

Total Gender Female 607 16.75 383 10.57 608 16.78 444 12.26 2042 56.36 

Male 472 13.03 299 8.25 506 13.97 292 8.06 1569 43.31 

Missing System 0 0.00 0 0.00 0 0.00 3 0.08 0 0.00 

 Missing System 1 0.03 2 0.06 5 0.14 4 0.11 12 0.33 

 Total 1080 29.81 684 18.88 1119 30.89 740 20.43 3623 100.00 

 

As stated earlier, principals of ATTHS also form part of our sample. The accessible 

population and sample are equal for principals also. The questionnaires will be 

administered to one principal at each school. Thus, the size of our sample is 196.  

The number of principal questionnaires sent back is 172, thus we have data for 172 

principals. 150 (87.2 %) of them are male, 18 (10.5 %) of them are female and 4 (2.3 

%) of them did not mark their gender. Regarding age, a high majority of the principals 

are in their thirties. The ages of 31 (18.0 %) of the principals’ range between 31 and 

35, and 41 (23.8 %) of the principals are aged between 36 and 40. Figure 3.2 shows 

the age distribution of the principals.  
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Figure 3.2. Frequencies of the ages of the principals 

143 (83.1 %) of them have an undergraduate degree, and 25 (14.5 %) of them stated 

that they have a master degree, while none of them stated that they have a Ph. D. 

degree. There are 35 different departments that they graduated from. 82 (47.7 %) of 

them has a degree from an educational faculty, 47 (27.3 %) of them has a degree from 

a science and art faculty, 21 (12.2 %) of them has a degree from a faculty of theology. 

103 (59.9 %) of them are vice principals and 59 (34.3 %) of them are principals. 47 

(27.33 %) of them are from the Aegean region, 34 (19.77 %) of them are from the 

Mediterranean region, 52 (30.23 %) of them are from Central Anatolia region and 32 

(18.6 %) of them are from the Marmara region. Table 3.6 shows detailed information 

about the gender of the principals and the region they live in.   

Table 3.6. Region and Gender of the Principals 

    

Region 

Total Aegean Mediterranean 

Central 

Anatolia Marmara 

ƒ % ƒ % ƒ % ƒ % ƒ % 

Gender Male 42 24.42 28 16.28 49 28.49 29 16.86 148 86.05 

Female 5 2.91 6 3.49 3 1.74 3 1.74 17 9.88 

Total 47 27.33 34 19.77 52 30.23 32 18.6 165 95.93 
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3.3. Data Collection Instruments  

The data for the study was collected from physics teachers at Anatolian Teacher 

Training High Schools and their 9th, 10th and 11th grade students, and from the 

principals of these schools. Thus, various instruments were developed and 

administered to students, teachers and principals in order to answer various research 

questions. Table 3.7 shows the questionnaires and the samples these questionnaires 

were administered to.  

Instruments will be examined under the titles of Attitude Questionnaires, Barriers 

Questionnaires, Need Assessment Questionnaires, and MBL Usage Questionnaire in 

a detailed way. 

Table 3.7. Instruments and Administered Samples 

 Instruments 

Samples 

Students Physics 

Teachers 

Principals 

Attitudes Towards Physics Lesson 

Questionnaire 

X X  

Attitudes Towards Physics Laboratory 

Questionnaire 

X X  

Attitudes Towards MBL Questionnaire X X  

Attitudes Towards Using Technology in 

Physics Lesson Questionnaire 

X X  

MBL Usage Questionnaire  X X X 

Barriers faced using MBL Questionnaire  X X 

In service Training Need Assessment Survey   X X 

 

3.3.1. Attitude Questionnaires 

In this study, attitude is defined as “positive or negative feelings or cognitive readiness 

of a person, learned or regulated from experiences which affect the behavior of a 

person to an event, subject or people…” defined as Gibson, Ivancevich and Donnelly 

(1991). Attitude has three domains; behavioral, cognitive and affective. The cognitive 

domain includes how people think about things, the affective domain includes how 

people feel about things, and the behavioral domain includes how people act or want 

to act about an object and/or an event. Attitude scales in this study are composed of 
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four sub-dimensions under these domains; interest, achievement motivation, 

importance and confidence. These sub-dimensions were determined after a literature 

review considering all of the concepts that we have tried to measure for attitude. 

In this study, we have followed several steps to develop attitude questionnaires. We 

wanted to measure attitude from the same perspective in all attitude questionnaires we 

have used, as the result would be used in a structural equation model. We started with 

a Students’ Attitudes towards Physics Laboratory Questionnaire (SATLQ) to 

constitute the base, and other attitude questionnaires were developed in parallel to this 

questionnaire. SATLQs were finalized in the fourth version. The first version of the 

questionnaire was the questionnaire developed after the literature review and 

generating item pool. The second version of the questionnaire arose after student 

interviews. The third version of the questionnaire was formed after expert reviews, 

and this version was administered. The fourth version of the questionnaire was the 

finalized version after exploratory and confirmatory factor analysis. This was the 

version used in SEM. Other attitude questionnaires were finalized in the third version. 

The first versions of the questionnaires were developed parallel to the SATLQ, the 

second versions were formed after expert reviews, and these versions were 

administered. The third versions of the questionnaires were the finalized versions after 

exploratory and confirmatory factor analysis. These were the versions used in SEM. 

Steps followed in developing attitude scales are examined in the following sections. 

3.3.1.1. Step 1: Generating an Item Pool 

Before starting the literature review, our aim was to find an attitude toward laboratory 

questionnaire developed earlier, which had good validity and reliability values and 

had the same sub-dimensions. During the literature review, we could not find a 

questionnaire which met our criteria. Then we decided to form our own questionnaire. 

Various questionnaires were examined and items from three questionnaires 

(Altıparmak & Nakipoğlu, 2005; Ekici, 2002; Taşlıdere, 2002) were chosen to use to 

generate an item pool for attitude questionnaires. In terms of sub-scales and content 

and context of the questionnaires, these questionnaires were the most appropriate ones.  
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The questionnaire developed by Altıparmak and Nakipoğlu (2005) was a five-step 

Likert-type questionnaire from “Absolutely Agree” to “Absolutely Disagree” and 

composed of 50 questions. It was designed to determine high school students’ attitude 

toward a biology laboratory. Cronbach’s Alpha reliability coefficient was calculated 

as 0.82. The questionnaire developed by Ekici (2002) is also a five step Likert-type 

questionnaire from “Absolutely Agree” to “Absolutely Disagree”. It is composed of 

21 items and Cronbach’s Alpha reliability coefficient was 0.93. It was designed to 

determine high school biology teachers’ attitude toward laboratory applications. The 

questionnaire developed by Taşlıdere (2002) is composed of 24 five-step Likert-type 

items ranging from “Absolutely Agree” to “Absolutely Disagree”. It was aimed at 

determining high school students’ attitudes toward the force and motion topic. 

Cronbach’s Alpha reliability coefficient of the questionnaire was 0.94. A total of 39 

items were chosen from these questionnaires. Table 3.8 shows items taken from these 

questionnaires. 

Table 3.8. Items taken from each questionnaire (in the first version of the SATLQ) 

 Item Numbers 

In Original Questionnaire in Literature [In First 

Version of Our Questionnaire] 

Reference 

1[1], 3[2], 4[6], 5[12], 6[20], 7[4], 9[5], 10[28], 

12[9], 13[14], 14[3], 15[35], 16[29], 17[39], 

18[8], 19[36], 20[11], 21[24], 22[27], 23[25], 

26[10], 27[33],28[16], 29[26], 30[31], 31[17], 

32[32], 34[7], 35[37], 39[21] 

Altıparmak & Nakipoğlu (2005) 

75[18], 76[30], 77[38], 78[22] Taşlıdere (2002) 

2[34], 8[13], 9[19], 20[15] ,21[23]  Ekici (2002) 

 

Some revisions made on these chosen items in terms of the item’s written criteria and 

the level of respondents and context of the questionnaires. When editing items in these 

questionnaires, attention was paid to the item’s written criteria as stated below 

(Edwards, 1994):  

a. Items should be in present tense rather than past tense. 

b. Items which include real judgments should be avoided. 
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c. Items which have several meanings should not be used. 

d. Items which can only be accepted by the whole population or cannot be 

accepted by any of them should not be used. 

e. Items should be clear, simple and have direct meanings. 

f. Items should be short. They should not have more than 20 words. 

g. Items should include a whole judgment. 

h. Items should not have statements such as “all”, “none of them”, “always” 

and “never”. 

i. It should be careful about using statements such as “just” and “but”. 

j. Items should not contain double negatives. 

k. Simple sentences should be used instead of united sentences. 

l. Items that could be misunderstood by the readers should not be used. 

After that, items were redacted by a language expert in terms of Turkish grammar 

rules.  

The first version of the questionnaire was composed of 39 questions. The first version 

of the questionnaire can be seen in Appendix B. The determined and expected 

dimension of these items can be seen in the Table 3.9. 

Table 3.9. Number of items in each sub-dimension in the SATLQ’s first version 

 Sub-dimension Item Number 

Enjoyment 1, 2, 3, 4, 6, 7, 5, 8, 9, 10, 11, 

12, 13, 34 

Importance 14, 15, 16, 17, 18, 19, 20, 21, 

 22 

Self Confidence 23, 30, 31, 32, 33, 34, 35, 36, 

37, 38, 39 

Achievement Motivation 24, 25, 26, 27, 28, 29 
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3.3.1.2. Step 2: Cognitive Interviewing  

In order to understand the questionnaire from respondents’ perspective, in terms of 

how they understand and interpret questions, semi-structured interviews were done 

with 11 high school students. The aim of each interview is determining potential 

problems before administering the questionnaire. Thus, we have gathered face related 

validity evidence. 

First, six students were chosen from one of the ATTHs in Ankara. It was aimed to 

choose students from higher achievers, lower achievers and middle achievers in an 

equal number. One of the physics teachers in the school was asked to choose these 

students. The lower achieving student chosen by the teacher has a term grade level 

over 70. Thus, it was decided to repeat interviews with lower achieving students at 

one of the vocational high schools in Ankara. The physics teacher in this high school 

brought a list, which includes the students’ first and second exam results. The 

maximum grade taken from exams was 60. Five students who were lower, higher and 

middle achievers were chosen, and interviews were repeated. Demographic 

information about these students can be seen in Table 3.10. Names were made up by 

the researcher. 

Table 3.10. Demographic information about interviewed students 

School Name Grade Level 

(Age) 

Gender 

ATTHS Eser 11 (17) Male 

Deniz 11 (17) Female 

Can 11 (17) Male 

Derya 11 (17) Female 

Fuat 11 (17) Male 

Selen 11 (17) Female 

VHS Caner 11 (17) Male 

Özlem 11 (17) Female 

Erkan 11 (17) Male 

Eren 11 (19) Male 

Nergis 11 (17) Female 
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Interviews were done with a semi structured interview technique. Students were 

informed before the interviews about the study. Interviews were tape recorded with 

the permission of the teacher and students. Interviews were done in school time when 

students had free time. All interviews were conducted individually in the physics 

laboratory. An interview took approximately 25 minutes. All items were read to the 

students, who were asked what they understood from each item. Students were not 

asked whether they agree or disagree with the statements. When explanations were 

not enough, the students were asked to give examples about what they understood. It 

was not explained to students whether the laboratory is inquiry based or a traditional 

laboratory. The aim is determining students’ attitude toward laboratory applications, 

one way or another. The interview protocol is given in Appendix C. 

After the interviews were completed, they were all transcribed. Items or words which 

were not figured out or misunderstood were changed according to the daily life usage 

of students. Some items were not changed, as they were understood clearly by 

students.  Information about changes of the SATLQ items after students’ interviews 

was given in Appendix D. In the table Appendix D, all items were labeled as “same” 

or “changed”. The reason for each change was explained under some items, with 

students’ suggestion about the change. 

3.3.1.3. Step 3: Developing Teacher Attitude toward Laboratory 

Questionnaire 

The Teachers Attitude toward Laboratory Questionnaire (TATLQ) was adapted from 

SATLQ. Items were analyzed and edited in terms of teachers’ responses. Item 8, Item 

18 and Item 39 were changed for teachers. Item 21 was not adapted for teachers. Other 

items were directly used for teachers. Table 3.11 shows how these items were 

changed. The appropriateness of this adaptation was asked about in the review of the 

panel of experts. 
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Table 3.11. Examples from changed items in the TATLQ 

Item 

Number 

SATLQ TATLQ 

8 I attend laboratory applications, 

because it is compulsory. 

I do laboratory applications, because it 

is compulsory. 

18 Laboratory applications are necessary 

for physics learning.  

Laboratory applications are necessary 

for physics teaching. 

21 I want to choose a job, which I will 

work in at a laboratory. 

- 

39 A student who is successful in the 

laboratory is successful in the physics 

course too. 

A Physics teacher who is successful in 

the laboratory is successful in the 

physics course too. 

 

The first version of the TATLQ was composed of 38 items in the same sub-dimensions 

with the SATLQ. Table 3.12 shows the determined sub-dimensions. The first version 

of the TATLQ can be seen in Appendix E. 

Table 3.12. Number of items in each sub-dimension in the TATLQ’s first version 

 Sub-dimension Item Number 

Enjoyment 1, 2, 3, 4, 6, 7, 5, 8, 9, 10, 11, 

12, 13, 34 

Importance 14, 15, 16, 17, 18, 19, 20, 22 

Self Confidence 23, 30, 31, 32, 33, 34, 35, 36, 

37, 38, 39 

Achievement Motivation 24, 25, 26, 27, 28, 29 

 

3.3.1.4. Step 4: Developing other Students’ Attitude 

Questionnaire 

The Students’ Attitude toward Physics Course Questionnaire (SATPQ), Students’ 

Attitudes toward Use of Technology in Physics Course Questionnaire (SATTQ) and 

Students’ Attitudes toward MBL Questionnaire (SATMBLQ) were prepared in 

parallel to the SATLQ in order to measure the same constructs. Some items of the 

SATLQ were directly adapted to other questionnaires. In Table 3.13, an example of 

direct adaptation of an item is given.  
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Table 3.13. An example of the direct adaptation of an item 

 Attitude Questionnaire Item 3 

SATLQ I want to do more experiments.  

SATMBLQ I want to do more experiments using 

sensors. 

SATPQ I want to have more Physics course hours 

SATTQ I want to use technology more in Physics 

courses.  

Some items (Items 5, 18, 21, 28, and 34) could not be adapted directly. In Table 3.14, 

an example of an item that could not be adapted directly, is given.  

Table 3.14. An example of an item which could not be adapted directly 

Attitude Questionnaire Item 5 

SATLQ I am bored while waiting for the result of 

the experiment 

SATMBLQ I am bored while waiting for the result of 

the experiment using sensors. 

SATPQ --- 

SATTQ --- 

After adaptation, the SATMBLQ is composed of 39 items, the SATPQ is composed 

of 36 items, and the SATTQ is composed of 34 items. A review panel of experts was 

asked to evaluate the appropriateness of adaptation. The first form of the student 

attitude questionnaires (SATMBLQ, SATPQ, SATTQ) after adaptation is given in 

Appendix F. In this appendix, the adaptation of all student questionnaire items can be 

seen. 

3.3.1.5. Step 5: Developing Other Teacher Attitude 

Questionnaires 

The Teachers’ Attitude toward Physics Course Questionnaire (TATPQ), Teachers’ 

Attitudes toward Use of Technology in Physics Course Questionnaire (TATTQ) and 

Teachers’ Attitudes toward MBL Questionnaire (TATMBLQ) were prepared in 

parallel to the TATLQ in order to measure the same constructs. Some items (Items 2, 

4, 5, 6, 17, 18, 20, 24, 27, 33, and 38) could not be adapted directly. In Table 3.15 an 

example of an item, which could not be adapted directly, is given.  
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Table 3.15. An example of an item which could not be adapted directly 

Attitude Questionnaire Item 27 

TATLQ I make an effort to reach the correct conclusion in 

the experiments.  

TATMBLQ I make an effort to reach the correct conclusion in 

the experiments in which we use sensors.  

TATPQ I make an effort to reach the correct conclusion in 

the problems we solved in physics courses.  

TATTQ ---- 

After adaptation, the TATMBLQ is composed of 37 items, the TATPQ is composed 

of 29 items, and the TATTQ is composed of 32 items. A review panel of experts was 

asked to evaluate the appropriateness of adaptation. The first form of the teacher 

attitude questionnaires (TATMBLQ, TATPQ, TATTQ) after adaptation was given in 

Appendix H. In this appendix, adaptation of all teacher questionnaire items can be 

seen. 

3.3.1.6. Step 6: Validation of Attitude Questionnaires 

For attitude questionnaires several validity evidences were collected. Face and content 

related validity evidence was collected with expert review forms. A panel of experts 

was asked to determine whether each item in the questionnaire belongs to an assigned 

sub-dimension, that is to determine whether the items adequately sample the domain 

of interest (Crocker & Algina, 1996). 

As a result of the budget and population of the study being the same as the sample of 

the study, pre-tests of the questionnaire could not be done. After administration of the 

questionnaires, validity, reliability, and exploratory and confirmatory factor analysis 

were done. Items that were not appropriate were removed from the questionnaire. For 

example, as we want to measure the same constructs with parallel questions, we 

removed any item from all questionnaires that does not work for one of them, and 

repeat factor analysis on all questionnaires. In the final analysis, structural equation 

modeling was done according to the latest version of the questionnaires. 

Exploratory and confirmatory factor analyses are the two major types of factor 

analysis. Exploratory factor analysis describes data grouped that are also correlated. It 
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was generally performed in the early steps of the research in order to group variables 

and generate a hypothesis. Exploratory factor analysis seeks an answer to “What are 

the underlying processes that could have produced correlations among these 

variables?” Confirmatory factor analysis is used to test a theory about latent processes. 

It is a complicated and advanced technique. Confirmatory factor analysis seeks an 

answer to “Are the correlations among variables consistent with a hypothesized factor 

structure?” (Tabachnick & Fidell, 2006). In this study both confirmatory and 

exploratory factor analysis were done for validity issues. 

3.3.1.6.1. Review by Panel of Experts 

After all questionnaires were prepared, an expert evaluation form was prepared and it 

was submitted to panel of expert to review the questionnaires. The expert review form 

can be seen in Appendix I. The panel of experts was composed of ten academicians 

from Secondary Science and Mathematics Departments. 7 of them from Physics 

Education Departments, 2 of them from Chemistry Education Departments and 1 of 

them from the Mathematics Education Department. Experts from other departments 

were chosen as they studied attitude, laboratory and use of technology. The Attitude 

Scale Expert Evaluation form was composed of four sections. The first and second 

sections were reviewed with all of the panel and the third and fourth sections were 

reviewed with eight of the panel. 

In the first section, they were asked to determine whether each item in the SATLQ 

belongs to the assigned sub-dimension, that is to determine whether the items 

adequately sample the domain of interest (Crocker & Algina, 1996). With this review, 

face and content related validity evidence should be gathered. The questionnaire was 

given to experts without dividing them into sub-dimensions and the academicians 

were asked to place each item into one of the sub-dimensions. In addition, it was 

required that they mark the items that did not fit into any sub-dimensions, or fir into 

more than one sub-dimension. Moreover, academicians were asked to examine items 

to determine whether they were proper in terms of Edward’s items written criteria. All 

reviews were examined, and items were removed from the questionnaire that experts 
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identified as not being within those terms. Furthermore, some changes were done 

according to reviews in other sections. 

In the second section of the expert review form it was asked academicians to compare 

and crosscheck whether items in the SATLQ were properly adapted to the TATLQ. It 

was asked them to evaluate questionnaire if some shift has happened in the meaning 

while adaptation and if they have any suggestions to change.  

In the third section of the expert review all student attitude questionnaires were given 

and the experts were again asked to evaluate each questionnaire to see if some shift 

has happened in the meaning during adaptation, and if they have any suggestions for 

changes. Similar operations were done in the fourth section of the expert review for 

teacher attitude questionnaires.  

Then all reviews were examined. All suggestions of experts were taken into 

consideration and questionnaires were put into the correct form before reliability and 

factor analysis. The suggestions on all attitude scale items can be seen in Appendix J. 

Table 3.16 show item numbers in student questionnaires after expert review (third 

version for the SATLQ and second version for others) and Table 3.17 shows item 

numbers in teacher questionnaires after expert review (second version).   

Table 3.16. Number of items in each sub-dimension in administered Student Questionnaires 

   Item Number 

  SATLQ SATPQ SATMBLQ SATTQ 

Sub-

dimension 

Enjoyment 1, 5, 8, 9, 

18, 21, 26 

1, 5, 8, 9, 

19, 21, 26 

1, 5, 8, 9, 19, 

21, 26 

1, 5, 8, 9, 

19, 21, 26 

Importance 4, 11, 13, 

15, 16, 23 

4, 11, 13, 

16, 17, 23 

4, 11, 13, 15, 

17, 23 

4, 11, 13, 

16, 17, 23 

Self 

Confidence 

2, 10, 12, 

14, 22, 25 

2, 10, 12, 

14, 22, 25 

2, 10, 12, 14, 

22, 25 

2, 10, 12, 

15, 22, 25 

Achievement 

Motivation 

3, 6, 7, 17, 

20, 24 

3, 6, 7, 18, 

20, 24 

3, 6, 7, 18, 

20, 24 

3, 6, 7, 18, 

20, 24 

 Total Number 

of Items 

25 24 25 25 
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Table 3.17. Number of items in each sub-dimension in administered Teacher Questionnaires 

   Item Number 

  TATLQ TATPQ TATMBLQ TATTQ 

Sub-

dimension 

Enjoyment 1, 5, 8, 9, 

18, 21, 26 

1, 5, 8, 9, 

18, 20, 25 

1, 5, 8, 9, 19, 

21, 26 

1, 5, 8, 9, 

19, 21, 26 

Importance 4, 11, 13, 

15, 16, 23 

4, 11, 14, 

16, 22 

4, 11, 13, 15, 

16, 23 

4, 11, 13, 

16, 17, 23 

Self 

Confidence 

2, 10, 12, 

14, 22, 25 

2, 10, 13, 

15, 21, 24 

2, 10, 12, 14, 

22, 25 

2, 10, 12, 

14, 22, 25 

Achievement 

Motivation 

3, 6, 7, 17, 

19, 24 

3, 6, 7, 17, 

19, 23 

3, 6, 7, 17, 20, 

24 

3, 6, 7, 18, 

20, 24 

 Total Number 

of Items 

25 24 25 25 

 

3.3.1.6.2. Exploratory Factor Analysis 

1. Data screening and cleaning were done. 

In factor analysis, in order not to lose large amounts of data, all analysis was done 

separately for each questionnaire. First of all, five SPSS data files were formed. One 

of them was for the whole data set, and the other four were attitude questionnaires. 

SPSS data for attitude questionnaires were also includes descriptive such as grade 

level, region and gender.  

Data screening and cleaning were started by removing 12th grades from the data. 

Before sending questionnaires, in order to collect equal amounts of data from each 

grade level (9th, 10th and 11th grade), grade levels were assigned to each school by 

using an excel formula, and an administration form was prepared about how and for 

which grade level the student questionnaires would be administered. Moreover, as the 

12th grade level students were preparing the university entrance examination, they 

should not be eager to attend such questionnaires. This may lead to incorrect results, 

so it was planned to not administer questionnaires to 12th grades. However, at some of 

the schools, questionnaires had been administered to 12th grades. In the data cleaning 

part, first of all 12th grade students’ data were removed. The whole data is composed 

of 3623 student data items. 82 (2.3 %) of them are from 12th grades and 3 (0.1) of them 

were not marked with grade levels.  
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Accuracy of the data file is an important issue for factor analysis (Tabachnick & Fidell, 

2006). Then univariate descriptive statistics were done in order to see any problems, 

such as all data being in the range for continuous variables, means and standard 

deviations being plausible in the data. 

Then before missing data analysis, students who left empty all questionnaire questions 

or left at least one of the factors at least 50% empty were removed from the data. Table 

3.18 shows sample sizes in the questionnaires after this clean up analysis was done.  

Table 3.18. Sample sizes before and after missing data reduction 

 Sample Size 

Questionnaire Before 

Analysis 

After 

Analysis 

Difference 

 ƒ Ƒ ƒ % 

SATLQ 3541 3378 163 4.60 

SATPQ 3541 3388 153 4.32 

SATMBLQ 3541 2587 954 26.94 

SATTQ 3541 3504 37 1.04 

TATLQ 174 153 21 12.07 

TATPQ 174 161 13 7.47 

TATMBLQ 174 113 61 35.06 

TATTQ 174 157 17 9.77 

 

In order to determine students who filled in questionnaires randomly without not 

reading them, we put in each questionnaire a control item “Mark “I Agree”” choice if 

you read this item.”. We have removed these students from the sample as their 

inclusion would lead to an incorrect result in the study. Table 3.19 shows the number 

of the items in each attitude questionnaire and Table 3.20 shows sample sizes in the 

questionnaires after this clean up analysis was done. 
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Table 3.19. Control item in each questionnaire 

Questionnaire Item Number 

SATLQ 19 

SATPQ 15 

SATMBLQ 16 

SATTQ 14 

TATLQ 20 

TATPQ 12 

TATMBLQ 18 

TATTQ 15 

 

 

Table 3.20. Sample sizes before and after reduction due to control item 

  Sample Size  

Questionnaire Before 

Analysis 

After 

Analysis 

Difference 

 ƒ ƒ ƒ % 

SATLQ 3378 2916 462 13,68 

SATPQ 3388 2830 558 16,47 

SATMBLQ 2587 2060 527 20,37 

SATTQ 3504 2961 543 15,50 

TATLQ 153 142 11 7,19 

TATPQ 161 149 12 7,45 

TATMBLQ 113 102 11 9,73 

TATTQ 157 146 11 7,01 

 

Then before missing data analysis, questionnaires from students who left the whole 

questionnaire or left at least one of the factors at least 50% empty were removed from 

the data. Table 3.21 gives sample sizes in the questionnaires before and after all of 

these clean up procedures.  

 

 

 

 



 

 

 

81 

 

Table 3.21. Sample sizes before and after the whole reduction process 

  Sample Size  

Questionnaire Before 

Analysis 

After 

Analysis 

Difference 

 ƒ ƒ ƒ % 

SATLQ 3541 2916 625 17.65 

SATPQ 3541 2830 711 20.08 

SATMBLQ 3541 2060 1481 41.82 

SATTQ 3541 2961 580 16.38 

TATLQ 174 142 32 18.39 

TATPQ 174 149 25 14.37 

TATMBLQ 174 102 72 41.38 

TATTQ 174 146 28 16.09 

 

2. Missing value analysis was done. 

In order to determine the pattern and percentage of missing values, missing value 

analysis was done using the “Analyze Pattern” command under the “Multiple 

Imputation” command under the analyze menu on SPPS 19. In order to reach an 

unbiased result in exploratory and confirmatory factor analysis, missing data should 

be random. That is, it should not have any pattern. SPSS output of Overall Summary 

of Missing Value Figure and Missing Value Pattern Graphs were analyzed. For any 

of the questionnaires, non-random missing values were not observed.  Missing value 

imputation was done before confirmatory factor analysis. A detailed explanation of 

missing value imputation will be given in Section 3.6. 

3. Reverse coding was done. 

Some of the items in the attitude scales had been negatively stated and reverse coding 

should be done before factor analysis. Reverse coding of student questionnaires was 

done while transferring from the optical reader. Table 3.22 shows reverse coded items 

from each questionnaire. 
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Table 3.22. Reverse coded items from each attitude questionnaire 

 Questionnaire Item Number 

SATLQ 1, 4, 11, 13, 14, 18, 22 

SATPQ 1, 4, 8, 10, 11, 13, 14, 19, 22 

SATMBLQ 1, 4, 8, 10, 11, 13, 14, 19, 22 

SATTQ 1, 4, 8, 10, 11, 13, 15, 19, 22 

TATLQ 1, 4, 8, 10, 11, 13, 14, 18, 22 

TATPQ 4, 8, 10, 11, 14, 15, 18, 21 

TATMBLQ 1, 4, 8, 10, 11, 13, 14, 19, 22 

TATTQ 1, 4, 8, 10, 11, 14, 19, 22 

 

4. Assumptions of exploratory factor analysis were validated 

The main assumptions for factor analyses are; identity matrix, sample size and 

multivariate normality. Multivariate normality was looked at with Kaiser-Mayer-

Olkin measurement, which is a measurement of whether the distribution is adequate 

for factor analysis. Kaiser (as cited in George & Mallery, 2003) opined that > 0.9 is 

marvelous, > 0.8 is meritorious, > 0.7 is middling, > 0.6 is mediocre, > 0.5 is 

miserable, and < 0.5 is unacceptable.   

Bartlett’s test of sphericity is also a measure of the multivariate normality of set of 

distributions. Besides, it tests whether the correlation matrix is an identity matrix or 

not, as factor analysis will be meaningless with an identity matrix. The significance 

value < 0.05 indicates that these data items do not produce an identity matrix. Table 

3.23 shows KMO and Bartlett’s test of Sphericity values of each questionnaire. 

Table 3.23. KMO and Bartlett’s test of sphericity values for all questionnaires 

 Questionnaire Kaiser-Meyer-Olkin 

Measure of Sampling 

Adequacy 

Bartlett's Test of 

Sphericity Sig. 

SATLQ 0.944 0.000 

SATPQ 0.947 0.000 

SATMBLQ 0.930 0.000 

SATTQ 0.948 0.000 

TATLQ 0.864 0.000 

TATPQ 0.889 0.000 

TATMBLQ 0.892 0.000 

TATTQ 0.896 0.000 
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According to Stevens (2002) for reliable factors various rules have been proposed with 

respect to sample size. Sample size should be determined as a function of the number 

of variables ranging from 2 subjects per variable to 20 subjects per variable. Stevens 

suggested that 5 subjects per variable was the minimum needed. We have examined 

sample size for each analysis separately. Sample sizes are high above from this ratio 

for this analysis for students’ questionnaires, and it is adequate for teachers’ 

questionnaires. Also, KMO test results are high above the critical values.  

Moreover, to conduct exploratory factor analysis, each item’s communality value 

must be equal to or above 0.50. Communalities state how much of the variance in each 

of the original variables is explained by the extracted factors. Communality values 

were examined for each analysis and items that had values below 0.50 were removed 

from the analysis and the analysis was repeated.  

5. Principal component factor analysis was done. 

Factor analysis is a statistical procedure to determine whether many variables can be 

described by a few meaningful factors (Fraenkel, Wallen & Hyun, 2012). The purpose 

of factor analysis is to determine the number of factors required to account for the 

pattern of correlations between all pairs of tests in a set of tests (Fraenkel, Wallen & 

Hyun, 2012). 

At first principal component analysis with orthogonal (assuming that all factors are 

uncorrelated with each other) (varimax) rotation missing value with pairwise deletion 

was run on SPPS 19. In all analyses, items were not loaded into the factors we have 

assumed. Then analysis was repeated with different missing value imputation and 

repeated with student data divided into different grade levels. But once again, the data 

did not give the expected result. Then analysis was repeated obliquely (assuming that 

factors are correlated) rotation with following all variations done in a varimax rotation. 

However, any expected results were not reached. 
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3.3.1.6.3. Confirmatory Factor Analysis 

Factor structure of attitude and barrier scales were further investigated with 

confirmatory factor analysis (CFA). Confirmatory factor analysis is a special issue of 

Structural Equation Modeling. Steps followed in SEM are followed in CFA. Detailed 

information about steps followed in SEM will be explained in Section 3.6. 

Before creating and administering the questionnaires, a detailed literature review was 

done to determine dimensions, and items under each dimension. Hypothesized models 

for confirmatory factor analysis were determined after that, and questionnaires were 

administered to the sample. Model specification and identification steps of SEM had 

been completed by doing them. Other steps will be talked under each questionnaire 

confirmatory factor analysis.  

In the CFA of attitude scales, Enjoy (for enjoyment), Motiv (for achievement 

motivation), Import (for importance) and S. Confi (for self-confidence) were latent 

variables for all attitude scales and items under each questionnaire that were chosen 

as observed variables.  

Assumptions of the CFA were tested for each questionnaire before conducting the 

CFA. Missing value analysis was done before doing exploratory factor analysis for 

each data set. Data patterns were examined, and it was seen that in all of them, missing 

data was at random. Then multiple imputation (MI) missing data imputation was 

administered for each before confirmatory factor analysis, as it was the most 

appropriate method for SEM analysis. Other assumptions will be talked about under 

each CFA. 

I. SATLQ Confirmatory Factor Analysis  

A hypothesized model of the SATLQ, for which CFA was conducted by utilizing the 

AMOS program, was shown in Figure 3.6.   
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Figure 3.3. Hypothesized model of the SATLQ 

The influence of each case was examined with Cook’s distance for identification of 

outliers. A Cooks distance greater than 1.0 indicates unfair influence in data analysis. 

Moreover, Mahalanobis distances were examined. Univariate outliers were checked 

by histogram, and multivariate outliers were checked using the Mahalanobis distance 

(i.e., Mahalanobis d-squared) statistic. It shows how one observation in the data is 

distantly located from the others. It is distributed as a chi-square statistic with degrees 

of freedom equal to the number of observed variables. Observations are arranged 

according to the size of the statistics, and those exceeding the critical value of the chi-

square given degrees of freedom. With regard to multivariate outliers, the critical 

value of chi-square for 25 degrees of freedom is 46.93 (Fraenkel, Wallen & Hyun, 

2012, p. 677). SPPS output of Mahalanobis distance and Cook’s distance were given 

in Table 3.24. Students, whose Mahalanobis distance data is over 46.93 were removed 

from the analysis. CFA was done with 2584 students’ data.  
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Table 3.24. SPSS output of Mahalanobis and Cook’s distance of the SATLQ 

  N Minimum Maximum Mean Std. Deviation 

Cook's Distance 2916 .000 .005 .000 .000 

Mahalanobis 

Distance 

2916 1.848 138.499 24.991 17.403 

Valid N  2916     

In CFA, unstandardized and standardized regression weights (factor loadings) were 

used to show the relation between latent and observed variables.  Table 3.25 shows 

the initial results for unstandardized solution.  

Table 3.25. Initial unstandardized results for factor loadings and measurement errors of the SATLQ 

Dimension Item Estimate S.E. C.R. P 

Enjoyment l26 1.000    

l21 0.842 0.026 32.905 <0.001 

l18 0.731 0.029 25.408 <0.001 

l9 0.835 0.031 26.920 <0.001 

l8 0.708 0.026 27.142 <0.001 

l5 0.782 0.024 32.227 <0.001 

l1 0.640 0.026 24.913 <0.001 

Motivation l6 1.000    

l24 0.919 0.023 40.371 <0.001 

l20 0.979 0.023 42.380 <0.001 

l17 0.958 0.024 40.507 <0.001 

l7 0.561 0.034 16.716 <0.001 

l3 0.924 0.026 34.888 <0.001 

Self 

Confidence 
l25 1.000    

l22 0.543 0.031 17.737 <0.001 

l14 0.261 0.034 7.765 <0.001 

l12 0.853 0.029 29.810 <0.001 

l10 0.568 0.030 18.948 <0.001 

l2 0.743 0.029 25.927 <0.001 

Importance l23 1.000   <0.001 

l16 0.957 0.026 37.346  

l15 0.445 0.034 13.207 <0.001 

l13 0.554 0.035 15.989 <0.001 

l11 0.803 0.028 28.646 <0.001 

l4 0.734 0.029 25.571 <0.001 
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The regression weights for all the items in the prediction are significantly different 

from zero at the 0.001 level, so none of the items was deleted from the model by 

looking at the unstandardized regression weights. Then standardized factor loading of 

each item was examined. Table 3.26 shows a standardized solution for the SATLQ 

item set. There is not a globally accepted cutoff value for factor loadings. In this study, 

standardized regression weights below 0.4 were accepted as poor measures of the 

latent variables.  

Table 3.26. Initial standardized results for factor loadings of the SATLQ 

Dimension Item Estimate 

Enjoyment l26 0.763 

l21 0.637 

l18 0.511 

l9 0.531 

l8 0.545 

l5 0.625 

l1 0.499 

Motivation l24 0.778 

l20 0.804 

l17 0.778 

l7 0.340 

l6 0.771 

l3 0.665 

Self Confidence l25 0.733 

l22 0.382 

l14 0.167 

l12 0.626 

l10 0.408 

l2 0.544 

Importance l23 0.720 

l16 0.758 

l15 0.272 

l13 0.330 

l11 0.587 

l4 0.526 

Thus item 7, 22, 14, 15 and 13 were removed from the study and analyses were 

repeated. Table 3.27 shows the standardized results of factor loadings.  
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Table 3.27. Standardized values of factor loadings after items regression weights smaller than 0.4 

removed of the SATLQ 

Dimension Item Estimate 

Enjoyment l26 0.777 

l21 0.641 

l18 0.493 

l9 0.533 

l8 0.521 

l5 0.638 

l1 0.485 

Motivation l24 0.783 

l20 0.804 

l17 0.778 

l6 0.767 

l3 0.663 

Self 

Confidence 
l25 0.748 

l12 0.621 

l2 0.545 

Importance l23 0.733 

l16 0.765 

l11 0.573 

l4 0.514 

 

When we examined the data, two of the error variances (error variances of item 9 and 

18) were greater than one and the minimum was not achieved. Then Item 9 and 18 

were removed from the analysis and the analysis was repeated. Table 3.28 shows the 

final standardized results of factor loadings. 

Table 3.28. The final standardized results of factor loadings of the SATLQ 

Dimension Item Estimate 

Enjoyment l26 0.792 

l21 0.660 

l8 0.441 

l5 0.627 

l1 0.423 

Motivation l24 0.797 
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l20 0.809 

l17 0.784 

l6 0.738 

l3 0.625 

Self 

Confidence 
l25 0.760 

l12 0.616 

l2 0.533 

Importance l23 0.762 

l16 0.794 

l11 0.489 

l4 0.425 

 

Following this step, we focused on fit index values of the model. The fit indexes and 

why we chose these indexes were talked about in Section 3.6. In this section, we talk 

only about satisfaction of these fit indices in Table 3.29.  

Table 3.29. Fit indices of CFA of the SATLQ   

Fit Index Value Cutoff Criteria Satisfaction 

CMIN/df  7.372 < 8.00 Satisfied 

RMSEA  0.050 < 0.05 Good Fit 

GFI  0.965 > 0.90 Good Fit 

TLI  0.959 > 0.90 Good Fit 

CFI  0.969 > 0.90 Good Fit 

 

II. SATPQ Confirmatory Factor Analysis  

A hypothesized model of the SATPQ for which CFA was conducted by utilizing 

AMOS program was shown in Figure 3.7.   
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Figure 3.4. Hypothesized model of the SATPQ 

As stated in the previous section, we have checked for Cook’s distance for 

identification of outliers, Mahalanobis distance for multivariate outliers and 

histograms for univariate outliers. Table 3.30 shows Mahalanobis and Cook’s distance 

values. Students for whom Mahalanobis distance data is over 46.93 were removed 

from the analysis. CFA was done with 2495 students’ data.  

Table 3.30. SPSS output of Mahalanobis and Cook’s distance of the SATPQ 

 
Minimum Maximum Mean 

Std. 

Deviation N 

Mahalanobis Distance 1.820 126.007 24.991 17.951 2854 

Cook's Distance .000 .004 .000 .000 2854 

 

In CFA, unstandardized and standardized regression weights (factor loadings) were 

used to show the relation between latent and observed variables. Table 3.31 shows the 

initial results for an unstardardized solution.  
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Table 3.31. Initial unstandardized results for factor Loadings and Measurement Errors of the SATPQ  

Dimension Item Estimate S.E. C.R. P 

Enjoyment p8 1.000    

p26 0.891 0.028 31.360 <0.001 

p21 0.803 0.026 30.508 <0.001 

p19 0.974 0.029 33.306 <0.001 

p9 0.771 0.027 28.722 <0.001 

p5 0.876 0.030 29.288 <0.001 

p1 0.926 0.027 34.327 <0.001 

Motivation p20 1.000    

p24 0.874 0.022 39.797 <0.001 

p18 0.989 0.024 41.873 <0.001 

p7 0.948 0.027 34.475 <0.001 

p6 0.939 0.022 42.819 <0.001 

p3 0.940 0.024 38.640 <0.001 

Self 

Confidence 
p12 1.000    

p25 0.730 0.032 23.003 <0.001 

p22 0.871 0.037 23.603 <0.001 

p14 0.670 0.039 17.231 <0.001 

p10 0.939 0.037 25.113 <0.001 

p2 0.913 0.033 27.796 <0.001 

Importance p4 1.000    

p17 0.970 0.028 34.591 <0.001 

p16 0.480 0.031 15.493 <0.001 

p13 0.626 0.033 18.976 <0.001 

p11 0.943 0.028 33.146 <0.001 

p23 0.833 0.029 28.553 <0.001 

 

The regression weights for all the items in the prediction are significantly different 

from zero at the 0.001 level, so none of the items were deleted from the model by 

looking at the unstandardized regression weights. Then standardized factor loading of 

each item was examined. Table 3.32 shows a standardized solution for the SATPQ 

item set.   
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Table 3.32. Initial Standardized Results for Factor Loadings of the SATPQ 

 

Dimension Item Estimate 

Enjoyment p26 0.672 

p21 0.659 

p19 0.667 

p9 0.613 

p8 0.743 

p5 0.620 

p1 0.693 

Motivation p24 0.752 

p20 0.787 

p18 0.783 

p7 0.670 

p6 0.799 

p3 0.736 

Self 

Confidence 
p25 0.534 

p22 0.551 

p14 0.399 

p12 0.673 

p10 0.589 

p2 0.625 

Importance p17 0.775 

p16 0.341 

p13 0.401 

p11 0.696 

p4 0.702 

p23 0.635 

 

Item 16, 22, and 14 were removed from the study as regression weighted results are 

below 0.4 and the analyses were repeated. Table 3.33 shows the final standardized 

results of factor loadings.  
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Table 3.33. Final Standardized Values of Factor Loadings of the SATPQ 

Dimension Item Estimate 

Enjoyment p26 0.705 

p21 0.681 

p19 0.584 

p9 0.659 

p8 0.697 

p5 0.649 

p1 0.679 

Motivation p24 0.737 

p20 0.788 

p18 0.772 

p7 0.675 

p6 0.802 

p3 0.737 

Self 

Confidence 
p25 0.564 

p22 0.448 

p12 0.673 

p10 0.516 

p2 0.622 

Importance p23 0.663 

p17 0.799 

p11 0.638 

p4 0.649 

 

Following this step, we focused on fit index values of the model. Table 3.34 shows fit 

indices values obtained in this CFA.  

Table 3.34. Fit indices of CFA of the SATPQ 

Fit Index Value Cutoff Criteria Satisfaction 

CMIN/df  12.456 < 8.00 Not satisfied 

RMSEA  0.068 < 0.05 Mediroate Fit 

GFI  0.922 > 0.90 Good Fit 

TLI  0.910 > 0.90 Good Fit 

CFI  0.932 > 0.90 Good Fit 
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III. SATTQ Confirmatory Factor Analysis  

A hypothesized model of the SATTQ for which CFA was conducted by utilizing the 

AMOS program was shown in Figure 3.8.   

 

Figure 3.5. Hypothesized model of the SATTQ 

As stated in the previous section, we have checked for Cook’s distance for 

identification of outliers, Mahalanobis distance for multivariate outliers and 

histograms for univariate outliers. Table 3.35 shows Mahalanobis and Cook’s distance 

values. Students for whom Mahalanobis distance data is over 46.93 were removed 

from the analysis.  CFA was done with 2524 students’ data.  

Table 3.35. SPSS output of Mahalanobis and Cook’s distance of the SATTQ 

 
Minimum Maximum Mean 

Std. 

Deviation N 

Mahal. Distance 1.331 185.336 24.991 18.484 2893 

Cook's Distance .000 .008 .000 .000 2893 

 

In the CFA, unstandardized and standardized regression weights (factor loadings) 

were used to show the relation between latent and observed variables. Table 3.36 

shows the initial results for an unstardardized solution. 
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Table 3.36. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

SATTQ 

Dimension Item Estimate S.E. C.R. P 

Enjoyment t26 1.000    

t21 0.773 0.027 28.288 <0.001 

t19 0.791 0.031 25.607 <0.001 

t9 0.499 0.032 15.350 <0.001 

t8 -0.766 0.026 -29.585 <0.001 

t5 0.855 0.025 34.238 <0.001 

t1 0.619 0.024 25.386 <0.001 

Motivation t18 1.000    

t20 0.965 0.027 35.370 <0.001 

t7 0.719 0.031 22.924 <0.001 

t6 0.942 0.027 35.235 <0.001 

t3 0.942 0.029 32.593 <0.001 

t24 0.999 0.026 38.006 <0.001 

Self 

Confidence 
t25 1.000    

t22 0.710 0.030 23.334 <0.001 

t15 0.444 0.033 13.592 <0.001 

t12 0.792 0.027 29.062 <0.001 

t10 0.572 0.029 19.446 <0.001 

t2 0.671 0.028 23.986 <0.001 

Importance t23 1.000   <0.001 

t17 0.888 0.027 32.824  

t16 0.990 0.027 36.463 <0.001 

t13 0.513 0.034 15.210 <0.001 

t11 0.840 0.029 29.315 <0.001 

t4 0.857 0.029 29.208 <0.001 

 

The regression weights for all the items in the prediction are significantly different 

from zero at the 0.001 level, so none of the items was deleted from the model by 

looking at the unstandardized regression weights. Then standardized factor loading of 

each item was examined. Table 3.37 shows a standardized solution for the SATPQ 

item set. 
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Table 3.37. Initial Standardized Values for Factor Loadings of the SATPQ 

 

Dimension Item Estimate 

Enjoyment t26 0.777 

t21 0.563 

t19 0.525 

t9 0.315 

t8 -0.599 

t5 0.670 

t1 0.519 

Motivation t24 0.776 

t20 0.730 

t18 0.732 

t7 0.481 

t6 0.735 

t3 0.678 

Self 

Confidence 
t25 0.743 

t22 0.499 

t15 0.295 

t12 0.609 

t10 0.420 

t2 0.501 

Importance t23 0.708 

t17 0.780 

t16 0.695 

t13 0.322 

t11 0.642 

t4 0.639 

 

Item 13, 15, and 9 were removed from the study as the standardized regression weights 

were below 0.4 and the analyses were repeated. After these items were removed, Item 

10’s value decreased below 0.4 and thus item 10 was removed from the study and the 

analysis was repeated. For Item 8 reliability analysis was done for sub-dimension. 

Item 8 decreases total reliability to 0.023 and decreases sub-dimension reliability to 

0.298 thus we also removed Item 8 from the analysis. Table 3.38 shows the final 

standardized results of factor loadings. 
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Table 3.38. Final standardized values of factor loadings of the SATPQ 

 

Dimension Item Estimate 

Enjoyment t26 0.804 

t21 0.593 

t19 0.468 

t5 0.688 

t1 0.479 

Motivation t24 0.780 

t20 0.737 

t18 0.735 

t7 0.479 

t6 0.719 

t3 0.653 

Self 

Confidence 
t25 0.747 

t22 0.449 

t12 0.603 

t2 0.497 

Importance t23 0.738 

t17 0.802 

t16 0.715 

t11 0.569 

t4 0.567 

 

Following this step, we focused on fit index values of the model. The fit indexes and 

why we chose these indexes were talked about in Section 3.6. In this section we talk 

only about satisfaction of these fit indices in Table 3.39.  

Table 3.39. Fit indices of CFA of the SATPQ 

 Fit Index Value Cutoff Criteria Satisfaction 

CMIN/df  9.982 < 8.00  Not Satisfied 

RMSEA  0.059 < 0.05  Good Fit 

GFI  0.941 > 0.90  Good Fit 

TLI  0.928 > 0.90  Good Fit 

CFI  0.943 > 0.90  Good Fit 
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IV. SATMBLQ Confirmatory Factor Analysis  

A hypothesized model of the SATMBLQ for which CFA was conducted by utilizing 

the AMOS program was shown in Figure 3.9. 

 

Figure 3.6. Hypothesized model of the SATMBLQ 

As stated in the above section, we have checked for Cook’s distance for identification 

of outliers, Mahalanobis distance for multivariate outliers and histograms for 

univariate outliers. Table 3.40 shows Mahalanobis and Cook’s distance values. 

Students for whom Mahalanobis distance data is over 46.93 were removed from the 

analysis. CFA was done with 1786 students’ data. 

 
Table 3.40. SPSS output of Mahalanobis and Cook’s distance of the SATMBLQ 

 
Minimum Maximum Mean 

Std. 

Deviation N 

Mahal. Distance .937 161.616 24.988 18.982 2062 

Cook's Distance .000 .008 .000 .001 2062 

 

In CFA, unstandardized and standardized regression weights (factor loadings) were 

used to show the relation between latent and observed variables. Table 3.41 shows the 

initial results for the unstandardized solution.  
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Table 3.41. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

SATMBLQ 

Dimension Item Estimate S.E. C.R. P 

Enjoyment m26 1.000    

m21 0.878 0.029 30.763 <0.001 

m19 0.431 0.032 13.661 <0.001 

m9 0.717 0.032 22.612 <0.001 

m8 0.476 0.032 14.92 <0.001 

m5 0.865 0.028 30.436 <0.001 

m1 0.407 0.031 13.253 <0.001 

Self 

Confidence 
m25 1.000    

m22 0.223 0.031 7.193 <0.001 

m14 0.089 0.032 2.755 0.006 

m12 0.792 0.028 27.96 <0.001 

m10 0.251 0.031 8.134 <0.001 

m2 0.662 0.028 23.553 <0.001 

Motivation m20 1.000    

m18 0.979 0.026 38.141 <0.001 

m7 0.842 0.026 32.613 <0.001 

m6 0.971 0.025 39.223 <0.001 

m3 0.957 0.025 38.388 <0.001 

m24 0.979 0.024 40.255 <0.001 

Importance m23 1.000    

m17 1.031 0.032 31.903 <0.001 

m15 0.367 0.035 10.35 <0.001 

m13 0.345 0.038 9.004 <0.001 

m11 0.579 0.035 16.39 <0.001 

m4 0.614 0.035 17.438 <0.001 

 

The regression weights for all of the items in the prediction are significantly different 

from zero at the 0.001 level except Item m14, so Item m14 was decided to be deleted 

from the model by looking at the unstandardized regression weights. Then 

standardized factor loading of each item was examined Table 3.42 show standardized 

solution for the SATMBLQ item set. 
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Table 3.42. Initial Standardized Results for Factor Loadings of the SATMBLQ 

Dimension Item Estimate 

Enjoyment m26 0.782 

m21 0.700 

m19 0.336 

m9 0.530 

m8 0.365 

m5 0.694 

m1 0.327 

Self 

Confidence 
m25 0.766 

m22 0.175 

m14 0.067 

m12 0.640 

m10 0.198 

m2 0.548 

Motivation m24 0.812 

m20 0.808 

m18 0.782 

m7 0.695 

m6 0.802 

m3 0.791 

Importance m23 0.745 

m17 0.764 

m15 0.256 

m13 0.229 

m11 0.413 

m4 0.438 

 

Items 19, 8, 22, 14, 10, 15 and 13 were removed from the study because their 

standardized regression weights were below 0.4, and the analyses were repeated. 

Table 3.43 shows the final standardized results of factor loadings.  
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Table 3.43. Final standardized values of factor loadings of the SATMBLQ 

Dimension Item Estimate 

Enjoyment m26 0.778 

m21 0.709 

m9 0.546 

m5 0.685 

Self 

Confidence 
m25 0.769 

m12 0.660 

m2 0.571 

Motivation m24 0.801 

m20 0.812 

m18 0.786 

m7 0.700 

m6 0.789 

m3 0.783 

Importance m17 0.831 

m11 0.403 

m4 0.432 

 

Following this step, we focused on fit index values of the model. The fit indexes and 

why we chose these indexes were talked about in Section 3.6. In this section, we talk 

only about satisfaction of these fit indices in Table 3.44.  

 

Table 3.44. Fit indices of CFA of the SATMBLQ   

 Fit Index Value 

Cutoff 

Criteria Satisfaction 

CMIN/df  14.657 < 8.00  Not Satisfied 

RMSEA  0.087 < 0.05  Good Fit 

GFI  0.917 > 0.90  Good Fit 

TLI  0.901 > 0.90  Good Fit 

CFI  0.926 > 0.90  Good Fit 
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V. TATLQ Confirmatory Factor Analysis  

A hypothesized model of the TATLQ for which CFA was conducted by utilizing the 

AMOS program was shown in Figure 3.10.   

 

Figure 3.7. Hypothesized model of the TATLQ 

As stated in the previous section, we have checked for Cook’s distance for 

identification of outliers, Mahalanobis distance for multivariate outliers and 

histograms for univariate outliers. Table 3.45 shows Mahalanobis and Cook’s distance 

values. Teachers for whom Mahalanobis distance data is over 46.93 were removed 

from the analysis.  

Table 3.45. SPSS output of Mahalanobis and Cook’s distance of the TATLQ 

  Minimum Maximum Mean Std. Deviation N 

Mahal. Distance 2.123 78.644 24.823 14.990 141 

Cook's Distance .000 .069 .009 .012 141 

In CFA, unstandardized and standardized regression weights (factor loadings) were 

used to show the relation between latent and observed variables. Table 3.46 shows the 

initial results for unstandardized solution.  
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Table 3.46. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

TATLQ 

Dimension Item Estimate S.E. C.R. P 

Enjoyment l26 0.665 0.091 7.277 <0.001 

l21 0.755 0.104 7.250 <0.001 

l18 0.729 0.117 6.206 <0.001 

l9 1.000    

l8 0.884 0.107 8.299 <0.001 

l5 0.731 0.084 8.699 <0.001 

l1 0.734 0.107 6.869 <0.001 

Motivation l24 0.731 0.098 7.476 <0.001 

l19 1.093 0.094 11.658 <0.001 

l17 1.000    

l7 0.901 0.131 6.895 <0.001 

l6 0.915 0.095 9.635 <0.001 

l3 0.878 0.125 7.003 <0.001 

Self 

Confidence 
l25 0.489 0.172 2.837 0.005 

l22 1.000    

l14 0.540 0.167 3.241 0.001 

l12 0.859 0.164 5.228 <0.001 

l10 0.818 0.148 5.520 <0.001 

l2 0.817 0.167 4.901 <0.001 

Importance l23 0.760 0.116 6.545 <0.001 

l16 0.649 0.082 7.892 <0.001 

l15 1.000    

l13 0.405 0.143 2.843 0.004 

l11 0.799 0.125 6.394 <0.001 

l4 0.710 0.121 5.886 <0.001 

 

The regression weights for all of the items in the prediction are significantly different 

from zero at the 0.001 level except Items l25, l14 and l13, so they were decided to be 

deleted from the model. Then standardized factor loading of each item was examined. 

Table 3.47 shows a standardized solution for the TATLQ item set.  
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Table 3.47. Initial Standardized Results for Factor Loadings of the TATLQ 

Dimension Item Estimate 

Enjoyment l26 0.668 

l21 0.669 

l18 0.569 

l9 0.730 

l8 0.747 

l5 0.784 

l1 0.630 

Motivation l24 0.628 

l19 0.860 

l17 0.826 

l7 0.591 

l6 0.770 

l3 0.595 

Self 

Confidence 
l25 0.377 

l22 0.707 

l14 0.336 

l12 0.576 

l10 0.553 

l2 0.581 

Importance l23 0.621 

l16 0.765 

l15 0.709 

l13 0.269 

l11 0.601 

l4 0.564 

 

Items 25, 14 and 13 were removed from the study, as their standardized regression 

weights are below 0.4, and the analyses were repeated. Table 3.48 shows the final 

standardized results of factor loadings.  
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Table 3.48. Final standardized values of factor loadings of the TATLQ 

Dimension Item Estimate S.E. C.R. P 

Enjoyment l26 0.768 0.106 7.247 <0.001 

l21 0.813 0.119 6.809 <0.001 

l18 0.803 0.133 6.060 <0.001 

l9 1.000    

l8 0.946 0.112 8.466 <0.001 

l5 0.771 0.098 7.890 <0.001 

l1 0.786 0.122 6.455 <0.001 

Motivation l24 0.658 0.084 7.860 <0.001 

l19 1.000    

l17 0.915 0.076 12.108 <0.001 

l7 0.793 0.114 6.932 <0.001 

l6 0.798 0.081 9.882 <0.001 

l3 0.792 0.109 7.267 <0.001 

Self 

Confidence 
l22 1.000    

l12 0.777 0.146 5.323 <0.001 

l10 0.798 0.128 6.223 <0.001 

l2 0.693 0.134 5.180 <0.001 

Importance l23 0.787 0.121 6.517 <0.001 

l16 0.669 0.086 7.814 <0.001 

l15 1.000    

l11 0.760 0.117 6.498 <0.001 

l4 0.766 0.125 6.123 <0.001 
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Table 3.49. Final standardized values of factor loadings of the TATLQ 

Dimension Item Estimate 

Enjoyment 

l26 0.709 

l21 0.661 

l18 0.577 

l9 0.678 

l8 0.741 

l5 0.766 

l1 0.623 

Motivation 

l24 0.627 

l19 0.873 

l17 0.838 

l7 0.577 

l6 0.739 

l3 0.595 

Self 

Confidence 

l22 0.792 

l12 0.583 

l10 0.608 

l2 0.546 

Importance 

l23 0.626 

l16 0.767 

l15 0.691 

l11 0.557 

l4 0.584 

 

Following this step, we focused on fit index values of the model. The fit indexes and 

why we chose these indexes were talked about in Section 3.6. In this section, we give 

information only about satisfaction of these fit indices in Table 3.50.  

Table 3.50. Fit indices of CFA of the TATLQ   

Fit Index Value 

Cutoff 

Criteria Satisfaction 

CMIN/df  1.456 < 8.00  Satisfied 

RMSEA  0.060 < 0.05  Meliorate Fit 

GFI  0.836 > 0.90  Meliorate Fit 

TLI  0.919 > 0.90  Good Fit 

CFI  0.932 > 0.90  Good Fit 
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VI. TATPQ Confirmatory Factor Analysis  

A hypothesized model of the TATPQ for which CFA was conducted by utilizing the 

AMOS program was shown in Figure 3.11.   

 

Figure 3.8. Hypothesized model of the TATPQ 

As stated in the previous section, we have checked for Cook’s distance for 

identification of outliers, Mahalanobis distance for multivariate outliers and 

histograms for univariate outliers. Table 3.51 shows Mahalanobis and Cook’s distance 

values. Students whom Mahalanobis distance data is over 46.93 were removed from 

the analysis.  

Table 3.51. SPSS output of Mahalanobis and Cook’s distance of the TATPQ 

 Minimum Maximum Mean Std. Deviation N 

Mahal. Distance 2.417 96.918 23.838 19.336 148 

Cook's Distance .000 .356 .011 .032 148 

 

In CFA, unstandardized and standardized regression weights (factor loadings) were 

used to show the relation between latent and observed variables. Table 3.52 shows the 

initial results for an unstandardized solution.  
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The regression weights for all of the items in the prediction are significantly different 

from zero at the 0.001 level, so none of the items were deleted from the model by 

looking at the unstandardized regression weights. Then standardized factor loading of 

each item was examined. Table 3.53 shows a standardized solution for the TATPQ 

item set.   

Table 3.52. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

TATPQ 

Dimension Item Estimate S.E. C.R. P 

Enjoyment p25 0.899 0.111 8.069 <0.001 

p20 1.000    

p18 0.839 0.088 9.578 <0.001 

p9 0.760 0.090 8.466 <0.001 

p8 0.914 0.121 7.541 <0.001 

p5 0.634 0.090 7.064 <0.001 

p1 0.918 0.074 12.368 <0.001 

Motivation p23 0.957 0.053 18.161 <0.001 

p19 1.000    

p17 0.879 0.062 14.094 <0.001 

p7 0.884 0.075 11.723 <0.001 

p6 0.884 0.062 14.237 <0.001 

p3 0.912 0.063 14.525 <0.001 

Self 

Confidence 
p24 0.781 0.132 5.927 <0.001 

p21 1.000    

p15 0.769 0.192 3.999 <0.001 

p13 0.984 0.134 7.319 <0.001 

p10 0.816 0.145 5.635 <0.001 

p2 0.897 0.142 6.321 <0.001 

Importance p22 0.965 0.090 10.721 <0.001 

p16 1.000    

p14 0.947 0.254 3.736 <0.001 

p11 0.766 0.079 9.654 <0.001 

p4 0.782 0.100 7.805 <0.001 
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Table 3.53. Initial Standardized values for Factor Loadings of the TATPQ 

Dimension Item Estimate 

Enjoyment p25 0.618 

p20 0.864 

p18 0.700 

p9 0.641 

p8 0.594 

p5 0.558 

p1 0.819 

Motivation p23 0.909 

p19 0.927 

p17 0.831 

p7 0.762 

p6 0.836 

p3 0.842 

Self 

Confidence 
p24 0.628 

p21 0.613 

p15 0.386 

p13 0.823 

p10 0.561 

p2 0.672 

Importance p22 0.801 

p16 0.811 

p14 0.326 

p11 0.748 

p4 0.635 

 

Thus item 15, and 14 were removed from the study, as their standardized regression 

weights are below 0.4, and the analyses were repeated. Table 3.54 shows the final 

standardized results of factor loadings.  
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Table 3.54. Final standardized values of factor loadings of the TATPQ 

Dimension Item Estimate 

Enjoyment p18 0.688 

p20 0.874 

p25 0.624 

p1 0.833 

p5 0.579 

Motivation p19 0.919 

p17 0.837 

p7 0.760 

p6 0.840 

p3 0.853 

p23 0.903 

Self 

Confidence 
p21 0.613 

p13 0.852 

p2 0.699 

p10 0.529 

p15 0.422 

Importance p4 0.584 

p11 0.716 

p16 0.835 

p22 0.813 

 

Following this step, we focused on fit index values of the model. The fit indexes and 

why we chose these indexes were talked in Section 3.6. In this section we talk only 

about satisfaction of these fit indices in Table 3.55.  

Table 3.55. Fit indices of CFA of the TATPQ   

 Fit Index Value Cutoff Criteria Satisfaction 

CMIN/df  1.603 < 8.00  Satisfied 

RMSEA  0.068 < 0.05  Meliorate Fit 

GFI  0.855 > 0.90  Meliorate Fit 

TLI  0.943 > 0.90  Good Fit 

CFI  0.953 > 0.90  Good Fit 
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VI. TATTQ Confirmatory Factor Analysis  

A hypothesized model of the TATTQ for which CFA was conducted by utilizing the 

AMOS program was shown in Figure 3.12.   

 

Figure 3.9. Hypothesized model of the TATTQ 

 As stated above section, we have checked for Cook’s distance for identification of 

outliers, Mahalanobis distance for multivariate outliers and histograms for univariate 

outliers. Table 3.56 shows Mahalanobis and Cook’s distance values. Students for 

whom Mahalanobis distance data is over 46.93 were removed from the analysis.  

Table 3.56. SPSS output of Mahalanobis and Cook’s distance of the TATTQ 

 Minimum Maximum Mean Std. Deviation N 

Mahal. Distance 2.487 89.997 24.828 16.787 145 

Cook's Distance .000 .104 .010 .017 145 

In CFA, unstandardized and standardized regression weights (factor loadings) were 

used to show the relation between latent and observed variables. Table 3.57 shows the 

initial results for an unstandardized solution.  
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Table 3.57. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

TATTQ 

 

Dimension Item Estimate S.E. C.R. P 

Enjoyment t26 0.900 0.078 11.532 <0.001 

t21 1.000    

t19 0.511 0.152 3.356 <0.001 

t9 0.627 0.089 7.047 <0.001 

t8 0.972 0.127 7.68 <0.001 

t5 0.648 0.079 8.198 <0.001 

t1 0.621 0.087 7.167 <0.001 

Motivation t24 0.934 0.099 9.433 <0.001 

t20 0.979 0.101 9.715 <0.001 

t18 1.000    

t7 0.754 0.117 6.442 <0.001 

t6 0.835 0.107 7.835 <0.001 

t3 0.963 0.123 7.846 <0.001 

Self 

Confidence 
t14 0.795 0.151 5.269 <0.001 

t25 1.000    

t22 0.936 0.147 6.359 <0.001 

t12 0.965 0.13 7.436 <0.001 

t10 0.801 0.143 5.604 <0.001 

t2 0.852 0.158 5.409 <0.001 

Importance t23 0.825 0.098 8.429 <0.001 

t17 0.727 0.089 8.165 <0.001 

t16 1.000    

t13 0.756 0.098 7.714 <0.001 

t11 0.869 0.123 7.072 <0.001 

t4 0.74 0.116 6.391 <0.001 

 

The regression weights for all of the items in the prediction are significantly different 

from zero at the 0.001 level, so none of the items were deleted from the model by 

looking at the unstandardized regression weights. Then standardized factor loading of 

each item was examined. Table 3.58 shows a standardized solution for the TATPQ 

item set.   

 



 

 

 

113 

 

Table 3.58. Initial Standardized Value for Factor Loadings of the TATTQ 

Dimension Item Estimate 

Enjoyment t26 0.836 

t21 0.803 

t19 0.284 

t9 0.565 

t8 0.608 

t5 0.642 

t1 0.573 

Motivation t24 0.807 

t20 0.831 

t18 0.722 

t7 0.555 

t6 0.673 

t3 0.674 

Self 

Confidence 
t14 0.499 

t25 0.636 

t22 0.622 

t12 0.760 

t10 0.535 

t2 0.514 

Importance t23 0.723 

t17 0.700 

t16 0.702 

t13 0.661 

t11 0.605 

t4 0.546 

 

The standardized regression weight of Item 19 is below 0.4 and was removed from 

the study and the analyses were repeated. Table 3.59 shows the final standardized 

results of factor loadings.  
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Table 3.59. Final Standardized Value for Factor Loadings of the TATTQ 

Dimension Item Estimate 

Enjoyment 

t9 0.647 

t5 0.693 

t1 0.555 

Motivation 

t18 0.743 

t24 0.787 

t20 0.850 

t3 0.666 

Self 

Confidence 

t22 0.599 

t14 0.489 

t12 0.787 

t10 0.549 

Importance 

t23 0.722 

t17 0.766 

t16 0.744 

t13 0.718 

 

Following this step, we focused on fit index values of the model. The fit indexes of 

the model are shown in Table 3.60.  

Table 3.60. Fit indices of CFA of TATTQ 

Fit Index Value Cutoff Criteria Satisfaction 

CMIN/df  1.679 < 8.00  Satisfied 

RMSEA  0.069 < 0.05  Meliorate Fit 

GFI  0.902 > 0.90  Good Fit 

TLI  TLI  0.931 > 0.90  

CFI  CFI  0.948 > 0.90  

 

VI. TATMBLQ Confirmatory Factor Analysis  

A hypothesized model of the TATMBLQ for which CFA was conducted by utilizing 

the AMOS program was shown in Figure 3.10.   
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Figure 3.10. Hypothesized model of the TATTQ 

 As it was stated above section, we have checked for Cook’s distance for identification 

of outliers, Mahalanobis distance for multivariate outliers and histograms for 

univariate outliers. Table 3.61 shows Mahalanobis and Cook’s distance values. 

Students for whom Mahalanobis distance data is over 46.93 were removed from the 

analysis.  

Table 3.61. SPSS output of Mahalanobis and Cook’s distance of the TATMBLQ 

 

 Minimum Maximum Mean Std. Deviation N 

Mahal. Distance 2.778 65.621 24.742 14.768 97 

Cook's Distance .000 .196 .017 .029 97 

In CFA, unstandardized and standardized regression weights (factor loadings) were 

used to show the relation between latent and observed variables. Table 3.62 shows the 

initial results for an unstandardized solution.  
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Table 3.62. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

TATMBLQ 

Dimension Item Estimate S.E. C.R. P 

Enjoyment m26 0.913 0.094 9.703 <0.001 

m21 0.759 0.100 7.568 <0.001 

m19 0.834 0.122 6.861 <0.001 

m9 0.779 0.120 6.497 <0.001 

m8 1.000       

m5 0.847 0.101 8.362 <0.001 

m1 0.994 0.109 9.128 <0.001 

Motivation m24 0.853 0.089 9.550 <0.001 

m20 0.852 0.084 10.128 <0.001 

m17 0.836 0.097 8.595 <0.001 

m7 0.568 0.105 5.407 <0.001 

m6 0.934 0.088 10.620 <0.001 

m3 1.000       

Self 

Confidence 
m22 0.814 0.135 6.037 <0.001 

m12 1.000       

m10 0.866 0.141 6.148 <0.001 

m2 0.887 0.129 6.877 <0.001 

m14 0.398 0.161 2.472 0.013 

m25 0.383 0.128 2.990 0.003 

Importance m23 0.907 0.123 7.345 <0.001 

m16 0.923 0.119 7.785 <0.001 

m15 0.776 0.151 5.139 <0.001 

m13 0.779 0.140 5.567 <0.001 

m11 1.000       

m4 0.778 0.127 6.110 <0.001 

 

The regression weights for all of the items in the prediction are significantly different 

from zero at the 0.001 level, 14 and 25 was deleted from the model by looking at the 

unstandardized regression weights. 

Then standardized factor loading of each item was examined Table 3.63 shows the 

final standardized solution for the TATMBLQ item set. 
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Table 3.63. Final Standardized Value for Factor Loadings of the TATMBLQ 

Dimension Item Estimate 

Enjoyment m26 0.862 

m19 0.546 

m9 0.615 

m5 0.759 

Importance m23 0.806 

m16 0.880 

m15 0.611 

m13 0.504 

Self 

Confidence 
m22 0.538 

m12 0.805 

m2 0.797 

Motivation m24 0.797 

m20 0.862 

m7 0.499 

m6 0.886 

 

Following this step, we focused on fit index values of the model. The fit indexes and 

why we chose these indexes were talked about in Section 3.6. In this section we talk 

only about satisfaction of these fit indices in Table 3.64.  

Table 3.64. Fit indices of CFA of the TATMBLQ 

Fit Index Value Cutoff Criteria Satisfaction 

CMIN/df  1.883 < 8.00  Satisfied 

RMSEA  0.096 < 0.05  Not Satisfied 

GFI  0.846 > 0.90  Medoriate Fit 

TLI  0.896 > 0.90  Medoriate Fit 

CFI  0.922 > 0.90  Good Fit  

 

3.3.1.6.4 Reliability of the Questionnaires 

Reliability is defined as consistency among scores of tests across different times, 

groups of participants or different versions of the instrument (Fraenkel, Wallen & 

Hyun, 2012, p. 154). In order to investigate internal reliability of instruments 
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developed, Cronbach alpha reliability coefficient was calculated for all instruments 

developed.   

According to Fraenkel, Wallen and Hyun (2012), for research purposes a useful rule 

of thumb is that reliability should be at least 0.70 and preferably higher. Cronbach’s 

Alpha reliability coefficients of all questionnaires were given in Table 3.65. They are 

all (except Students’ Attitude toward Physics Course Questionnaire) higher than 0.70. 

Table 3.65. Attitude questionnaires and reliability coefficients of the final versions 

Instrument Reliability 

Coefficient 

Students’ Attitude toward Physics Course 

Questionnaire 
0.669 

Students’ Attitudes towards Physics Laboratory 

Questionnaire 
0.709 

Students’ Attitudes toward MBL Questionnaire 0.812 

Students’ Attitudes toward Use of Technology 

in Physics Course Questionnaire 
0.722 

Teachers’ Attitude toward Physics Course 

Questionnaire 
0.938 

Teachers’ Attitudes towards Physics Laboratory 

Questionnaire 
0.920 

Teachers’ Attitudes toward MBL Questionnaire 0.948 

Teachers’ Attitudes toward Use of Technology 

in Physics Course Questionnaire 
0.943 

 

3.3.2. Barriers Questionnaires 

There are different studies about why teachers do not integrate technology into their 

courses, as stated earlier in Chapter 2. There are some factors / difficulties known as 

barriers that they face during integration of technology (Bingimlas, 2009; Ertmer, 

1999; Inan & Lowther, 2010; Hew & Brush, 2007; Lawless & Pellegrino, 2007; 

Gerard, Varma, Corliss & Linn, 2011). The barriers are classified as first order and 

second order barriers (Ertmer, 1999). We classified barriers into seven main 

categories; (a) lack of resources, (b) institution, (c) subject culture, (d) assessment, (e) 
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attitudes, (f) beliefs, and (g) knowledge and skills, very similar to Ertmer’s 

classification (Ertmer, 1999) in this study.  

Moreover, in this study, there are two barrier questionnaires prepared for teachers and 

principals as Barriers Teachers Faced Using MBL Questionnaire for Teachers 

(BMBLQT) and Barriers Teachers Faced Using MBL Questionnaire for Principals 

(BMBLQP). 

3.3.2.1. Teacher Questionnaire 

In this study, we followed several steps to develop these questionnaires. We wanted 

to measure barriers from the same perspective in all barrier questionnaires. Thus we 

prepared barrier questionnaires for teachers and adapted this questionnaire for 

principals. In the following sections the first of the barrier questionnaires for teachers 

will be discussed and the secondary barrier questionnaire for managers will be 

discussed. BMBLQT were finalized in the third version. The first version of the 

questionnaire was the questionnaire developed after the literature review, and a pool 

of items was formed about barriers faced during technology integration. The second 

version of the questionnaire was formed after expert reviews, and this version was 

administered. The third version of the questionnaire was the finalized version, after 

exploratory and confirmatory factor analysis. The finalized version of the 

questionnaires is composed of 50 items. Steps followed in developing the BMBLQT 

are examined in the following sections. 

3.3.2.1.1. Step 1: Generating an Item Pool 

This questionnaire is developed in order to determine the barriers teachers faced using 

MBL. In Turkey, there were training courses about MBL usage administered more 

times for high school science teachers. But, MBL has still been not used by teachers. 

There should be other reasons about why teachers do not use MBL. Barriers teachers 

faced using MBL should display reasons why teachers do not use MBL. The main 

research question which the questionnaire tries to answer is “What are teachers views 

about the barriers they faced during MBL integration in physics courses?”.  
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While developing the questionnaire, first of all, a literature review was done. As there 

has been no detailed questionnaire developed, the researchers decided to develop the 

questionnaire. The literature mainly talks about barriers faced during technology 

integration. A determination of the barriers teachers faced during technology 

integration was attempted, using qualitative and quantitative methods. In addition, 

different modeling studies were done. From qualitative and quantitative studies, a pool 

of items was formed about barriers faced during technology integration. As there were 

not questionnaires about barriers during MBL integration, items that were used to 

determine barriers faced during technology integration were adapted to MBL 

integration. A table of specification was developed, and the items collected from 

qualitative and quantitative studies were placed under this table. English items were 

translated into Turkish. Items were adapted for MBL usage. A reverse translation was 

done with an English language expert. A questionnaire, which was composed of 50 

Likert type items from “Absolutely Agree” to “Absolutely Disagree” was formed. In 

Table 3.66, dimensions and their explanations were given. In Table 3.67, items 

belonging to each dimension were given. First version of teachers’ MBL barrier 

questionnaire can be seen in Appendix K.   

Table 3.66. Dimensions in the BMBLQT  

Dimension Explanation 

First Order 

Barriers 

Lack of 

Resources 

Lack of Technology Lack of hardware, software and manuals 

Lack of Access to 

Technology 

Not reaching and using a proper amount of 

the right technology in a convenient way by 

teachers and students  

Lack of Time Lack of time of teachers in order to use MBL 

equipment and make experiments, learn 

how MBL applications is done and prepare 

for MBL applications after lessons  

Lack of Technical Support Lack of technical support from/at school or 

other institutions to find solutions about 

hardware and software problems faced 

using MBL equipment  

Institution  Leadership Teachers not supported by leaders to use 

MBL, not determining places to use MBL, 

not determining a proper time schedule to 

use MBL for public places and not ensuring 

coordination between teachers     
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Dimension Explanation 

Time Tabling Structure Adjustments made by MONE or other 

institutions which is course or laboratory 

hours per weeks stated in the curriculum  

Lack of Technology 

Integration Plan 

Lack of technology integration plan of 

MONE or other intuitions about use of 

technology in education and lack of 

planning of in-service or pre-service 

education.  

Subject Culture Inconvenience of nature of subject or 

courses not proper for use of technology  

Assessment High Stake Examinations 

Second 

Order 

Barriers 

Attitudes and Beliefs Teachers’ views about their students’ 

attitudes and beliefs about MBL 

applications. 

Skills Lack of Technology Skills Lack of skills about use of technological 

equipment and programs. Lack of 

technology skills.  

Lack of Technology 

Supported-Pedagogy Skills 

Lack of skills and knowledge related to the 

content to be taught with the integration of 

technology 

Lack of technology-

related-classroom 

management skills 

Lack of classroom management skills in the 

courses which MBL applications are done.   
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Table 3.67. Items belonging to each dimension and sub-dimension of barriers in the first version of 

the BMBLQT 

                             Dimension Sub-dimensions Item Numbers 

First Order 

Barriers 

  

Lack of Resources Lack of Technology 1-2-3-4-5 

Lack of Access to 

Technology 

6-7-8-9 

Lack of Time 10-11-12-13-14 

Lack of Technical Support 15-16-17 

Institution  

  

Leadership 18-19-20-21 

Time Tabling Structure 22-23 

Lack of Technology 

Integration Plan 

24-25-26 

Subject Culture 27 

Assessment 28-29-30 

Second 

Order 

Barriers 

Attitudes and Beliefs 31-32-33-34-35 

Skills Lack of Technology Skills 36-37-38-39 

Lack of Technology 

Supported-Pedagogy Skills 

40-41-42-43-44-

45-46 

Lack of technology-

related-classroom 

management skills 

47-48-49-50 

 

3.3.2.1.2. Step 2: Validation of Barriers Questionnaire 

For barrier questionnaires several pieces of validity evidence were collected. Face and 

content related validity evidence was collected with expert review forms. A panel of 

experts was asked to determine whether each item in the questionnaires belongs to the 

assigned sub-dimension, that is to determine whether the items adequately sample the 

domain of interest (Crocker & Algina, 1996). 

Because the budget and population of the study is the same as the sample of the study, 

pre-tests of the questionnaire could not be done. After administration of the 

questionnaires, validity, reliability, and exploratory and confirmatory factor analysis 

were done. Items, which were not proper, were removed from the questionnaire. For 

example, as we want to measure the same constructs with parallel questions, we 

removed an item from all questionnaires if that item does not work with one of them, 
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and repeated factor analysis for all questionnaires. In this study both confirmatory and 

exploratory factor analysis were done for validity issues. 

1. Review by Panel of Experts  

After all questionnaires were prepared, an expert evaluation form was prepared, and 

it was submitted to a panel of experts to review the questionnaires. The expert review 

form can be seen in Appendix L. The panel of experts was composed of 5 

academicians (3 from Departments of Computer Education and Instructional 

Technology and 3 from Departments of Secondary Science and Mathematics 

Education). Barrier Scale Evaluation is the third part of this teacher scale evaluation 

form. A table of specification like Table 3.20 was given to experts and they were asked 

to determine whether each item in the barrier questionnaire belongs to the assigned 

sub-dimension, that is, to determine whether the items adequately sample the domain 

of interest (Crocker & Algina, 1996). With this review, face and content related 

validity evidence should be gathered.  

Then all reviews were examined. All suggestions of the experts were taken into 

consideration. They were minor changes in the items, and any changes in sub-

dimensions they belong to. The questionnaire was finalized after the expert review. 

The finalized version of the questionnaires is composed of 50 items. Suggestions from 

the panel of experts can be seen in Appendix M.  

The questionnaires were sent to 254 ATTHS and 196 schools sent questionnaires back. 

From the returns, 174 physics teachers were administered the questionnaire. The 

questionnaires were sent via cargo to the principals of the schools, and how these 

questionnaires would be administered was explained in detail with an administration 

guideline. After exploratory and confirmatory factor analysis the questionnaire was 

finalized.  

2. Exploratory Factor Analysis 

The questionnaire was developed by the researchers. In the literature, there are studies 

that examined barriers toward technology integration. But there are few of them that 
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assess barriers using a Likert type questionnaire; also, the researchers could not find a 

questionnaire that assesses barriers toward MBL integration. As stated earlier, barriers 

are grouped as first order and second order barriers, and sub-factors of these barriers 

are given. The factors of this questionnaire were determined via these barriers stated 

on the literature and items were formed after generating an item pool. Item numbers 

and factors associated with these items of the first version of the questionnaire are 

given in Table 3.68.   

Table 3.68. Item numbers associated with the factors at first version of the BMBLQT 

Factors Item Numbers 

Lack of Technology 1, 2, 3, 4, 5 

Lack of Access to Technology 6,7,8,9, 

Lack of Time 10,11,12,13,14 

Lack of Technical Support 15,16,17 

Leadership 18,19,20,21 

Time Tabling Structure 22,23 

Lack of Technology Integration Plan 24,25,26 

Subject Culture 27 

Assessment 28,29,30 

Attitudes and Beliefs 31,32,34,35,36 

Lack of Technology Skills 37,38,39,40 

Lack of Technology Supported Pedagogy Skills 41,42,43,44,45,46, 47 

Lack of Technology Related Classroom 

Management Skills 

48,49,50,51 

In order to finalize the questionnaire, first of all an exploratory factor analysis was 

done. Item 27 is the only single item under a factor. It was not included in the factor 

analysis. The principle component analysis with Varimax rotation was done for 

exploratory factor analysis. To conduct factor analysis, Measures of Sampling 

Adequacy (MSA) values and anti-image correlations should be greater than 0.50. In 

the first analysis the anti-image correlation value of item 48 was smaller than 0.50, at 

about 0.35. This item was removed from the analysis. All other anti-image correlation 

values are above 0.50. The KMO measure is 0.681, which indicates that the sample is 

large enough to conduct factor analysis. The observed significance level is 0.000 for 

Bartlett’s test, which indicates that there is a strong relationship among variables, and 

thus we can conduct a factor analysis for the data. 
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Exploratory factor analysis was done with Varimax rotation. When we examined the 

rotated component matrix table, the questionnaire was composed of 13 factors. From 

the table, Item 26 loaded on two different factors, and one of them was not the one 

that the factors should load in. Thus it was decided to remove Item 26 from the 

analysis. Item 43 does not load on any factors. Thus, Item 43 was removed from the 

analysis. Items 35 and 36 loaded on a factor, and it was realized that it was not related 

to dimension. Consequently, Items 26, 35, 36, 43 and 47 were removed from the 

analysis and the factor analysis was repeated. 

Table 3.69. Loading of items to the factors of the BMBLQT 

Items  
Component 

1 2 3 4 5 6 7 8 9 10 11 12 13 

b1 .801             

b2 .737             

b3 .746             

b4 .788             

b5 .713             

b6 .472    .386        -.388 

b7 .629             

b8 .669             

b9 .517          .330   

b10  .573 .357           

b11  .800            

b12  .740            

b13  .853            

b14  .793            

b15   .410   .325 .360       

b16 .317 .368 .564           

b17   .594           

b18    .665          

b19 .302   .666  .371        

b20     .821         

b21     .769         

b22      .854        

b23      .867        

b24      .615        

b25 .386     .569        

b26 .445            .573 

b28       .835       
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Items  
Component 

1 2 3 4 5 6 7 8 9 10 11 12 13 

b29       .794       

b30      .414 .681       

b31        .800      

b32        .788      

b34        .765      

b35         .337   .699  

b36            .807  

b37         .802     

b38         .817     

b39         .805     

b40         .752     

b41         .601 .513    

b42   .507     .348  .363    

b43    .378     .350 .373    

b44          .757    

b45          .804    

b46          .749    

b47         .301 .775    

b48           .557 .332 -.374 

b49           .843   

b50           .809   

b51           .722   

 

Consequently, Items 26, 35, 36, 43 and 48 were removed from the analysis and factor 

analysis was repeated. The factor analysis resulted with five factors. The eigenvalues 

of the factors are presented in Table 3.70. According to the table, five factors explained 

75.162 % of the total variance.  

The loading of items to the factors is represented in Table 3.71. In the first factor, there 

are nine items. The second factor includes five items. Three items were included in 

the third factor. The fourth and fifth factors consist of two items. It was expected that 

they would load into the same factor. The sixth factor includes four items. It was 

planned that they should be in different factors. But it was decided to put them into 

the same factor. Three items were loaded onto the seventh and eighth factors. The 

ninth factor includes four items. Item 41 loaded into two different factors. But 
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according to the literature we take Item 41 in the tenth factor. The tenth factor includes 

6 items and the last factor includes 3 items. 

Table 3.70. Eigenvalues and explained variance for the factors of the BMBLQT 

 

  

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulativ

e % 

C
o

m
p

o
n

en
ts

 

1 10.051 22.336 22.336 10.051 22.336 22.336 4.431 9.846 9.846 

2 4.788 10.641 32.977 4.788 10.641 32.977 3.817 8.483 18.328 

3 3.66 8.133 41.11 3.66 8.133 41.11 3.728 8.285 26.613 

4 2.69 5.977 47.087 2.69 5.977 47.087 3.507 7.792 34.406 

5 2.475 5.5 52.587 2.475 5.5 52.587 3.165 7.033 41.439 

6 2.109 4.687 57.274 2.109 4.687 57.274 2.839 6.31 47.748 

7 1.764 3.919 61.193 1.764 3.919 61.193 2.491 5.535 53.283 

8 1.552 3.449 64.643 1.552 3.449 64.643 2.413 5.362 58.645 

9 1.374 3.053 67.695 1.374 3.053 67.695 2.26 5.022 63.667 

10 1.229 2.731 70.426 1.229 2.731 70.426 2.02 4.489 68.156 

11 1.125 2.499 72.926 1.125 2.499 72.926 1.652 3.672 71.828 

12 1.006 2.237 75.162 1.006 2.237 75.162 1.5 3.334 75.162 

13 0.973 2.163 77.325       

 

Table 3.71. Loading of items to the factors of the BMBLQT 

Item 

Component 

1 2 3 4 5 6 7 8 9 10 11 

b1 0.801           

b2 0.745           

b3 0.751           

b4 0.783           

b5 0.701           

b6 0.459           

b7 0.635           

b8 0.667 0.319          

b9 0.530          0.370 

b10  0.561          

b11  0.789          

b12  0.736          

b13  0.861          

b14  0.798          
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Item 

Component 

1 2 3 4 5 6 7 8 9 10 11 

b15   0.470   0.301 0.385     

b16 0.314 0.336 0.616         

b17   0.647         

b18    0.689   0.309     

b19    0.709  0.331      

b20     0.811       

b21     0.787       

b22      0.844      

b23      0.864      

b24      0.671      

b25 0.382     0.571      

b28       0.828     

b29       0.786     

b30       0.681     

b31        0.798    

b32        0.798    

b34        0.782    

b37         0.829   

b38         0.845   

b39         0.808   

b40         0.739   

b41          0.486  

b42   0.407       0.346  

b44          0.765  

b45         0.304 0.792  

b46          0.756  

b47         0.324 0.755  

b49           0.905 

b50           0.877 

b51           0.622 

 

1. Confirmatory Factor Analysis 

Before confirmatory factor analysis, missing value imputation was done with the 

multiple imputation method. Items were put into the multiple imputation method 

factor by factor. CFA was conducted by utilizing the AMOS program on our Barriers 
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faced during MBL Implementation questionnaire. These factors were treated as latent 

variables, and items under each factor were treated as observed variables. The items 

under each factor were shown earlier in Table 3.69. A hypothesized model is shown 

in Figure 3.11. In the model, “Techno” is used for “Lack of Technology”, “Accsess” 

is used for “Lack of Access to Technology”, “Time” is used for “Lack of Time”, 

“Support” is used for “Lack of Technical Support”, “Lead” is used for “Leadership”, 

“Plan” is used for “Lack of Technology Integration Plan”, “Assessment” is used for 

“Assessment”, “AndB”  is used for “Attitudes and Beliefs”, “Tskill” is used for “Lack 

of Technology Skills”,  “Pedago” is used for “Lack of Technology Supported 

Pedagogy Skills” and “ClassM” is used for “Lack of Technology-Related Classroom 

Management Skills”.  

  

Figure 3.11. Hypothesized Model of the BMBLQT 
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As stated in the previous section, we have checked for Cook’s distance for 

identification of outliers, Mahalanobis distance for multivariate outliers and 

histograms for univariate outliers. Table 3.72 shows Mahalanobis and Cook’s distance 

values. Students for whom Mahalanobis distance data is over 76.15 were removed 

from the analysis. 4 of them were over 76.15 so they were removed from the analysis. 

 

Table 3.72. SPSS output of Mahalanobis and Cook’s distance of the BMBLQT 

 
Minimum Maximum Mean 

Std. 

Deviation N 

Mahal. Distance 12.362 81.221 49.558 14.725 113 

Cook's Distance .000 .165 .019 .028 113 

 

Before running the analysis, we also checked for univariate outliers. Items 22 and 23 

have higher kurtosis values and their histograms are right skewed.  Histograms of 

Items 22 and 23 are shown in Figure 3.12. These two items were items of the time 

tabling structure dimension, and confirmatory factor analysis was done after removing 

this dimension from the analysis.  

 

Figure 3.12. Histograms of Items 22 and 23 of the BMBLQT 
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Table 3.73. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

BMBLQT 

Dimension Item Estimate S.E. C.R. P 

Lack of Technology b5 0.979 0.037 26.722 <0.001 

b4 1.000       

b3 0.588 0.089 6.602 <0.001 

b2 0.509 0.078 6.541 <0.001 

b1 0.596 0.097 6.152 <0.001 

Lack of Access to 

Technology 
b9 0.790 0.100 7.880 <0.001 

b8 1.000       

b7 0.914 0.125 7.309 <0.001 

b6 0.701 0.140 5.010 <0.001 

Lack of Time b14 0.943 0.053 17.659 <0.001 

b13 1.000       

b12 0.655 0.073 8.945 <0.001 

b11 0.727 0.075 9.632 <0.001 

b10 0.501 0.101 4.982 <0.001 

Lack of Technical Support b17 0.630 0.076 8.243 <0.001 

b16 1.000       

b15 0.858 0.078 10.973 <0.001 

Leadership b21 1.000       

b20 0.942 0.144 6.559 <0.001 

b19 0.431 0.202 2.132 0.033 

b18 0.708 0.245 2.885 0.004 

Lack of Technology 

Integration Plan 
b26 0.732 0.141 5.206 <0.001 

b25 1.000       

b24 0.792 0.13 6.094 <0.001 

Assessment b30 0.719 0.075 9.636 <0.001 

b29 1.000       

b28 0.891 0.082 10.813 <0.001 

Attitudes and Beliefs b36 0.316 0.120 2.629 0.009 

b35 0.522 0.113 4.632 <0.001 

b34 0.648 0.102 6.338 <0.001 

b32 1.000       

b31 0.811 0.113 7.183 <0.001 

Lack of Technology Skills b40 0.689 0.091 7.538 <0.001 

b39 0.746 0.076 9.799 <0.001 

b38 0.974 0.069 14.188 <0.001 

b37 1.000       
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Dimension Item Estimate S.E. C.R. P 

Lack of Technology 

Supported Pedagogy Skills 
b47 0.990 0.111 8.926 <0.001 

b46 0.850 0.116 7.325 <0.001 

b45 1.000       

b44 0.944 0.119 7.910 <0.001 

b43 0.666 0.132 5.053 <0.001 

b42 0.683 0.127 5.385 <0.001 

b41 0.962 0.126 7.628 <0.001 

Lack of Technology Related 

classroom Management 

Skills 

b51 0.711 0.093 7.672 <0.001 

b50 0.952 0.059 16.263 <0.001 

b49 1.000       

b48 0.448 0.115 3.907 <0.001 

 

From the table we can see that the unstandardized regression weights of Items 18, 19 

and 36 are not significantly different from zero at a significant level. Thus, we 

removed these items from the study and repeated the analysis. Items 18 and 19 form 

a different factor in exploratory factor analysis. Standardized regression weights were 

also examined to see if there were any item loadings smaller than 0.4. Table 3.43 

provides initial standardized regression weights of the BMBLQT.   

Table 3.74. Initial Standardized Regression Weights of the BMBLQT 

 Dimension Item Estimate 

Lack of Technology b5 0.973 

b4 0.970 

b3 0.547 

b2 0.545 

b1 0.520 

Lack of Access to 

Technology 
b9 0.753 

b8 0.818 

b7 0.740 

b6 0.518 

Lack of Access to 

Technology 
b14 0.894 

b13 0.979 

b12 0.673 

b11 0.714 

b10 0.454 
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 Dimension Item Estimate 

Lack of Technical 

Support 
b17 0.657 

b16 0.965 

b15 0.828 

Leadership b21 0.711 

b20 0.740 

b19 0.398 

b18 0.551 

Lack of Technology 

Integration Plan 
b26 0.618 

b25 0.757 

b24 0.667 

Assessment b30 0.806 

b29 0.892 

b28 0.840 

Attitudes and Beliefs b36 0.275 

b35 0.464 

b34 0.664 

b32 0.895 

b31 0.707 

Lack of Technology 

Skills 
b40 0.652 

b39 0.768 

b38 0.890 

b37 0.919 

Lack of Technology 

Supported Pedagogy 

Skills 

b47 0.822 

b46 0.682 

b45 0.786 

b44 0.722 

b43 0.501 

b42 0.532 

b41 0.725 

Lack of Technology 

Related classroom 

Management Skills 

b51 0.624 

b50 0.925 

b49 0.964 

b48 0.363 

 

Beside Items 18, 19 and 36, 48 have factor loadings below 0.4. Thus, Items 18, 19, 36 

and 48 were removed, and analyses were repeated. Table 3.75 shows final item 

loadings. 
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Table 3.75. Final Standardized Regression Weights of the BMBLQT 

Dimension Item Estimate 

Lack of Technology 

b5 0.981 

b4 0.964 

b3 0.526 

b2 0.492 

b1 0.511 

Lack of Access to 

Technology 

b9 0.786 

b8 0.815 

b7 0.712 

b6 0.486 

Lack of Access to 

Technology 

b14 0.918 

b13 0.954 

b12 0.711 

b11 0.725 

b10 0.403 

Lack of Technical 

Support 

b17 0.651 

b16 0.964 

b15 0.825 

Leadership 
b21 0.822 

b20 0.781 

Lack of Technology 

Integration Plan 

b26 0.580 

b25 0.785 

b24 0.673 

Assessment 

b30 0.799 

b29 0.892 

b28 0.841 

Attitudes and Beliefs 

b35 0.408 

b34 0.695 

b32 0.856 

b31 0.744 

Lack of Technology 

Skills 

b40 0.604 

b39 0.754 

b38 0.865 

b37 0.923 

b47 0.823 
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Dimension Item Estimate 

Lack of Technology 

Supported Pedagogy 

Skills 

b46 0.721 

b45 0.794 

b44 0.713 

b43 0.471 

b42 0.453 

b41 0.730 

Lack of Technology 

Related Classroom 

Management Skills 

b51 0.694 

b50 0.882 

b49 0.923 

After that fit indexes were examined for model fit. Table 3.76 shows the fit indices.  

The CMIN/df value is smaller than 8 and it represents a good fit of data. That is the 

fit of the data to the model is adequate. The other fit indices we look for this study 

generally show good fit. The GFI value can differ from other fit indices for this 

analysis, showing a bad fit. GFI can have values ranging from 0 to 1.00, and values 

closer to 1.00 are an indicator of good fit. Having GFI above the cutoff value should 

be because the sample size is small and the questionnaire has a large number of items.  

Table 3.76. Fit indices of CFA of the BMBLQT 

Fit Index Value 

Cutoff 

Criteria Satisfaction 

CMIN/df  1.376 < 8.00  Satisfied 

RMSEA  0.059 < 0.05  Good Fit 

GFI  0.721 > 0.90  Bad Fit 

TLI  0.889 > 0.90  Moderate Fit 

CFI  0.905 > 0.90  Good Fit 

 

3.3.2.2. Principal Questionnaire 

Barriers Teachers Faced Using MBL Questionnaire for Principals (BMBLQP) items 

ask principals about the barriers teachers faced during MBL applications. Items at 

each dimension were adapted for principals from BMBLQT. Each dimension, and 

items under each dimension, are similar to the teacher questionnaire. After adaptation 

of the questionnaire, an expert evaluation form was prepared, and it was submitted to 
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a panel of experts for review. The panel of experts is the same as the panel of experts 

that reviewed barrier questionnaires for teachers. Then all reviews were examined. All 

suggestions of the experts were taken into consideration. They were minor changes in 

some items, and any changes in sub-dimensions they belong to. Reviews of the 

BMBLQT were also applied to the BMBLQP. The questionnaire was finalized after 

expert review. The finalized version of the questionnaire was composed of 50 items. 

172 principals’ questionnaires were sent back from the ATTHS and 136 principals 

were administered the BMBLQP.    

Exploratory and confirmatory factor analyses were also done for the BMBLQP for 

validity issues. In this questionnaire, Item 33 is also a control item to determine 

whether principals answered items by understanding them or not. 136 principals had 

answered this part of the questionnaire. When we removed the data of the principals 

who did not answer as “agree” in control item, 113 principal data were left. Then 

principals who did not answer more than 50 % of the items were removed, and 99 

principal data were left for analysis. Exploratory and confirmatory analyses were done 

with this sample size. Reliability of the scale is 0,936. MI missing value imputation 

was used to impute missing values. Detailed information will be given in following 

sections. 

3.3.2.2.1. Exploratory Factor Analysis 

The dimensions and questions stated earlier were similar to the teacher questionnaires. 

The order of only one of the questions has been changed. Table 3.77 gives item 

numbers and dimensions in the first version of the BMBLQP. 

 Item 27 is a single item under a dimension. It was not included in the factor analysis. 

Principle component analysis with Varimax rotation was done for exploratory factor 

analysis. All of the anti-image correlation values are above 0.50, the KMO measure is 

0.738 and the observed significance level is 0.000 for Bartlett’s test, thus we can 

conduct a factor analysis for the data. 
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Table 3.77. Item numbers associated with the dimension in the first version of the BMBLQP 

Dimensions Item Numbers 

Lack of Technology 1, 2, 3, 4, 5 

Lack of Access to Technology 6,7,8,9, 

Lack of Time 10,11,12,13,14 

Lack of Technical Support 15,16,17 

Leadership 18,19,20,21 

Time Tabling Structure 22,23 

Lack of Technology Integration Plan 24,25,26 

Subject Culture 27 

Assessment 28,29,30 

Attitudes and Beliefs 31,32,34,35,36 

Lack of Technology Skills 38,39,40, 41 

Lack of Technology Supported Pedagogy Skills 42,43,44,45,46, 47,48 

Lack of Technology Related Classroom 

Management Skills 

37,49,50,51 

 

Exploratory factor analysis was done with Varimax rotation. When we examined the 

rotated component matrix table, the questionnaire is composed of 12 factors. From 

Table 3.79, Item 37 is a factor by itself. Thus, it was decided to remove Item 37 from 

the analysis. Items 7 and 19 loaded more than a single factor, and Item 18 loaded onto 

a factor that it should not be planned to load onto. Thus, Items 18 and 19 were also 

decided to be removed. Items 35 and 36 loaded on a factor with Item 20 and 21, and 

they should not be in the same factor. As in the teacher questionnaire in exploratory 

factor analysis, Items 35 and 36 were removed from the analysis. 

Table 3.78. Loadings of items to the factors of the BMBLQP 

 
Component 

1 2 3 4 5 6 7 8 9 10 11 12 

m1   .794                   -.313 

m2   .871                     

m3   .899                     

m4   .884                     

m5   .813                     

m6   .785                     

m7   .652               .589     

m8   .709               .416     

m9   .643               .467     
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Component 

1 2 3 4 5 6 7 8 9 10 11 12 

m10     .701                   

m11     .818                   

m12     .772                   

m13     .899                   

m14     .857                   

m15           .708             

m16           .798             

m17           .687             

m18       .300   .575           .390 

m19       .483   .495           .356 

m20     .366           .700       

m21     .382     .346     .629       

m22       .757                 

m23       .817       .343         

m24       .643       .394   .318     

m25       .736                 

m26       .702                 

m28       .427       .705         

m29               .750         

m30               .783         

m31             .805           

m32             .791           

m34             .744           

m35             .374   .664       

m36             .439   .620       

m38 .839                       

m39 .832                       

m40 .805                       

m41 .802                       

m42 .807                       

m43 .798                       

m44 .704                       

m45 .559       .487               

m46 .739       .340             .350 

m47 .838                     .322 

m48 .772                       

m37                     .835   

m49 .375       .820               

m50 .303       .852               

m51 .437       .685               
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Consequently, Items 7, 18, 19, 35, 36 and 37 were removed from the analysis and 

factor analysis was repeated. The factor analysis resulted with ten factors. But after 

we removed these items, Items 45 and 46 loaded onto more than one factor, factors 

which should not be related to each other. Then, these items were removed, and the 

analysis was repeated. The new factor analysis resulted with nine factors. The 

eigenvalues of the factors are presented in Table 3.80. According to the table, nine 

factors explained 76.147 % of the total variance.  

The loadings of items to the factors are represented in Table 3.81. In the first factor, 

there were nine items. The second factor included five items. Three items were 

included in the third factor. Two items loaded into the fourth factor. The fifth factor 

consisted of five items. It was expected they would load into two different factors. The 

sixth and seventh factors included three items. Nine items were loaded on eight 

factors. According to the literature there should be two factors, but the principal 

questionnaire items about technology skills and technology related pedagogy skills 

loaded into the same factor. The ninth factor had three items loaded into it.  

Table 3.79. Eigenvalues and explained variance for the factors of the BMBLQP 

 Total Variance Explained 

 

 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

C
o

m
p

o
n

en
t 

1 10.386 25.332 25.332 10.386 25.332 25.332 6.555 15.987 15.987 

2 5.818 14.190 39.521 5.818 14.190 39.521 5.707 13.918 29.906 

3 3.822 9.323 48.844 3.822 9.323 48.844 4.126 10.063 39.969 

4 3.266 7.965 56.810 3.266 7.965 56.810 3.544 8.643 48.612 

5 2.236 5.455 62.265 2.236 5.455 62.265 2.607 6.359 54.971 

6 1.786 4.356 66.620 1.786 4.356 66.620 2.364 5.767 60.738 

7 1.497 3.651 70.271 1.497 3.651 70.271 2.321 5.661 66.399 

8 1.325 3.231 73.502 1.325 3.231 73.502 2.228 5.434 71.834 

9 1.084 2.645 76.147 1.084 2.645 76.147 1.768 4.313 76.147 

10 .969 2.363 78.510       
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Table 3.80. Loadings of items to the factors of the BMBLQP 

Rotated Component Matrixa 

 
Component 

1 2 3 4 5 6 7 8 9 

m1   .785               

m2   .851               

m3   .886               

m4   .880               

m5   .816               

m6   .805               

m8   .742               

m9   .694     .374         

m10     .691             

m11     .833             

m12     .767             

m13     .900             

m14     .855             

m15               .774   

m16               .798   

m17       .329       .717   

m20                 .810 

m21     .330           .725 

m22       .755           

m23       .822           

m24       .717     .363     

m25       .741           

m26       .708           

m28       .472     .686     

m29             .784     

m30             .754     

m31           .849       

m32           .812       

m34           .735       

m38 .858                 

m39 .840                 

m40 .804                 

m41 .805                 

m42 .802                 

m43 .804                 

m44 .700                 

m47 .822                 

m48 .766                 

m49 .378       .791         

m50 .308       .798         

m51 .425       .730         
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3.3.2.2.2. Confirmatory Factor Analysis  

CFA was conducted by utilizing the AMOS program on our Barriers faced during the 

MBL Implementation questionnaire. These factors were treated as latent variables, 

and items under each factor were treated as observed variables. The items under each 

factor were shown earlier in Table 3.78. A hypothesized model is shown in Figure 

3.13. 

 

Figure 3.13. Hypothesized Model of the BMBLQP 

 

 As stated in the previous section, we have checked for Cook’s distance for 

identification of outliers, Mahalanobis distance for multivariate outliers and 
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histograms for univariate outliers. Table 3.75 shows Mahalanobis and Cook’s distance 

values. Principals for whom Mahalanobis distance data is over 76.15 were removed 

from the analysis. 2 of them were over 76.15, so they were removed from the analysis. 

 

Table 3.81. SPSS output of Mahalanobis and Cook’s distance of the BMBLQP 

 

Residuals Statistics 

 
Minimum Maximum Mean 

Std. 

Deviation N 

Mahal. Distance 5.775 80.663 49.495 16.977 99 

Cook's Distance .000 .224 .031 .045 99 

 
 

Table 3.82. Initial Unstandardized Results for Factor Loadings and Measurement Errors of the 

BMBLQP 

Dimension Item Estimate S.E. C.R. P 

Lack of Technology m1 0.908 0.093 9.803 <0.001 

m2 0.915 0.075 12.199 <0.001 

m3 1.000      

m4 0.961 0.075 12.874 <0.001 

m5 0.917 0.089 10.316 <0.001 

Lack of Access to 

Technology 
m6 0.957 0.107 8.950 <0.001 

m7 0.987 0.095 10.424 <0.001 

m8 1.000       

m9 0.910 0.079 11.502 <0.001 

Lack of Access to 

Technology 
m10 0.854 0.102 8.353 <0.001 

m11 0.909 0.088 10.305 <0.001 

m12 0.881 0.099 8.879 <0.001 

m13 1.000       

m14 0.960 0.071 13.607 <0.001 

Lack of Technical 

Support 
m15 0.914 0.121 7.566 <0.001 

m16 1.000       

m17 0.758 0.122 6.241 <0.001 

Lack of Technology 

Integration Plan 
m26 1.000       

m25 1.087 0.198 5.489 <0.001 
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Dimension Item Estimate S.E. C.R. P 

m24 1.293 0.208 6.229 <0.001 

Assess m30 0.594 0.093 6.408 <0.001 

m29 0.761 0.125 6.112 <0.001 

m28 1.000       

Tabling m23 1.000       

m22 0.872 0.086 10.139 <0.001 

Leadership m21 1.000       

m20 0.905 0.121 7.491 <0.001 

m19 0.385 0.131 2.945 0.003 

m18 0.601 0.136 4.421 <0.001 

Attitudes and Beliefs m36 1.000       

m35 0.86 0.087 9.877 <0.001 

m34 0.398 0.104 3.816 <0.001 

m32 0.604 0.127 4.768 <0.001 

m31 0.609 0.13 4.687 <0.001 

Lack of Technology 

Skills 
m41 1.000       

m40 0.982 0.115 8.531 <0.001 

m39 1.164 0.123 9.455 <0.001 

m38 1.286 0.126 10.176 <0.001 

Lack of Technology 

Supported Pedagogy 

Skills 

m48 0.963 0.073 13.244 <0.001 

m47 1.000       

m46 0.968 0.070 13.902 <0.001 

m45 0.697 0.085 8.232 <0.001 

m44 0.698 0.079 8.814 <0.001 

m43 0.809 0.082 9.898 <0.001 

m42 0.826 0.080 10.337 <0.001 

Lack of Technology 

Related Classroom 

Management Skills 

m51 0.792 0.071 11.084 <0.001 

m50 0.967 0.042 23.266 <0.001 

m49 1.000       

m37 -0.003 0.114 -0.029 0.977 

 

From the table we can see that Items 19 and 37 are not significantly different from 

zero at the significant level. Thus we removed these items from the study and repeated 

the analysis. Also standardized regression weights were examined, as seen in Table 
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3.83, to see if there were any items loading at values less than 0.4. Also, only the same 

items have regression weights smaller than 0.4. All other values have regression 

weights higher than 0.4.  

Table 3.83. Initial Standardized Regression Weights of the BMBLQP 

Dimension Item Estimate 

Lack of Technology 

  
m1 0.770 

m2 0.861 

m3 0.890 

m4 0.909 

m5 0.824 

Lack of Access to 

Technology 
m6 0.766 

m7 0.832 

m8 0.874 

m9 0.860 

Lack of Access to 

Technology 
m10 0.725 

m11 0.819 

m12 0.761 

m13 0.890 

m14 0.906 

Lack of Technical 

Support 
m15 0.781 

m16 0.858 

m17 0.652 

Lack of Technology 

Integration Plan 
m26 0.605 

m25 0.670 

m24 0.861 

Assess m30 0.657 

m29 0.624 

m28 0.910 

Tabling m23 0.978 

m22 0.801 

Leadership m21 0.818 

m20 0.757 

m19 0.396 

m18 0.554 

Attitudes and Beliefs m36 0.886 
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Dimension Item Estimate 

m35 0.829 

m34 0.414 

m32 0.536 

m31 0.538 

Lack of Technology 

Skills 
m41 0.779 

m40 0.791 

m39 0.878 

m38 0.924 

Lack of Technology 

Supported Pedagogy 

Skills 

m48 0.863 

m47 0.920 

m46 0.880 

m45 0.683 

m44 0.715 

m43 0.769 

m42 0.782 

Lack of Technology 

Related Classroom 

Management Skills 

m51 0.763 

m50 0.947 

m49 0.991 

m37 -0.003 

Then Items 37 and 19 were removed, and the analysis was repeated. When the analysis 

was repeated, error variance of Items 23 and 49 have a negative value and the 

regression weight of Item 34 was below 0,4. Thus, these items were also removed 

from the analysis. Table 3.84 shows final unstandardized results for factor loadings 

and measurement errors, and Table 3.79 shows final standardized regression weights. 

 

Table 3.84. Final Unstandardized Results for Factor Loadings and Measurement Errors of the 

BMBLQP 

 Dimension Item Estimate S.E. C.R. P 

Lack of Technology m1 0.856 0.095 9.044 <0.001 

m2 0.901 0.077 11.713 <0.001 

m3 1    

m4 0.982 0.069 14.158 <0.001 
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 Dimension Item Estimate S.E. C.R. P 

m5 0.999 0.097 10.284 <0.001 

Lack of Access to 

Technology 
m6 0.973 0.105 9.289 <0.001 

m7 0.990 0.090 11.054 <0.001 

m8 1    

m9 0.906 0.078 11.618 <0.001 

Lack of Access to 

Technology 
m10 0.944 0.113 8.328 <0.001 

m11 0.970 0.104 9.359 <0.001 

m12 1    

m13 0.861 0.11 7.815 <0.001 

m14 0.910 0.102 8.905 <0.001 

Lack of Technical Support m15 0.926 0.117 7.935 <0.001 

m16 1    

m17 0.734 0.116 6.348 <0.001 

Lack of Technology 

Integration Plan 
m26 0.729 0.148 4.927 <0.001 

m25 0.720 0.126 5.702 <0.001 

m24 1    

Assess m30 0.624 0.095 6.562 <0.001 

m29 0.824 0.122 6.765 <0.001 

m28 1    

Leadership m21 1    

m20 0.881 0.115 7.671 <0.001 

m18 0.690 0.117 5.905 <0.001 

Attitudes and Beliefs m35 0.545 0.137 3.981 <0.001 

m34 0.642 0.128 5.031 <0.001 

m32 0.920 0.112 8.241 <0.001 

m31 1    

Lack of Technology Skills m41 0.817 0.075 10.090 <0.001 

m40 0.752 0.071 10.670 <0.001 

m39 0.937 0.068 13.782 <0.001 

m38 1    

Lack of Technology 

Supported Pedagogy Skills 
m48 0.957 0.067 14.337 <0.001 

m47 1    

m46 0.956 0.064 14.869 <0.001 

m45 0.648 0.084 7.683 <0.001 

m44 0.634 0.075 8.427 <0.001 

m43 0.743 0.078 9.544 <0.001 

m42 0.778 0.074 10.453 <0.001 
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 Dimension Item Estimate S.E. C.R. P 

Lack of Technology Related 

Classroom Management 

Skills 

m51 1    

m50 0.937 0.107 8.753 <0.001 

 

After that fit indexes were examined for model fit. Table 3.85 shows the fit indices. 

CMIN/df value is less than 8 and it represents a good fit of data. That is, the fit of the 

data to the model is adequate. The other fit indices we look for in this study generally 

show a good fit. RMSEA and GFI values are above the cutoff criteria for moderate 

and good fit. The sample size for Principals is smaller than what is wanted for CFA. 

Having GFI and RMSEA above the cutoff value should be because of the smaller 

sample size and high number of items for this sample for CFA.   

Table 3.85. Fit indices of CFA of the BMBLQP 

Fit Index Value 

Cutoff 

Criteria Satisfaction 

CMIN/df  1.553 < 8.00  Satisfied 

RMSEA  0.075 < 0.05  Bad Fit 

GFI  0.682 > 0.90  Bad Fit 

TLI  0.848 > 0.90  Moderate Fit 

CFI  0.868 > 0.90  Moderate Fit 

 

3.3.3. In-Service Training Need Assessment Questionnaire 

As stated in Chapter 1 and 2, even though there have been in-service courses designed 

and administered by MONE about the use of MBL equipment for physics teachers, 

the use of MBL is not still widespread. Even though there is such a large number of 

in-service courses applied by MONE, still the teachers do not use, so there should be 

other problems. These problems should be determined by a needs analysis. It should 

be learned what teachers do not know about MBL, and what they want to know. 

Moreover, in this study, there are two needs assessment questionnaires prepared; In-

Service Training Needs Assessment Questionnaire for Teachers (ISTNAQT) and In-

Service Training Needs Assessment Questionnaire for Principals (ISTNAQT). 

Preparation of these questionnaires will be talked about in following sections. 
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3.3.3.1. Teacher Questionnaire 

In this study, we have followed several steps to develop the ISTNAQT. First of all a 

literature review was done and a pool of items was formed about several areas; about 

teachers, technology and MBL proficiency and in-service teaching. After that items 

are formed according to the dimensions decided. Then, the questionnaire was 

reviewed by a panel of experts for validity issues. 

3.3.3.1.1. Step 1: Generating an Item Pool 

The needs assessment questionnaire is composed of two parts. The first part of the 

questionnaire is named “Personal Information Questionnaire”. In this part, data were 

collected in order to obtain information about general demographic information, 

teachers’ habits about the use of computers, in-service and pre-service courses they 

have taken about information and communication technologies, their MBL 

proficiency. 

The Personal Information Questionnaire is composed of 26 items. Items and the aim 

of these items are explained in detail in Table 3.86. Some of the information collected 

with this questionnaire will be used in the model, which talks about barriers that effect 

MBL integration. The others will be used in needs assessment of in-service teaching. 

The questionnaire can be seen in Appendix K as the first part. 

Table 3.86. Dimensions, item numbers and explanations of the first part of the ISTNAQT 

Area Aim Item Numbers 

General Demographic 

Information 

These questions aim to describe 

teachers in terms of age, gender, 

experience, graduated school etc.  

1-2-3-4-5-6-7-8 

Use of Technology These are the questions aims to 

discover the relation of teachers with 

computers. How long they use 

computer, how much time they 

spend on computers, etc. 

9-10-11-12-13 

Education (In-service 

and Pre-service 

courses)  

It is aimed to gain information about 

whether teachers take courses about 

how to use technology in education 

and how to use MBL in pre-service 

and in-service education.  

14-16-17 
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Area Aim Item Numbers 

Proficiency Use of technology in education is a 

broader concept and there are 

questionnaires to measure 

proficiencies in every area.  

Here the main aim is to determine 

how teachers think about their 

proficiencies about use of MBL 

applications.  

It was aimed to gain information 

about how they think about their 

proficiency in use of hardware and 

software, having pedagogical and 

classroom management knowledge. 

15 (a-b-c-d-e-f-g-

h-k-l-m-n-g) 

In-service Training 

Need Assessment 

It is aimed to determine teachers 

needs about an in-service training 

course about MBL 

 

15-18-19-20-21-

22-23 

MBL Hardware and 

Software information 

It is aimed to take information about 

number and type of hardware of 

software of MBL and teachers’ view 

about adequacy of them.  

 

24 

Frequency of Teachers’ 

use of MBL  

It is aimed to gain information about 

the time teachers’ do MBL 

applications  

25-26 

The second part of the questionnaire is about in which topics and how ATTHS 

teachers do MBL applications. It is designed to find the answer to the “What are the 

teachers’ beliefs about how they do MBL applications?” research question. The 

questionnaire was named “Micro-Computer Based Laboratory Application 

Questionnaire”. Items and the aim of these items are explained in detail in Table 3.87. 

The questionnaire can be seen in Appendix K as the second part. 
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Table 3.87. Dimensions, item numbers and explanations of the second part of the ISTNAQT 

Area Aim Item Numbers 

Usage  To determine how often, in which 

topics and in which part of the lesson 

teachers do MBL applications 

1-2-3-4-5-6-7-

8-9-10-11 

Solution of Technical 

Problem 

To gain information about whom and 

how technical problems about MBL 

are solved 

12-13 

Teachers who best use To determine teachers who use MBL 

effectively and their properties  

14-15 

 

3.3.3.1.2. Step 2: Validation of the Questionnaire 

Validity evidence for ISTNAQT was collected with experts review forms and face 

and content related validity evidence should have been gathered. The panel of experts 

was asked to determine whether each item in the questionnaires belongs to an assigned 

sub-dimension, that is, to determine whether the items adequately sample the domain 

of interest (Crocker & Algina, 1996). 

Review by Panel of Experts  

After all questionnaires were prepared, an expert evaluation form was prepared, and 

it was submitted to a panel of experts to review the questionnaires. The expert review 

form can be seen in Appendix O. The panel of experts was composed of 6 

academicians (3 from Departments of Computer Education and Instructional 

Technology and 3 from Departments of Secondary Science and Mathematics 

Education). The first and second parts of the evaluation form are about these parts of 

the teacher questionnaires. A table of specification like Table 3.29 was given to the 

experts, and they were asked to determine whether each item in this questionnaire 

belongs to an assigned sub-dimension, that is, to determine whether the items 

adequately sample the domain of interest (Crocker & Algina, 1996). Suggestions from 

the panel of experts can be seen in Appendix P. With this review, face and content 

related validity evidence should be gathered.  
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Then all reviews were examined. All suggestions of the experts were taken into 

consideration. There were minor changes in the items, and there were not any changes 

in the sub-dimensions the items belong to. The questionnaire was finalized after expert 

review. The finalized version of the questionnaire can be seen in Appendix Q. 

3.3.3.2. Principal Questionnaire 

The In-Service Training Needs Assessment Questionnaire for Principals (ISTNAQP)’ 

has only one part: “Personal Information Questionnaire”. In this part, general 

demographic information, principals’ habits about use of computers, in-service and 

pre-service courses they have taken about information and communication 

technologies, and their MBL proficiency. 

The Personal Information Questionnaire is composed of 27 items. Items and the aims 

of these items are explained in detail in Table 3.88. The information collected with 

this questionnaire will be used in the needs assessment of in-service teaching of 

teachers. The questionnaire can be seen in Appendix K as first part. 

Table 3.88. Dimensions, item numbers and explanations of the ISTNAQP 

 Area Aim Item Numbers 

General Demographic 

Information 

These questions aim to describe 

principals in terms of age, gender, 

experience, graduated school etc.  

1-2-3-4-5-6-7-8-

9-10 

Use of Technology These are the questions aims to 

discover the relation of principals 

with computers. How long they use 

computers, how much time they 

spend on computers, etc. 

11-12-13-14-15 

Education (In-service 

and Pre-service 

courses)  

It is aimed to gain information about 

whether principals take courses 

about how to use technology in 

education and how to use MBL in 

pre-service and in-service education.  

16-17-18 

Proficiency Use of technology in education is a 

broader concept and there are 

questionnaires to measure 

proficiencies in every area.  

Here, the main aim is to determine 

how principals think about their 

10 (a-b-c-d-e-f-g-

h-k-l-m-n-g) 
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 Area Aim Item Numbers 

proficiencies about use of MBL 

applications.  

It was aimed to gain information 

about how they think about their 

proficiency in use of hardware and 

software, having pedagogical and 

classroom management knowledge. 

MBL Hardware and 

Software information 

It is aimed to take information about 

number and type of hardware of 

software of MBL and principals’ 

view about adequacy of them.  

24 

Frequency of Teachers’ 

use of MBL  

It is aimed to gain information about 

the time teachers’ do MBL 

applications  

21-22 

Solution of Technical 

Problem 

To gain information about whom and 

how technical problems about MBL 

is solved 

23-24 

MBL applications To determine principals’ views about 

MBL applications 

25-26-27 

 

3.3.3.2.1. Step 2: Validation of the Questionnaire 

Validity evidence for the ISTNAQP was collected with experts review forms and face 

and content related validity evidence should have been gathered. A panel of experts 

was asked to determine whether each item in the questionnaire belongs to the assigned 

sub-dimension, that is, to determine whether the items adequately sample the domain 

of interest (Crocker & Algina, 1996). 

Review by Panel of Experts  

After all questionnaires were prepared, an expert evaluation form was prepared, and 

it was submitted to a panel of experts to review the questionnaire. The expert review 

form can be seen in Appendix L. The panel of experts is the same as the panel of 

experts for the teachers’ needs assessment questionnaire. A table of specification like 

Table 3.69 was given to the experts, and they were asked to determine whether each 

item in this questionnaire belongs to the assigned sub-dimension, that is, to determine 

whether the items adequately sample the domain of interest (Crocker & Algina, 1996). 

With this review, face and content related validity evidence should be gathered.  
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Then all reviews were examined. All suggestions of the experts were taken into 

consideration. There were minor changes in the items, and there were not any changes 

in the sub-dimensions items belonged to. The questionnaire was finalized after expert 

review. The finalized version of the questionnaire can be seen in Appendix M. 

3.4. Procedure 

At the beginning of the study, I reviewed the international and national secondary 

sources in detail, by focusing on MBL, barriers toward technology, personal 

development, in-service training and use of technology, and barriers and MBL. Then, 

a list of keywords was determined based on this primary research. The keywords were 

identified as “personal development”, “micro-computer”, “microcomputer-based 

laboratory”, “data logging”, “teacher education”, “in-service teacher education”, 

“barriers towards technology”, “attitude”, “attitude towards technology”, “attitude 

towards physics” and “attitude towards laboratory”. Next, these keywords were 

searched on Dissertation Abstracts International, Educational Resources Information 

Center (ERIC), Ebscohost, Science Direct, Social Science Citation Index, Google and 

Google Scholar, Hacettepe Üniversitesi Eğitim Fakültesi Dergisi, Milli Eğitim Dergisi 

and the online service of the Council of Higher Education (YÖK). METU library also 

researched for theses and books for written and online materials. 

After the literature review, the instruments were prepared as stated earlier. Then 

instruments were submitted to the Middle East Technical University of Human 

Researches Ethic Committee for the approval of the study. Ethic Committee approval 

can be seen in Appendix N. In addition to this approval, permission of Turkish MONE 

was taken for administration of the survey to physics teachers, students and principals 

at ATTHS in four geographical regions of Turkey. Appendix O includes permission 

of the MONE. Obtaining the approval and the permission took approximately 8 weeks.  

Students’ questionnaires were printed in optical form as it was aimed to administer 

these questionnaires to approximately 5880 students. There were 6 questionnaires 

composed of 121 items in total. The teacher and principal questionnaires were printed 

in ordinal papers; they were not prepared in optical form, as it was aimed to administer 
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these questionnaires to approximately 239 teachers and 196 principals. Moreover, the 

budget amount allocated was limited, thus optic forms could not be preferred. There 

were 7 questionnaires for teachers, composed of 188 items in total, and 2 

questionnaires for principals composed of 77 items in total. The instruments were sent 

and collected back via cargo. Each packet which was sent to the schools, was 

composed of a cover letter which includes the purposes of the study, 33 students 

questionnaires, teacher questionnaires (number of teachers + 1), 3 principal 

questionnaires, administration guide for teachers and for principals, permission papers 

from METU Human Research Ethics Committee, permission papers from MONE, and 

a plastic bag into which they can put and sent back the instruments. It was stated that 

principals had to call the cargo company (the phone number of the cargo company 

was written on the administration guide) in order to send back the instruments.  

The data were collected between January 2013 and March 2013. Questionnaires were 

mailed to schools on the 11th of January, and the last school took questionnaires on 

the 25th of January. Questionnaires were sent back until the second week of the March.  

After that, instruments were sent to 196 schools; all schools were called and informed 

about the instruments and administration. Principals were requested to send back 

instruments in two weeks. After two weeks had passed, the schools that did not sent 

back the questionnaires were called again to determine whether there was a problem 

in administration and to remind them to perform the administration and send back the 

questionnaires. A week had passed and the schools which did not sent back the 

questionnaires were called again. In the first turn 196 schools were called, in the 

second turn 127 were called and in the third turn 63 were called. At the end there were 

143 schools which sent questionnaires back. A total of 3623 student instruments, 174 

teacher instruments, and 172 principal instruments had been sent back. Printing of the 

instruments, packaging and administration processes (sending to school, 

administration and sending back of instruments) took approximately 13 weeks.   

There were open-ended questions in the student instruments. After student instruments 

were read on optics, answers of the open-ended questions were written. Then, teacher 
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and principal instruments were entered into the Statistical Package for the Social 

Sciences (SPSS). Then all statistical analyses were done. 

3.5. Variables 

The main variables, their description, data sources and scales used in the structural 

equation model are presented in Table 3.89. 

Table 3.89. Variables used in the models  

Variables Description Questionnaires Type of the 

Variable 

Total 

Teaching 

Experience 

Self-reported number of years in 

the teaching profession  

Questionnaire item:  

Q6: How many years have you 

being teaching? 

Demographic Continuous 

MBL 

Proficiency 

Self-reported proficiency in using 

MBL, related equipment and 

programs, pedagogical knowledge 

and classroom management 

Sample questionnaire item:  

Q15d: Use of MBL interface 

(Lab-pro) 

 

Demographic: MBL 

Proficiency Sub-

Questionnaire (1: “Very 

Poor” to 5: “Very Good”) 

Total possible max. score: 

75 

Total possible min. score: 

15 

Continuous 

Attitudes 

toward 

Physics 

Laboratory 

Teacher attitudes towards physics 

laboratory 

 

TATLQ (From Absolutely 

Disagree:1 to Absolutely 

Agree: 5) Total possible 

max. score: 125 

Total possible min. score: 

25 

Continuous 

Attitudes 

toward use of 

Technology 

in Physics 

Lesson  

Teacher attitudes towards use of 

technology in physics course 

 

TATTQ (From Absolutely 

Disagree:1 to Absolutely 

Agree: 5) Total possible 

max. score: 125 

Total possible min. score: 

25 

Continuous 

Attitudes 

toward MBL 

Teacher attitudes towards MBL  

 

TATMLQ (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

125 

Total possible min. score: 

25 

Continuous 
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Variables Description Questionnaires Type of the 

Variable 

Attitudes 

toward 

Physics 

Lesson 

Teacher attitudes towards physics 

course 

 

TATPQ (From Absolutely 

Disagree:1 to Absolutely 

Agree: 5) 

Total possible max. score: 

120 

Total possible min. score: 

24 

Continuous 

Lack of 

Technology 

Teachers’ perceptions about lack 

of having enough hardware, 

software and user manuals to 

barrier use of MBL 

Questionnaire items 

1-2-3-4-5 

 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

25 

Total possible min. score: 

5 

Continuous 

Lack of 

Access to 

Technology 

Teachers’ perceptions about lack 

of access to sufficient amount of 

correct technology in proper place 

and in proper time easily 

Questionnaire items 

6-7-8-9 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

20 

Total possible min. score: 

4 

Continuous 

Lack of Time Teachers’ perceptions about their 

lack of time to learn how to 

implement MBL applications and 

to prepare, to design and 

implement MBL in the lessons. 

Questionnaire items 

10-11-12-13-14 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

25 

Total possible min. score: 

5 

Continuous 

Lack of 

Technical 

Support 

Teachers’ perceptions about lack 

of access to technical support 

from school and any other 

institutions whenever they faced 

with problem about hardware and 

software using MBL  

Questionnaire items 

15-16-17 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

15 

Total possible min. score: 

3 

Continuous 

Leadership School Principals’ appreciation 

and encouragement of teacher’ 

use of MBL, providing 

laboratories to use MBL, ensuring 

coordination between teachers 

about using equipment and 

laboratory, time 

Questionnaire items 

18-19-20-21 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

20 

Total possible min. score: 

4 

Continuous 

Time 

Tabling 

Structure 

Weekly course and laboratory 

hours stated in curriculum and 

determined by MONE and other 

institutions (independent from 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Continuous 
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Variables Description Questionnaires Type of the 

Variable 

course teachers and principals at 

school)  

Questionnaire items 

22-23 

Total possible max. score: 

10 

Total possible min. score: 

2 

Lack of 

Technology 

Integration 

Plan 

Teachers’ perceptions about 

MONE and other institutions 

having a general technology 

integration plan and a plan about 

in-service training courses.  

Questionnaire items 

24-25-26 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

15 

Total possible min. score: 

3 

Continuous 

Subject 

Culture 

Teachers’ perceptions about 

course or topic being appropriate 

to use of MBL 

Questionnaire items 

27 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

5 

Total possible min. score: 

1 

Continuous 

Assessment Teachers’ perceptions about effect 

of high-stake examinations  

Questionnaire items 

28-29-30 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

15 

Total possible min. score: 

3 

Continuous 

Lack of 

Technology 

Skills 

Teachers’ perceptions about their 

lack of skills and knowledge 

about use of software and 

hardware.   

Questionnaire items 

36-37-38-39 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

20 

Total possible min. score: 

4 

 

Lack of 

Technology 

Supported-

Pedagogy 

Skills 

Teachers’ perceptions about their 

lack of knowledge and skills 

about integrating MBL with 

course (integrating MBL with 

content, main concepts, and 

structure of the field 

Questionnaire items 

40-41-42-43-44-45-46 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

35 

Total possible min. score: 

7 

 

Lack of 

Technology-

Related-

Classroom 

Management 

Skills 

Teachers’ perceptions about their 

lack of knowledge and skills 

about classroom management in 

the lessons MBL used.  

Questionnaire items 

47-48-49-50 

BMBLQT (From 

Absolutely Disagree:1 to 

Absolutely Agree: 5) 

Total possible max. score: 

20 

Total possible min. score: 

4 
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3.6. Analysis of Data  

The analysis was composed of several steps in this study. First of all, all data were 

coded into Statistical Package for the Social Sciences (SPSS 19). Student data were 

transferred from optic form data to SPSS, and teacher and principal data were entered 

manually. After data were coded into SPPS, they were scanned for potential incorrect 

entities by checking descriptive statistics and frequency tables of all items. All attitude 

questionnaires and barrier questionnaires include the item “Please mark “I agree” if 

you read this item” at different places of the questionnaire in order to identify 

respondents who mark items without reading. Respondents who did not mark “I agree” 

for these items were removed from analysis in each questionnaire. Afterwards missing 

data analysis was done. Detailed explanation of missing data analysis is given in the 

following section. Then, descriptive statistics, validity and reliability analysis, 

exploratory factor analysis, and preliminary analysis for SEM and HLM were 

conducted on SPSS. In the next step, confirmatory factor analyses were done for all 

attitude scales and barrier scales on the Analysis of Moment Structure statistical 

package program (AMOS 21). It was followed by structural equation modeling 

including variables of the study, which was conducted on AMOS for student and 

teacher models respectively. Finally, HLM was conducted for the nested student and 

teacher data on HLM6.0. Table 3.90 summarizes all data analysis for each research 

question and related questionnaire items. The other items; Items 1 through 14 in the 

first section in the teacher questionnaire, Items 1 through 6 in the first section in the 

student questionnaire, and Items 1 through 16 in the first section in the student 

questionnaire will be used for descriptive statistics for principals. Some items will be 

used for descriptive analysis for comparison of teacher and student views. 
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Table 3.90. Summarized Information about Research Questions and Data Analysis 

Research Question Analysis Type Sample Related Questionnaire 

Main Sub   Section Item Numbers 

1.  

a. What are the perceptions of ATTHS 

physics teachers about how MBL is used 

in their physics lessons in Turkey? 

Descriptive 

Statistics 

 

Teachers 

1 24, 25, 26 

2 
1, 2, 3, 4, 5, 6, 

7, 8, 9, 12, 13 

b. What are the perceptions of students in 

ATTHS about how MBL is used in 

physics lessons in Turkey? 

Descriptive 

Statistics 
Students 

1 7 

2 

1, 2, 3, 4, 5, 6, 

7, 8, 9, 10, 11, 

12, 13,14 

2.  

a. What are the attitudes of ATTHS 

physics teachers toward using MBL in 

physics lessons? 

Descriptive 

Statistics (Total 

Attitude Score) 

Teachers 3 
TATLQ all 

items 

b. What are the attitudes of ATTHS 

physics teachers toward using technology 

in physics lessons? 

Descriptive 

Statistics (Total 

Attitude Score) 

Teachers 3 
TATTQ all 

items 

c. What are the attitudes of ATTHS 

physics teachers toward laboratory in 

physics lesson? 

Descriptive 

Statistics (Total 

Attitude Score) 

Teachers 3 
TATMBLQ 

all items 

d. What are the attitudes of ATTHS 

physics teachers toward physics lesson? 

Descriptive 

Statistics (Total 

Attitude Score) 

Teachers 3 
TATPQ all 

items 

e. What are the attitudes of students in 

ATTHS toward using MBL in physics 

lessons? 

Descriptive 

Statistics (Total 

Attitude Score) 

Students 3 
SATLQ all 

items 

 

f. What are the attitudes of students in 

ATTHS toward using technology in 

physics lessons? 

Descriptive 

Statistics (Total 

Attitude Score) 

Students 3 
SATTQ all 

items 

g. What are the attitudes of students in 

ATTHS toward laboratory in physics 

lessons? 

Descriptive 

Statistics (Total 

Attitude Score) 

Students 3 
SATMBLQ 

all items 

h. What are the attitudes of students in 

ATTHS toward physics lesson? 

Descriptive 

Statistics (Total 

Attitude Score) 

Students 3 
SATPQ all 

items 

3.  

a. What are the most 

common factors 

affecting MBL 

implementation of 

physics teachers in 

ATTHS? 

i. What are the 

views of ATTHS 

physics teachers 

about the barriers 

they face when 

implementing 

MBL? 

Descriptive 

Statistics 

(Frequency and 

Percentage 

Analysis)  

Teachers 

1 10, 11 

4 All Items 

ii. What are the 

views of 

principals at 

ATTHS about 

the barriers 

ATTHS physics 

teachers face 

when 

implementing 

MBL? 

 

Descriptive 

Statistics 

(Frequency and 

Percentage 

Analysis) 

Principals 

1 23, 24 

2 All Items 
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Research Question Analysis Type Sample Related Questionnaire 

Main Sub   Section Item Numbers 

3 

b. What is the best fitting structural 

equation model explaining the 

relationships among lack of resources, 

teaching experience, teacher attitudes and 

belief, MBL proficiency, subject culture, 

institution and MBL integration by 

ATTHS physics teachers? 

Structural 

Equation 

Modeling 

Teachers 

1 6, 7, 15 

3 All Items 

4 All Items 

c. What is the best fitting structural 

equation model explaining the 

relationships among attitudes of students 

in ATTHS toward physics lessons, 

laboratory, using MBL and using 

technology in physics lessons, students' 

desire to use MBL, MBL proficiency and 

grade level of students? 

Structural 

Equation 

Modeling 

Students 

1 2, 7, 

2 2 

3 All Items 

d. What is the best fitting hierarchical 

linear model explaining the relationships 

among lack of time, lack of source, 

teaching experience, teacher attitudes 

(toward physics lessons, laboratory, using 

MBL and using technology in physics 

lessons)  and belief, MBL proficiency of 

teachers, subject culture, lack of 

resources, institution, MBL proficiency of 

students, students attitudes (toward 

physics lessons, laboratory, using MBL 

and using technology in physics lessons), 

student desire to use MBL and MBL 

integration by ATTHS physics teachers? 

Hierarchical 

Linear Modeling 

Teachers 

1 6, 7, 15 

3 All Items 

4 All Items 

Student 

2 2 

3 All Items 

4 
a. What are the views of ATTHS physics 

teachers about in-service training courses? 

Descriptive 

Statistics  
Teachers 1 

16, 17, 18, 

19, 20, 21, 

22, 23 

b. What are the characteristics of an 

effective in-service training course? 

Literature 

Review 
      

 

3.6.1. Principal Component Factor Analysis  

Factor analysis is a statistical procedure to determine whether many variables can be 

described by a few meaningful factors (Fraenkel, Wallen & Hyun, 2012). The purpose 

of factor analysis is to determine the number of factors required to account for the 

pattern of correlations between all pairs of tests in a set of tests. A common factor or 

unobservable variable which is correlated with scores on two or more tests (Fraenkel, 

Wallen & Hyun, 2012). 
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3.6.2. Validity and Reliability Issues 

Fraenkel, Wallen and Hyun (2012, p148-154) state that there are three types of validity 

evidence: content-related evidence, criterion-related evidence and construct-related 

evidence. Content-related validity evidence is about content and format of the 

instrument. It looks for whether content of the instrument is similar to content of the 

relevant domain. In this study, content-related evidence was collected by designing 

expert review forms and taking the views of experts.  

Construct-related validity evidence is the degree to which an instrument measures 

what it claims to measure, that is, whether an instrument measures its intended 

construct. In order to collect construct-related validity evidence, exploratory and 

confirmatory factor analyses were done for all instruments developed. The results of 

these factor analyses were used as construct-related validity evidence. 

Criterion-related validity evidence is collected by comparing participants’ scores on 

the developed instrument with another instrument’s scores. In this study, criterion-

related validity evidence is not collected.  

Reliability is defined as consistency among scores of test across different times, 

groups of participants or different versions of the instrument (Fraenkel, Wallen & 

Hyun, 2012, p. 154). In order to investigate internal reliability of instruments 

developed, a Cronbach alpha reliability coefficient was calculated for all the 

instruments developed.   

According to Fraenkel, Wallen and Hyun (2012), for research purposes a useful rule 

of thumb is that reliability should be at least 0.70 and preferably higher. By 

considering this criterion, the obtained Cronbach-alpha reliability values of all the 

questionnaires used is this study are above 0.70 and they are acceptable to use as a 

variable for modeling. 
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3.6.3. Confirmatory Factor Analyses and Structural Equation 

Modeling  

The Structural Equation Modeling (SEM) method was used as a statistical technique 

in this study. SEM is a statistical technique that follows the confirmatory approach to 

the analysis of a structural theory behind some phenomenon (Bryne, 2010). It looks 

for the extent to which the hypothesized model adequately describes the sample data, 

that is, SEM examines whether the relations formed are valid. SEM has several 

strengths according to other multivariate procedures. First of all, it has a confirmatory 

approach and is used for inferential purposes. Second, SEM is capable of assessing 

and correcting measurement errors. Its third and most powerful strength is that SEM 

describes latent values under a set of observed variables. Variables in a model can be 

divided into two different categories: latent and observed variables. Latent variables 

are the theoretical constructs that cannot be observed directly. They are generally 

constructs or behaviors, which the questionnaires were intended to measure. Being 

unable to measure latent variables directly leads researchers to make the measurement 

on observed variables such as test items (Byrne, 2010). SEM is a tool representing the 

relations among all the variables placed in the proposed model whether the variables 

are not measured directly or not. There are two components used for structural 

equation modeling: a measurement model and a structural model. The measurement 

model addresses issues of validity and reliability, while the structural model employs 

the constructs defined and supported by the measurement model to test the 

hypothesized relationships among the constructs. Confirmatory factor analysis is a 

measurement model. Model specification, model identification, estimation, model fit 

and respecification steps in SEM are followed in confirmatory factor analysis.  

A model is evaluated based on the evidence provided in these areas. Absolute fit 

indices measure how well the specified model reproduces the data. They provide an 

assessment of how well a researcher’s theory fits the sample data (Hair et al., 2006). 

The main absolute fit index is the χ2 (chi-square) which tests for the extent of mis-

specification. As such, a significant χ2 suggests that the model does not fit the sample 

data. In contrast, a non-significant χ2 is indicative of a model that fits the data well. In 
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other word, we want the p-value attached to the χ2 to be non-significant in order to 

accept the null hypothesis that there is no significant difference between the model-

implied and observed variances and co-variances. However, the χ2 has been found to 

be too sensitive to sample size increases such that the probability level tends to be 

significant. The χ2 also tends to be greater when the number of observed variables 

increases. Consequently, a non-significant p-level is uncommon, although the model 

may be a close fit to the observed data. For this reason, the χ2 cannot be used as a sole 

indicator of model fit in SEM. The Goodness-of-Fit index (GFI) assesses the relative 

amount of the observed variance and covariance in observed scores. 

In comparative fitting, the hypothesized model is assessed on whether it is better than 

a competing model, and the latter is often a baseline model (also known as a null 

model), one that assumes that all observed variables are uncorrelated. A widely used 

index example is the Comparative Fit Index (CFI), which indicates the relative lack 

of fit of a specified model versus the baseline model. It is normed and varies from 0 

to 1, with higher values representing better fit. The CFI is widely used because of its 

strengths, including its relative insensitivity to model complexity. A value of > .95 for 

CFI is associated with a good model. Another comparative fit index is the Tucker-

Lewis Index (TLI), also called the Bentler-Bonnet NNFI (non-normed fit index) by 

Bentler and Bonnet (1980) is used to compare a proposed model to the null model. 

Since the TLI is not normed, its values can fall below 0 or above 1. Typically, models 

with a good fit have values that approach 1.0.   

Parsimonious indices assess the discrepancy between the observed and implied 

covariance matrix while taking into account a model’s complexity. A simple model 

with fewer estimated parameters will always get a parsimony fit. This is because 

although adding additional parameters (thus increasing the complexity of a model) 

will always improve the fit of a model, it may not improve the fit enough to justify the 

added complexity. The parsimonious indices are computed using the parsimony ratio 

(PR), which is calculated as the ratio of degrees of freedom used by the model to the 

total degrees of freedom available (Marsh, Balla, & McDonald, 1988). An example of 

parsimony fit indices is the parsimony comparative-of-fit index (PCFI), which adjust 
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the CFI using the PR. The PCFI values of a model range from 0 to 1, and are often 

used in conjunction with the PCFI of another model (e.g. null model). Because the 

AGFI and RMSEA adjust for model complexity, they may be also used as indicators 

of model parsimony. 

Based on this model, questionnaires we need to collect data for these variables are 

determined and afterwards attitude scales and barrier scales were formed. Exploratory 

and confirmatory factor analyses were done for all attitude scales and barrier scale for 

both collecting content-related validity evidence and determining constructs that we 

used in confirmatory structural equation modeling.  

Attitude scales used in this study were composed of four sub-dimensions. For attitude 

scales exploratory and confirmatory factor analysis were composed of two steps. In 

the first step, each questionnaire was examined one by one, and items which do not 

belong to proposed dimensions were removed from the questionnaire. Then 

questionnaires aim to measure the same construct, such as attitudes toward laboratory 

were examined together. Items which do not work were removed from the 

questionnaires, and exploratory and confirmatory factor analyses were repeated. 

These analyses were explained in the previous sections.  

AMOS 21 is used in this study to formulate and estimate the model. Various goodness 

of fit indices were used to determine to which extent the model fits the sample data. 

The criteria of fit indices were given in Table 3.91. 
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Table 3.91. Fit indices Criteria 

 Fit Index Criterion 

Chi- Square (χ2) Ratio of χ2 to df ≤ 8 useful for nested 

models/ model trimming 

Goodness-of-fit index (GFI) ≥ 0.90 good fit 

Adjusted Goodness-of fit index (AGFI) ≥ 0.90 good fit 

Root Mean Square Error of 

Approximation (RMSEA) 

RMSEA<0.05 good fit  

0.05 < RMSEA< 0.08 (reasonable fit) 

0.08 to 1.00 indicate mediocre fit 

Tucker-Lewis Index (TLI)  ≥ 0.90 good fit 

Comparative Fit Index (CFI).   ≥ 0.90 good fit 

Note. Adapted from Structural equation modeling with AMOS: Basic concepts, 

applications, and programming, by B. M. Byrne, 2010, New York. Taylor & Francis 

Group. Copyright (2010) by Routledge Taylor & Francis Group. 

3.6.4. Hierarchical Linear Modeling  

In this study, Hierarchical Linear Modeling (HLM) technique was conducted to 

explain the relation between teacher and student variables, and how both variables 

affect teacher implementation of MBL. In this study, as the data were gathered from 

ATTHS physics teachers and their unique class of students, it forms a nested structure. 

Students taught by the same teachers should have similar attitudes and desire to use 

MBL of those students, and barriers teachers faced may change from class to class. 

Students of different teachers should be independent, and a cluster effect can occur. 

Thus, as assumptions of independence of observation is violated due to clustering, 

analyzing the nested data with a classical linear model is not reasonable. HLM enables 

us to model the complex relationships between nested data structures (Raudenbush & 

Bryk, 2002). 

3.7. Limitations of the Study  

The first limitation of the study was sample size. 174 teachers participated in the study. 

Even though this number of samples is adequate for a survey study, for a CFA or SEM 

study more samples could give more valid results.  
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The second limitation of the study is that we could not do a pilot study as our sample 

is equal to our population. To overcome this limitation, we made a preliminary 

analysis, finalized questionnaires, and used the result in the model. 

3.8. Assumptions  

Assumptions of the study:  

1. Students, teachers and principals have answered all questionnaires 

sincerely.  

2. There is no interaction among students, teachers and principals during 

administration of the instruments. 
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CHAPTER 4  

 

4. RESULTS 

This chapter presents the results of a series of analyses conducted for the related 

research questions. The results are categorized in three main sections: (1) Missing data 

analysis (2) descriptive statistics for teachers, students and principals’ variables and 

(3) analysis for each research question. 

4.1. Missing Data Analysis 

As the study is composed of many parts and various samples, missing data analyses 

were done for each sample (teacher, student and principal) and each part separately. 

As it was stated earlier in Chapter 3, all questionnaires were developed by the 

researchers and CFA was done for each questionnaire. Moreover, SEM and HLM 

were applied to student and teacher data. At first, an examination of which missing 

data replacement method was proper for HLM and SEM analysis was conducted. For 

modeling analysis, it is stated that listwise, pairwise deletion or mean substitution may 

result in “heteroscedastic” error (Schreiber, Stage, King, Nora, & Barlow, 2006). They 

suggest using new technologies for missing data replacement. For modeling studies 

mean substitution or some other methods will affect the variance and implicitly the 

model. Thus, it is suggested to use Expectation Minimization (EM) or Multiple 

Imputation (MI) method for missing value imputation for modeling. We have decided 

to use MI as it is a more advanced multiple imputation method. MI has a pre-condition 

that missing values should be random in order to apply MI missing value replacement. 

In order to reach unbiased result, missing data should be random, that is, it should not 

have any pattern. All patterns and percentages of missing data were examined and MI 

was administered after.   

We wanted from the participants to answer all questionnaires in the form. But in some 

schools, some of the questionnaires were not administered or some questionnaires 

were not answered by the participants. For example, in a class, three out of four 

attitude questionnaires were applied to the students; one of them was not applied. 
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Thus, before CFA, MI missing value replacement was done for each questionnaire 

separately. Moreover, for the student sample, even though it was stated on the 

administration form not to apply questionnaires at 12th grade level, at some schools, 

questionnaires were applied to 12th graders. We have a total of 3,623 student samples, 

83 of whom were students at 12th grade and so they were removed and 3,541 students 

were left for analysis. Furthermore, as stated earlier, each questionnaire has a control 

item to identify the respondents who answered the items without reading. It was 

requested from the respondents to mark “I Agree” for the control item. Before 

examining the missing value pattern, data from the sample that was not marked “I 

Agree” for the control item were removed from the analysis. Then data from the 

sample that left empty all questionnaires were removed. At this point percentages and 

patterns of the missing data were examined. None of the questionnaires had non-

random missing values and none of the questionnaires has missing values greater than 

10 %, and rather much of them were below 5 % at item level. MI was administered at 

sub-dimension level. So that data from the sample that left empty more than 50 % at 

a sub-dimension level were removed from the analysis, and pattern and percentage 

analysis were repeated. There was no pattern observed and all percentages at all 

questionnaires were less than 5 %. Table 4.1 shows the number of the sample size 

after each data reduction step. 
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Table 4.1. Sample sizes after each data reduction proces 

 Sample Size 

 
At 

beginning 

After control 

item analyses 

data removed 

After sample 

who left 

empty all 

removed 

After sample who left 

empty at least 50 % 

at a sub-dimension 

level all removed 

Students’ Attitude toward 

Physics Course Questionnaire 

(SATPQ) 

3541 2994 2893 2830 

Students’ Attitudes toward 

MBL Questionnaire 

(SATMBLQ) 

3541 3005 2117 2062 

Students’ Attitudes toward 

Laboratory Questionnaire 

(SATLQ) 

3541 3077 2948 2916 

Students’ Attitudes toward 

Use of Technology in Physics 

Course Questionnaire 

(SATTQ) 

3541 3004 2922 2893 

Teachers’ Attitudes toward 

Physics Questionnaire 

(TATPQ) 

174 162 149 149 

Teachers’ Attitude toward 

Laboratory Questionnaire 

(TATLQ) 

174 162 144 142 

Teachers’ Attitudes toward 

MBL Questionnaire 

(TATMBLQ) 

174 163 102 102 

Teachers’ Attitudes toward 

Technology Questionnaire 

(TATTQ) 

174 163 146 146 

Barriers Teachers Faced Using 

MBL Questionnaire 

(BMBLQT) 

174 154 123 123 

 

Then pattern and percentage of missing data were analyzed with the “Analyze Pattern” 

command under the “Multiple Imputation” command under the analyze menu on 

SPPS 19. SPSS output of Overall Summary of Missing value figure and Missing Value 

Pattern Graphs were analyzed. In any of the questionnaires, non-random missing 

values were not observed. Figure 4.1, 4.2 and 4.3 show results of the SATMBLQ as 

an example to show the analysis followed. 
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• Data of students who did not mark “I agree” at 16th item were removed and 

3005 data samples were left.  

• Data of students who left all items empty were removed and 2117 sample 

data items were left.  

Missing data analysis done. Table 4.2 shows number and percentages of missing at 

the SATMBLQ items. 

Table 4.2. Number and percentages of missing at the SATMBLQ items 

Item 
Missing 

Valid N N Percent 

m15 96 4.5% 2021 

m14 84 4.0% 2033 

m21 75 3.5% 2042 

m17 74 3.5% 2043 

m12 71 3.4% 2046 

m19 70 3.3% 2047 

m25 69 3.3% 2048 

m20 69 3.3% 2048 

m23 68 3.2% 2049 

m22 68 3.2% 2049 

m13 68 3.2% 2049 

m24 67 3.2% 2050 

m18 67 3.2% 2050 

m10 66 3.1% 2051 

m26 65 3.1% 2052 

m11 64 3.0% 2053 

m8 64 3.0% 2053 

m6 56 2.6% 2061 

m7 55 2.6% 2062 

m9 54 2.6% 2063 

m4 50 2.4% 2067 

m3 48 2.3% 2069 

m5 44 2.1% 2073 

m2 39 1.8% 2078 

m1 34 1.6% 2083 
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Figure 4.1 states the distribution of missing values for variables and sample: 

• Variables chart shows that each of the 25 variables (25 items), has at least 

one missing value on a case (student). 

• Cases chart shows that 350 of the 2117 cases (2117 students) have at least 

one missing value on a variable (item). 

• Values chart shows that 1585 of the 52925 values (cases x variables 

(students x item)) are missing and it is 2.995 %.   

 

Figure 4.1. Overall summary of missing values of the SATMBL 

 

We looked for the pattern chart to display missing value patterns for the analysis 

variables. What it tells in Figure 4.2 and Figure 4.3 should be considered together. 

Figure 4.2 shows missing value patterns for each variable. Pattern number one shows 

no missing values. The pattern chart displays missing value patterns for the analysis 

of variables. Each pattern corresponds to a group of cases with pattern of incomplete 

and complete data. It shows whether the monotone method is feasible in the multiple 

imputation method. There should not be clusters of non-missing values in the upper 

left side of the graph and also there should not clusters of missing values in the lower 

right side of the graph.    
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Figure 4.2. Missing Value Pattern of the SATMBL 

Similarly, in the missing Value Pattern- Percent Sum graph in Figure 4.3, bar number 

1 shows missing values that do not have any pattern and its value should be over 60% 

even if the data has random missing values. It is over 90% in our data, when we looked 

at other patterns they are all over 5%. According to these graphs, we can conclude that 

missing values in this data are random. 

 

Figure 4.3. Missing Value Frequencies of the SATMBL 
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Data of students who left empty at least 50 % at a sub-dimension level were 

removed and 2062 sample data items were left.  

 

Missing value pattern analysis was repeated. From the value chart at Figure 4.4, we 

can see that percentage of missing items at whole values dropped from 2.995 % to 

0.991% after 50% missing at a sub-dimension level were removed. Percentage of 

missing items is much below 5 % for each item as it can be seen in Table 4.3. 

 

 

Figure 4.4. Overall summary of missing values of the SATMBL after 50% missing at a sub-dimension 

level was removed 
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Table 4.3. Number and percentages of missing at the SATMBLQ items after 50% missing at a sub-

dimension level was removed 

Item 
Missing Valid 

N N Percent 

m15 48 2.3% 2014 

m14 34 1.6% 2028 

m17 27 1.3% 2035 

m12 26 1.3% 2036 

m21 23 1.1% 2039 

m8 23 1.1% 2039 

m10 22 1.1% 2040 

m19 22 1.1% 2040 

m23 21 1.0% 2041 

m24 20 1.0% 2042 

m20 20 1.0% 2042 

m22 20 1.0% 2042 

m26 20 1.0% 2042 

m13 19 0.9% 2043 

m18 19 0.9% 2043 

m25 19 0.9% 2043 

m9 19 0.9% 2043 

m6 18 0.9% 2044 

m3 18 0.9% 2044 

m11 17 0.8% 2045 

m7 15 0.7% 2047 

m4 14 0.7% 2048 

m5 12 0.6% 2050 

m2 9 0.4% 2053 

m1 6 0.3% 2056 
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4.2. Descriptive Statistics  

In this section descriptive statistics for students, teachers and principals are given 

respectively. 

4.2.1. Students 

We determined minimum sample size as 5880 by using power analysis, thinking about 

mortality issues we sent 6272 questionnaires to selected schools. A total of 3623 

student questionnaires were sent back from the schools, and these represented 61.62 

% of our sample. 11 students did not mark their genders. 56.39 % (2043) of students 

are female and 43.30 % (1569) male. 36.3 % (1316) of them are at 9th grade, 30.2 % 

(1095) of them at 10th grade, 31.2 % (1127) of them at 11th grade and 2.3 % (82) of 

them at 12th grade. 3 of them did not mark their grade levels. In the analysis, we did 

not include 12th grade students, these data items were removed from the study. 29.81 

% (1080) of the students are from the Aegean region, 18.88 % (684) of them from the 

Mediterranean region, 30.89 % (1119) from Central Anatolia and 20.43 % (740) of 

them are from the Marmara Region. The detailed information about student samples 

can be seen in Table3.5. 

Even though the grade level the questionnaires would be administered was stated on 

the administration form, and even though it was not aimed to administer the 

questionnaires to 12th grades, some of the schools have administered the 

questionnaires to 12th grades. In data analysis, 12th grade students were removed. 

When we removed 12th grade students, the sample size become 3541 students. 

Furthermore, the number (percentage) of 9th, 10th and 11th grade students is nearly 

equal, as we had aimed for before. 

In one of the schools (school id: 186) two students did not code the class section. In 

this school, the teacher had applied questionnaires to two classes. 

2601 (73.1 %) students stated that they have computers at their houses and 893 (25.2 

%) students stated that they do not have computers at their houses. 51 (1.4 %) students 

did not code this section. When we looked at the relationship between gender and 
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having computer 1446 (72.88 %) females have computers and 1152 (76.54 %) males 

have computers. The percentages of females and males who have personal computers 

are approximately equal. The number of students who have computers in terms of 

gender was given in Table 4.4.   

Table 4.4. Distribution of answer of students in terms of gender to the question about having 

computers 

  
Having Computer 

Total Present Absent 

Gender Female 1446 538 1984 

Male 1152 353 1505 

Gender * Having Computer 

Missing 

  51 

Total 2598 891 3540 

 

2380 (67.20 %) of students stated that they have an internet connection in their houses 

and 1383 (58.11 %) of the total is female and 995 (41.81 %) of the total is male. Two 

of the students who did not code gender also stated that they have an internet 

connection in their houses. When we looked at how many hours they spent on their 

computer; 1181 (33.4 %) students stated that they do not spend any hours on their 

computer. 734 (62.22 %) of the students who said they do not use their computer are 

female and 446 (37.73 %) are male. 1307 (36.90 %) of them stated that they spent one 

hour on their computer. 788 (60.34 %) of whom are female and 518 (39.66 %) of 

whom are female. That is, a total of 2520 (71.20 %) of the students spent one or more 

hour on their computer. Table 4.5 shows hours spent on their computers, and Table 

4.6 shows hours spent on their computers in terms of gender.  
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Table 4.5. Distribution of answers of the students to the question about students’ hours spent on 

computers 

  
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Hour 

Spend 

Any 1181 33.4 33.8 33.8 

1 hour 1307 36.9 37.4 71.2 

2 hours 635 17.9 18.2 89.3 

3 hours 181 5.1 5.2 94.5 

4 hours 104 2.9 3.0 97.5 

5 hours 28 0.8 0.8 98.3 

6 hours 22 0.6 0.6 98.9 

7 hours 6 0.2 0.2 99.1 

8 hours and more 32 0.9 0.9 100.0 

Total 3496 98.8 100.0  

Missing System 44 1.2   

Total 3540 100.0   

 
Table 4.6. Distribution of answers of the students in terms of gender to the question about students’ 

hours spent on computers 

 Gender 
Total 

Female Male 

Hour 

Spend 

Any 

Frequency 733 445 1178 

% within Hour Spend 62.2% 37.8% 100.0% 

% within Gender 36.9% 29.5% 33.7% 

% of Total 21.0% 12.7% 33.7% 

1 hour 

Frequency 788 518 1306 

% within Hour Spend 60.3% 39.7% 100.0% 

% within Gender 39.7% 34.4% 37.4% 

% of Total 22.6% 14.8% 37.4% 

2 hours 

Frequency 322 313 635 

% within Hour Spend 50.7% 49.3% 100.0% 

% within Gender 16.2% 20.8% 18.2% 

% of Total 9.2% 9.0% 18.2% 

3 hours 

Frequency 78 103 181 

% within Hour Spend 43.1% 56.9% 100.0% 

% within Gender 3.9% 6.8% 5.2% 
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 Gender 
Total 

Female Male 

% of Total 2.2% 2.9% 5.2% 

4 hours 

Frequency 40 64 104 

% within Hour Spend 38.5% 61.5% 100.0% 

% within Gender 2.0% 4.2% 3.0% 

% of Total 1.1% 1.8% 3.0% 

5 hours 

Frequency 8 20 28 

% within Hour Spend 28.6% 71.4% 100.0% 

% within Gender 0.4% 1.3% 0.8% 

% of Total 0.2% 0.6% 0.8% 

6 hours 

Frequency 5 17 22 

% within Hour Spend 22.7% 77.3% 100.0% 

% within Gender 0.3% 1.1% 0.6% 

% of Total 0.1% 0.5% 0.6% 

7 hours 

Frequency 3 3 6 

% within Hour Spend 50.0% 50.0% 100.0% 

% within Gender 0.2% 0.2% 0.2% 

% of Total 0.1% 0.1% 0.2% 

8 hours 

and 

more 

Frequency 8 24 32 

% within Hour Spend 25.0% 75.0% 100.0% 

% within Gender 0.4% 1.6% 0.9% 

% of Total 0.2% 0.7% 0.9% 

 

4.2.2. Teachers 

According to the statistical data of MONE (2012) there were 196 ATTHS and 242 

physics teachers at these high schools in four geographical regions of Turkey. The 

questionnaires were sent to all 196 schools and phone calls made by the researcher to 

remind administering and returning of the questionnaires as it was stated in section 

3.4 in this dissertation. After all phone calls were completed, 143 schools had returned 

them, with a total of 174 teacher questionnaires from these schools. 

When we looked at their educational qualifications, 79.9 % of the teachers had a 

bachelors’ degree and 19 % had a master degree. 63.8 % were graduated from an 

educational faculty and 33 % were graduated from a faculty of arts and sciences. 154 
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teachers filled in the question about their ages. The average age of the teachers is about 

40.25. 75.9 % of the teachers (132) are male and 24.1% (41) are female. Detailed 

information about the teachers’ genders was given in Table 3.3, about teachers’ ages 

in Figure 3.1 and about their graduate departments was given in Table 3.4. When we 

looked at their teaching experience, the teacher who has the least experience has been 

working for 3.5 months and the teacher who has the most experience has been working 

for 34 years. The average years of experience is 16.39 and detailed information on this 

is provided in Table 4.7. A high majority of the teachers have been working in the 

ATTHS for less than 5 years. Two of them have been working in the ATTHS for about 

22 years. Table 4.8 gives information about years of experience of the teachers in the 

ATTHS. 

Table 4.7. Total experience of the teachers 

  Years Frequency Percentage 

Total 

Experience 
0-5 13 7.5 

6-10 14 8 

11-15 54 30.9 

16-20 44 25.3 

21-25 32 18.2 

26-30 11 6.3 

31-35 4 2.3 

Missing System 2 1.1 

Total 174  

Table 4.8. Experience of the teachers in the ATTHS 

 

  Years Frequency Percentage 

ATHS 

Experience 
0-5 104 59.77 

6-10 43 24.71 

11-15 10 5.75 

16-20 10 5.75 

21-25 2 1.15 

26-30 - - 

31-35 - - 

Missing System 5 2.87 

Total 174  
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We asked the teachers how many hours of classes they attend in a week. 4.02 % of the 

teachers attend classes for up to 5 hours in a week. There are some teachers who come 

from other schools in the city and enter physics lessons in ATTHS. These teachers 

who have up to 5 class hours should be these substitute teachers. 32.18 % (56) of them 

attend classes for more than 20 hours a week. Detailed information about weekly 

course hours can be seen in Table 4.9. 

Table 4.9. Weekly course hours of the teachers 

 Hours Frequency Percentage 

Weekly 

Course 

Hours 

0-5 7 4.02 

6-10 39 22.41 

11-15 28 16.09 

16-20 44 25.29 

21-25 30 17.24 

26-30 26 14.94 

Missing System 0 0 

Total  174 100 

 

168 (96.6 %) of the teachers stated that they have their own computer at their houses, 

5 (2.9 %) of them stated that they do not have a computer at their house and 1 of them 

did not answer this question. 159 (91.4 %) of them stated that they have internet access 

at their houses and 15 (8.6%) of them stated that they do not have internet access at 

all. Then we asked the teachers how long they have been using computers. 33.1 % of 

them have been using computers for less than 10 years and 62.8 % percent of the 

teachers have been using a computer for more than 10 years. 5 of the teachers have 

been using a computer for more than 21 years, 23 of them have used computers for 

between 1-5 years and 80 of them have used computers for between 6-10 years. 

Moreover, we asked the teachers how much time they spend on their computer in a 

day. A high majority of them stated that they spend up-to two hours per day on their 

computer (%80). One of them stated that they spend 25 hours per day on their 

computer. Table 4.10 and Table 4.11 give detailed information about computer usage 

among the teachers.  
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Table 4.10. How long the teachers have been using computers 

   Years Frequency Percent 
Valid 

Percent 

Cumulative 

Percent 

Duration of 

computer 

use 

0 1 0.6 0.6 0.6 

2.0 3 1.7 1.8 2.4 

3.0 4 2.3 2.4 4.7 

4.0 4 2.3 2.4 7.1 

5.0 11 6.3 6.5 13.6 

5.5 1 0.6 0.6 14.2 

6.0 8 4.6 4.7 18.9 

7.0 6 3.4 3.6 22.5 

7.5 1 0.6 0.6 23.1 

8.0 11 6.3 6.5 29.6 

8.5 2 1.1 1.2 30.8 

9.0 4 2.3 2.4 33.1 

10.0 48 27.6 28.4 61.5 

11.0 3 1.7 1.8 63.3 

12.0 11 6.3 6.5 69.8 

13.0 2 1.1 1.2 71.0 

14.0 4 2.3 2.4 73.4 

14.5 1 0.6 0.6 74.0 

15.0 19 10.9 11.2 85.2 

16.0 4 2.3 2.4 87.6 

17.0 2 1.1 1.2 88.8 

18.0 4 2.3 2.4 91.1 

19.0 2 1.1 1.2 92.3 

20.0 6 3.4 3.6 95.9 

21.0 1 0.6 0.6 96.4 

22.0 2 1.1 1.2 97.6 

25.0 2 1.1 1.2 98.8 

80.0 1 0.6 0.6 99.4 

90.0 1 0.6 0.6 100.0 

Total 169 97.1 100.0  

Missing System 5 2.9    

Total 174 100.0    
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Table 4.11. Time the teachers spend on their computer in a day 

   Hours Frequency Percent 
Valid 

Percent 

Cumulative 

Percent 

Time 

Spend on 

Computer 

0.00 2 1.1 1.2 1.2 

0.34 2 1.1 1.2 2.4 

0.50 17 9.8 10.1 12.5 

0.75 1 0.6 0.6 13.1 

1.00 63 36.2 37.5 50.6 

1.50 13 7.5 7.7 58.3 

1.75 1 0.6 0.6 58.9 

2.00 36 20.7 21.4 80.4 

2.50 4 2.3 2.4 82.7 

3.00 13 7.5 7.7 90.5 

3.50 1 0.6 0.6 91.1 

4.00 4 2.3 2.4 93.5 

5.00 3 1.7 1.8 95.2 

6.00 4 2.3 2.4 97.6 

10.00 2 1.1 1.2 98.8 

11.00 1 0.6 0.6 99.4 

25.00 1 0.6 0.6 100.0 

Total 168 96.6 100.0  

Missing System 6 3.4   

Total 174 100.0   

 

Then we asked the teachers what percent of the total time they spend on their computer 

is used for preparing instructional materials. 89 (70.7. %) of them spent more than 50 

% of their computer time on preparing instructional materials. Table 4.12 shows the 

percentage of time spent on preparing instructional materials.  
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Table 4.12. Percentage of the teachers’ time spent on their computer to prepare instructional 

material 

   
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Percentage 

of time to 

prepare 

instructional 

material 

0 3 1.7 1.8 1.8 

1 3 1.7 1.8 3.6 

2 1 0.6 0.6 4.2 

5 3 1.7 1.8 6.0 

10 9 5.2 5.4 11.4 

15 1 0.6 0.6 12.0 

20 9 5.2 5.4 17.4 

25 7 4.0 4.2 21.6 

30 5 2.9 3.0 24.6 

40 8 4.6 4.8 29.3 

50 29 16.7 17.4 46.7 

55 1 0.6 0.6 47.3 

60 10 5.7 6.0 53.3 

65 2 1.1 1.2 54.5 

70 13 7.5 7.8 62.3 

75 4 2.3 2.4 64.7 

78 1 0.6 0.6 65.3 

80 29 16.7 17.4 82.6 

85 1 0.6 0.6 83.2 

90 19 10.9 11.4 94.6 

95 1 0.6 0.6 95.2 

99 1 0.6 0.6 95.8 

100 6 3.4 3.6 99.4 

200 1 0.6 0.6 100.0 

Total 167 96.0 100.0  

Missing System 7 4.0   

Total 174 100.0   

 

The teachers were asked about the courses they have taken during university 

education. It was stated in the item that they can mark one than one choice. 21 (12.1 

%) teachers did not mark this item and 21 (12.1 %) teachers stated that they did not 

take any courses. 46 (26.4 %) teachers stated that they took only a basic computer use 

course. 71 teachers stated that they took only 1 course, 44 teachers stated that they 

took 2 courses, 9 teachers stated that they took 3 courses, 4 teachers stated that they 
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took 4 courses and 5 teachers stated that they took 5 courses. Frequencies of the 

courses they marked were given in Table 4.13. 

Table 4.13. Courses taken by the teachers and the frequencies 

Courses Frequencies 

Instructional Technologies and Material Development 28 

Information Technologies in Education 25 

Basic Computer Use 97 

Computer Programming 38 

Computer assisted Physics Learning 21 

Other 8 

None 22 

Missing 21 

 

4.2.3. Principals 

From the 196 schools, 174 principal questionnaires were sent back. As stated in the 

previous section, principals’ data included principals and vice principals and we call 

them both principals. From 174 data items, 150 (87.2 %) of them are male and 18 

(10.5%) of them are female. 4 of them did not mark their genders. Information about 

the principals’ teaching experience is given in Table 4.14, managing experience is 

given in Table 4.15, and the ATTHS experience is given in Table 4.16. 7 of the 

principals did not answer the items about teaching experience and managing 

experience, and 9 of the principals did not answer the item about the ATTHS 

experience. One of the principals stated that s/he had no teaching experience. 123 

(71.51 %) principals have been working on the ATTHS for 5 years or less. 131 (76.16 

%) of the principals entered a course in their schools. Only 20.93 % of them stated 

that they do not enter a course. Principals enter courses from religious culture and 

ethics (13.95 %) to physical education (0.58 %). 
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Table 4.14. Teaching experience of the principals 

  Years Frequency Percentage 

Teaching 

Experience 
0-5 30 17.44 

6-10 47 27.33 

11-15 49 28.49 

16-20 19 11.05 

21-25 7 4.07 

26-30 9 5.23 

31-35 3 1.74 

36-40 1 0.58 

Missing System   7 1.16 

Total   172   

 

Table 4.15. Managing experience of the principals 

  Years Frequency Percentage 

Managing 

Experience 
0-5 67 38.95 

6-10 42 24.42 

11-15 27 15.70 

16-20 12 6.98 

21-25 8 4.65 

26-30 6 3.49 

31-35 3 1.74 

Missing System 7 4.07 

Total 172  

 

Table 4.16. The ATTHS experience of the principals 

  Years Frequency Percentage 

ATTHS Experience 0-5 123 71.51 

6-10 24 13.95 

11-15 5 2.91 

16-20 6 3.49 

21-25 5 2.91 

26-30 0 0.00 

31-35 0 0.00 

Missing System 9 5.23 

Total 172  
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The principals were asked whether they have a computer and an internet connection 

in their houses. 5 (2.9 %) principals stated that they do not have computers and 20 

(11.6 %) principals stated that they do not have an internet connection. 5 of them did 

not answer the question about having a computer and 6 of them did not answer the 

question about having an internet connection. We also asked them how long they have 

been using their computer. A high majority of the principals have been using 

computers for more than five years. Table 4.17 provides detailed information.  

 

Table 4.17. How long the principals use computer 

  
Years Frequency Percent Valid Percent 

Duration of 

computer use 

0-5 8 4.7 4.9 

6-10 58 33.7 35.6 

11-15 69 40.1 42.3 

16-20 26 15 15.9 

21-25 2 1.2 1.2 

Missing System 9 5.2  

Total 172   

 

We also asked how much time they spend on their computer in a day. 12 of them did 

not answer this question. 84 (48.83 %) principals spend up to three hours in a day. 

And a total of 154 (89.51 %) principals up to five hours. We asked the principals what 

percentage of this time they spend to prepare instructional materials if they enter a 

course. 25 of them did not answer this question. The percentages of time spent were 

given in Table 4.18 in detail. 
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Table 4.18. Percentage of time spent by the principals on their computer to prepare instructional 

materials 

  Frequency Percent 
Valid 

Percent 

Cumulative 

Percent 

Percentage 

of time to 

prepare 

instructional 

material 

0 6 3.5 4.1 4.1 

1 7 4.1 4.8 8.8 

2 3 1.7 2 10.9 

3 4 2.3 2.7 13.6 

3.5 1 0.6 0.7 14.3 

5 9 5.2 6.1 20.4 

10 36 20.9 24.5 44.9 

12.5 1 0.6 0.7 45.6 

15 4 2.3 2.7 48.3 

20 29 16.9 19.7 68 

25 7 4.1 4.8 72.8 

30 15 8.7 10.2 83 

40 4 2.3 2.7 85.7 

45 1 0.6 0.7 86.4 

50 11 6.4 7.5 93.9 

60 1 0.6 0.7 94.6 

70 2 1.2 1.4 95.9 

80 1 0.6 0.7 96.6 

90 1 0.6 0.7 97.3 

95 2 1.2 1.4 98.6 

100 2 1.2 1.4 100 

Total 147 85.5 100  

Missing System 25 14.5   

Total 172 100   

 

4.3. Results of Research Questions 

There are four main research questions as stated earlier in chapter three. Results will 

be given under each research question. For each main research question, a summary 

will be made after the answers of each sub-research question. For detailed information 

about all research questions, look at Table 3.82. 
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4.3.1. Main Research Question 1 

The first research question and its sub questions are given below:   

1. What are the perceptions of ATTHS physics teachers and students about how MBL 

is used in their physics lessons? 

a. What are the perceptions of ATTHS physics teachers about how MBL is used in 

their physics lessons in Turkey? 

b. What are the perceptions of students in ATTHS about how MBL is used in physics 

lessons in Turkey? 

4.3.1.1. What are the perceptions of ATTHS physics teachers 

about how MBL is used in their physics lessons in 

Turkey? 

Items 24, 25, and 26 in the first section, Items from 1 to 9 and Items 12 and 13 in the 

second section of the teacher questionnaire are aimed to find answers of this sub 

question. Item 24 is aimed to learn number of MBL equipment in schools. The 

teachers were asked to write number of pieces of equipment in their schools. Table 

4.19 shows the numbers they wrote. Item 25 is aimed at learning the frequency of 

laboratory applications (without MBL equipment) and Item 26 is aimed at learning 

the frequency of MBL applications. Item 26 is used as a determinant question about 

doing the MBL application to follow which part of the questionnaire. As it is stated 

earlier, the second section in the teacher questionnaire includes items about how MBL 

is done in classrooms. It is not proper to make analysis with teachers who answer the 

second section if they do not do any MBL applications. So, it was specified under Item 

26 that the teachers should skip Section 2 and continue onto Section 3 if they do not 

do any MBL applications.  

 For each sub item in Item 24, a high majority of teachers did not answer this question 

which is about the number of pieces of MBL equipment in their school. The minimum 

missing rate is 72 (41.4 %) and it rises to 85 (48.9 %). At around 24 % teachers stated 

that they do not have any of the sensors, computers and interfaces. Small numbers of 

the schools have more than 15 pieces of equipment. 3 schools have 20 of some sensors 
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and one school has 30 of some sensors. About 12 schools have only one piece of each 

equipment. 

Table 4.19. Number of pieces of equipment in the ATTHS stated by the teachers 

  Number of Equipment  

  
None 1 2 3 4 5 6 7 8 9 10 15 16 20 30 

System 

Missing 

Computer        
f 36 48 4 1 1 2 1    5 1 1 2  72 

% 20.7 27.6 2.3 0.6 0.6 1.1 0.6    2.9 0.6 0.6 1.1  41.4 

Interface 

(Lab-Pro)       

f 43 14  3 2 15 5   1 6 3 2 1  79 

% 24.7 8.0  1.7 1.1 8.6 2.9   0.6 3.4 1.7 1.1 0.6  45.4 

Motion 

Sensor        

f 40 16  2 3 12 4 1 1  8 3  3 1 80 

% 23.0 9.2  1.1 1.7 6.9 2.3 0.6 0.6  4.6 1.7  1.7 0.6 46.0 

Pressure 

Sensor        

f 43 12  3 2 14 4 3   6 3 1 3 1 79 

% 24.7 6.9  1.7 1.1 8.0 2.3 1.7   3.4 1.7 0.6 1.7 0.6 45.4 

Force Sensor        
f 40 14 1 2 2 12 5 1 1  9 3 1 3 1 79 

% 23.0 8.0 0.6 1.1 1.1 6.9 2.9 0.6 0.6  5.2 1.7 0.6 1.7 0.6 45.4 

Voltage 

Sensor        

f 40 13  2 3 13 4 1 1  8 3 1 3 1 81 

% 23.0 7.5  1.1 1.7 7.5 2.3 0.6 0.6  4.6 1.7 0.6 1.7 0.6 46.6 

Temperature 

Sensor        

f 42 12  2 2 12 4 1   9 3 1 3 1 82 

% 24.1 6.9  1.1 1.1 6.9 2.3 0.6   5.2 1.7 0.6 1.7 0.6 47.1 

Light Sensor        
f 44 14 1 2 1 15 4 1   6 2 1 3  80 

% 25.3 8.0 0.6 1.1 0.6 8.6 2.3 0.6   3.4 1.1 0.6 1.7  46.0 

Laboratory 

Sheets        

f 57 8 1 1 2 7 1 2   5 2 1 2  85 

% 32.8 4.6 0.6 0.6 1.1 4.0 0.6 1.1   2.9 1.1 0.6 1.1  48.9 

Equipment 

Manual        

f 56 13 3 2  5 1    7 2 1 1  83 

% 32.2 7.5 1.7 1.1  2.9 0.6    4.0 1.1 0.6 0.6  47.7 

Program 

Manual        

f 57 12 3 2  3 1    6 2 1 2  85 

% 32.8 6.9 1.7 1.1  1.7 0.6    3.4 1.1 0.6 1.1  48.9 

 

With Item 25 in the first section of the questionnaire we asked about the teachers’ 

frequency of laboratory applications without MBL. We did not specify the type of 

laboratory, whether teacher directed or direct inquiry. We asked about the frequency 

of laboratory applications for each grade level. Almost 30 % of the teachers stated that 

they never do laboratory applications at 9th 10th and 11th grade levels. Student samples 

do not comprise 12th grade level students. But teachers were asked about laboratory 

applications at 12th grade level, 45.7 % stated that they never do laboratory 
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applications. Almost 5 % of them stated that they do laboratory applications more than 

once in a week in 12th grade level. Table 4.20 shows all the answers the teachers gave.  

Table 4.20. Frequency of laboratory applications stated by the teachers 

   Grade Level 

    9 10 11 12 

 f 
% 

Valid 
f 

% 

Valid 
f 

% 

Valid 
f 

% 

Valid 

Frequency of 

Laboratory 

Applications 

Never 35 26.3 40 29.0 43 33.3 53 45.7 

Once in a month 

or less 
55 41.4 59 42.8 51 39.5 39 33.6 

Once in three 

weeks 
16 12.0 13 9.4 11 8.5 7 6.0 

Once in two 

weeks 
15 11.3 10 7.2 9 7.0 7 6.0 

Once in a week 3 2.3 6 4.3 5 3.9 1 .9 

More than once 

in a week 
6 4.5 6 4.3 6 4.7 6 5.2 

Other 3 2.3 4 2.9 4 3.1 3 2.6 

Total 133 100.0 138 100.0 129 100.0 116 100.0 

Missing System 41  36  45  58  

Total 174  174  174  174  

 

With Item 26 in the first section, we asked the teachers the frequency of MBL 

applications at each grade level respectively. After the analysis had been done over 

the 26th item it was seen that 49 teachers use MBL at various frequencies. Also, it is 

seen that whether or not 14 teachers have not answered Item 26, they answered the 

items in the second section. With Item 26, we specified the environment in which 

MBL applications are done. Table 4.21 shows the frequency of MBL applications at 

different environments and grade levels.  
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Table 4.21. Frequency of MBL applications stated by the teachers at different environments and 

grade levels 

   Grade Level 

 Environment Frequency of Application 9 10 11 12 

Classroom Once in a month or less 15 9 6 6 

Once in three weeks 1 2 3 3 

Once in two weeks 2 3 - - 

Once in a week 3 - 2 1 

More than once in a week 1 1 - - 

Total 22 15 11 10 

Laboratory Once in a month or less 16 20 19 15 

Once in three weeks 4 5 2 1 

Once in two weeks 2 1 1 2 

Once in a week 1 1 1 - 

More than once in a week 5 3 4 5 

Total 27 30 27 23 

Other Once in a month or less 4 2 1 2 

Once in three weeks 1 1 1 1 

Once in two weeks - - - 1 

Once in a week - 1 - - 

More than once in a week - - 1 - 

Total 5 4 3 4 

 

About 62 teachers answered items in the second part of the questionnaire. In the first 

item in the second section of the questionnaire we wanted the teachers to write how 

long they have been doing laboratory applications using MBL equipment. One of the 

teachers stated that s/he has been using MBL equipment for 41 years. 14 of the 

teachers stated that they had never used MBL equipment before. The majority of the 

teachers (21 teachers) stated that they have been using MBL equipment for between 

six and ten years. Table 4.22 shows how long the teachers have been doing MBL 

applications. 
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Table 4.22. Teachers experience in MBL applications 

    Use of MBL 

 

  f % 

Year 0 14 22.6 

Between 1 and 5 12 19.4 

Between 6 and 10  21 33.9 

Between 11 and 15 3 4.8 

Between 16 and 20  4 6.4 

Between 21 and 25 5 8.1 

Between 26 and 30  1 1.6 

Between 31 and 35 0 0 

Between 36 and 40 1 1.6 

41 1 1.6 

Total 62 100 
 

Items two and three looks for how MBL applications are done in the classroom and 

laboratory. 17.9 % of the teachers stated that students do MBL applications themselves 

in the classroom, and 38.5 % of the teachers stated that they do MBL applications in 

the classroom. Moreover, 18.6 % of the teachers stated that students do MBL 

applications themselves in the laboratory, and 44.2 % of the teachers stated that they 

do MBL applications in laboratory themselves. Table 4.23 gives detailed information 

about what teachers said about how MBL applications are done in classrooms. 

 

Table 4.23. How MBL applications are done in classroom stated by the teachers 

         In Classroom     In Laboratory 

  
f 

Valid 

% 
f 

Valid 

% 

How MBL 

applications 

done  

Students do themselves 7 17.9 8 18.6 

I do  15 38.5 19 44.2 

Both 15 38.5 16 37.2 

Other 2 5.1 0 0 

Total 39 100 43 100 

Missing System 23  19  

Total 62  62  
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The teachers were asked at which part of the lesson (concept learning) they do MBL 

applications (item four in the second section of the questionnaire). 46.8 % of the 

teachers stated that they use MBL while learning concepts and it’s nearly half of the 

MBL usage. Table 4.24 shows use of MBL at which part of the concept learning.  

Table 4.24. Part of the lesson MBL applications done in 

  f % 
Valid 

% 

Part of the concept learning 

Before  5 8.1 10.6 

While  22 35.5 46.8 

After  15 24.2 31.9 

More than one part 5 8.1 10.6 

Total 47 75.9 100 

Missing System 15 24.2  

Total 62 62 100 

In Item five in the second section of the questionnaire, the teachers were asked about 

the percentage of MBL activities in laboratory applications. 56.5 % of the teachers 

stated that MBL activities are below 25 % of all laboratory applications and none of 

the teachers stated that MBL is above 75 % of laboratory applications as it can be seen 

in Table 4.25. Then the teachers were asked what should the ideal percentage of MBL 

activities in laboratory be with Item six. 46.8 % of the teachers stated that the 

percentage of MBL activities in laboratory should be between 25 % and 49 %. Table 

4.26 shows the teachers’ answers to Item six.     

 

Table 4.25. Percentage of MBL activities in laboratory stated by the teachers 

 
Frequency Percent 

Valid 

Percent 

Percentage of MBL 

activities in laboratory 

0 to 24 % 27 41.9 56.5 

25 % to 49 % 12 21.0 28.3 

50 % to 74 % 7 11.3 15.2 

75 % to 100 % 0 0 0 

Total 46 74.2 100 

Missing System 16 25.8  

Total 62 100.0  
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Table 4.26. Ideal percentage of MBL activities in laboratory stated by the teachers 

  
Frequency Percent 

Valid 

Percent 

Ideal percentage of 

MBL activities in 

laboratory 

0 to 24 % 6 9.7 12.8 

25 % to 49 % 22 35.5 46.8 

50 % to 74 % 15 24.2 31.9 

75 % to 100 % 4 6.5 8.5 

Total 47 75.8 100.0 

Missing System 15 24.2  

Total 3540 62 100.0 

 

With Item 7, we wanted to collect information about whether they do MBL 

applications individually or in groups. Most of the teachers stated that they do MBL 

applications in groups of five or more (68.1 %). Only 7 (15.3 %) teachers stated that 

they do MBL applications individually. 5 (10.3 %) teachers stated that they do MBL 

application in groups of two or three. According to the amount of equipment the 

schools have, the percentages are so normal. 

In order to determine in which units MBL applications are mainly done we want the 

teachers to choose a frequency for each unit (Item 8 in the second section). The results 

of the teachers show that they do MBL applications mainly for the Force and Motion 

unit. The detailed information can be seen in Table 4.27. Then in Item 9 we asked the 

teachers what should the ideal frequencies be. The percentages for each frequency for 

each unit scatter nearly equally at around 15 %. Table 4.28 shows these percentages. 
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 Table 4.27. Frequency of MBL applications for the physics unit stated by the teachers 

  Never Once in 

a month 

or less 

Once in 

three 

weeks 

Once in 

two 

weeks 

Once in 

a week 

More 

than once 

in a week 

Nature of 

Physics 

f 12 17 3 4 2 1 

% Valid 30.8 43.6 7.7 10.3 5.1 2.6 

Energy f 9 18 5 7 0 1 

% Valid 22.5 45 12.5 17.5 0 2.5 

Properties of 

Matter 

f 5 17 5 7 3 1 

% Valid 13.2 44.7 13.2 18.4 7.9 2.6 

Force and 

Motion 

f 3 22 7 7 4 1 

% Valid 6.8 50 15.9 15.9 9.1 2.3 

Electricity f 4 19 7 8 3 1 

% Valid 9.5 45.2 16.7 19 7.1 2.4 

Magnetism f 7 18 5 10 0 1 

% Valid 17 43.9 12.2 24.4 0 2.4 

Waves f 11 15 6 5 1 3 

% Valid 26.8 36.6 14.6 12.2 2.4 7.3 

Modern 

Physics 

f 18 14 2 4 1 0 

% Valid 46.1 35.9 5.1 10.3 2.6 0 
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Table 4.28. Ideal frequency of MBL applications for the physics unit stated by the teachers 

  Never Once in a 

month or 

less 

Once in 

three 

weeks 

Once in 

two weeks 

Once in a 

week 

More than 

once in a 

week 

Nature of 

Physics 

f 4 16 7 10 5 1 

% Valid 9.3 37.2 16.3 23.3 11.6 2.3 

Energy f 1 14 10 13 4 2 

% Valid 2.3 31.8 22.7 29.5 9.1 4.5 

Properties of 

Matter 

f 1 14 6 13 10 1 

% Valid 2.2 31.1 13.3 28.9 22.2 2.2 

Force and 

Motion 

f 1 12 9 12 10 2 

% Valid 2.2 26.1 19.6 26.1 21.7 4.3 

Electricity f 1 9 8 13 10 4 

% Valid 2.2 20 17.8 28.9 22.2 8.9 

Magnetism f 1 10 9 15 9 1 

% Valid 2.2 22.2 20 33.3 20 2.2 

Waves f 1 15 7 12 8 1 

% Valid 2.3 34.1 15.9 27.3 18.2 2.3 

Modern 

Physics 

f 3 20 7 6 4 3 

% Valid 7 46.5 16.3 14 9.3 7 

 

4.3.1.2. What are the perceptions of students in ATTHS about 

how MBL is used in physics lessons in Turkey? 

Mainly the second section in the students’ questionnaire aims to find answers to this 

sub-question. This section is composed of 14 items. Items from 4 to 14 are needed to 

answer if the students marked “Never” any of the sub-items in Item 3. Item 13 and 

Item 14 are open ended items which ask the students respectively how their teacher 

does MBL applications and how they wanted to do them. Item 2 in the second section 

asks for the students’ proficiency in technology and MBL and Item 12 asks for the 

students’ views about their teacher’s proficiency in technology and MBL.  



 

197 

 

Before the students’ views about how MBL are used, first we asked whether they want 

to use MBL in physics lesson, with Item 7 in the first section of the students’ 

questionnaire. The analysis shows that, over of 75 % of the students want to make use 

of MBL in physics courses. 76 % of females and 71.4 % of males want to make use 

of MBL in physics courses. Only 7.7 % of the students do not want MBL to be used 

in physics courses. Table 4.29 shows the degree of desire of use of MBL in courses 

and Table 4.30 explains the degree of desire of use of MBL in terms of gender. 

Table 4.29. The students’ views about their desire of use of MBL 

  
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Use of MBL 

in courses 

Absolutely Want 1307 36.9 41.1 41.1 

Want 1193 33.7 37.5 78.6 

Undecided 432 12.2 13.6 92.2 

Don't Want 144 4.1 4.5 96.8 

Absolutely Don't Want 103 2.9 3.2 100.0 

Total 3179 89.8 100.0  

Missing System 361 10.2   

Total 3540 100.0   

 

Furthermore, the students were asked what they think about their proficiency in 

technology and MBL usage. Nearly half of the students think that they are good at 

technology (1721, 48.6%), 1244 (35.1%) of them stated that they are good at use of 

technology in courses. But they think that they are poor at MBL. In Table 4.31 and 

Table 4.32 the students’ views about their proficiency about MBL and technology 

were given. 
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Table 4.30. The students’ views about their desire of use of MBL in terms of gender 

         

Use of MBL in courses 

Total 

Absolutely 

Want Want Undecided 

Don't 

Want 

Absolutely 

Don't Want 

G
en

d
er

 

F
em

al
e 

Frequency 644 754 269 104 54 1825 

% within 

Gender 

35.3% 41.3% 14.7% 5.7% 3.0% 100.0% 

% within 

want MBL 

49.4% 63.3% 62.6% 72.2% 52.4% 57.5% 

% of Total 20.3% 23.8% 8.5% 3.3% 1.7% 57.5% 

M
al

e 

Frequency 660 437 161 40 49 1347 

% within 

Gender 

49.0% 32.4% 12.0% 3.0% 3.6% 100.0% 

% within 

want MBL 

50.6% 36.7% 37.4% 27.8% 47.6% 42.5% 

% of Total 20.8% 13.8% 5.1% 1.3% 1.5% 42.5% 

Total Frequency 1304 1191 430 144 103 3172 

% within 

Gender 

41.1% 37.5% 13.6% 4.5% 3.2% 100.0% 

% within 

want MBL 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 41.1% 37.5% 13.6% 4.5% 3.2% 100.0% 

 

Table 4.31. The students’ views about their MBL and technology proficiency 

   Very 

Poor 

Poor Average Good Very 

Good 

Missing 

Technology  f 200 306 964 1217 504 349 

% 5.6 8.6 27.2 34.4 14.2 9.9 

Use of technology in 

courses 

f 367 519 1045 967 277 365 

% 10.4 14.7 29.5 27.3 7.8 10.3 

Use of Sensors (Ex: 

Motion Sensor) 

f 1195 770 560 309 106 600 

% 33.8 21.8 15.8 8.7 3.0 16.9 

Use of MBL Program 

Interface (Lab-Pro)  

f 1243 702 575 307 106 607 

% 35.1 19.8 16.2 8.7 3.0 17.1 

Use of MBL Computer 

Program  

f 1092 649 617 453 158 571 

% 30.8 18.3 17.4 12.8 4.5 16.1 

Setting-up experiment for 

MBL applications  

f 1235 742 553 324 108 578 

% 34.9 21.0 15.6 9.2 3.1 16.3 

Setting-up MBL 

equipment  

f 1217 710 564 362 117 570 

% 34.4 20.1 15.9 10.2 3.3 16.1 

Solutions of technical 

problems during MBL 

applications 

f 1244 649 575 353 148 571 

% 35.1 18.3 16.2 10.0 4.2 16.1 
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Table 4.32. The students’ views about their proficiency about MBL and technology 

  Valid Missing Mean Median Mode Std. 

Deviation 

Variance 

Technology 3191 349 3.48 4 4 1.065 1.134 

Use of technology 

in courses 

3175 365 3.08 3 3 1.128 1.273 

Use of Sensors 

(Ex: Motion 

Sensor) 

2940 600 2.1 2 1 1.154 1.332 

Use of MBL 

Program Interface 

(Lab-Pro) 

2933 607 2.09 2 1 1.165 1.356 

Use of MBL 

Computer Program 

2969 571 2.3 2 1 1.254 1.572 

Setting-up 

experiment for 

MBL applications 

2962 578 2.1 2 1 1.166 1.36 

Setting-up MBL 

equipment 

2970 570 2.14 2 1 1.192 1.422 

Solutions of 

technical problems 

during MBL 

applications 

2969 571 2.16 2 1 1.229 1.511 

 

We asked the students about the frequency of laboratory applications without MBL. 

While collecting data about laboratory application we do not indicate the type of 

laboratory application (guided, unguided, technology enhanced, etc…). Independent 

from the type of the laboratory, the students and teachers chose the frequency of 

laboratory applications. As the result, almost 60 % of the students stated that they do 

not do laboratory applications as may be seen in Table 4.33. 
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Table 4.33. Frequency of laboratory applications stated by the students  

 
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Frequency of 

Laboratory 

Applications 

Never 1940 54.8 59.3 59.3 

Once in a month or 

less 

157 4.4 4.8 64.1 

Once in three 

weeks 

244 6.9 7.5 71.5 

Once in two weeks 638 18.0 19.5 91.0 

Once in a week 122 3.4 3.7 94.8 

Other 171 4.8 5.2 100.0 

Total 3272 92.4 100.0  

 System Missing 268 7.6   

Total 3540 100.0   

 

With Item 3 in the second section, we asked the students the frequency of MBL 

applications. 65.5 % of them stated that they never did MBL applications in the 

classroom, 68.7 % of them stated that they never did MBL applications in the 

laboratory and 57.8 % of them stated that they never did MBL applications in any 

other place. 32.1 % of the students did not provide an answer about the frequency of 

MBL applications at other places. Table 4.34 gives information about MBL frequency 

in the classroom, Table 4.35 gives information about MBL frequency in the laboratory 

and Table 4.36 gives information about MBL frequency in any other place. 
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Table 4.34. Frequency of MBL applications in the classroom stated by the students 

  
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

MBL Frequency 

in Classroom 

Never 2320 65.5 71.1 71.1 

Once in a month or 

less 

252 7.1 7.7 78.9 

Once in three 

weeks 

66 1.9 2.0 80.9 

Once in two weeks 56 1.6 1.7 82.6 

Once in a week 130 3.7 4.0 86.6 

More than once in 

a week 

437 12.3 13.4 100.0 

Total 3261 92.1 100.0  

Missing System 279 7.9   

Total 3540 100.0   

 

 

 
Table 4.35. Frequency of MBL applications in the laboratory stated by the students 

  
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

MBL Frequency 

in Laboratory 

Never 2431 68.7 74.1 74.1 

Once in a month or 

less 

378 10.7 11.5 85.6 

Once in three 

weeks 

101 2.9 3.1 88.7 

Once in two weeks 68 1.9 2.1 90.8 

Once in a week 133 3.8 4.1 94.8 

More than once in 

a week 

169 4.8 5.2 100.0 

Total 3280 92.7 100.0  

Missing System 260 7.3   

Total 3540 100.0   
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Table 4.36. Frequency of MBL applications in other places stated by the students 

  
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

MBL Frequency 

in Other Places 

Never 2047 57.8 84.1 84.1 

Once in a month or less 161 4.5 6.6 90.7 

Once in three weeks 41 1.2 1.7 92.4 

Once in two weeks 38 1.1 1.6 94.0 

Once in a week 63 1.8 2.6 96.5 

More than once in a 

week 

84 2.4 3.5 100.0 

Total 2434 68.8 100.0  

Missing System 1106 31.2   

Total 3540 100.0   

 

It was stated to the students to follow the next question if they choose any other options 

than “Never” in Item 3. About 1200 students answered the following questions about 

how they do MBL applications. In Table 4.37, the number of students who answered 

questions about MBL usage can be seen. 

 

Table 4.37. Number of students who answered questions about MBL usage 

                        Items 

 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 

N Valid 991 1264 1224 1254 1227 1131 

Missing 2549 2276 2316 2286 2313 2409 

Sum 2154 3322 3230 2408 3194 3724 

 

When we asked how they do MBL applications in the classroom (Item 4 in the second 

section of the questionnaire) most of the students stated that mainly their teachers do 

experiments with MBL equipment and show the results to the students. Only 6.1 % of 

the students stated that they do experiments with MBL without the help of their 

teachers. Table 4.38 shows detailed information about item four.  
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Table 4.38. How students do MBL applications in classroom as stated by the students 

   Frequency Percent 

Valid 

Percent 

How MBL 

applications done 

in classroom 

We do without help of 

teacher 

60 1.7 6.1 

Our teacher does 699 19.7 70.5 

Both 232 6.6 23.4 

Total 991 28 100 

Missing 2549 72  

Total System 3540 100  

 

We also asked that how they do MBL applications in the laboratory (Item 5 in the 

second section of the questionnaire). The results are similar to how they do MBL 

applications in the classroom. Mainly (46.8 %) their teachers do experiments with 

MBL equipment and show the results to the students. 5.5 % of the students stated that 

they do experiments with MBL without the help of their teachers. 20.6 % of the 

students chose the ‘other’ option in the questionnaire. Table 4.39 provides information 

about MBL applications in the laboratory stated by the students.    

 

Table 4.39. How students do MBL applications in the laboratory stated by the students 

 
Frequency Percent 

Valid 

Percent 

How MBL 

applications done in 

laboratory 

We do without help of 

teacher 
70 2.0 5.5 

Our teacher does 591 16.7 46.8 

Both 342 9.7 27.1 

Other 261 7.4 20.6 

Total 1264 35.7 100.0 

Missing System 2276 64.3  

Total 3540 100.0  
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The students were asked at which part of the lesson (concept learning) they do MBL 

applications (Item 6 in the second section of the questionnaire). 47.4 % of the students 

stated that they use MBL while learning concepts, and it’s nearly half of the MBL 

usage. It shows that the teachers mainly use MBL in order to teach a concept. Table 

4.40 shows use of MBL at which part of the concept learning.  

 
Table 4.40. Use of MBL at which part of the concept learning as stated by the students 

  
Frequency Percent 

Valid 

Percent 

Part of the concept 

learning 

Before  68 1.9 5.6 

While  580 16.4 47.4 

After  302 8.5 24.7 

More than one part 274 7.7 22.4 

Total 1224 34.6 100.0 

Missing System 2316 65.4  

Total 3540 100.0  

 

In Item 7 in the second section of the questionnaire, the students were asked for the 

percentage of MBL activities in laboratory applications. 52.4 % of the students stated 

that MBL activities are below 25 % of all laboratory applications. 13.8 % of the 

students stated that MBL activities are above 75 % of all laboratory applications. Then, 

students were asked with Item 8, what should be the ideal percentage of MBL 

activities in the laboratory, 38.1 % of the students stated that the percentage of MBL 

activities in the laboratory should be between 50 % and 74 %. It shows that students 

want the use of MBL activities to be more than half of the laboratory activities. The 

other choices are nearly equal as can be seen in Table 4.41.    
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Table 4.41. The students’ views about ideal percentage of MBL activities in the laboratory 

  
Frequency Percent 

Valid 

Percent 

Ideal percentage of MBL 

activities in laboratory 

0 to 24 % 227 6.4 18.5 

25 % to 49 % 283 8.0 23.1 

50 % to 74 % 467 13.2 38.1 

75 % to 100 % 250 7.1 20.4 

Total 1227 34.7 100.0 

Missing System 2313 65.3  

Total 3540 100.0  

 

We wanted to collect information about whether they do MBL application 

individually or in groups (Item 9 in the second section). A total of 1131 students 

answered this item. Most of the students stated that they do MBL applications in 

groups of five or more (42.2 %). 305 (27.6 %) students stated that they do MBL 

applications individually, and about 100 (10%) students stated that they do MBL 

applications in groups of two, three or four.    

 

In order to determine in which units MBL applications are mainly done we want 

students to choose the frequency for each unit (Item 10). The results of the students 

show that they do MBL applications mainly for the Force and Motion unit. For the 

Nature of Physics, Magnetism, Waves and Modern Physics units, they stated that they 

never do MBL applications above 35 % of the time. The detailed information can be 

seen in Table 4.42. Then we asked the students what the ideal frequencies should be. 

Approximately 10 % of the students have no idea about in which units MBL 

applications should be done. The percentages for each frequency for each unit scatter 

nearly equally at around 15 %. Generally, they want that MBL applications should be 

done more than once a week (at about 25%) as can be examined in Table 4.43. 
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Table 4.42. Frequency of MBL applications for physics units as stated by the students 

     

Never 

Once in 

a month 

or less 

Once in 

three 

weeks 

Once 

in two 

weeks 

Once 

in a 

week 

More 

than once 

in a week 

Nature of 

Physics 

f 530 287 110 64 148 161 

% Valid 40.8 22.1 8.5 4.9 11.4 12.4 

Energy f 329 293 187 89 158 178 

% Valid 26.7 23.7 15.2 7.2 12.8 14.4 

Properties 

of Matter 

f 363 258 180 105 175 194 

% Valid 28.5 20.2 14.1 8.2 13.7 15.2 

Force and 

Motion 

f 272 294 172 132 194 215 

% Valid 21.3 23.0 13.4 10.3 15.2 16.8 

Electricity f 321 232 133 109 147 155 

% Valid 29.3 21.1 12.1 9.9 13.4 14.1 

Magnetism f 393 192 132 94 129 151 

% Valid 36.0 17.6 12.1 8.6 11.8 13.8 

Waves f 395 190 139 78 136 149 

% Valid 36.3 17.5 12.8 7.2 12.5 13.7 

Modern 

Physics 

f 447 191 103 70 129 156 

% Valid 40.8 17.4 9.4 6.4 11.8 14.2 

 

 

 

 

 

 

 

 

 

 

 



 

207 

 

Table 4.43. The students’ views about the ideal frequency of MBL applications for the physics units 

  

Never 

Once in a 

month or 

less 

Once in 

three 

weeks 

Once in 

two 

weeks 

Once in 

a week 

More 

than once 

in a week 

No Idea 

Nature of 

Physics 

f 206 223 156 128 199 278 141 

% Valid 15.5 16.8 11.7 9.6 15.0 20.9 10.6 

Energy f 117 165 187 167 216 312 127 

% Valid 9.1 12.8 14.5 12.9 16.7 24.2 9.8 

Properties 

of Matter 

f 127 162 195 164 240 313 126 

% Valid 9.6 12.2 14.7 12.4 18.1 23.6 9.5 

Force and 

Motion 

f 103 132 170 194 238 360 126 

% Valid 7.8 10.0 12.8 14.7 18.0 27.2 9.5 

Electricity f 107 127 130 185 235 313 135 

% Valid 8.7 10.3 10.6 15.0 19.1 25.4 11.0 

Magnetism f 111 144 111 197 203 310 141 

% Valid 9.1 11.8 9.1 16.2 16.7 25.5 11.6 

Waves f 123 161 119 176 214 273 153 

% Valid 10.1 13.2 9.8 14.4 17.6 22.4 12.6 

Modern 

Physics 

f 149 135 143 151 192 283 169 

% Valid 12.2 11.0 11.7 12.4 15.7 23.2 13.8 

 

We asked the students what they think about their teachers’ competencies in use of 

technology and MBL. About 70 % of the students think that their teachers have 

average and above average proficiency at all proficiency items. And mean scores of 

all items is above 3 for all items. Detailed information can be seen in Table 4.44 and 

Table 4.45.   
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Table 4.44. The students’ views about their teachers’ proficiency about MBL and technology 

   Very 

Poor 

Poor Average Good Very 

Good 

Technology f 

% Valid 

139 

10.3 

102 

7.6 

321 

23.8 

448 

33.2 

340 

25.2 

Use of technology in courses f 

% Valid 

118 

8.8 

138 

10.3 

323 

24.1 

446 

33.3 

315 

23.5 

Use of Sensors (Ex: Motion Sensor) f 

% Valid 

228 

18.0 

197 

15.6 

309 

24.4 

332 

26.2 

200 

15.8 

Use of MBL Program Interface (Lab-

Pro) 

f 

% Valid 

199 

15.8 

175 

13.9 

343 

27.2 

329 

26.0 

217 

17.2 

Use of MBL Computer Program f 

% Valid 

158 

12.5 

135 

10.7 

335 

26.4 

368 

29.0 

271 

21.4 

Setting-up experiment for MBL 

applications 

f 

% Valid 

167 

13.2 

138 

10.9 

357 

28.3 

352 

27.9 

248 

19.7 

Setting-up MBL equipment f 

% Valid 

177 

14.0 

147 

11.6 

356 

28.1 

342 

27.0 

244 

19.3 

Choosing appropriate topic for MBL 

applications  

f 

% Valid 

150 

11.9 

128 

10.2 

302 

23.9 

378 

30.0 

303 

24.0 

Relating curriculum objectives with 

MBL applications  

f 

% Valid 

171 

13.6 

118 

9.4 

331 

26.3 

374 

29.8 

263 

20.9 

Doing MBL applications in Physics 

Course  

f 

% Valid 

160 

12.7 

144 

11.4 

293 

23.2 

403 

31.9 

263 

20.8 

Doing MBL applications with student 

centered methods  

f 

% Valid 

173 

13.7 

136 

10.8 

372 

29.5 

349 

27.7 

230 

18.3 

Doing MBL applications with teacher 

centered methods 

f 

% Valid 

159 

12.7 

115 

9.2 

332 

26.5 

389 

31.0 

260 

20.7 

Classroom management in MBL 

applications 

f 

% Valid 

180 

14.3 

102 

8.1 

315 

25.0 

367 

29.1 

296 

23.5 

Solutions of technical problems during 

MBL applications 

f 

% Valid 

194 

15.4 

152 

12.0 

335 

26.5 

327 

25.9 

254 

20.1 
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Table 4.45. Descriptive of the students’ views about their teachers’ proficiency about MBL and 

technology 

  

Valid Missing Mean Median Mode Std. 

Deviation 

Variance 

Technology 1350 2190 3.55 4.00 4 1.233 1.521 

Use of technology in courses 1340 2200 3.52 4.00 4 1.206 1.455 

Use of Sensors (Ex: Motion 

Sensor) 

1266 2274 3.06 3.00 4 1.330 1.768 

Use of MBL Program Interface 

(Lab-Pro) 

1263 2277 3.15 3.00 3 1.302 1.695 

Use of MBL Computer Program 1267 2273 3.36 4.00 4 1.273 1.621 

Setting-up experiment for MBL 

applications 

1262 2278 3.30 3.00 3 1.271 1.616 

Setting-up MBL equipment 1266 2274 3.26 3.00 3 1.285 1.650 

Choosing appropriate topic for 

MBL applications  

1261 2279 3.44 4.00 4 1.283 1.645 

Relating curriculum objectives 

with MBL applications  

1257 2283 3.35 4.00 4 1.285 1.651 

Doing MBL applications in 

Physics Course  

1263 2277 3.37 4.00 4 1.280 1.639 

Doing MBL applications with 

student centered methods  

1260 2280 3.26 3.00 3 1.264 1.598 

Doing MBL applications with 

teacher centered methods 

1255 2285 3.38 4.00 4 1.263 1.594 

Classroom management in MBL 

applications 

1260 2280 3.39 4.00 4 1.315 1.729 

Solutions of technical problems 

during MBL applications 

1262 2278 3.23 3.00 3 1.321 1.746 

 

4.3.1.3. Summary of Result of the First Research Question  

Almost 60 % of the students stated that they never do laboratory applications. Whereas 

almost 30 % of the teachers stated that they never do laboratory applications. Almost 

5 % of them stated that they do laboratory applications more than once a week. 

Students sample do not comprise 12th grade level students, but the teachers were asked 

about laboratory applications at 12th grade level. 45.7 % of the teachers stated that they 

never do laboratory applications at 12th grade.  
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When it was asked how MBL applications are done in the classroom and laboratory 

respectively, 17.9 % of the teachers stated that students do MBL applications 

themselves in the classroom and 38.5 % of the teachers stated that they do MBL 

applications in the classroom. Whereas 70.5 % of the students stated that their teachers 

do MBL applications themselves. 6.1 % of the students stated they do MBL 

applications. Moreover, 18.6 % of the teachers stated that the students do MBL 

applications themselves in the laboratory and 44.2 % of the teachers stated that they 

do MBL applications in laboratory themselves. Students’ answers are similar to 

teachers’ answers as 44.8 % of the students said that they do MBL applications 

themselves in the laboratory.  

The teachers and the students were asked at which part of the lesson (concept learning) 

they do MBL applications. 46.8 % of the teachers stated that they use MBL while 

teaching concepts and it’s nearly half of the total MBL usage. The percentages are 

nearly the same as the students’ answers.  

 56.5 % of the teachers stated that MBL activities are below 25 % of all laboratory 

applications. It was similar to the students’ answer (52.4 % of students). 13.8 % of the 

students stated that MBL activities are above 75 % of all laboratory applications, but 

none of the teachers stated that MBL is above 75 % of laboratory applications. 

After the real frequency and percentage of laboratory applications, the teachers and 

students were asked about what the ideal percentage of MBL activities in laboratory 

should be. 46.8 % of the teachers stated that the percentage of MBL activities in 

laboratory should be between 25 % and 49 %. Similar to the teachers’ answer the 

students’ answers were 50 % to 75 % with 38.1 % of the students.  

 

In order to determine in which units MBL applications are mainly done, we want the 

teachers and the students to choose the frequency of MBL applications for each unit. 

The results of the teachers show that they do MBL applications mainly for the Force 

and Motion unit. For the Magnetism, Waves, Modern Physics and Nature of Physics 

units they stated that never do MBL applications more than 35 % of the time. Whereas, 

for the Nature of Physics unit 22.1 % of the students stated that they do MBL 

applications once in a month or less. 
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4.3.2. Main Research Question 2 

The second main research question of the study looks for the attitudes of ATTHS 

physics teachers and their students toward physics lessons, use of technology in 

physics lessons, laboratory applications in physics lessons, and using MBL in physics 

lessons. The 3rd section in the student questionnaire and the 4th section in the teacher 

questionnaire were designed to answer these questions respectively. We will give the 

result of each sub-question under different sub-titles. 

4.3.2.1. What are the attitudes of ATTHS physics teachers 

toward using MBL in physics lessons? 

At the beginning of the research, there was a total of 25 questions at the TATMBLQ. 

When we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, 

the minimum total point was planned to be 25 and the maximum total point was 

planned to be 125. After exploratory and confirmatory factor analysis done in the 

TATMBLQ, there are 15 items left for analysis. Item numbers in the final 

questionnaire are 2, 5, 6, 7, 9, 12, 13, 15, 16, 19, 20, 22, 23, 24 and 26. Thus the 

minimum point gathered from the questionnaire should be 15 and the maximum points 

gathered from the questionnaire should be 75. Analysis was done on the data which is 

used for confirmatory factor analysis. Multiple imputation method for missing data 

imputation analysis had been done and sample size was 97. Distribution of the total 

point values can be seen in Table 4.46 and all descriptive values can be seen in Table 

4.47. 

Table 4.46. Distribution of the total point values of the TATMBLQ 

   Frequency Valid Percent 

TATMBLQ 

Total Point  

Between 15-26 0 0 

Between 27-38 4 4.12 

Between 39-50 27 27.84 

Between 51-62 54 55.67 

Between 63-75 12 12.37 

 Total 97 100.00 
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Table 4.47. Descriptive Statistic of the TATMBLQ 

  Descriptive Statistics Value 

TATMBLQ Mean 53.99 

Median 55 

Mode 45 

Std. Deviation 8.71 

Variance 75.89 

Skewness -0.224 

Kurtosis 0.096 

Range 46 

Minimum 29 

Maximum 75 

N Valid 97 

Missing 0 

 

Reliability was calculated as 0.945 for the final questionnaire, 0.896 for the enjoyment 

sub-dimension, 0.736 for the self-confidence sub-dimension, 0.896 for the 

achievement motivation sub-dimension, and 0.828 for the importance sub-dimension. 

A high majority of the teachers, 67 (68 %), have a positive attitude toward MBL. The 

number of teachers who have negative attitude is 4 (4.12 %) and a moderate attitude 

is 27 (27.28 %). The sample shows a normal distribution, Skewness and Kurtosis 

values are much below 2 and the histogram shows a normal distribution as can be seen 

in Figure 4.5. 
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Figure 4.5. Histogram of the TATMBLQ 

 

4.3.2.2. What are the attitudes of ATTHS physics teachers 

toward using technology in physics lessons?  

At the beginning of the research, there was a total of 25 questions at the TATTQ. 

When we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, 

the possible minimum total point was planned to be 25 and the possible maximum 

total point was planned to be 125. After exploratory and confirmatory factor analysis 

done at the TATTQ, there are 15 items left for analysis. Item numbers in the final 

questionnaire are 1, 3, 5, 9, 10, 12, 13, 14, 16, 17, 18, 20, 22, 23, and 24. Thus the 

possible minimum points gathered from the questionnaire should be 15 and the 

possible maximum points gathered from the questionnaire should be 75. Analysis was 

done on the data which is used for confirmatory factor analysis. The multiple 

imputation method for missing data imputation analysis had been done and the sample 

size was 145. Distribution of the total point values can be seen in Table 4.48 and all 

descriptive values can be seen in Table 4.49 
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Table 4.48. Distribution of the total point values of the TATTQ 

   Frequency Valid Percent 

TATTQ Total 

Point  

Between 15-26 0 0 

Between 27-38 0 0 

Between 39-50 8 5.52 

Between 51-62 78 53.79 

Between 63-75 59 40.69 

 Total 145 100.00 

 

Table 4.49. Descriptive Statistic of the TATTQ 

 Descriptive Statistics  Value 

TATTQ Mean 62.28 

Median 61 

Mode 59 

Std. Deviation 7.31 

Variance 53.38 

Skewness -0.142 

Kurtosis 0.282 

Range 35 

Minimum 40 

Maximum 75 

N Valid 145 

Missing 0 

 

Reliability was calculated as 0.910 for the final questionnaire, 0.649 for the enjoyment 

sub-dimension, 0.781 for the self-confidence sub-dimension, 0.834 for the 

achievement motivation sub-dimension, and 0.800 for the importance sub-dimension. 

A high majority of the teachers, 137 (94.48 %), have a positive attitude toward MBL. 

None of the teachers have negative attitude. The number of teachers who have a 

moderate attitude is 8 (5.52 %). The sample shows a normal distribution, Skewness 

and Kurtosis values are considerably below 2, and Figure 4.6 shows the histogram 

with a normal distribution.  
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Figure 4.6. Histogram of the TATTQ 

 

4.3.2.3. What are the attitudes of ATTHS physics teachers 

toward use of the laboratory in physics? 

At the beginning of the research, there was a total of 25 questions at the TATLQ. 

When we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, 

the possible minimum total point was planned to be 25 and the possible maximum 

total point was planned to be 125. After exploratory and confirmatory factor analysis 

done at the TATLQ, there are 22 items left for analysis. Item numbers in the final 

questionnaire are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 17, 18, 19, 21, 22, 23, 24, 

and 26. Thus the possible minimum points gathered from the questionnaire should be 

22 and the possible maximum points gathered from the questionnaire should be 110. 

Analysis was done on the data which is used for confirmatory factor analysis. The 

Multiple imputation method for missing data imputation analysis had been done and 

the sample size was 129. Distribution of the total point values can be seen in Table 

4.50 and all descriptive values can be seen in Table 4.51. 
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Table 4.50. Distribution of the total point values of the TATLQ 

  Frequency Valid Percent 

TATLQ Total 

Point  

Between 22-39.6 0 0 

Between 39.7-57.3 1 0.78 

Between 57.4-75 13 10.08 

Between 75.1-92.7 68 52.71 

Between 92.8-110 47 36.43 

 Between 22-39.6 0 0 

 

Table 4.51. Descriptive Statistic of the TATLQ 

 Descriptive Statistics   Value 

TATLQ Mean 89.08 

Median 90.00 

Mode 88 

Std. Deviation 11.352 

Variance 128.869 

Skewness -0.301 

Kurtosis -0.169 

Range 55 

Minimum 55 

Maximum 110 

N Valid 129 

Missing 0 

 

Reliability was calculated as 0.919 for the final questionnaire, 0.857 for the enjoyment 

sub-dimension, 0.714 for the self-confidence sub-dimension, 0.854 for the 

achievement motivation sub-dimension, and 0.775 for the importance sub-dimension. 

A high majority of the teachers, 115 (89.15 %), have a positive attitude toward MBL. 

1 (0.78 %) of the teachers has a negative attitude. The number of teachers who have a 

moderate attitude is 13 (10.08 %). The sample shows normal distribution for TATLQ, 

Skewness and Kurtosis values are significantly below 2 and the histogram shows 

normal a distribution. Figure 4.7 shows the histogram of the TATLQ. 
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Figure 4.7. Histogram of the TATLQ 

 

4.3.2.4. What are the attitudes of ATTHS physics teachers 

toward the physics course?  

At the beginning of the research, there was a total of 25 questions at the TATPQ. 

When we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, 

the possible minimum total point was planned to be 25 and the possible maximum 

total point was planned to be 125. After exploratory and confirmatory factor analysis 

done at the TATPQ, there are 20 items left for analysis. Item numbers in the final 

questionnaire are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 16, 17, 18, 19, 21, 22, 23, 24, 

and 25. Thus the possible minimum point gathered from the questionnaire should be 

20 and the possible maximum points gathered from the questionnaire should be 100. 

Analysis was done on the data which is used for confirmatory factor analysis. Multiple 

imputation method for missing data imputation analysis had been done and the sample 

size was 132. Distribution of the total point values can be seen in Table 4.52, and all 

descriptive values can be seen in Table 4.53. 
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Table 4.52. Distribution of the total point values of the TATPQ 

  Frequency Valid Percent 

TATPQ Total 

Point  

Between 20-35 0 0 

Between 36-51 0 0 

Between 52-67 3 2.27 

Between 68-83 24 18.18 

Between 84-100 105 79.55 

  N 132 100.00 

 

Table 4.53. Descriptive Statistic of the TATPQ 

  Descriptive Statistics  Value 

TATPQ Mean 91.12 

Median 94.00 

Mode 100 

Std. Deviation 8.837 

Variance 78.092 

Skewness -1.237 

Kurtosis 1.440 

Range 40 

Minimum 60 

Maximum 100 

N Valid 132 

Missing 0 

 

Reliability was calculated as 0.939 for the final questionnaire, 0.836 for the enjoyment 

sub-dimension, 0.752 for the self-confidence sub-dimension, 0.940 for the 

achievement motivation sub-dimension, and 0.838 for the importance sub-dimension. 

Nearly all of the teachers, 129 (97.73 %), have a positive attitude toward the physics 

course. None of the teachers has a negative attitude. The number of teachers who have 

a moderate attitude is 3 (2.27 %).  Even Skewness and Kurtosis values are much below 

2 and the histogram shows positively skewed distribution as can be seen in Figure 4.8.  
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Figure 4.8. Histogram of the TATPQ 

 

4.3.2.5. What are the attitudes of students in ATTHS toward 

using MBL in physics lessons?  

At the beginning of the research, there was a total of 25 questions at the SATMBLQ. 

When we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, 

the possible minimum total point was planned to be 25 and the possible maximum 

total point was planned to be 125. After exploratory and confirmatory factor analysis 

done at the SATMBLQ, there are 16 items left for analysis. Item numbers in the final 

questionnaire are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 17, 18, 19, 21, 22, 23, 24, 

and 26. Thus the possible minimum point gathered from the questionnaire should be 

16 and the possible maximum points gathered from the questionnaire should be 80. 

Analysis was done on the data which is used for confirmatory factor analysis. The 

Multiple imputation method for missing data imputation analysis had been done and 

the sample size was 2062. Distribution of the total point values can be seen in Table 

4.54 and all descriptive values can be seen in Table 4.55. 
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Table 4.54. Distribution of total point values of the SATMBLQ   

  Frequency Valid Percent 

SATMBLQ 

Total Point 

Between 16-28  62 3.01 

Between 29-41 107 5.19 

Between 42-54 873 42.34 

Between 55-67 754 36.57 

Between 68-80 266 12.90 

  N 2062 100.00 

 

Table 4.55. Descriptive Statistic of the SATMBLQ 

  Descriptive Statistics  Value 

SATMBLQ   Mean 54.81 

Median 54.00 

Mode 48.00 

Std. Deviation 11.40 

Variance 130.04 

Skewness -0.294 

Kurtosis 0.599 

Range 64.00 

Minimum 16.00 

Maximum 80.00 

N Valid 2 

Missing 0 

 

Reliability was calculated as 0.905 for the final questionnaire, 0.705 for the enjoyment 

sub-dimension, 0.641 for the self-confidence sub-dimension, 0.861 for the 

achievement motivation sub-dimension, and 0.611 for the importance sub-dimension. 

Nearly half of the students, 1020 (49 %), have a positive attitude toward MBL and 

again nearly half of the students, 873 (42.34 %), have a moderate attitude. Only a 

small portion, 62 (3.01 %) of the students have a negative attitude toward MBL. The 

sample shows a normal distribution, Skewness and Kurtosis values are considerably 

below 2 and the histogram shows a normal distribution. Figure 4.9 shows the 

histogram of the SATMBLQ. 
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Figure 4.9. Histogram of the SATMBLQ 

 

4.3.2.6. What are the attitudes of students in ATTHS toward 

using technology in physics lessons? 

At the beginning of the research, there was a total of 25 questions at the SATTQ. 

When we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, 

the possible minimum total point was planned to be 25 and possible maximum total 

point was planned to be 125. After exploratory and confirmatory factor analysis was 

done at the SATTQ, there are 20 items left for analysis. The item numbers in the final 

questionnaire are 1, 2, 3, 4, 5, 6, 7, 11, 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, and 

26. Thus, the possible minimum points gathered from the questionnaire should be 20 

and the possible maximum points gathered from the questionnaire should be 100. 

Analysis was done on the data which is used for confirmatory factor analysis. The 

Multiple imputation method for missing data imputation analysis had been done and 

the sample size was 2893. Distribution of the total point values can be seen in Table 

4.56 and all descriptive values can be seen in Table 4.57. 
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Table 4.56. Distribution of total point values of the SATTQ   

   Frequency Valid Percent 

SATTQ Total 

Point 

Between 20-35 13 0.45 

Between 36-51 107 3.7 

Between 52-67 725 25.06 

Between 68-83 1286 44.45 

Between 84-100 762 26.34 

  N 2893 100 

 

Table 4.57. Descriptive Statistic of the SATTQ 

  Descriptive Statistics  Value 

SATTQ Mean 74.82 

Median 76 

Mode 79 

Std. Deviation 13.22 

Variance 174.76 

Skewness -0.379 

Kurtosis 0.074 

Range 79 

Minimum 21 

Maximum 10 

N Valid 2893 

Missing 0 

 

Reliability was calculated as 0.912 for the final questionnaire, 0.729 for the enjoyment 

sub-dimension, 0.614 for the self-confidence sub-dimension, 0.810 for the 

achievement motivation sub-dimension, and 0.794 for the importance sub-dimension. 

A high majority of the students, 2018 (70 %), have a positive attitude toward using 

technology in physics lessons. A very small portion of the students, 11 (0.38 %), have 

a negative attitude and 762 (26.34 %) of them have a moderate attitude. The sample 

shows a normal distribution, Skewness and Kurtosis values are significantly below 2 

and the histogram shows a normal distribution. Figure 4.10 shows histogram of the 

SATTQ. 
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Figure 4.10. Histogram of the SATTQ 

 

4.3.2.7. What are the attitudes of students in ATTHS toward 

laboratory in physics? 

At the beginning of the research, there was a total of 25 questions in the SATLQ. 

When we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, 

the possible minimum total point was planned to be 25 and the possible maximum 

total point was planned to be 125. After exploratory and confirmatory factor analysis 

done on the SATLQ, there are 17 items left for analysis. Item numbers in the final 

questionnaire are 11, 2, 3, 4, 5, 6, 8, 11, 12, 16, 17, 20, 21, 23, 24, 25, and 26. Thus 

the possible minimum points gathered from the questionnaire should be 17 and the 

possible maximum points gathered from the questionnaire should be 85. Analysis was 

done on the data which is used for confirmatory factor analysis. The Multiple 

imputation method for missing data imputation analysis had been done and the sample 

size was 2916. Distribution of the total point values can be seen in Table 4.58 and all 

descriptive values can be seen in Table 4.59. 
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Table 4.58. Distribution of total point values of the SATLQ   

   Frequency Valid Percent 

SATLQ Total 

Point 

Between 17-30 26 0.89 

Between 31-44 114 3.91 

Between 45-58 638 21.88 

Between 59-72 1356 46.50 

Between 73-85 782 26.82 

  N 2916 100.00 

 

Table 4.59. Descriptive Statistic of the SATLQ 

  Descriptive Statistics  Value 

SATLQ Mean 64.87 

Median 66.00 

Mode 67 

Std. Deviation 11.514 

Variance 132.578 

Skewness -0.707 

Kurtosis 0.751 

Range 68 

Minimum 17 

Maximum 85 

N Valid 2916 

Missing 0 

 

Reliability was calculated as 0.904 for the final questionnaire, 0.640 for the enjoyment 

sub-dimension, 0.752 for the self-confidence sub-dimension, 0.799 for the 

achievement motivation sub-dimension, and 0.744 for the importance sub-dimension. 

A high majority of students, 2128 (73.32 %), have a positive attitude toward laboratory 

in physics. A small number of the students, 140 (4.80 %), have a negative attitude and 

21.88 % of the students have a moderate attitude. Even the histogram shows that 

sample appears to be a bit positively skewed as can be seen in Figure 4.11, Skewness 

and Kurtosis values are much below 2 and the histogram shows a normal distribution.  
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Figure 4.11. Histogram of the SATLQ 

  

4.3.2.8. What are the attitudes of students in ATTHS toward the 

physics course? 

At the beginning of the research, there was a total of 25 questions at the SATPQ. When 

we give 1 point for “Absolutely Disagree” and 5 points for “Absolutely Agree”, the 

possible minimum total point was planned to be 25 and the possible maximum total 

point was planned to be 125. After exploratory and confirmatory factor analysis done 

on the SATPQ, there are 22 items left for analysis. The item numbers in the final 

questionnaire are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 17, 18, 19, 20, 21, 22, 23, 24, 25, 

and 26. Thus the possible minimum points gathered from the questionnaire should be 

22 and the possible maximum points gathered from the questionnaire should be 110. 

Analysis was done on the data which is used for confirmatory factor analysis. The 

Multiple imputation method for missing data imputation analysis had been done and 

the sample size was 2854. Distribution of the total point values can be seen in Table 

4.60 and all descriptive values can be seen in Table 4.61. 
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Table 4.60. Distribution of total point values of the SATPQ   

 Descriptive Statistics  Value 

SATPQ Total 

Point 

Mean 77.72 

Median 78.00 

Mode 66 

Std. Deviation 15.472 

Variance 239.389 

Skewness -0.332 

Kurtosis 0.327 

Range 88 

Minimum 22 

Maximum 110 

N Valid 2854 

Missing 0 

 

Table 4.61. Descriptive Statistic of the SATPQ 

   Frequency Valid Percent 

SATPQ 

Between 22-39 49 1.72 

Between 40-57 182 6.38 

Between 58-75 1028 36.02 

Between 76-93 1157 40.54 

Between 94-110 438 15.35 

  
2854 100.00 

 

Reliability was calculated as 0.921 for the final questionnaire 0.821 for the enjoyment 

sub-dimension, 0.670 for the self-confidence sub-dimension, 0.846 for the 

achievement motivation sub-dimension, and 0.756 for the importance sub-dimension. 

Half of the students, 1595 (55.89 %), have a positive attitude toward the physics 

lesson. 231 (8.09 %) of the students have a negative attitude. The number of students 

who have a moderate attitude is 1028 (36.02 %). The sample shows a normal 

distribution, Skewness and Kurtosis values are much below 2 and the histogram shows 

a normal distribution as can be seen in Figure 4.12. 



 

227 

 

 

Figure 4.12. . Histogram of the SATPQ 

4.3.2.9. Summary of the Result of the Second Research Question  

In order to reach result of the second research question, as was stated earlier, all 

attitude questionnaires were prepared by the researchers. All questionnaire 

development steps were followed as was stated in the second section. In the result part, 

we calculated the reliability of all questionnaires and attitude points gathered from 

attitude questionnaires. All questionnaires, both teacher and student questionnaires, 

have very high Cronbach alpha reliability values of above 0.9. Attitude values of the 

students and the teachers at all attitudes and reliability of test scores are given in Table 

4.62. Above 89 % of the teachers have a positive attitude toward the physics course, 

toward use of technology and toward laboratory applications in the physics course. 

Their positive attitude decreases to 68 % for attitude toward MBL in the physics 

course.  

Around 50 % of the students have positive attitudes toward the physics course and use 

of MBL and around 70 % of the students have positive attitudes toward laboratory and 

technology at around 70 %. The students have lower positive attitudes than the 

teachers in all attitude dimensions. Moreover, an even higher percent of the teachers 

have a positive attitude toward the physics course, this percent is smaller for the 

students.   
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Table 4.62. Attitudes and Reliability of Test Scores of All Questionnaires 

 Questionnaire Sample 

Positive Moderate Negative Reliability 

f 

(Valid %) 

Cronbach  

alpha 

Attitude toward 

Physics Course 

Teacher 
129 

(97.73 %) 

3 

(2.27 %) 
None 0.939 

Student 
1595 

(55.89 %) 

1028 

(36.02 %) 

231 

(8.09 %) 
0.921 

Attitude toward 

Use of 

Technology in 

Physics Course 

Teacher 
137 

(94.48 %) 

8 

(5.52 %) 
None 0.910 

Student 
2018 

(70 %) 

762 

(26.34 %) 

11 

(0.38 %) 
0.912 

Attitude toward 

Laboratory in 

Physics Course 

Teacher 
115 

(89.15 %) 

13 

(10.08 %) 

1( 

0.78 %) 
0.919 

Student 
2128 

(73.32 %) 

638 

(21.88 %) 

140 

(4.80 %) 
0.904 

Attitude toward 

MBL in Physics 

Course 

Teacher 
67 

(68 %) 

27 

(27.28 %) 

4 

(4.12 %) 
0.945 

Student 
1020 

(49 %) 

873 

(42.34 %) 

62 

(3.01 %) 
0.905 

 

4.3.3. Main Research Question 3 

The third research question, “What are the barriers ATTHS physics teachers face with 

when implementing MBL in physics lessons?”, and sub questions aim to find the 

barriers ATTHS physics teachers face when implementing MBL in physics lessons. 

Question 3 has four sub-questions and a sub-question has a further two sub-questions. 

In the following section answers of the sub-questions I try to give answers. 

4.3.3.1. What are the most common factors affecting MBL 

implementation of physics teachers in ATTHS? 

• What are the views of ATTHS physics teachers about the barriers they 

face when implementing MBL? 

Items in the 4th section of the teacher questionnaire, whole items in the BUMBL and 

the 10th and 11th items of the first section of the teacher questionnaire are used to seek 

answers for this research question. The teachers were asked to rate each item in terms 

of to what degree it becomes a barrier in MBL implementation in a five-point Likert 
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type scale from “Absolutely Disagree” to “Absolutely Agree” at the BUMBL in the 

4th section. The teachers answered 50 items at six main and a total of 13 dimensions. 

After exploratory and confirmatory factor analysis four items, 18, 19, 36 and 48, were 

removed from the questionnaire. At the beginning there were 174 teacher samples. 31 

teachers could not answer any of the items in this questionnaire. We removed them 

and 143 teachers were left for analysis. Then we removed teachers who did not answer 

“Absolutely Disagree” in the control item, Item 33, there were 126 teacher data items 

left. Descriptive analysis was made on items on the BUMBL. The teachers’ responses 

for items about each factor will be discussed in the following parts under each main 

dimension. 

Lack of Resources 

Lack of resources is composed of four sub-dimensions, “Lack of Technology”, “Lack 

of Access to Technology”, “Lack of Time” and “Lack of Technical Support”. The 

mean scores and frequencies were provided in Table 4.63 and Table 4.64 respectively. 

63.2 % of the teachers rated that lack of technology is a barrier to MBL 

implementation and 21.4 % of the teachers stated that it is not a barrier. 52.6 % of the 

teachers rated that lack of access to technology is a barrier and 22.4 % of them rated 

that it is not. 51.6 % of the teachers stated that lack of time is a barrier and 17.3 % of 

them stated that it is not and 21.7 % of them are not sure. 51.9 % of them stated that 

lack of technical support is a barrier and 12.7 % of them stated it is not and 27.5 % of 

them are not sure. In the lack of resources dimension, Items 6, 10, 14 and 17, they 

have the minimum agreement that they are barriers. The teachers rated at a percentage 

of 47.6 that, it is a barrier that not having a proper environment to do MBL applications 

(Item 6) and 34.1 % of teachers stated that it is not a barrier. The teachers rated at a 

percentage of 44.4 that it is a barrier not having a time to learn how to do MBL 

applications (Item10) and 25.4 % of the teachers stated that it is a barrier. The teachers 

rated at a percentage of 45.2 that it is a barrier that MBL applications taking longer 

time than other laboratory applications (Item14) and 17.5 % of the teachers stated that 

it is a barrier. The teachers rated at a percentage of 42.9 that there are no personnel in 

MONE to provide technical support when meeting problems during MBL applications 
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(Item17) is a barrier and 11.1 % of teachers stated that it is not a barrier and 37.3 % of 

them are not sure. The most highly rated barrier is Item 2 under lack of technology 

sub-dimension. 66.7 % of the teachers rated that not having proper programs in 

computers for MBL applications is a barrier. 14.3 % of them stated that it is not and 

12.7 of them were not sure.  

Table 4.63. Descriptive statistics of teachers’ views about lack of resources (1=Absolutely Disagree. 

5=Absolutely Agree) 

 Sub-dimension 

Item 

Number 

Mean Median Mode Std. 

Deviation 

Variance Valid Missing 

Lack of 

Technology 

1 3.64 4.00 5 1.362 1.855 118 8 

2 3.82 4.00 4 1.114 1.242 118 8 

3 3.76 4.00 5 1.283 1.646 116 10 

4 3.73 4.00 5 1.257 1.580 117 9 

5 3.72 4.00 4 1.205 1.451 118 8 

Lack of Access 

to Technology 

6 3.33 4.00 2 1.304 1.700 116 10 

7 3.54 4.00 4 1.169 1.366 114 12 

8 3.59 4.00 4 1.151 1.324 114 12 

9 3.75 4.00 4 1.027 1.054 112 14 

Lack of Time 

10 3.33 3.50 4 1.211 1.466 112 14 

11 3.65 4.00 4 1.084 1.174 113 13 

12 3.80 4.00 4 1.032 1.065 116 10 

13 3.57 4.00 4 1.105 1.221 116 10 

14 3.49 3.50 3 1.107 1.226 114 12 

Lack of 

Technical 

Support 

15 3.80 4.00 4 1.100 1.211 117 9 

16 3.70 4.00 5 1.105 1.221 116 10 

17 3.51 3.00 3 1.021 1.041 115 11 
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Table 4.64. Frequencies and percentages of the teachers’ views about lack of resources 

  
Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

Sub-dimension 
Item 

Number 
f % f % f % f % f % f % 

Lack of 

Technology 

1 11 8.7 21 16.7 8 6.3 37 29.4 41 32.5 8 6.3 

2 5 4.0 13 10.3 16 12.7 48 38.1 36 28.6 8 6.3 

3 6 4.8 23 18.3 7 5.6 37 29.4 43 34.1 10 7.9 

4 5 4.0 23 18.3 13 10.3 34 27.0 42 33.3 9 7.1 

5 4 3.2 24 19.0 10 7.9 43 34.1 37 29.4 8 6.3 

Lack of Access 

to Technology 

6 7 5.6 36 28.6 13 10.3 32 25.4 28 22.2 10 7.9 

7 5 4.0 22 17.5 20 15.9 41 32.5 26 20.6 12 9.5 

8 2 1.6 26 20.6 18 14.3 39 31.0 29 23.0 12 9.5 

9 2 1.6 12 9.5 28 22.2 40 31.7 30 23.8 14 11.1 

Lack of Time 

10 8 6.3 24 19.0 24 19.0 35 27.8 21 16.7 14 11.1 

11 4 3.2 14 11.1 26 20.6 42 33.3 27 21.4 13 10.3 

12 2 1.6 14 11.1 21 16.7 47 37.3 32 25.4 10 7.9 

13 4 3.2 17 13.5 31 24.6 37 29.4 27 21.4 10 7.9 

14 4 3.2 18 14.3 35 27.8 32 25.4 25 19.8 12 9.5 

Lack of 

Technical 

Support 

15 3 2.4 14 11.1 24 19.0 38 30.2 38 30.2 9 7.1 

16 3 2.4 14 11.1 33 26.2 31 24.6 35 27.8 10 7.9 

17 4 3.2 10 7.9 47 37.3 31 24.6 23 18.3 11 8.7 

 

Institution  

 

Institution as a barrier is composed of three sub-dimensions, categorized as 

“Leadership”, “Time Tabling Structure”, and “Lack of Technology Integration Plan”. 

The mean scores and frequencies were provided in Table 4.65 and Table 4.66 

respectively. 29 % of the teachers rated that leadership is a barrier to MBL 

implementation and 38.5 % of the teachers stated that it is not a barrier and 21 % of 

them are not sure.  

The teachers rated that issues related to school principals do not obstruct their use of 

MBL. The teachers rated at a percentage of 19 that it is a barrier that principals are not 

supporting MBL applications (Item 20) and 45.2 % of teachers stated that it is not a 

barrier and 22.2 % are not sure. Also, teachers rated at a percentage of 38.9 that it is a 

barrier that not adjusting laboratory hours so that the MBL equipment can be used 
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jointly with other teachers is not done (Item 21) and 31.7 % of teachers stated that it 

is not a barrier and 19.8 % are not sure. 

Nearly all of the teachers stated that time tabling structure is a barrier to MBL 

implementation. 87.7 % of teachers rated that time tabling structure is a barrier to 

MBL implementation and 4 % of teachers stated that it is not a barrier and 3.6 % of 

them are not sure. Nearly all of the teachers complained about the time tabling 

structure. They stated that physics class hours per week being so few and having no 

time to make additional activities (Item 22) is the main barrier they faced during MBL 

implementation (86.59 %). Having no time for MBL activities on the curriculum (item 

23) is also one of the main barriers they faced. 

73.3 % of teachers rated lack of a technology integration plan is a barrier to MBL 

implementation and 10.1 % of the teachers stated that it is not a barrier and 9.5 % of 

them are not sure. 75.4 of them stated that the curriculum’s not having MBL 

applications (Item 24) is a barrier. 11.9 % of teachers are not sure whether it is a barrier 

or not and 5.6 % of them think it is a barrier. 66.7 % of them stated that not having in-

service courses about MBL (Item 25) is one of the factors that obstruct implementation 

of MBL. 11.9 % of them are not sure and 11.9 % rated that it is not a barrier. With 

Item 26, teachers were asked about their agreement that not having resources (books, 

laboratory activities manuals and application demonstrations) about MBL applications 

is a barrier. 77.8 % of teachers rated as absolutely agree or absolutely disagree, 4.8 % 

rated not sure and 11.9 % rated as disagree or absolutely disagree. 
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Table 4.65. Descriptive statistics of the teachers’ views their institution (1=Absolutely Disagree, 

5=Absolutely Agree) 

 Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 

Varianc

e 
Valid Missing 

Leadership 
20 2.65 2.00 2 1.125 1.266 109 17 

21 3.17 3.00 2 1.269 1.609 114 12 

Time Tabling 

Structure 

22 4.61 5.00 5 .830 .690 121 5 

23 4.58 5.00 5 .742 .551 119 7 

Lack of 

Technology 

Integration 

Plan 

24 4.30 5.00 5 .967 .936 117 9 

25 3.96 4.00 5 1.127 1.270 115 11 

26 4.07 4.00 4 1.064 1.131 119 7 

 

Table 4.66. Frequencies and percentages of the teachers’ views about their institution 

   
Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

Dimension 

Item 

Numbe

r 

f % f % f % f % f % f % 

Leadership 
20 14 11.1 43 34.1 28 22.2 15 11.9 9 7.1 17 13.5 

21 11 8.7 29 23.0 25 19.8 28 22.2 21 16.7 12 9.5 

Time Tabling 

Structure 

22 2 1.6 4 3.2 3 2.4 21 16.7 91 72.2 5 4.0 

23 0 .0 4 3.2 6 4.8 26 20.6 83 65.9 7 5.6 

Lack of 

Technology 

Integration Plan 

24 2 1.6 5 4.0 15 11.9 29 23.0 66 52.4 9 7.1 

25 4 3.2 12 9.5 15 11.9 38 30.2 46 36.5 11 8.7 

26 4 3.2 11 8.7 6 4.8 50 39.7 48 38.1 7 5.6 

 

Subject Culture 

Subject culture is assessed by Item 27. It was asked to rate their agreement about 

whether or not physics as a subject is not proper for MBL applications. The mean 

scores and frequencies were provided in Table 4.67 and Table 4.68, respectively. 46.8 

% of teachers rated agree or absolutely agree. 19 % rated not sure and 26.2 % rated as 

disagree or absolutely disagree.  
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Table 4.67. Descriptive statistics of the teachers’ views about subject culture (1=Absolutely Disagree, 

5=Absolutely Agree) 

Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Subject 

Culture 
27 3.42 4.00 4 1.151 1.324 116 10 

 

Table 4.68. Frequencies and percentages of the teachers’ views about subject culture 

  
 

Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

Dimension 
Item 

Number 
f % f % f % f % f % f % 

Subject 

Culture 
27 2 1.6 31 24.6 24 19.0 34 27.0 25 19.8 10 7.9 

 

Assessment 

Whether assessment is a barrier or not is assessed by three questions, Item 28, 29 and 

30. The mean scores and frequencies were provided in Table 4.69 and Table 4.70, 

respectively. It is asked to rate their agreement about parents’ not wanting to do MBL 

applications because of university entrance examinations. 65.9 % rated as agree or 

absolutely agree, 14.3 % rated as not sure and 12.7 % of them rated as disagree or 

absolutely disagree. With Item 29, it is asked for teachers to rate whether students’ not 

wanting to do MBL applications because of university entrance examinations is a 

barrier. 71.4 % of them stated that it is a barrier, 9.5 % stated that they are not sure 

and 14.3 % of them rated it as not a barrier. Item 30 states that it is a barrier that 

university entrance examination’s not involving MBL applications is a barrier. A very 

high percentage, 80.2 %, of teachers rated as agree or absolutely agree. Only 4.8 % of 

teachers rated as disagree or absolutely disagree.  
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Table 4.69. Descriptive statistics of the teachers’ views about assessment (1=Absolutely Disagree. 

5=Absolutely Agree) 

 Dimension 

Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Assessment 

28 3.93 4.00 5 1.127 1.271 117 9 

29 4.04 4.00 5 1.141 1.301 120 6 

30 4.37 5.00 5 .913 .834 118 8 

 

Table 4.70. Frequencies and percentages of the teachers’ views about assessment 

  
 

Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

 Dimension 

Item 

Number 
f % f % f % f % f % f % 

Assessment 

28 4 3.2 12 9.5 18 14.3 37 29.4 46 36.5 9 7.1 

29 3 2.4 15 11.9 12 9.5 34 27.0 56 44.4 6 4.8 

30 2 1.6 4 3.2 11 8.7 32 25.4 69 54.8 8 6.3 

 

Attitudes and Beliefs 

Whether attitudes and beliefs are a barrier is assessed by four questions, Items 31, 32, 

34 and 35. Attitudes and beliefs are wide topics that were not possible to assess with 

just four items. Thus, we developed and administered attitude questionnaires and 

looked at whether they are barriers with SEM. In this part, as is stated earlier in other 

chapters, we asked what teachers think about whether their students’ attitude is a 

barrier. The mean scores and frequencies were provided in Table 4.71 and Table 4.72 

respectively. A very small number of teachers, 28.8 %, rated that the attitudes and 

beliefs of students is a barrier. 36.7 % of them stated that it is not a barrier and 26.4 % 

of them are not sure. With a 22.2 % agreement rate, teachers think that students’ not 

liking MBL applications (Item 31) is a barrier, 28.6 % are not sure and 42.1 % thinks 

not it is not a barrier. With Item 31, teachers were asked to rate whether students’ 

having more difficulties during MBL applications is a barrier. 23.8 % of them stated 

that it is a barrier, 32.5 % stated that they are not sure and 34.9 % of them rated it as 

not a barrier. With Item 34, teachers were asked to rate whether students’ learning 

being harder when MBL applications are done is a barrier. 12.7 % of them stated that 
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it is a barrier, 27 % stated that they are not sure and 50.8 % of them rated it as not a 

barrier. In this sub-dimension, Item 35 has the highest agreement with 56.3 % saying 

that it is a barrier students’ not knowing how to use MBL equipment.  

Table 4.71. Descriptive statistics of the teachers’ views about attitudes and beliefs (1=Absolutely 

Disagree, 5=Absolutely Agree) 

 Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Attitudes 

and Beliefs 

31 2.70 3.00 3 1.154 1.332 117 9 

32 2.82 3.00 3 1.105 1.221 115 11 

34 2.45 2.00 2 0.978 0.957 114 12 

35 3.56 4.00 4 1.110 1.232 117 9 

 

Table 4.72. Frequencies and percentages of the teachers’ views about attitudes and beliefs 

   

Absolutely 

Disagree Disagree Not Sure Agree 

Absolutely 

Agree Missing 

 Dimension 

Item 

Number 
f % f % f % f % f % f % 

Attitudes 

and Beliefs 

31 19 15.1 34 27.0 36 28.6 19 15.1 9 7.1 9 7.1 

32 15 11.9 29 23.0 41 32.5 22 17.5 8 6.3 11 8.7 

34 18 14.3 46 36.5 34 27.0 13 10.3 3 2.4 12 9.5 

35 5 4.0 19 15.1 22 17.5 48 38.1 23 18.3 9 7.1 

 

Skills 

The Skills dimension is composed of three sub-dimensions, “Lack of Technology 

Skills”, “Lack of Technology Supported-Pedagogy Skills”, and “Lack of technology-

related-classroom management skills”. The mean scores and frequencies were 

provided in Table 4.73 and Table 4.74, respectively. Nearly half of the teachers rated 

lack of technology skills as a barrier to implementing MBL. 21.4 % of them stated 

that they are not sure and 27.6 % stated that lack of technology skills is not a barrier 

for them to implement MBL. In this dimension, Item 40, teachers’ not understanding 

the manuals about MBL equipment easily, has the lowest agreement rate at 38.9 %. 

22.2 % of teachers rated as not sure at this item and 31.7 % rated as disagree.  
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Barriers about lack of technology supported-pedagogy skills and lack of technology-

related-classroom management skills have the least agreement, respectively 28.5 % 

and 25.4 %. At Item 42, correlation of objectives in the physics curriculum and MBL 

activities, only 19.8 % of teachers rated agree and absolutely agree as being a barrier. 

The highest agreement is in item 43, not finding MBL applications which meet 

objectives at the curriculum, with a 35.7 % agreement rate. In addition, it is not a 

barrier for teachers having difficulty in controlling students during MBL applications. 

Only 20.6 % of the teachers rated agree or absolutely disagree at this item. 20.6 % of 

the teachers rated they are not sure and 49.2 % rated disagree or absolutely disagree.  

34.1 % of the teachers rated agree or absolutely disagree that having difficulties in 

controlling students during MBL applications is a barrier. 23 % of the teachers stated 

that they are not sure and 32.5 % of the teachers rated agree or disagree.  

 

Table 4.73. Descriptive statistics of the teachers’ views about assessment (1=Absolutely Disagree, 

5=Absolutely Agree) 

 Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Lack of Technology 

Skills 

37 3.43 4.00 4 1.186 1.406 120 6 

38 3.36 4.00 4 1.210 1.464 121 5 

39 3.31 3.00 4 1.046 1.094 117 9 

40 3.15 3.00 2 1.134 1.286 117 9 

Lack of Technology 

Supported-

Pedagogy Skills 

41 2.98 3.00 2 1.165 1.357 113 13 

42 2.71 2.00 2 1.103 1.218 116 10 

43 3.19 3.00 3 1.130 1.278 113 13 

44 3.03 3.00 2 1.116 1.244 115 11 

45 2.89 3.00 2 1.130 1.277 115 11 

46 2.95 3.00 2 1.104 1.218 114 12 

47 2.94 3.00 2 1.062 1.128 115 11 

Lack of 

Technology-

Related-Classroom 

Management Skills 

49 2.67 2.00 2 1.045 1.091 114 12 

50 2.61 2.00 2 1.036 1.073 114 12 

51 3.04 3.00 2 1.121 1.257 113 13 
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Table 4.74. Frequencies and percentages of the teachers’ views about skills 

  
Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

Dimension 
Item 

Number 
f % f % f % f % f % f % 

Lack of 

Technology 

Skills 

37 5 4.0 28 22.2 24 19.0 37 29.4 26 20.6 6 4.8 

38 7 5.6 29 23.0 23 18.3 38 30.2 24 19.0 5 4.0 

39 3 2.4 27 21.4 33 26.2 39 31.0 15 11.9 9 7.1 

40 6 4.8 34 27.0 28 22.2 34 27.0 15 11.9 9 7.1 

Lack of 

Technology 

Supported-

Pedagogy 

Skills 

41 6 4.8 42 33.3 30 23.8 18 14.3 17 13.5 13 10.3 

42 11 8.7 48 38.1 32 25.4 14 11.1 11 8.7 10 7.9 

43 5 4.0 31 24.6 32 25.4 28 22.2 17 13.5 13 10.3 

44 6 4.8 37 29.4 33 26.2 25 19.8 14 11.1 11 8.7 

45 7 5.6 46 36.5 28 22.2 21 16.7 13 10.3 11 8.7 

46 8 6.3 38 30.2 30 23.8 28 22.2 10 7.9 12 9.5 

47 6 4.8 40 31.7 34 27.0 25 19.8 10 7.9 11 8.7 

Lack of 

Technology-

Related-

Classroom 

Management 

Skills 

49 12 9.5 46 36.5 29 23.0 22 17.5 5 4.0 12 9.5 

50 13 10.3 49 38.9 26 20.6 22 17.5 4 3.2 12 9.5 

51 8 6.3 33 26.2 29 23.0 32 25.4 11 8.7 13 10.3 

 

• What are the views of the principals at ATTHS about the barriers ATTHS 

physics teachers face with when implementing MBL? 

Items in the 2nd section of the principal questionnaire, the whole of the items in 

Barriers Teachers Faced Using MBL Questionnaire for Principals (BMBLQP), and 

the 23th and 24th Items of the first section of the principal questionnaire are used to 

seek answers for this research question. The principals were asked to rate each item in 

terms of it becoming a barrier in MBL implementation of physics teachers in a five 

point Likert type scale from “Absolutely Disagree” to Absolutely Agree” at BMBLQP 

in the 2nd section. The principals answered 50 items in six main and a total of 13 

dimensions. After exploratory and confirmatory factor analysis five items, Items 19, 

23, 34, 37 and 49 were removed from the questionnaire. At the beginning they were 

172 principals. 37 principals could not answer any of the items in this questionnaire. 

We removed them, and 136 principals’ data were left for analysis. Then we removed 
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principals who did not answer “Absolutely Disagree” in control item, Item 33, there 

were 113 principal data items left. Descriptive analysis was made on items on the 

BMBLQP. Principals’ responses for items about each factor will be discussed in the 

following parts under each main dimension. 

Lack of Resources 

Lack of resources is composed of four sub-dimensions as “Lack of Technology”, 

“Lack of Access to Technology”, “Lack of Time” and “Lack of Technical Support”. 

The mean scores and frequencies were provided in Table 4.75 and Table 4.76, 

respectively. 55.9 % of the principals rated lack of technology as a barrier to MBL 

implementation and 24.2 % of the principals stated that it is not a barrier. 49.1 % of 

principals rated lack of access to technology as a barrier and 30.1 % of them rated that 

it is not. 45.1 % of the principals stated that lack of time is a barrier and 24.6 % of 

them stated that it is not and 17.5 % of them are not sure. 49.3 % of them stated that 

lack of technical support is a barrier and 24.5 % of them stated it is not and 15.6 % of 

them are not sure. In the lack of resources dimension, Items 10 and 17 have the 

minimum agreement that they are barriers at about 35 %. The principals rated at a 

percentage of 38.9 that it is barrier that teachers do not have time to learn how to do 

MBL applications (Item10), and 28.3 % of principals stated that it is not a barrier. The 

principals rated at a percentage of 33.6 that it is barrier that there are not any personnel 

in MONE to take technical support when meeting problems during MBL applications 

(Item17). 28.3 % of the principals stated that it is not a barrier, 25.7 % of them are not 

sure, and 12.4 % of principals did not mark this item. The most highly rated barrier is 

Item 1 under lack of technology sub-dimension. 60.2 % of the principals rated that not 

having the proper amount of MBL equipment for applications is a barrier. 24.8 % of 

them stated that it is not and 6.2 % of them were not sure and 8.8 % did not rate this 

item.  
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Table 4.75. Descriptive statistics of the principals’ views about lack of resources (1=Absolutely 

Disagree, 5=Absolutely Agree) 

 Sub-

dimension 

Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance 

N 

Valid Missing 

Lack of 

Technology 

1 3.51 4.00 4 1.282 1.644 103 10 

2 3.58 4.00 4 1.180 1.392 104 9 

3 3.49 4.00 4 1.226 1.502 105 8 

4 3.47 4.00 4 1.183 1.400 102 11 

5 3.43 4.00 4 1.223 1.495 102 11 

Lack of 

Access to 

Technology 

6 3.16 3.50 2 1.380 1.905 104 9 

7 3.28 4.00 4 1.303 1.699 100 13 

8 3.44 4.00 4 1.239 1.536 102 11 

9 3.35 4.00 4 1.140 1.301 100 13 

Lack of Time 

10 3.17 3.00 4 1.198 1.435 100 13 

11 3.31 4.00 4 1.140 1.299 97 16 

12 3.23 4.00 4 1.182 1.398 101 12 

13 3.35 4.00 4 1.132 1.280 98 15 

14 3.31 4.00 4 1.084 1.174 97 16 

Lack of 

Technical 

Support 

15 3.48 4.00 4 1.141 1.302 102 11 

16 3.44 4.00 4 1.140 1.298 102 11 

17 3.09 3.00 3 1.161 1.349 99 14 
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Table 4.76. Frequencies and percentages of the principals ’views about lack of resources 

   
Absolutely 

Disagree 
Disagree 

Not 

Sure 
Agree 

Absolutely 

Agree 
Missing 

Sub-dimension 
Item 

Number 
f % f % f % f % f % f % 

Lack of 

Technology 

1 10 8.8 18 15.9 7 6.2 45 39.8 23 20.4 10 8.8 

2 6 5.3 16 14.2 19 16.8 38 33.6 25 22.1 9 8.0 

3 6 5.3 24 21.2 11 9.7 41 36.3 23 20.4 8 7.1 

4 5 4.4 22 19.5 16 14.2 38 33.6 21 18.6 11 9.7 

5 7 6.2 23 20.4 10 8.8 43 38.1 19 16.8 11 9.7 

Lack of Access 

to Technology 

6 12 10.6 33 29.2 7 6.2 30 26.5 22 19.5 9 8.0 

7 11 9.7 23 20.4 11 9.7 37 32.7 18 15.9 13 11.5 

8 8 7.1 21 18.6 11 9.7 42 37.2 20 17.7 11 9.7 

9 5 4.4 23 20.4 19 16.8 38 33.6 15 13.3 13 11.5 

Lack of Time 

10 9 8.0 23 20.4 24 21.2 30 26.5 14 12.4 13 11.5 

11 7 6.2 20 17.7 17 15.0 42 37.2 11 9.7 16 14.2 

12 8 7.1 25 22.1 16 14.2 40 35.4 12 10.6 12 10.6 

13 8 7.1 16 14.2 19 16.8 44 38.9 11 9.7 15 13.3 

14 7 6.2 16 14.2 23 20.4 42 37.2 9 8.0 16 14.2 

Lack of 

Technical 

Support 

15 7 6.2 18 15.9 10 8.8 53 46.9 14 12.4 11 9.7 

16 6 5.3 20 17.7 14 12.4 47 41.6 15 13.3 11 9.7 

17 9 8.0 23 20.4 29 25.7 26 23.0 12 10.6 14 12.4 

 

Institution  

Institution is composed of three sub-dimensions as “Leadership”, “Time Tabling 

Structure, and “Lack of Technology Integration Plan”. The mean scores and 

frequencies were provided in Table 4.77 and Table 4.78, respectively. 43.1 % of the 

principals rated leadership as a barrier to MBL implementation and 29.4 % of the 

principals stated that it is not a barrier and 14.4 % of them is not sure.  

52.2 % of the principals stated that not adjusting time tables in order to do MBL 

applications is a barrier for teachers to implement MBL. 22.1 % of the principals stated 

that it is not a barrier and 15.9 % of the principal rated that they are not sure. Item 20, 

the principals not supporting MBL applications, rated at a percentage of 29.2 that it is 

barrier. 44.2 % of the principals stated that it is not a barrier. 10.6 % are not sure and 

15.9 % do not rate this item. In addition, the principals rated at a percentage of 38.9 
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% that not adjusting laboratory hours so that the MBL equipment can be used jointly 

with other teachers is a barrier (Item 21) and 33.6 % of teacher stated that it is not a 

barrier and 12.4 % are not sure. 

The highest rate of agreement was taken in the time tabling structure as it is a barrier 

to MBL implementation. 69 % of the principals rated that time tabling structure is a 

barrier to MBL implementation. 7.5 % of the principals stated that it is not a barrier 

and 10.2 % of them are not sure. Nearly all of the principals complain about the time 

tabling structure. They had stated that being in physics class so many hours per week 

less and having no time to make additional activities (Item 22) is the main barrier 

teachers faced during MBL implementation (69.9 %). Having no time for MBL 

activities in the curriculum (Item 23) is also one of the main barriers teachers faced. 

57.8 % of the principals rated lack of a technology integration plan is a barrier to MBL 

implementation and 12.7 % of the principals stated that it is not a barrier and 17.4 % 

of them are not sure. 58.4 of them have stated that curricula not having MBL 

applications (Item 24) is a barrier. 19.5 % of the principals are not sure whether it is a 

barrier or not and 8% of them think it is not a barrier. 59.3 % of them stated that not 

having in-service courses about MBL (Item 25) is one of the factors that obstruct 

implementation of MBL. 15 % of them are not sure and 15.9 % rated that it is not a 

barrier. With Item 26, the principals were asked about their agreement as to whether 

not having resources (books, laboratory activities manuals and application 

demonstrations) about MBL applications is a barrier. 55.8 % of the principals rated as 

absolutely agree or absolutely disagree, 17.7 % of the principals rated not sure and 15 

% rated as disagree or absolutely disagree.  

 

 

 

 

 



 

243 

 

Table 4.77. Descriptive statistics of the principals’ views about institution (1=Absolutely Disagree, 

5=Absolutely Agree) 

Sub-dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance 

N 

Valid Missing 

Leadership 

18 3.39 4.00 4 1.127 1.270 102 11 

20 2.67 2.00 2 1.267 1.605 95 18 

21 3.00 3.00 4 1.283 1.646 97 16 

Time Tabling 

Structure 

22 4.07 4.00 4 0.982 0.964 99 14 

23 4.01 4.00 4 0.907 0.823 97 16 

Lack of 

Technology 

Integration Plan 

24 3.84 4.00 4 0.976 0.952 97 16 

25 3.74 4.00 4 1.045 1.093 101 12 

26 3.66 4.00 4 1.075 1.156 100 13 

 

Table 4.78. Frequencies and percentages of the principals’ views about institution 

  
Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

Sub-dimension 
Item 

Number 
f % f % f % f % f % f % 

Leadership 

18 7 6.2 18 15.9 18 15.9 46 40.7 13 11.5 11 9.7 

20 20 17.7 30 26.5 12 10.6 27 23.9 6 5.3 18 15.9 

21 16 14.2 22 19.5 14 12.4 36 31.9 9 8.0 16 14.2 

Time Tabling 

Structure 

22 2 1.8 7 6.2 11 9.7 41 36.3 38 33.6 14 12.4 

23 1 0.9 7 6.2 12 10.6 47 41.6 30 26.5 16 14.2 

Lack of 

Technology 

Integration Plan 

24 2 1.8 7 6.2 22 19.5 40 35.4 26 23.0 16 14.2 

25 1 0.9 16 14.2 17 15.0 41 36.3 26 23.0 12 10.6 

26 3 2.7 14 12.4 20 17.7 40 35.4 23 20.4 13 11.5 
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Subject Culture 

Subject culture is assessed by Item 27. It was asked to rate their agreement about 

whether physics is not proper for MBL applications is a barrier. The mean scores and 

frequencies were provided in Table 4.79 and Table 4.80, respectively. 38.1 % of the 

principals rated agree or absolutely agree. 26.5 % rated not sure, and 21.2 % rated as 

disagree or absolutely disagree.  

Table 4.79. Descriptive statistics of the principals’ views about subject culture (1=Absolutely 

Disagree, 5=Absolutely Agree) 

Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Subject 

Culture 
27 3.32 3.00 3 1.046 1.095 97 16 

 

Table 4.80. Frequencies and percentages of the principals’ views about subject culture 

   
Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

Dimension 
Item 

Number 
f % f % f % f % f % f % 

Subject  

Culture 
27 2 1.8 22 19.5 30 26.5 29 25.7 14 12.4 16 14.2 

 

Assessment 

Whether assessment is a barrier or not is assessed by three questions, Items 28, 29, 

and 30. The mean scores and frequencies were provided in Table 4.81 and Table 4.82 

respectively. They were asked to rate their agreement about parents’ not wanting them 

to do MBL applications because of university entrance examinations. 61.1 % rated as 

agree or absolutely agree, 11.5 % rated as not sure and 17.7 % of them rated as disagree 

or absolutely disagree. With Item 29, the principal was asked to rate whether students’ 

not wanting to do MBL applications because of university entrance examinations is a 

barrier. 69 % of them stated that it is a barrier, 8.8 % stated that they are not sure and 

14.2 % of them rated it as not a barrier. Item 30 states that it is a barrier that university 

entrance examination’s not involving MBL applications is a barrier. A very high 
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percent, 78.8 %, of the principals rated as agree or absolutely agree. Only 2.7 % of the 

principals rated as disagree or absolutely disagree.  

Table 4.81. Descriptive statistics of the principals’ views about assessment (1=Absolutely Disagree, 

5=Absolutely Agree) 

Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Assessment 

28 3.80 4.00 4 0.995 0.991 102 11 

29 3.86 4.00 4 1.092 1.193 104 9 

30 4.26 4.00 5 0.804 0.646 103 10 

 

Table 4.82. Frequencies and percentages of the principals’ views about assessment 

  
 

Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

 Dimension 

Item 

Number 
f % f % f % f % f % f % 

Assessment 

28 1 0.9 12 10.6 20 17.7 42 37.2 27 23.9 11 9.7 

29 4 3.5 12 10.6 10 8.8 47 41.6 31 27.4 9 8.0 

30 1 0.9 2 1.8 11 9.7 44 38.9 45 39.8 10 8.8 

 

Attitudes and Beliefs 

Whether attitudes and beliefs is a barrier is assessed by four questions, Item 31, 32, 

34, and 35. In this part, as stated earlier in other chapters, we asked whether what the 

principals think about students’ attitude is a barrier. The mean scores and frequencies 

were provided in Table 4.83 and Table 4.84, respectively. On average, very few 

principals, 28.8 %, rated that attitudes and beliefs of students is a barrier. 36.7 % of 

them stated that it is not a barrier and 26.4 % of them are not sure. With a 22.2 % 

agreement rate, the principals think that students’ not liking MBL applications (Item 

31) is a barrier, 28.6 % are not sure and 42.1 % think it is not a barrier. With item 31, 

the principals were asked to rate whether students’ having more difficulties during 

MBL applications a barrier. 23.8 % of them stated that it is a barrier, 32.5 % stated 

that they are not sure and 34.9 % of them rated it as not being a barrier. With Item 34, 
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the principals were asked to rate whether students’ learning is harder when MBL 

applications are done is a barrier. 12.7 % of them stated that it is a barrier, 27 % stated 

that they are not sure and 50.8 % of them rated it as not being a barrier. In this sub-

dimension, Item 35 has the highest agreement with 56.3 % that students’ not knowing 

how to use MBL equipment is a barrier.  

Table 4.83. Descriptive statistics of the principals’ views about attitudes and belief (1=Absolutely 

Disagree, 5=Absolutely Agree) 

Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Attitudes 

and 

Beliefs 

31 2.76 3.00 2 1.118 1.251 102 11 

32 2.87 3.00 2 1.103 1.217 99 14 

34 2.42 2.00 2 .966 .934 97 16 

35 3.24 4.00 4 1.021 1.043 101 12 

36 3.20 4.00 4 1.096 1.200 101 12 

 

Table 4.84. Frequencies and percentages of the principals’ views about attitudes and belief 

  
 

Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

 Dimension 

Item 

Number 
f % f % f % f % f % f % 

Attitudes 

and Beliefs 

31 13 11.5 34 30.1 24 21.2 26 23.0 5 4.4 11 9.7 

32 10 8.8 32 28.3 23 20.4 29 25.7 5 4.4 14 12.4 

34 16 14.2 41 36.3 23 20.4 17 15.0 0 .0 16 14.2 

35 5 4.4 23 20.4 21 18.6 47 41.6 5 4.4 12 10.6 

36 6 5.3 27 23.9 16 14.2 45 39.8 7 6.2 12 10.6 

 

Skills 

The Skills dimension is composed of three sub-dimensions, “Lack of Technology 

Skills”, “Lack of Technology Supported-Pedagogy Skills”, and “Lack of technology-

related-classroom management skills”. The mean scores and frequencies were 

provided in Table 4.86 and Table 4.87, respectively. Nearly half of the principals rated 

that lack of technology skills is a barrier to implementing MBL. 21.4 of them stated 
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that they are not sure, and 27.6 % stated that lack of technology skills is not a barrier 

for them to implement MBL. In this dimension, Item 40, teachers’ not understanding 

the manuals that came with MBL equipment easily, has the lowest agreement rate of 

38.9 %. 22.2 % of the principals rated as not sure for this item and 31.7 % rated as 

disagree.  

Barriers about lack of technology supported-pedagogy skills and lack of technology-

related-classroom management skills have the least agreement, with respectively 28.5 

% and 25.4 %. At Item 42, correlation of objectives in the physics curriculum and 

MBL activities, only 19.8 % of the teachers rated agree and absolutely agree as being 

a barrier. The highest agreement is in Item 43, not finding MBL applications which 

meet objectives at the curriculum, with a 35.7 % agreement rate. In addition, it is not 

a barrier for teachers having difficulty in controlling students during BTL applications. 

Only 20.6 % of the principals rated agree or absolutely disagree at this item. 20.6 % 

of the principals rated they are not sure and 49.2 % rated disagree or absolutely 

disagree. 34.1 % of the principals rated agree or absolutely disagree that having 

difficulties in controlling students during MBL applications. 23 % of the teachers 

stated that they are not sure and 32.5 % of the principals rated agree or disagree. 
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Table 4.85. Descriptive statistics of the principals’ views about assessment (1=Absolutely Disagree, 

5=Absolutely Agree) 

 Dimension 
Item 

Number 
Mean Median Mode 

Std. 

Deviation 
Variance Valid Missing 

Lack of 

Technology 

Skills 

38 2.96 3.00 2 1.181 1.394 97 16 

39 3.09 3.00 4 1.128 1.273 97 16 

40 3.21 3.00 4 1.080 1.165 97 16 

41 2.98 3.00 2 1.101 1.212 95 18 

Lack of 

Technology 

Supported-

Pedagogy 

Skills 

42 2.92 3.00 2 1.067 1.139 97 16 

43 3.09 3.00 4 1.061 1.127 97 16 

44 3.14 3.00 4 1.006 1.013 95 18 

45 3.09 3.00 2 1.021 1.043 97 16 

46 3.08 3.00 2 1.117 1.248 95 18 

47 2.99 3.00 2 1.106 1.223 95 18 

48 3.04 3.00 2 1.120 1.254 95 18 

Lack of 

Technology-

Related-

Classroom 

Management 

Skills 

37 3.23 3.00 4 1.442 2.078 99 14 

49 2.73 3.00 2 1.046 1.094 97 16 

50 2.74 3.00 2 1.049 1.100 96 17 

51 2.95 3.00 2 1.121 1.258 97 16 
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Table 4.86. Frequencies and percentages of the principals’ views about skills 

   
Absolutely 

Disagree 
Disagree Not Sure Agree 

Absolutely 

Agree 
Missing 

Dimension 
Item 

Number 
f % f % f % f % f % f % 

Lack of 

Technology 

Skills 

38 8 7.1 35 31.0 17 15.0 27 23.9 10 8.8 16 14.2 

39 5 4.4 33 29.2 16 14.2 34 30.1 9 8.0 16 14.2 

40 4 3.5 27 23.9 20 17.7 37 32.7 9 8.0 16 14.2 

41 5 4.4 36 31.9 17 15.0 30 26.5 7 6.2 18 15.9 

Lack of 

Technology 

Supported-

Pedagogy 

Skills 

42 6 5.3 36 31.9 20 17.7 30 26.5 5 4.4 16 14.2 

43 4 3.5 30 26.5 24 21.2 31 27.4 8 7.1 16 14.2 

44 4 3.5 24 21.2 28 24.8 33 29.2 6 5.3 18 15.9 

45 2 1.8 32 28.3 26 23.0 29 25.7 8 7.1 16 14.2 

46 6 5.3 27 23.9 25 22.1 27 23.9 10 8.8 18 15.9 

47 7 6.2 29 25.7 25 22.1 26 23.0 8 7.1 18 15.9 

48 5 4.4 32 28.3 22 19.5 26 23 10 8.8 18 15.9 

Lack of 

Technology-

Related-

Classroom 

Management 

Skills 

37 6 5.3 31 27.1 15 13.3 38 33.6 9 8.0 14 12.4 

49 8 7.1 40 35.4 24 21.2 20 17.7 5 4.4 16 14.2 

50 8 7.1 39 34.5 24 21.2 20 17.7 5 4.4 17 15.0 

51 8 7.1 32 28.3 21 18.6 29 25.7 7 6.2 16 14.2 
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4.3.3.2. What is the best fitting structural equation model 

explaining the relationships among lack of resources, 

teaching experience, teacher attitudes and belief, MBL 

proficiency, subject culture, institution and MBL 

integration by ATTHS physics teachers? 

In order to answer this question, first of all a literature review was done and a 

hypothesized model was formed. The hypothesized model is shown in Figure 4.13. 

Ellipses in this model show latent variables and rectangles show observed variables. 

As stated earlier, for latent variables different questionnaires were formed, and 

exploratory and confirmatory analysis done. Item sets for these variables were 

determined based on these analyses and a model was formed in AMOS 21 for analysis 

as seen in Figure 4.14.  

 

Figure 4.13. Proposed structural equation model of teachers   
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Figure 4.14. Proposed structural equation model of teachers formed in AMOS 21 

The model was run in AMOS 21 using Maximum Likelihood method. The finalized 

model was shown in Figure 4.15 and fit indices of the model were shown in Table 

4.87. We found the χ2 value to be 2758,085 with 1814 degrees of freedom and a 

probability level of .000. The χ2 value is very sensitive to sample size. The CMIN/df 

value is found to be 1.509 and supported the proposed model that is the fit of data is 

adequate. RMSEA values smaller than 0.05 shows a good fit, values from 0.05 to 0.08 

indicate fair fit, values from 0.08 to 1.00 indicate mediocre fit and the values larger 

than 1.00 indicate poor fit. RMSEA, in this study, was found as 0.069 and it indicates 

a fair fit. GFI, TLI and CFI values range from 0 to 1 and, values closer to 1 indicate a 

good fit of data. In this study, CFI and TLI values are closer to 0.9 but the GFI value 

is around 0.62. In this study, there very many exogenous and endogenous variables 

but we have very few subjects with 109 teacher data items. Therefore, the values out 

of cut of criteria should quite likely be because of small sample size. 
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Figure 4.15. Experimental structural equation model of teachers (direct effects) 

 

Table 4.87. Fit Indices of Proposed Model 

 Fit Index  Value Criteria  Condition 

CMIN/df  1.509 < 2.00  Satisfied 

RMSEA  0.069 < 0.05  Fair Fit 

GFI  0.618 > 0.90  Low Fit 

TLI  0.811 > 0.90  Moderate Fit 

CFI  0.824 > 0.90  Moderate Fit 

 

When we looked at the values in the table, it was seen that except for one of the fit 

indices, all other ones satisfy the model at best fits. The TLI value, which is lower 

than 0.9, is about 0.984, and it is not much lower than the criteria. The results are 

pretty good for such a study which has a small sample.  
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Then we examined direct, indirect and total effects for the hypothesized model. The 

variables in the model explain 12% of the variance of the MBL Integration. MBL 

proficiency has the highest direct effect on MBL Integration. Resources show 

moderate negative direct effect, but with indirect effect, it had the strongest effect on 

MBL Integration. The Institution can be considered as having a medium effect on 

MBL Integration but Skills, Assessment, and Attitudes have a small effect on 

technology integration. 

Table 4.88. Description of the Model: Direct, Indirect and Total Effects 

 Endogenous 

(Dependent) 

Variable 

Exogenous 

(Independent) 

Variables 

Direct 

Effect 

Indirect 

Effect 

Total 

Effect 

MBL Integration  

R² = 0.116 

Assessment - -0.098 -0.098 

Institution - -0.131 -0.131 

Resources -0.148 -0.168 -0.316 

MBL Proficiency 0.270 0.004 0.274 

Attitudes 0.036 -0.010 0.026 

Skills 0.033 - 0.033 

Skills 

R² = 0. 293 

Assessment 0.317 - 0.317 

Institution 0.386 0.482 -0.096 

Resources 0.031 - 0.031 

MBL Proficiency -0.050 - -0.050 

Attitudes -0.308 -0.308 - 

Attitudes 

R² = 0.084 

Assessment 0.114 -0.114 0.228 

Institution 0.312 0.337 -0.025 

Resources -0.099 - -0.099 

MBL Proficiency 0.162 0.162 - 

MBL Proficiency 

R² = 0.181 

Assessment -0.113 - -0.113 

Institution -0.155 0.315 -0.470 

Resources -0.615 -0.615 - 

Resources 

R² = 0.584 

Assessment 0.559 - 0.559 

Institution 0.764 0.764 - 

Institution 

R² = 0.534 
Assessment 0.731 0.731 - 
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4.3.3.3. What is the best fitting structural equation model 

explaining the relationships among attitudes of students 

in ATTHS toward physics lessons, laboratory, using 

MBL and using technology in physics lessons, students' 

desire to use MBL, MBL proficiency, MBL application 

frequency and grade level of students? 

In order to answer this question, first of all a literature review was done and a 

hypothesized model was formed. The hypothesized model is shown in Figure 4.16.  

Ellipses in this model show latent variables and rectangles show observed variables. 

As stated earlier, for latent variables different questionnaires were formed, and 

exploratory and confirmatory analysis done. Items sets for these variables were 

determined based on these analyses and a model was formed in AMOS 21 for analysis 

as seen in Figure 4.17.  

 

Figure 4.16. Proposed structural equation model of students   
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Figure 4.17. Proposed structural equation model of students formed in AMOS 21 

Before running the analysis, data reduction and cleaning was done. There are 

missing questionnaires for some students, for example, some of the students could 

not answer entirely one attitude questionnaire whereas they answered the other three. 

For such cases, we removed all data of the student from the analysis. After that, 
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missing data analysis was done with the MI method, and for attitude questionnaires, 

total points for dimensions were calculated. We checked for Cook’s distance for 

identification of outliers, Mahalanobis distance for multivariate outliers and 

histograms for univariate outliers. The influence of each case was examined with 

Cook’s distance for identification of outliers. A Cooks distance greater than 1.0 

indicates unfair influence in data analysis. Moreover, Mahalanobis distances were 

examined. Univariate outliers were checked by histogram, and multivariate outliers 

were checked using the Mahalanobis distance (i.e., Mahalanobis d-squared) statistic. 

It shows how one observation in the data is distantly located from the others. It is 

distributed as a chi-square statistic with degrees of freedom equal to the number of 

observed variables. Observations are arranged according to the size of the statistics, 

and those exceeding the critical value of the chi-square given degrees of freedom. 

With regard to multivariate outliers, the critical value of chi-square for 45 degrees of 

freedom is 79.49 (Fraenkel, Wallen & Hyun, 2012, p. 677). SPPS output of 

Mahalanobis distance and Cook’s distance were given in Table 4.89. The students, 

whose Mahalanobis distance data is over 79.49 were removed from the analysis. 2 

students’ data were over the Mahalanobis data and CFA was done with 1720 

students’ data.  

Table 4.89. SPSS output of Mahalanobis and Cook’s distance 

 N Minimum Maximum Mean Std. Deviation 

Cook's Distance 1722 0.000 0.012 0.001 0.001 

Mahalanobis 

Distance 

1722 1.125 88.275 15.991 11.756 

Valid N  1722     

 

The model was run in AMOS 21 using the Maximum Likelihood method. The 

finalized model was shown in Figure 4.18, and fit indices of the model were shown in 

Table 4.90. We found the χ2 value to be 2758.085 with 1814 degrees of freedom and 

a probability level of 0.000. The χ2 value is very sensitive to sample size. The 

CMIN/df value is found to be 6.223 and supported the proposed model, which is the 

fit of data is not adequate. This is because sample size is so big. RMSEA values 
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smaller than 0.05 show a good fit, values from 0.05 to 0.08 indicate fair fit, values 

from 0.08 to 1.00 indicate mediocre fit and values larger than 1.00 indicate poor fit. 

RMSEA, in this study, was found as 0.055 and it indicates a fair fit.  GFI, TLI and 

CFI values range from 0 to 1 and, values closer to 1 indicate a good fit of data. In this 

study, they are all greater than 0.90 and it indicates a good fit of data.  

 

Table 4.90. Fit Indices of Proposed SEM of Students 

 Fit Index  Value Criteria  Condition 

CMIN/df  6.223 < 2.00  Not Satisfied 

RMSEA  0.055 < 0.05  Fair Fit 

GFI  0.927 > 0.90  Good Fit 

TLI  0.932 > 0.90  Good Fit 

CFI  0.944 > 0.90  Good Fit 

 

 

 

Figure 4.18. Finalized SEM of Students 
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4.3.3.4. What is the best fitting hierarchical liner model 

explaining the relationships among lack of resources, 

lack of skills, teaching experience, teacher attitudes 

(toward physics lessons, laboratory, using MBL and 

using technology in physics lessons), MBL proficiency of 

teachers, subject culture, institution, assessment and 

MBL proficiency of students, students attitudes (toward 

physics lessons, laboratory, using MBL and using 

technology in physics lessons), students’ desire to use 

MBL and MBL integration by ATTHS physics teachers? 

After structural equation modeling was done in teacher and student data respectively, 

and effect of factors on MBL integration were determined, the effect of teacher and 

student level factors on MBL integration was investigated using HLM analyses. 

During HLM analyses four models were built in order to investigate the relationships 

between student and teacher level factors and students’ desire to use MBL. These 

models were presented in four parts; one-way ANOVA with random effects, means-

as-outcomes regression, random-coefficients regression model, and finally intercepts 

– and slopes-as-outcomes.      

i) One-way ANOVA with random effects  

The one-way ANOVA with random effects model gives information about the 

research question regarding whether there are differences in the students’ desire to use 

MBL instructed by different teachers.       

The two equations representing student and teacher level models are given as follows;  

 For i = 1,......, nj  students instructed by teacher j, and j = 1,.........,109 teachers         

 Level-1 model (student-level);  

Yij = β0j + rij  

 Level-2 model (teacher-level);  
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β0j = γ00 + u0j 

The two equations representing student and teacher level models are given as follows;  

where  

  Yij = desire to use MBL of ith student instructed by jth teacher  

  β0j = the intercept (the mean of students’ desire to use MBL instructed by jth teacher)  

  rij = the level-1 error (student-level)  

  γ00 = the grand mean  

  u0j = the random effect associated with unit j (teacher)  

The final estimation of fixed effects obtained from the one-way ANOVA with random 

effects model is presented in Table 4.91. In the analyses the grand mean of desire to 

use MBL are the average teacher means representing the means of students’ desire to 

use MBL instructed by the same teacher. It is found that the grand mean of students’ 

desire to use MBL is significantly different from zero. This means that there are 

significant differences among teachers with respect to students’ desire to use MBL. 

The grand mean of desire to use MBL is 1.905 with a standard error of 0.13, indicating 

a 95% confidence interval of;  

Confidence interval = 1.905 ± 1.96 (0.037) = (1.83, 1.98) 

Table 4.91. Final estimation of fixed effects obtained from the one-way ANOVA with random effects 

model 

 Fixed effects   Coefficient   Standard 

error   

t-ratio   p-value 

Average teacher 

mean, γ00 

1,9046 0.036874 51.652 0.000 

 

The final estimation of variance components obtained from the one-way ANOVA with 

random effects model is presented in Table 4.92. At the student level the variance 

component is σ2 = 0.83 and at the teacher level, τ00 is the variance of the true teacher 
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means, β0j, around the grand mean. The variance component of teacher means is τ00 = 

0.12. The chi-square statistics takes on a value of 482.74 with 108 degrees of freedom 

(j = 109 teachers). The significance value is found to be p < .05 indicating significant 

variation does exist among teachers in desire to use MBL.  

 

Table 4.92. Final estimation of variance components obtained from the one-way ANOVA with 

random effects model 

 Random Effect Variance 

Component 

Df Chi-square   p-value  

Teacher mean, u0j 0.11578 108 482.73899 0.000  

Level-1 effect, rij 0.83270     

  

As auxiliary statistics, the estimations of intra-class correlation (ICC) and reliability 

of the sample mean, are also provided in the results of one-way ANOVA with random 

effects model. The intra-class correlation (ICC), which represents the proportion of 

variance in students’ desire to use MBL between teachers, is  

 ICC = ρic = τ00 / (τ00 + σ2) = 0.12 / (0.12 + 0.83) = 0.13   

indicating that about 13% of the variance in students’ desire to use MBL is between 

teachers. It means that 13% of the total variability in students’ desire to use MBL can 

be attributed to the teachers. The reliability of the sample mean in any teacher for the 

true teacher mean can be calculated by the equation;   

 Reliability = τ00 / [τ00 + (σ2 / nj)].   

In general, the reliability of the sample mean will vary from teacher to teacher because 

the sample size, nj, varies. However, an overall measure of the reliability can be 

obtained by averaging the individual teacher estimates. In this current model, 

reliability = 0.774, indicating that the sample means tend to be quite reliable as 

indicators of the true teacher means.   

 



 

261 

 

ii) Regression with means-as-outcomes 

In HLM analysis, the Means as Outcomes Model is used for predicting an outcome 

variable which is at the level one by level two variables. In this part, the effect of 

teacher level variables on to students’ desire to use MBL was examined.   

The two equations representing student and teacher level models are given as follows;  

For i = 1, nj students instructed by teacher j, and j = 1,.........,109 teachers     

 Student level model (level-1 model):   

 Yij = β0j + rij     

 Teacher level model (level-2 model):   

 β0j = γ00 + γ01(ATHS_EXP) + γ02(MBL_PROF) + γ03(LACK_RES) + 

γ04(LACK_INS) + γ05(SUBJECT) + γ06(ASSESSME) + γ07(LACK_SKI) + 

γ08(L_TOTAL) + γ09(T_TOTAL) + γ10(M_TOTAL) + γ11(P_TOTAL) + u0j 

The elements in the above equations represent:  

 Yij = the outcome variable; desire to use MBL  

β0j = regression intercept of class j, that is, class mean on outcome variable  

γ00 = the grand mean, that is, overall average score of outcome variable  

for all classes   

γ01 = the effect of teacher’s experience on MBL frequency 

γ02 = the effect of teacher’s MBL proficiency on MBL frequency 

γ03 = the effect of lack of resources barrier stated by teachers on MBL frequency 

γ04 = the effect of institution barrier stated by teachers on MBL frequency 

γ05 = the effect of subject culture barrier stated by teachers on MBL frequency 

γ06 = the effect of assessment barrier stated by teachers on MBL frequency 
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γ07 = the effect of lack of skills barrier stated by teachers on MBL frequency 

γ08 = the effect of teachers’ attitude toward physics laboratory on MBL frequency 

γ09 = the effect of teachers’ attitude toward use of technology on MBL frequency 

γ10 = the effect of teachers’ attitude toward use of MBL on MBL frequency 

γ11 = the effect of teachers’ attitude toward physics lessons on MBL frequency 

rij = the level-1 residual.  

u0j = the level-2residual.  

Results of the final estimations of Means as Outcomes Models constructed desire to 

use MBL were presented in Table 4.93. The results of the Means as Outcomes Model 

constructed for desire to use MBL suggested that none of the teacher level variables 

predicted desire to use MBL. In other words, while the One-Way Random Coefficients 

ANOVA model suggested an existence of level two variance component for desire to 

use MBL, the specified level two variables were not able to capture any portion of this 

variability between classes. 

Table 4.93. Final estimation of fixed effects obtained from regression with the means-as-outcomes 

model 

  Coefficient    Standard 

Error 

t-ratio p-value 

Model for teacher means I 

NTRCPT2, G00            

2.531684 0.630778 4.014 0.000 

ATHS_EXP 0.004151 0.011050 0.376 0.708 

MBL_PROF 0.000002 0.003315 0.001 1.000 

LACK_RES 0.006662 0.005101      1.306 0.195 

LACK_INS -0.009785 0.013103 -0.747 0.457 

SUBJECT 0.004182 0.035944 0.116 0.908 

ASSESSME -0.010906 0.014065 -0.775 0.440 

LACK_SKI -0.007180 0.005805 -1.237 0.220 

L_TOTAL -0.001189 0.003522 -0.338 0.736 

T_TOTAL -0.001078 0.006990 -0.154 0.878 

M_TOTAL -0.011057 0.007041 -1.570 0.119 

P_TOTAL 0.003531 0.004975 0.710 0.479 
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The final estimation of variance components obtained from the regression with means-

as-outcomes model is presented in Table 4.94.   

Table 4.94. Final estimation of variance components obtained from the regression with the means-as-

outcomes model 

 Random Effect Variance 

Component 

df Chi-square   p-value 

Teacher mean, u0j 0.12218 97 452.06886 0.000 

Level-1 effect, rij 0.83264    

 

The residual variance between teachers (τ00 = 0.122) obtained in the regression with 

means-as-outcomes model is nearly equal the variance obtained in one-way ANOVA 

model (τ00 = 0.116). The proportion of variance explained in β0j is;  

 [τ00 (ANOVA) - τ00 (Means-as-outcomes)] / τ00 (ANOVA)  

 

Thus, the proportion of variance explained in the teacher mean on students’ desire to 

use MBL is;  

 [0.122 – 0.116] / 0.122= 0.049  

This indicates that nearly 5% percent of the true between-teacher variance in students’ 

desire to use MBL is accounted for in teacher level variables. 

iii) The Random-coefficient model  

The random-coefficient model gives information about which student level factors 

explain the differences in students’ desire to use MBL. The two equations representing 

student and teacher level models are given as follows;  



 

264 

 

For i = 1,......, nj  students instructed by teacher j, and j = 1,.........,109 teachers         

 Level-1 model (student-level model);  

Yij = β0j + β1j(PROFF_ST) + β2j(S_LAB_TO) + β3j(S_TEK_TO) +  

β4j(S_MBL_TO) + β5j(S_PHY_TO) + β6j(FREQ) + rij  

Level-2 model (teacher-level model);  

β0j = γ00 + u0j  

βqj = γq0 + uqj  

 where 

Yij = MBL frequency of ith student instructed by jth teacher  

β0j = the class mean on MBL desire  

β1j = the differentiating effect of students’ proficiency on MBL  

β2j = the differentiating effect of students’ attitudes toward laboratory applications 

β3j = the differentiating effect of students’ attitudes toward MBL applications 

β4j = the differentiating effect of students’ attitudes toward use of technology on 

physics lessons 

β5j = the differentiating effect of students’ attitudes toward physics lessons 

β6j = the differentiating effect of MBL frequency 

βqj = the coefficient for variable q for teacher j after accounting for other variables  

γ00 = the average of the teacher means on MBL frequency across the population of 

teachers  

γq0 = the average q variable – MBL frequency slope across those teachers  

u0j = the unique increment to the intercept associated with teacher j   

uqj = the unique increment to the slope associated with teacher j   
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Table 4.95 shows the final estimation of the fixed effects obtained from the random 

coefficient model. This model shows that only students’ proficiency has an effect on 

MBL frequency.  

 

Table 4.95. Final estimation of the fixed effects obtained from the random coefficient model 

  Coefficient    Standard Error t-ratio p-value 

Intercept, γ00 3.486376 0.176173 19.789 0.000 

PROFF_ST 0.000005 0.002823 0.002 0.998 

S_LAB_TO -0.009737 0.002738 -3.556 0.001 

S_TEK_TO -0.013067 0.002811 -4.649 0.000 

S_MBL_TO -0.003454 0.002289 -1.509 0.131 

S_PHY_TO 0.000073 0.002386 0.031 0.976 

FREQ 0.001322 0.011880 0.111 0.912 

 

The results indicate that S_LAB_TO (γ02 = -0.010, se = 0.003) and S_TEK_TO (γ03 

= -0.013, se = 0.003) are significantly and negatively related to teacher mean on desire 

to use MBL These teacher level factors will be re-examined in the development of the 

final full intercepts and slopes as outcomes model.        

The final estimation of variance components obtained from the random coefficient 

model is presented in Table 4.96.   

Table 4.96. Final estimation of variance components obtained from the random coefficient model 

 Random Effect Variance 

Component 

Df Chi-square p-value 

Teacher mean, u0j 0.09209 108 415.87933 0.000 

Level-1 effect, rij 0.80211    

 

As seen in the table, the variance component of the teacher means is found to be 0.092. 

The chi-square statistics with the value of 415.88 are statistically significant (p < .001), 

which means that there is a need to incorporate teacher level variables into the model 

that might account for some of the differences. The residual variance between teachers 

(τ00 =0.092) obtained in the regression with random coefficient model is smaller than 
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the variance obtained in the one-way ANOVA model (τ00 =0.122). The proportion of 

variance explained in β0j is;  

 [τ00 (ANOVA) - τ00 (Means-as-outcomes)] / τ00 (ANOVA)  

Thus, the proportion of variance explained in the teacher mean on students’ desire to 

use MBL is;  

 [0.122 – 0.092] / 0.122 = 0.25 

This indicates that 25 % of the true between-teacher variance in MBL desire is 

accounted for by S_LAB_TO and S_TEK_TO. In the model, chi-square statistics is 

found to be 415.87 with 108 degrees with freedom. This result indicates that 

S_LAB_TO and S_TEK_TO do not account for all the variation in the intercept. This 

means that after controlling by S_LAB_TO and S_TEK_TO, significant variation 

among teacher means on MBL desire remains to be explained. Briefly, the analysis of 

the regression with the means-as-outcomes model reveals that MBL desire is 

significantly related to mean students’ MBL desire. However, even after controlling 

for S_LAB_TO and S_TEK_TO, teacher means still vary significantly in their 

students’ desire to use MBL.                         

iv) Intercepts and Slopes as Outcomes  

The intercepts and slopes as outcomes model give information about which teacher 

variables influence the effect of student variables on students’ MBL desire. In this 

phase of the analyses, the aim is to build an explanatory model to account for the 

variability of the regression equations across teachers. The intercepts and slopes as 

outcomes model are the combination of all the models built previously. Previously 

conducted means as outcomes model and random coefficients model for students’ 

desire to use MBL suggested that while none of the teacher level variables predicted 

the intercept of students’ desire to use MBL, level one variables students’ attitudes 

toward technology (S_TEK_TO; γ = -0.013, se = 0.003, p < .001) and students’ 

attitudes toward the laboratory (S_LAB_TO; γ = -0.010, se = 0.003, p < .01) were 

positively and significantly correlated with students’ desire to use MBL. However, 

none of the level one slopes varied significantly among classes. Since there were no 
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random slopes in students’ desire to use MBL, there is no need to build an intercepts 

and slopes as outcomes model for students’ desire to use MBL.  

 The final model for students’ desire to use MBL is presented below and given in 

Figure 4.19:  

Student level (level-1) model:  

Yij = β0j + β1j (S_LAB_TO) + β2j (S_TEK_TO) + rij    

Teacher level (level-2) model:   

 β0j = γ00 + u0j  

 β1j = γ10  

 β2j = γ20  

 

Figure 4.19. Predicting students’ desire to use MBL by student and teacher level variables *p <.05 
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4.3.3.5. Summary of the Result of the Third Research Question  

According to the answers, the teachers gave to the barriers questionnaire, the most 

stated barrier, at 92 %, is the time tabling structure, one of the institutional barriers. 

They had stated that being in physics class so few hours per week and having no time 

to make additional activities is the main barrier they faced during MBL 

implementation. 92.7 % of the teachers said agree or absolutely agree for this item. 

For one of the most highly stated items, 23, 91.8 % of the teachers said that having no 

time for MBL activities on the curriculum is one of the main barriers they faced. These 

are higher than the barriers about assessment. The second highest stated barrier is the 

one assessed with item 30. 85.3 % of the teachers said that university entrance 

examination having no question about being a barrier to MBL activities. The teachers 

have also stated that students and their parents not wanting MBL applications to be 

done due to university entrance examinations, respectively 71.6 % and 73.4 %. 

However, these are much lower than exam’s not including questions about MBL 

applications. The average percentage of assessment barrier is 76.8 % and it is lower 

than that for not having a technology integration plan (77.7 %).  

The third highly stated barrier is lack of a technology integration plan. 82.6 % of the 

teachers stated that not having resources (books, laboratory activities manuals and 

application demonstrations) is a barrier to implement MBL applications. Moreover, 

78.9 of them have stated that curricula not having MBL applications is a barrier. 71.6 

of them stated that not having in-service courses about MBL is one of the factors that 

obstructs implementation of MBL. These barriers also show that the teachers do not 

have the necessary information about MBL application and need institutional support, 

in this condition MONE, to help their development and application of MBL 

application. 

However, the percentage of barriers about skills stated is considerably below 50 %. 

Only 30 % of the teachers thought that lack of technology supported pedagogy skills 

is a barrier and 42.2 % of the teachers stated that it is not a barrier and 27.8 % of them 

were not sure whether it is a barrier or not. 28.1 % of the teachers stated that lack of 

technology-related-classroom management skills obstruct MBL applications. 47.4 % 
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of the teachers stated that it is not a barrier and 24.5 % of them were not sure about 

whether it is a barrier or not.  

In order to reach an answer to the second sub-research question, SEM is administered 

with answers of the barrier questionnaire and which barrier affects the other was 

examined. MBL proficiency has the highest direct effect on MBL Integration. 

Resources show a moderate negative direct effect, but with indirect effect it had the 

strongest effect on MBL Integration. Institution can be considered as having a medium 

effect on MBL Integration but Skills, Assessment and Attitudes have small effects on 

technology integration. Moreover, in order to reach an answer to the third research 

question SEM was administered with student data. It was found that MBL proficiency 

is the factor which affects MBL integration most. In addition, it was found that 

attitudes toward use of technology in the physics course is the factor, which affects 

MBL desire most.   

After SEM with the teacher and student data separately, HLM was administered to 

reach the result of the fourth research question, and teacher and student data examined 

together. It was seen that none of the teacher factors affect use of MBL desire of 

students. Only two student factors affect use of MBL desire of students as attitude 

toward use of technology and attitudes toward physics course. 

4.3.4. Main Research Question 4 

The fourth research question “What are the characteristics of an effective in-service 

training course about MBL based on SEMs about integration of MBL, teachers' and 

principals' views and a literature review?” and sub questions aim to find the barrier 

ATTHS physics teachers face when implementing MBL in physics lessons. Question 

4 has two sub questions. In the following section, an attempt will be made to give 

answers to the sub questions. 

4.3.4.1. What are the views of ATTHS physics teachers about in-

service training courses?  

The first section of the teacher questionnaire with 16th, 17th, 18th, 19th, 20th, 21st, 22nd 

and 23rd items try to find an answer to this question. Items 16 and 17 want to learn 
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whether the teachers have any in-service courses; Item 16 looks for whether the 

teachers have ever taken any in-service courses about information technologies and 

Item 17 looks for whether the teachers have ever taken any in-service courses about 

MBL. Approximately half of the teachers do not have any in-service course about 

information technologies and MBL. It is interesting that 16.4 % of the teachers who 

answered Item 16 have taken an in-service course about information technologies 

more than once and 10.1% of the teachers who answered item 17 have taken an in-

service course about MBL more than once. Table 4.97 and Table 4.98 gives 

information about frequency of having in-service course about information 

technologies and MBL respectively.   

Table 4.97. Frequency of having information technologies in-service course 

  
Frequency Percent 

Valid 

Percent 

Having 

information 

technologies 

in-service 

course 

Never 79 45.4 47.0 

Once a time  62 35.6 36.9 

Two times 18 10.3 10.7 

Three times 3 1.7 1.8 

Four times and 

more 

6 3.4 3.6 

Total 168 96.6 100.0 

 System Missing 6 3.4  

Total 174 100.0  

 
 

Table 4.98. Frequency of having MBL in-service course 

  
Frequency Percent 

Valid 

Percent 

Having 

information 

technologies 

in-service 

course 

Never 85 48.9 50.0 

Once a time  68 39.1 40.0 

Two times 12 6.9 7.1 

Three times 4 2.3 2.4 

Four times and 

more 

1 0.6 0.6 

Total 170 97.7 100.0 

 System Missing 4 2.3  

Total 174 100.0  
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Items 18, 19, and 20 looks for teachers’ preferences about the delivery location of in-

service courses. Over 95 % of the teachers have answered these questions. With Item 

18, it was asked to the teachers whether they want to have an in-service course about 

MBL if it is administered in the city they live. 80.5 % (140) of the teachers stated that 

they prefer the in-service course if it is in the city in which they live. Table 4.99 shows 

the distribution of all answers.  

 

Table 4.99. Teachers’ preferences about having in-service course in city of domicile 

  
Frequency Percent 

Valid 

Percent 

Having in-

service 

course in 

living city 

Absolutely Don't Want 7 4.0 4.1 

Don't Want 7 4.0 4.1 

Undecided 16 9.2 9.4 

Want 67 38.5 39.4 

Absolutely Want 73 42.0 42.9 

Total 170 97.7 100.0 

Missing System 4 2.3  

Total 174 100.0  

 

With Item 19 it was asked to the teachers whether they prefer in-service course about 

MBL if it is administered out of the city they live. 48.3 % (84) of the teachers stated 

that they will have the in-service course if it is out of their living city. Table 4.100 

shows distribution of all answers.  

 

Table 4.100. Teachers’ preferences about having in-service course out of the living city 

  
Frequency Percent 

Valid 

Percent 

Having in-

service 

course out of 

living city 

Absolutely Don't Want 14 8.0 8.3 

Don't Want 33 19.0 19.6 

Undecided 37 21.3 22.0 

Want 49 28.2 29.2 

Absolutely Want 35 20.1 20.8 

Total 168 96.6 100.0 

Missing System 6 3.4  

Total 174 100.0  
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With Item, 20 teachers were asked whether they prefer an in-service course about 

MBL if it is administered via distance learning. 61.6% (109) of the teachers stated that 

they will have the in-service course via distance learning. Table 4.101 shows the 

distribution of all answers.  

 

Table 4.101. Teachers’ preferences about having an in-service course via distance learning 

  
Frequency Percent 

Valid 

Percent 

Having in-

service 

course via 

distance 

learning 

Absolutely Don't Want 11 6.3 6.5 

Don't Want 27 15.5 16.0 

Undecided 22 12.6 13.0 

Want 66 37.9 39.1 

Absolutely Want 43 24.7 25.4 

Total 169 97.1 100.0 

Missing System 5 2.9  

Total 174 100.0  

 

Item 21 looks for the teacher preferences about content of the in-service course related 

to MBL. It was stated in the item that teachers should choose more than one answer. 

168 teachers have answered this question. 61 teachers have chosen all of the five 

options and 5 teachers marked other and wrote a course topic. 28 teachers chose one 

option, 25 teachers chose two options, 27 teachers chose three options, and 22 teachers 

chose four options. The least chosen option is about how to do classroom management, 

85 teachers marked this option and the most chosen option is about how to use MBL 

in physics lessons. Table 4.102 shows all frequencies and percentages about content 

of the in-service course.  
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Table 4.102. Teachers’ preferences about content of the in-service course about MBL 

  Frequency Percent 

Content of in-service 

course about MBL 

How sensors and programs work 126 74.12 

How to use in physics lessons 134 78.82 

How to do classroom management 85 50.0 

How to cope with technical issues 

and problems in sensors, programs or 

computers 

111 65.29 

MBL applications about physics 

topics 

118 69.41 

Other 8 4.71 

Total 168 96.6 

 System Missing 6 3.4 

Total 174 100.0 

 

Item 22 looks for teacher preferences about the time of the in-service course with a 

Likert type question from “absolutely prefer” to “absolutely don’t prefer”. It was 

stated to the teachers that an in-service course is planning and what should be their 

preferences. 45 % of the teachers did not mark any option about course times at the 

weekend in the seminar period. The most chosen course times are weekdays in 

seminar periods with 35.6 % and weekdays in the summer holiday with 37.4 %. Table 

4.105 shows all answers the teachers give to this question.   

Item 23 looks for teachers’ preferences about who should be the instructor of the in-

service course. It was stated in the item that teachers should choose more than one 

answer. 150 teachers answered this question. One teacher chose all of the five options 

and 6 teachers chose four options, 18 teachers chose three options, 50 teachers chose 

2 options, and 75 teachers chose a single option. Table 4.103 gives detailed 

information about teachers’ preferences about instructor of the in-service course.  
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Table 4.103. Teachers’ preferences about the in-service course instructor 

  Frequency Percent 

Experts appointed by MONE  70 41.18 

Teachers appointed by MONE  38 22.35 

Teaching staffs/members working at 

Universities 97 57.06 

Experts working at different firms and 

institution  47 27.65 

 

Table 4.104. Teachers’ preferences about in-service course times 

  

Absolutely 

Prefer Prefer 

Not 

Sure 

Don't 

Prefer 

Absolutely 

Don't 

Prefer Total Missing 

  f % f % f % f % f % f % f % 

Weekend in 

February 

Holiday     

24 13.8 3 1.7 11 6.3 1 0.6 69 39.7 108 62.1 66 37.9 

Weekday in 

February 

Holiday        

13 7.5 6 3.4 9 5.2 1 0.6 73 42 102 58.6 72 41.4 

Weekday in 

Semester 

23 13.2 5 2.9 24 13.8 10 5.7 43 24.7 105 60.3 69 39.7 

Weekend in 

Semester 

21 12.1 8 4.6 14 8 9 5.2 50 28.7 102 58.6 72 41.4 

Weekday in 

Seminar Period 

47 27 15 8.6 10 5.7 10 5.7 29 16.7 111 63.8 63 36.2 

Weekend in 

Seminar Period 

25 14.4 11 6.3 10 5.7 7 4 42 24.1 95 54.6 79 45.4 

Weekend in 

Summer 

Holiday     

23 13.2 12 6.9 12 6.9 1 0.6 55 31.6 103 59.2 71 40.8 

Weekday in 

Summer 

Holiday        

49 28.2 16 9.2 12 6.9 2 1.1 45 25.9 124 71.3 50 28.7 

 

We asked the teachers weather they have attended any in-service course about micro-

computer-based laboratory MBL use in the 17th item. 85 (48.9 %) of them stated that 

they have not attended any in-service courses about MBL and 85 (48.9 %) of them 

stated that they have attended at least one in-service course about MBL. 4 (2.3 %) of 

them did not answer this question. Figure 4.20 shows the frequency of in-service 

course attendance of teachers.  
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Figure 4.20. Frequency of In-Service Course Attendance of Teachers 

 In the 18th item, we asked the teachers whether they would attend if there had been 

an in-service course about MBL in the city where they live. 73 (42.0 %) of them stated 

that they never want to attend an in-service course about MBL. 67 (38.5 %) of them 

do not want to attend an in-service course about MBL in their cities. Only 14 (8 %) of 

them want to attend this in-service course in their cities. Figure 4.21 shows frequency 

of the teachers’ desire to attend an in-service course in their cities.  

 

Figure 4.21. Frequency of the Teachers’ Desire to Attend an In-Service Course in Their Cities 

Moreover, in the 19th item we asked the teachers whether they want to attend an in-

service course about MBL in a city other than the one live in. Teachers are more eager 

to attend an in-service course if this course is not in the city they live in. 35 (20.1 %) 

of them stated that they never want to attend an in-service course about MBL in 

another city, and this percentage is approximately half of the percentage of teachers 

who absolutely do not want to attend an in-service course about MBL in their cities. 
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49 (28.2 %) of them do not want to attend an in-service course about MBL in another 

city. 57 (27 %) of them want to attend this in-service course in another city and this 

percentage is approximately three times above the percentages of teachers who want 

to attend an in-service course in their cities. Figure 4.22 shows frequency of the 

teachers desire to attend an in-service course in another city.  

 

Figure 4.22. Frequency of the Teachers’ Desire to Attend an In-Service Course in another City 

 In the 20th item, the teachers were asked whether they want to attend a web based in-

service training course about MBL. 5 (2.9 %) of them did not answer this question. 

141 (75.2 %) of them either do not want to attend a web-based in-service course or 

are not sure whether to attend. Only 38 (21.8 %) of them want to attend a web-based 

in-service course about MBL. Figure 4.23 shows the frequency of the teachers’ desire 

to attend a web-based in-service course.  

 

 
Figure 4.23. Frequency of the Teachers’ Desire to Attend a Web-Based In-Service Course 
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With Item 21, it was aimed to collect information about the topic of an MBL in-service 

course. Five options were given to the teachers. It was stated that they would select 

more than one and should write other options. All of the teachers answered this 

question, whether they want to attend an in-service course or not. 61 (35.1 %) of the 

teachers marked all options. Moreover 5 (2.9 %) of them marked all options and also 

wrote in their own options. Table 4.105 includes the number and percentage of 

teachers who marked each option. 

 

Table 4.105. Teachers’ preferences about topic of the in-service course about MBL 

    Frequency Percentage 

Course 

Topic 
How sensors and software work 126 74.12 

How to use in course 134 78.82 

How should be classroom management during 

MBL applications 
85 50 

How to overcome technical problems faced 

during MBL applications in sensors, programs 

and computer  

111 65.29 

Do MBL applications 118 69.41 

Other 8 4.71 

 

4.3.4.2. What are the characteristics of an effective in-service 

training course? 

The characteristics of an effective in-service training course is stated in chapter two in 

title “2.4 Professional Development”. It was stated that there are six effective 

characteristics stated in the literature; content focus, active learning, coherence, 

duration, collective participation and form. Moreover, for an effective in-service 

course, the course should be based on teachers’ needs and the course should be 

designed according to these needs. During designing the course according to the 

effective characteristics of professional development courses stated on the literature, 

results obtained from the needs assessment will be used.  

An effective in-service course should have a “content focus”, that is an in-service 

course should be designed around a physics topic. For our study this means that for an 
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effective in-service course about MBL, it should be designed not only around use of 

MBL probes, computer programs, other software and hardware but also be based on a 

physics topic. The content of the MBL professional development course should be 

determined by the answers teachers and students gave to the question about real (Item 

8 in the second section for teachers, and Item 10 in the second section for students) 

and ideal (Item 9 in the second section for teachers, and Item 11 in the second section 

for students) frequency of MBL applications in physics topics. The results for the 

teachers show that they do MBL applications mainly for the Force and Motion unit. 

The Nature of Physics, Energy, Waves and Modern Physics are the units in which 

teachers do the least number of MBL applications. The students also agreed with the 

teachers about the frequency of units MBL applications done. The percentages for 

ideal use of MBL applications for each unit scatter nearly equally at around 15 %. 

This means that the teachers want to use MBL in all physics topics, but they should 

not use MBL in all topics. Thus, the course should be based on the topics in which 

they don’t do MBL applications, which are Waves, Modern Physics, Energy and the 

Nature of Science.  

The second characteristic stated in Section 2.4 is active learning. Teachers should 

actively participate in the learning process, the in-service course should not be in 

traditional teacher directed form. As for all other learning processes, a PD, which helps 

teachers to form their own learning with authentic methodologies, will be more 

effective. All MBL applications will be done by teachers and these applications will 

be in direct inquiry form. Teachers should do all activities themselves and the 

instructor of the course should be a facilitator.  

The third characteristic of an effective PD is coherence. What teachers learn in any 

professional development activity should be consistent with teachers’ knowledge and 

beliefs and consistent with school, district, and state reforms and policies. The degree 

to which the activity promotes coherence in teachers’ professional development is 

important, by incorporating experiences that are consistent with teachers’ goals and 

aligned with state standards and assessments, and by encouraging continuing 

professional communication among teachers. This in-service course is based on a 
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needs assessment. Thus, it is all consistent with teachers’ knowledge and beliefs. 

Moreover, MONE support an in-service course about MBL applications so this course 

is consistent with state reforms and policies. 

The fourth characteristic of an effective PD is duration. It is stated in the second 

chapter that there is not even an exact time for duration, it is suggested that an in-

service course should spread over a semester (or intense summer institutes with 

follow-up during the semester) and should include 20 hours or more of contact time. 

A high-quality professional development program is conducted as an ongoing, 

iterative process, not a one-shot approach. Teachers need continued practice to 

become comfortable with and to implement the innovation, especially when the 

innovation is in instructional technologies. For duration of the in-service course 

teachers were asked when the planned in-service course should be, with item 22 in the 

second section of the teacher questionnaire. There is not a preferred time for an in-

service course. For example, 28.2 % of the teachers prefer an in-service course on 

weekdays in the summer holidays, whereas 25.9 % of the teachers do not prefer an in-

service course on weekdays in the summer holiday. The highest preference on the 

weekdays in the seminar period is 27 %. Only 16.7 percent of the teachers stated that 

they do not prefer this. Even the most appropriate time is seen as weekdays in the 

seminar period, there is a not definite preference of the teachers. The in-service course 

should be done at weekends, especially on Saturdays in the whole semester.  

The other characteristic of effective PD is collective participation. It is the 

participation of teachers from the same school, grade, or department or the same 

subject that helps to build an interactive learning community. This in-service course 

will be designed for high school physics teachers. Therefore, teachers will be from 

same subject and the same grade. Thus, collective participation should be met.  

The final characteristic of effective PD stated in the literature is form. This feature is 

about the structure of the activity, whether it is an authentic type of activity such as a 

study group, teacher network, mentoring relationship, committee or task force, 

internship, individual research project, or teacher resource center, for example, or as 
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a traditional workshop or conference. Teachers should attend an in-service course on 

Saturdays and apply the studied MBL application in the following weekdays in their 

classroom, and an instructor will observe teachers in their classroom applications. It 

will be required that teachers write a daily log about their MBL application in the 

classroom and talk about it with their colleagues on the following weekend.  

Apart from these highly stated six characteristics, it was stated that the educator in the 

professional development program also has importance. It was stated that educators 

from universities suffer from a lack of shared language of teachers, and teachers from 

universities are divorced from the realities of practice (Gabriel, 2011). We asked 

teachers about the instructor of the in-service course with Item 19. Even the literature 

stated that teachers do not prefer instructors from universities, and the result of Item 

19 shows that teaching staff/members working at Universities are the most preferred 

choice. The other highly stated item is experts from MONE. Teachers do not prefer 

their colleagues as the instructor of their in-service course. 
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CHAPTER 5  

 

5. DISCUSSION AND CONCLUSION 

This chapter, firstly, presents the threats to internal and external validity and how to 

overcome these threats. Second, discussions of the findings obtained in the results 

section are mentioned and it is followed by conclusions, and implications and 

recommendations inferred from the present study. 

5.1. Threats to Internal Validity and External Validity 

5.1.1. Threats to Internal Validity 

If a study has internal validity, it means that “any relationship observed between two 

or more variables is unambiguous, rather than being due to something else.” (Frankel, 

Wallen & Hyun, 2010, p. 180).  If a study does not have internal validity, there should 

be one or more alternative hypotheses, which called as threats to internal validly, 

present to explain the outcome. Subject characteristics, location, instrumentation, 

testing and mortality are threats of internal validity at correlational studies (Frankel, 

Wallen & Hyun, 2010, p. 340). In this study, in order to overcome subject 

characteristics threat, we have the samples of teachers teaching same subject, physics 

and their socio-economic status and sociological structure are nearly same. Moreover, 

the sample is equal to the population of the study for teachers. So, there is not a 

problem for representativeness of sample to population. For student sample, it was 

wanted from teachers to select their class of students and administer the 

questionnaires. The student sample composed of 9th, 10th and 11th grade students.12th 

grade students could not be incorporated into the study as they have different anxieties 

because of university entrance examination. Although some demographic variables 

data were collected by demographic part of the questionnaires, subject characteristics 

still might be a possible source of threat for this study. Demographic data obtained 

from the teachers, students and principals were not used in the analysis. These data 

were collected to provide a thick description regarding the sample studied.  
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Mortality (loss of subjects) was not a threat for this study because it is a cross sectional 

study. That is, the questionnaires were administered once, not a repeating fashion in a 

time or not longitudinally. Moreover, the questionnaires for teachers, students and 

principals are composed of many parts, such as attitude questionnaires and barrier 

questionnaires. An administration form was prepared and sent to school principals for 

collecting data from students and teachers who present in schools at the time of data 

collection and collect data from students at a class hour. Thus, loss of subjects is not 

thought as a threat for this study.  

 As it stated above, instruments were administered once a time. Thus, instrument 

decay could not be considered as a threat to internal validity of the study. However, 

data collector characteristic and data collector bias considered as threats to internal 

validity of the study. The researcher herself did not collect the data. She prepared the 

questionnaires and an administration form and sent the questionnaires to the schools 

with this administration forms. The teachers of students are the data collector for the 

students. The teachers were provided with the explanations about how to administer 

the questionnaires that is administer at a class hour and guide students about how to 

fill out the questionnaire in order to standardize the questionnaire administration 

process. By using these standardizations processes, we assume that teachers’ 

characteristics do not affect students’ answers. Moreover, the students were also 

provided with explanations about how to fill out questionnaires. The teachers and the 

principals filled the questionnaires themselves via self-report questionnaires, thus, 

data collector characteristics is not a threat for internal validity for the teachers and 

principals. Furthermore, optical forms were used for the student questionnaires that 

disabled data distortion in data entry, thus data collector bias.    

Testing should be considered as a threat as all the questionnaires were administered at 

a single booklet for all participants respectively. This may create an influence that 

answers given the first questionnaire may affect the other questionnaires. However, 

location was not considered as a threat in the present study. It was wanted from 

teachers to collect data from students in their classroom. It was assumed that all class 
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conditions were nearly equal for all Anatolian Teacher Training High Schools 

(ATTHS). 

5.1.2. Threats to External Validity 

External validity of the study refers to the extent to which the results of a study can be 

generalized to the target population (Frankel, Wallen & Hyun, 2010, p. 103). In this 

study, the ATTHS at four geographical regions of Turkey were selected considering 

they reflect the similar characteristics with the ATTHSs at all country. The 

questionnaires were administered to all physics teachers, their students, and principals 

at these schools. Thus, the sample of this study is large and enough to represent the 

whole population and it does not pose threats to external validity. 

5.2. Discussion  

The present study, four main research questions and their sub questions were 

examined. The main aim of the study is to determine the barriers teachers faced in 

implementing MBL and design an in-service course based on findings of the research 

questions. In order to reach results of the research questions a need analysis was 

conducted. Then, several Structural Equation Model (SEM) including teacher and 

student variables and Hierarchical Linear Model (HLM) including both teacher and 

student variables were conducted. Based on need assessment, literature review, and 

result of the SEMs and HLMs an in-service course model was suggested. The findings 

for each research question are discussed in the paragraphs below. 

In the first research question, we aimed to find how MBL is used in physics lessons. 

We asked teachers and students the same questions about usage of MBL in physics 

lessons. Before starting the research, previous interviews with specialists in MONE 

has gained the knowledge of all Anatolian Teacher Training High Schools have MBL 

equipment of Vernier and Science High Schools except at Central Anatolian Region 

have MBL equipment of NOVA. Moreover, various in-service courses were delivered 

to the high school physics teachers. We were curious about the usage of these 

equipment and the barriers teachers faced.   
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We asked teachers about the number of each MBL equipment in their school by giving 

equipment name. Most of the teachers did not answer this question, only about 30 % 

of teachers have answered. And number of equipment is not high as MONE stated as 

it can be seen in Table 4.19. We don’t know whether teachers gave numbers via 

looking equipment in laboratory or not. If they looked at laboratories, it shows that 

MONE do not have the knowledge of equipment in high schools.  

Aim of all applications in classroom should be done students to gain meaningful 

learning. Moreover, it is stated that laboratory is important for meaningful science 

learning (Trumper, 2003), our results show that in at least 50 % of physics lessons, 

laboratory applications were not done. We should increase number of both laboratory 

applications. This may show us that there are some similar barriers to implementing 

MBL as implementing other laboratory applications. 

Moreover, it is also stated in the literature that it is important for meaningful learning 

that students discover facts in their own (Thornton, 1987). According to the answers 

the teachers and the students gave there is not enough equipment in schools thus 

students make MBL applications in groups or the teachers make MBL applications as 

a demonstration. Even they have stated they have the equipment, they do not make 

MBL applications. We also asked teachers and students at which part of the lesson 

(concept learning) they do MBL applications. Nearly half of the teachers and students 

stated that they use MBL while learning concept and it’s nearly half of the MBL usage. 

Using MBL while teaching a concept is an example of meaningful using of MBL in 

physics lessons. It is talked in the literature that MBL decreases time and labor spent 

in collecting data that thus students gain time to analyze the point they could not 

understand and interpret concept behind the data (Osio, 2002; Thornton & Sokoloff, 

1989; Yerrick & Hoving, 1999). Using MBL in concept learning help teachers to 

overcome the lack of time barrier as they use in their lessons at concept learning part 

with supporting meaningful learning.  

There is a belief in literature that some subjects are not proper for using technology 

(Goodson & Mangan, 1995; Selwyn, 1999). Even there are not any studies about 

subject culture of MBLs, similar to the literature our sample think that some physics 
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topics are not proper for MBL applications. Moreover, MBL applications are done in 

mainly for Force and Motion unit according to students’ answers. For Magnetism, 

Waves, Modern Physics and Nature of Physics units at above 35 % students state that 

never do MBL applications. There should be two reason that why they do MBL 

applications in these topics that they should thought that MBL is not proper for these 

topics or they do not know how to do MBL applications for these topics. In an in-

service training course designed for using MBL should include examples from these 

topics and curriculum and books should include MBL experiments about these topics.  

In the second research question, we look for the teachers’ and students’ attitudes 

toward Physics Course, Use of Technology in Physics Course, and Laboratory in 

Physics Course and MBL in Physics Course. Teachers’ attitude is one of the major 

barriers affecting teachers’ technology integration (Ertmer, 1999; Keengwe, Onchwari 

& Wachira, 2008; Rogers, 2000). We look these attitudes in order to see whether they 

are barriers to MBL integration or not. We put attitude scores of teachers and students 

to SEM and HLM analysis. In many researches about barriers, attitude dimension is 

examined in same barrier questionnaire with a few questions. But in this study, we 

determined attitude scores with different questionnaires developed by the researchers 

for this study.   

Above 89 % of the teachers have positive attitude toward physics course, toward use 

of technology and toward laboratory applications in physics course.  Their positive 

attitude decreases to 68 % for attitude toward MBL in physics course. Around 50 % 

of the students have positive attitudes toward physics course and use of MBL, and 

around 70 % of the students have positive attitudes toward laboratory and technology 

at around 70 %. The students have lower positive attitudes than teachers at all attitude 

dimensions. Moreover, even higher percent of the teachers have positive attitude 

toward physics course, this percentage is smaller for the students. This finding is 

consistent with previous studies (Chen, Chang, Lai & Tsai, 2014; Lehman & Cample, 

1991; Swyer, 1998, Gado, Ferguson & van’t Hooft, 2006; Heck, 1990; Lajıum, 2016; 

Swyer, 1998)    
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Third research question, “What are the barriers ATTHS physics teachers face with 

when implementing MBL in physics lessons?”, and sub questions aim to find the 

barriers ATTHS physics teachers face with when implementing MBL in physics 

lessons. Question 3 has four sub questions and a sub question has two sub questions. 

There were not any studies found in the literature about the barriers teachers faced 

implementing MBL. The results were compared with the studies about barriers faced 

while implementing technology in general. 

In this study, the percentages of barriers are above 70 % for first order barriers. This 

is very similar for the literature that at different studies, different factors stated as 

barriers for technology integration. The study shows similarities in time tabling 

structure in the studies of Akpınar (2003), Çağıltay, Çakıroğlu, Çağıltay, and 

Çakıroğlu (2001), van Braak (2001). The teachers in the present study had stated that 

being physics class hours per week so less and having no time to make additional 

activities is the main barrier they faced during MBL implementation. Lack of time is 

stated as a barrier in many studies as Bingimlas (2009), Butler and Sellbom (2002). 

Cavucci (2009). Goktas, Yildirim and Yildirim (2009), and Pelgrum (2001). Barriers 

about lack of technology are stated more than the barriers about assessment even the 

teachers stated that some of the students and their parent do not want to do MBL 

applications due to university entrance examination. However, these are much lower 

than exams’ not including questions about MBL applications.  

The third highly stated barrier is lack of technology integration plan. 82.6 % of the 

teachers stated that not having resources (books, laboratory activities manuals and 

application demonstrations) is a barrier to implement MBL applications. Brush, 

Glazewski, Rutowski, Berg, Stromfors, Van-Nest, Stock, and Sutton (2003), Hew and 

Brush (2007), Ertmer, Ottenbreit-Leftwich, Sadik, Sendurur and Sendurur (2012), 

O’Dwyer, Russel and Bebell (2005), Pelgrum (2001) states that lack of technology 

integration plan is a barrier and it is similar to our study.  

However, percentage of barriers about skills stated is much below 50 %. Only 30 % 

of the teachers thought that lack of technology supported pedagogy skills of teachers 

is a barrier, 28.1 % of the teachers stated that lack of technology-related-classroom 
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management skills obstruct MBL applications. Akpınar (2003), Butler and Sellbom 

(2002), Becker (2000), Inan and Lowther (2010) and O’Dwyer, Russel and Bebell 

(2005) state that skills of teachers are one of the major factors affect technology 

integration. As it is stated earlier different from our study, Mumtaz (2000) states in 

the literature review that skills and knowledge is one of major barriers in technology 

integration. This difference should be because of the teachers not wanting to accept 

that they do not know how to implement MBL in their courses. They should have 

thought that their knowledge should be judged by the researchers thus MONE even it 

was stated that their answers will not be shared with anyone.  

In order to reach relation between these barriers, several SEM is carried out with 

answers given to barrier questionnaire. MBL proficiency has the highest direct effect 

on MBL Integration. There was not so much study, which looks the relationship 

between the proficiency and integration. Mumtaz (2000) states in his literature review 

that proficiency has an effect. This result contradicts with teachers’ self-reported 

items. They have stated that lack of knowledge and skills are not barriers, but the 

modeling showed that MBL proficiency has the highest effects. According to the self-

reported responses to the barrier questionnaire it was assumed that resources should 

have highest direct effect on the integration as it was stated in the literature (Hew & 

Brush, 2007; Inan & Lowther, 2009; Rogers, 2000). It shows moderate negative direct 

effect, but with indirect effect it had the strongest effect on MBL Integration. It should 

have thought that lack of resources affects teachers not so much in MBL integration. 

Moreover, in order to reach answer of the third research question SEM was carried 

out with student data. There are not any studies in the literature look for the relation 

among student variables and MBL integration. It was found MBL proficiency is the 

factor which effect MBL integration most similar to the teachers’ results. In addition, 

it was found that attitudes toward use of technology in physics course is the factor, 

which effect MBL desire most. After SEM with the teacher and student data 

separately, HLM was administered to reach result of the fourth question, and teacher 

and student data examined together. It was seen that none of the teachers’ factors affect 

use of MBL desire of the students. Only two student factors affect use of MBL desire 
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of the students as attitude toward use of technology and attitudes toward physics 

course. There are not any studies in the literature look for the relation between student 

data and teacher data. 

5.3. Conclusion 

This study provided descriptive information about the teachers’ views about the 

factors affecting MBL integration and two structural equation models for the teachers 

and the students, and a nested hierarchical linear model for teachers and students 

indicating the relationships among the variables affecting MBL integration. Moreover, 

descriptive information was provided about teachers’ needs about in-service training 

course about MBL and literature review was provided about effective professional 

development.  

Below, some conclusions were made about all the results. First of all, none of the 

teacher has stated that they have negative attitudes toward any of the dimensions 

attitudes were measured. In addition, percentages of the students who have negative 

attitude toward all areas are so small. Second, the teachers stated that second order 

barriers have smaller effects than first order barriers. They think that their deficiency 

of skills and knowledge about MBL integration is not a barrier. Many of the teachers 

stated that lack of resources is the main problem, and SEM showed that resources are 

the problem which affects the most. The most stated barrier is time tabling structure, 

second is having no time for MBL activities on curriculum and third is the university 

entrance examination having no question about MBL activities. Intuitional issues 

directly affect lack of resources, and attitudes affect small directly to MBL integration. 

Even it was assumed that attitudes affect highly MBL integration results were 

reversed, attitudes affect small directly to MBL integration. Students’ MBL 

proficiency affects high directly MBL integration. That is if students learn how to use 

MBL equipment, it will increase MBL integration.  

Result of the HLM model revealed several important findings, which can be 

summarized as follows: None of the teacher factors affect use of MBL desire of 
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students. Only two student factors affect use of MBL desire of students as attitude 

toward use of technology, and attitudes toward physics course. 

When we looked at the needs of the teachers about in-service courses; the teachers 

mainly prefer in-service courses in their living cities, and they prefer in-service 

courses at all topics. The teachers do not prefer courses about classroom management. 

5.4. Implications and Recommendations 

Implications and recommendations for practice: 

The results of this study, as it was known from other studies about integration of 

technology, indicated that as integrating a specific technological tool, MBL 

integration is a complex process affected by many teacher level and student level 

factors and complex relationships exists between these factors. As it can be inferred 

from the results, MBL integration does not solely depends on the presence or absence 

of the single factors or barriers, but rather it is more dynamic procedure in which 

various factors should be taken into consideration and an MBL integration model 

should be developed. The models developed in this study about factors and the 

effective in-service course model should be guide for policy makers to design and 

develop some strategies to bring success about MBL integration in practice. 

The results of the SEM carried out with teachers showed that two factors, lack of 

resources and MBL proficiency, have the highest effect on MBL integration. This 

result shows that the schools first should be equipped with MBL equipment and then 

in-service courses should be given to the teachers to increase MBL proficiency. In 

personal talks done before starting the study, managers in MONE had stated that all 

ATTHS have MBL equipment. Moreover, they had stated that all Science High 

Schools have MBL equipment except from the schools in Central Anatolia geographic 

region. However, some teachers stated that their schools do not have any MBL 

equipment and some teachers stated that they do not have adequate amount. According 

to the teachers’ answers some of the schools have only one of each equipment; such 

as one computer, one interface and one of some sensors. This showed that MONE do 

not have information about the equipment the schools have, or the teachers do not 
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have whether their schools have equipment. Before giving the teachers in-service 

course about MBL, the schools should be examined about number of equipment they 

have, and they have supplied with adequate number of equipment if the schools do not 

have. Also the teachers and managers should be informed about their schools facilities. 

All people need to practice learning and expertise about how to use. Giving in-service 

course before supplying enough number of equipment should be waste of effort. 

Besides, MONE should have the information about number of equipment in their 

schools for all other procedure they have been continuing.   

After equipping the schools with enough number of equipment, an effective in-service 

training course should be designed and given to the teachers. The characteristics of 

the effective in-service course is stated in chapter two in title “2.4 Professional 

Development” and examined under research question four. The in-service course 

designed should have the six characteristics stated in the literature; content focus, 

active learning, coherence, duration, collective participation and form. The effective 

in-service course about MBL should be designed not only around use of MBL probes, 

computer programs, other software and hardware but also be based on a physics topic. 

The study showed that the teachers want to use MBL in all topics but use MBL in 

some topics. Thus, the course should be based on the topics in which they don’t do 

MBL applications, which are Waves, Modern Physics, Energy and the Nature of 

Science. Even in-service courses were designed and given in one of these topics; MBL 

experiments in other topics should be prepared and given to the teachers in these in-

service courses. Also, these MBL activities should be attached to the curriculum or 

course books. 

Moreover, all MBL applications will be done by teachers and these applications will 

be in direct inquiry form. Teachers should do all activities themselves and the 

instructor of the course should be a facilitator. There is not a preferred time for an in-

service course. Even the most appropriate time is seen as weekdays in the seminar 

period according to answer they gave, there is no definite preference of the teachers. 

The in-service course should be done at weekends, especially on Saturdays in the 

whole semester. Teachers should attend an in-service course on Saturdays and apply 
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the studied MBL application in the following weekdays in their classroom, and an 

instructor will observe teachers in their classroom applications. It will be required that 

teachers write a daily log about their MBL application in the classroom and talk about 

it with their colleagues on the following weekend. Apart from these highly stated six 

characteristics, it was stated that the educator in the professional development program 

also has importance. It was stated that educators from universities suffer from a lack 

of shared language of teachers, and teachers from universities are divorced from the 

realities of practice (Gabriel, 2011). Even the literature stated that teachers do not 

prefer instructors from universities, and the result shows that teaching staff/members 

working at Universities are the most preferred choice. The other highly stated item is 

experts from MONE. Teachers do not prefer their colleagues as the instructor of their 

in-service course.  

Furthermore, the SEM carried out with teachers showed that institution has medium 

effect on MBL integration. In the same factor dimension, the results of the self-

reported barrier questionnaire show that time tabling structure and lack of technology 

integration plan one of the main barriers affect teachers’ MBL integration, whereas 

leadership affects less. When we combine the results of the model with the answer 

given to the self-reported barrier questionnaire, leadership is not important for ATTHS 

physics teachers to integrate MBLs into the physics courses. However, curriculum 

should have MBL activities, and teachers should be given enough time to practice 

MBL activities. As it is stated in the literature, the teachers state that course hours are 

not enough to integrate technology. They state that they should teach topic, instead of 

doing such kind of activities. Therefore, we can deduce that teachers do not know how 

to use MBL in teaching a physics topic. If they have known, they should not mention 

as an activity used after concept teaching. This result also supports designing in-

service courses not only teaching how to use of MBL probes, computer programs, 

other software and hardware but also be based on a physics topic. Moreover, the 

teacher who know how to integrate MBL into the course will use the time effectively 

and the course hours in the program should not be so less to use the technology.   
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Implications and recommendations for future research: 

The results and discussions were based on quantitative analysis findings in the study. 

That is, the results were based on self-reported data of teachers, students and 

managers. In the future studies, more qualitative methods, such as interviews, 

observations and document analysis should be used to explain the relationships in the 

model further. Interviews should be done for deeper analysis of barriers and how 

teachers overcome these barriers. Observations should be done in classes in order to 

deeply determine how is going on classrooms, and how teachers and students thinks 

about how is going on differ from they have stated on instruments.  

In the present study, the researchers developed a survey instrument for determining 

factors affecting MBL integration in high school settings. All validity and reliability 

issues were examined. This survey instrument will provide a valuable tool for the other 

researchers, who want to explore the factors affecting MBL integration. This survey 

instrument will be used for other subject such as chemistry and biology as it does not 

mention subject in it. 

In the present study, the researchers developed attitude instruments for determining 

attitudes of teachers and students toward various dimensions. All questionnaire 

development phases were followed. The questionnaires have high reliabilities and 

they should be valuable tools for the other researchers. 

We had to limit the regions and schools we have sent questionnaires as our budget did 

not support to send all geographic regions and all ATTHS in Turkey. Thus, SEM 

carried out with teachers’ data includes a sample size which is smaller than 

recommended sample size for modeling studies. Even CMIN/df value was satisfied, 

some fit indices show moderate fits and one shows fair fit, should be because of small 

sample size and very many exogenous and endogenous variables. Further researches 

should be conducted with high number of teachers. A more reliable result should be 

reached administering questionnaires to all high schools which have MBL equipment.  

Moreover, in the study, a SEM was carried out about factors affecting MBL 

integration with students’ data. There was not any study in national literature which 
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examines factors affecting usage in terms of student data not only for MBL integration 

but also for technology integration as a broader concept. Thus, it cannot be possible 

to compare the results with previous studies. In order to generalize the results to the 

population more studies should be conducted. Furthermore, HLM results showed that 

there is not any relationship between teacher data and student data. We assume that 

there should be relation between students and teachers as the teaching process 

comprises both teachers and students. Some other variables should be included and 

more HLMs should be carried out to define the relationship more clearly. 
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