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PEMBINAAN MODEL PEMBELAJARAN PINTAR PENDIDIKAN MENENGAH DI UAE

ABSTRAK
Sebagai percubaan pertama untuk menyiasat hasil pelaksanaan pembelajaran pintar di sekolah menengah UAE, kajian ini bertujuan untuk mencapai objektif umum untuk menyiasat pengaruh pembolehubah bebas Persekitaran Pintar (SE) yang dimensinya ialah Teknologi Pintar (ST), Alam Sekitar (E), Kawalan (C), dan Interaksi Kumpulan (GI), dan Smart Pedagogy (SP) yang dimensinya adalah Persefahaman (U), Pemikiran Kritikal (CT), Kemahiran Pembelajaran (LS), dan Kecerdasan Pintar (SI), pada pembolehubah bergantung Prestasi Pelajar Pintar (SLP).  Selain objektif umum, objektif khusus untuk membangunkan model pembelajaran pintar di sekolah menengah UAE juga disiasat.  Kajian ini dijalankan merangkumi metodologi penyelidikan kuantitatif, teknik persampelan kebarangkalian rawak mudah, dan soal selidik skala 7-Likert dengan saiz sampel bersih 347 responden.  Analisis ini dilakukan merangkumi tiga teknik statistic iaitu t-test bebas, korelasi, dan pelbagai regresi.  Kajian mendapati bahawa hipotesis yang berkaitan dengan SE dan SP telah disokong dan menjejaskan SLP dengan ketara di  dan , masing-masing.  Pengaruh SE ke atas SP juga disiasat dan mendapati bahawa mereka saling mempengaruhi antara satu sama lain dan disokong dengan ketara di β=0.808, α=0.040.  Perbandingan berdasarkan responden dari sekolah awam dan swasta disiasat melalui kesan ST, E, C, GI, U, CT, LS, dan SI pada SLP.  Keputusan telah menunjukkan bahawa lima hipotesis ST, GI, CT, LS, dan SI disokong dan menjejaskan SLP dengan ketara pada , , , , and , masing-masing.  Selebihnya lapan hipotesis, E (), C (), dan U () tidak disokong dan tiada kesan ketara pada SLP.  Terhadap objektif tertentu, lima model dibangunkan dengan semua statistik terbukti signifikan sehingga 64.9% daripada varians pembelajaran pintar responden dijelaskan. Kajian ini telah menyimpulkan bahawa pelaksanaan pembelajaran pintar di sekolah menengah UAE telah berjaya.  Sumbangan kajian ini terletak pada menyediakan model kepada warga pendidik di UAE untuk meningkatkan peningkatan masa depan yang lebih baik dalam bidang ini.  Sementara itu, cadangan disebut-sebut untuk memberi tumpuan kepada beberapa pengaruh unsur-unsur kedua-dua konstruk SE dan SP.
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ABSTRACT
As a first trial to investigate the outcome of implementing smart learning in UAE secondary schools, this study aimed at achieving a general objective of investigating the influence of the independent variable of the Smart Environment (SE) whose dimensions are Smart Technology (ST), Environment (E), Control (C), and Group Interaction (GI), and the Smart Pedagogy (SP) whose dimensions are Understanding (U), Critical Thinking (CT), Learning Skill (LS), and Smart Intelligence (SI), on the dependent variables of Smart Learner’s Performance (SLP).  Beside the general objective, a specific objective of developing a model for smart learning in UAE secondary schools was also investigated.  The study was conducted using quantitative research methodology, a simple random probability sampling technique, and a 7-Likert scale questionnaire with a net sample size of 347 respondents.  The analysis was performed using three statistical techniques of independent -test, correlation, and multiple regression.  The study found that the hypotheses relate to SE and SP were supported and significantly affecting SLP at and , respectively.  The influence of SE on SP was also investigated and found that they were mutually influencing each other and significantly supported at .  Comparison based on the respondents from public and private schools was investigated via the effect of ST, E, C, GI, U, CT, LS, and SI on SLP.  The results have shown that five hypotheses of ST, GI, CT, LS, and SI were supported and significantly affecting SLP at , , , , and , respectively.  The rest of the eight hypotheses, E (), C (), and U () were not supported and there was no significant effect on SLP.  Concerning the specific objective, five models were developed with all proven statistically significant up to 64.9% of the variance of respondent’s smart learning is explained. The study has concluded that implementing smart learning in UAE high schools was successful.  The contribution of the study lies in providing a model to educators in the UAE to better future improvement in this field.  Meanwhile, recommendations were mentioned to focus on some of the influence of the elements of the two constructs SE and SP.
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CHAPTER 1




INTRODUCTION



1.1. Introduction

As a natural result for the dramatic changes in technology during the last three decades, it becomes necessary and, to a certain extent, compulsory to adopt new techniques in education in order to catch up with the developments in other fields of technology.  Organization such as governmental agencies are attempting to modernize their performance and, consequently, the educational institutions are also trying to elevate their status by adopting the new technology which is known as the smart technology (Galil, 2014).  This technology has been evolving very rapidly in the last four decades and, seemingly, it influences all aspects of life.  In education, particularly, the Information and Communication Technology (ICT) has resulted in developing a new structure and methodology for the principles of education (Robin, 2016).  
The smart learning is a developed and a new innovative technique through which a new methodology is being adapted to enhance teaching and learning.  In general, the word “smart” has a definition that describes the concept of the subject that goes with it. If the word “smart” is joined with a person, it might describe how adaptive, innovative, or unusual that person is.  Hence, “Smart” people means how well such people perform in decision-making.  “Smart” as an adjective refers to careful, cleverness, or innovative (Spector et al., 2014).  In general term, “smart” is associated with effectiveness and efficiency of whatever joins that word.  The adopting “smart” in a learning environment carries some of the attributes mentioned earlier where innovation, effectiveness, and efficiency are expected.  In a smart learning environment, the collaboration of people, struggling learners (students), and motivators (teachers) constitute the ecosystem of smart learning (Spector, 2014).  The smart learning has recently become one of the most elegant features in education in the developing countries after being adopted for several decades in most of the developed countries (Spencer, 2014).  For instance, in 2012, the UAE decided to adopt smart learning in all levels of its national territory (Alhebsi et al., 2015).  
The Ministry of Education (MoE) in the United Arab Emirates (UAE) has taken this responsibility within a goal that intends to cover all schools with smart learning by the year 2020 under UAE Vision 2022 (Alhebsi et al., 2015).  It is important to note that smart learning is considered a part of the smart government which appears also in smart cities, smart commerce, and smart services.  The cocnept of smart learning began in Dubai in the year 2012 and then spread to other cities in UAE.  The goal of smart learning was set to develop and enhance education to meet the standards and to be a basic element of UAE.

1.2. Research Background 

Numerous studies indicate that there was an overall movement towards enhancing the quality of education in schools globally.  The movement towards such a goal is guided by substantial research in modern education aimed at ensuring highly effective transfer of knowledge (Benavot, 2011; Garira et al., 2019; Giannini, 2015; Mohammad, 2017). The move global efforts towards quality in education; targets students at all of education to sustain social and economic development of nations (Mohammad, 2017).  

1.2.1 Education System in UAE: Historical Perspective and Evolution

The alliance of seven states was officially formented in 1971 to form the United Arab Emirates (UAE), with the joining of the State of Ras Al Khaimah (Smith, 2004). The traditional educational system existed in the UAE, even before establishment of UAE as a country. The previous educational system had four separate categories.  These were: Mutawa (education for preparing religious Imams who teach the Koran and Islamic studies), Katateeb (physical places similar to schools where teachers are teaching the youth Koran along with writing, reading, and mathematics), Educational Circles (special circles where religious scholars teach Koran, Arabic, the foundations of the Islam, and history), and Semi-structured Schools (educational institutions that teaches Arabic, Koran, social studies, and mathematics). These systems were established in 1907 and were terminated in 1953 as they were integrated into the government-led school systems (Alhebsi et al. 2015).  
The education in UAE has passed through at least three periods.  The first period was before 1976 were the education was mainly private and based on elementary foundations.  In the year 1976, the education system became institutionalized with the establishment of the ministry of education (MOE).  The government of the UAE constituted the foundation of the education between 1976 and 2005, when the Abu Dhabi Education Council (ADEC) was established to be the professional organization for managing the education in Abu Dhabi the largest emirate in UAE.  Since the year 2005 when smart learning was established and until today, the education has adopted smart learning methods in all levels of schools along with all tertiary educational institutions (Blaik Hourani, & Litz, 2019).
[bookmark: _Hlk21294890]It is very important to note that self-education constitutes one of the most important pillars of the UAE cultural contexts as it is aligned with religious belief of the citizens.  The educational system often places a strong emphasis on religious instructions as a foundation for willingness of knowledge interaction with others (Alhebsi et al. 2015). Accordingly, the deployment of smart learning and the technology that comes with it, were treated with the openness due to religious inclinations and the cultural foundations of the people of UAE.  The skill needed for implementing smart learning is mainly a foreign concept; however, it was transmitted to the educational system based on the common structure of gathering knowledge (Galil, 2014). The classical methodology of the transformation of knowledge from generation-to-generation was performed through oral and written style which was conducted with effectiveness practiced by mainly educator with little involvement of the educational institution's authorities (Alhebsi et al. 2015).  The transformation from the traditional methodologies to more pedagogical styles was performed by establishing the Ministry of Education (MoE) in the United Arab Emirates (UAE) as the agency that takes the responsibility and carries the mission of enhancing education (Galil, 2014).  
In the Gulf region where UAE is located, the education has started in the 19th century and has been experiencing rapid and continuous developments since then with some stagnation period due to internal and external factors (Galil, 2014).  In UAE, the most important period of education started in the middle decades of the 19th century.  The education under the governmental regulation has started in the mid-1960 and expanded into elementary, secondary, and higher level in addition to the pre-schooling period.  That period has described the era of the construction of more schools, training of more teachers and the production of entitlements to increase access by marginalized groups (Miliband, 1989).  By the year 2000, those hopes and dreams have become real and more than expected.  
The program of improving and revolutionizing education to involve modern technology has started in April 2012 aligned with UAE Vision of 2022 to become a knowledge-based economy through the integration of technology in education as well as in other fields.  The program is a very impressive mechanism for investing in the educational process by creating a new culture which includes the “smart classes” that will provide every student with an electronic tablet and access to 4G-high-speed networks by 2019. The initiative, funded through the Telecommunications Regulatory Authority’s Information & Communication Technology (ICT) Fund, is under the guidance of the Ministry of Education as well as the Prime Minister’s office (Roy et al., 2014). 

1.2.2 Integration of Smart Learning in UAE Education System
In UAE, a new educational system has started its first step with the elementary schools based on implementing smart learning (Spector, 2014).  This type of learning is defined as the knowledge or skills acquired through three elements of instruction, study, and experience with the partial aid of smart technology. The three elements of learning mentioned in this definition could be considered as the framework of any educational institution regardless of the location or academic purpose.  The term, “smart classes”, was introduced for the first time as an important term in the new educational process.  Away from the traditional definition of learning, smart learning can also be defined in terms of the ability of a learner to achieve a certain level of knowledge depending on smart technology without using the conventional methodology of learning (Jukes, 2008).  

[bookmark: _Hlk21295357][bookmark: _Hlk21295428]The traditional blackboards and paper textbooks are no longer needed, instead, smart boards are provided with personal computers (PCs) run by a 4G-high-speed network. Teachers, on the other hand, are provided with new laptops specialized with all resources that are required along with the smart learning procedures.  The terms of e-schooling, e-learning, and smart education; are in principle very close in meaning as they all describe the type, level, or the purpose of schooling.  Hence, e-learning refers to the technique or the delivery of learning process which is performed with the aid of the electronic devices to reach the students and will be provided to them visually and audibly to be practiced almost equally amongst the students (Siddiqui & Masud, 2012).
The transformation from the traditional learning to the smart learning is not an easy task; it rather needs deep considerations, knowledge of a huge number of technical definitions, many abbreviations, terminologies, and acronyms which require ample time before applying this technology in education (Woollard, 2011).  In addition, Woollard (2011) has cautioned that the importance of developing a very well-trained team is not only in the field of direct teaching of the students but also for administration who oversees the educational process.  Teaching, tutoring, and training programs have to be equipped with basic and, in some cases, with advanced knowledge of electronic devices, the internet, phones, and other technology-based devices.  
Within this context, the concept of e-learning is not different, concerning the objectives, from other previous or current styles of education; however, the only difference is in introducing different technology in order to achieve the goal much faster with better performance.  In e-learning, there are many catalysts such as the tremendous ability of the new generation to accept and to be familiar very quickly with the new technology (Eaton, 2010).  
The outcome of implementing smart learning and the transformation from teacher-centered learning to technology-based learning was discussed by several researchers.  The evaluation of the smart learning has shown increasing student engagement, better achievement and performance, and severe reduction in disciplinary cases (Martin & Baldwin, 1993; Zhu et al., 2016). Furthermore, it was also shown that implementing smart learning was smoothly transformed to learner-centered education (Russell et al. 2004; Penuel, 2006).  
[bookmark: _Hlk21297839]The other related feature of implementing smart learning is high social impact.  As the parents are getting tired and frustrated with their children for the excessive use of the internet through the computer in their homes or their mobile phones.  The introduction of smart devices such as computers, mobile phones, and other similar appratus were, for the parent, a golden opportunity for the children to be involved in use of these devices with a positive goal.  Implementing smart learning made it compulsory for the children to use smart devices for educational purposes as they solve their homework and preparing their classes (Russell et al., 2004).  
Despite the numerous advantages, parents and governmental officials are still concerned about several challenges in implement e-learning effectively. Some of these reasons may be attributed to factors such as readiness of students and their parents for this experience, the availability of the correct technology, and the required volume of resources such as appropriate course content (Sumbul & Faisal, 2018).  
In 1991, when smart education was in its early stages of implementation in the United States and in some European countries, a study cautioned officials that the success of smart learning depends on fcators such as teachers’ knowledge, skill, and accumulative experience (Russell, et al. 1991).  This important study has emphasized the role of the teacher in the smart learning era.  The study has also shown that the teachers’ attitude towards smart learning is another factor that could affect the success of this learning.  Consequently, smart learning would likely fail if such conditions and requirements are left without consideration.  
In addition to the challenges mentioned above, there are other obstacles such as the additional cost incurred in the national budget, the difficulty of creating instant vision for the new teaching methodology, the availability of professional teams that includes administrators, maintaining the enthusiasm and motivation of teachers and students as they face different difficulties in dealing with the technology, and the method of monitoring the performance of the students online, which are different from the traditional approaches through tests or exams (Evans, 2016).  
The current study investigates the implementation of smart learning systems in high schools in UAE.  The study includes examining the challenges, effectiveness, and efficiency of the smart learning implementation in the context of UAE.  It is assumed that the academic year 2018-2019 will highlight the last stage of smart learning implementation as the 12th-grade remarks the end of this process.  All information regarding the implementation, the effect of the smart learning on the student's ability, the educators’ points of view will be ready to be determined using a survey method through qunatitative analysis.  

1.3. Research Problem

The UAE has been implemented smarted learning in all levels of education from the primary to graduate levels.  The transformation from the traditional educational system to smart learning passes through practical and theoretical processes.  The transformation of education in Arab countries faces challenges that, in part, are related to the style of the traditional learning and to the apprehension of compromising the future of the youth (Ouadoud et al., 2016).  In addition, the challenges facing smart learning can be sorted out into three parts: cost, school capacity, and the educator’s rigidity to accept the new form of education (Ouadoud et al., 2016).  The cost was incurred due to many resources that are needed such the technology, new forms of the classrooms, sophisticated labs, and the maintenance of electronic devices and systems.  The capacity of the schools is the second practical challenge, where smart learning requires specific seating capacity with strict limitation to the number of students in a classroom, due to limitations imposed for usage of technology-based systems by defined number of users.  The third challenge is about the rigidity of educators who are accustomed to certain inflexibilities, which take time to overcome.
Joseph et al. (2013) has pointed out six challenges that are obstacles to effective implementation of smart learning in school systems.  The first category is related to the institutions that run the smart education which include administration, students’ services, and academic issues. The second category is related to technology where maintaining information is very critical. The third category is about pedagogy which includes the principles of teaching and learning.  The fourth is about diversity where social, political, and geographical factors play an important role in determining the depth of applying e-learning.  The fifth category is related to resources support which determines the type and the depth of the support (El-Gamal & Abd El-Aziz, 2011).  The last category is about the evaluation of the smart learning as a potential attempt by the UAE government to enhance the education and to keep this field parallel to the level of education in the developing countries.
The assessment performed by Hamdan Bin Mohammad Smart University focused on elementary schools which were a part of implementing smart learning way before the high schools.  The smart learning has been recently integrated into high schools. It was assumed that implementing smart learning will enhance the learning and teaching processes, create new opportunities for secondary school students, and impact the student’s personality. It is also expected that smart learning could improve students’ interaction and communication skills and has enabled them to learn better and faster (Vrana et al., 2006). However, although smart learning has been successfully implemented in many educational settings, the implementation of smart learning projects can face slow progress and many smart learning initiatives are not sustained (Frimpon, 2012). A matter of cocnern comes from reports of increasing dropouts from schools due to smart learning implementation (Andersson, 2008), at rates that range between 20% and 40% (Rostaminezhad et al., 2013).
Additionally, there are a significant number of articles that suggest that the major challenges to smart learning projects are institutional (i.e., administrative, academic affairs, and student services), managerial (i.e., maintenance of smart learning environments and distribution of information), technological (i.e., infrastructure planning and hardware and software), pedagogical (i.e., teaching and learning), ethical (i.e., learner diversity; social, cultural, political, and geographical diversity; legal issues; and protocols), interface (i.e., the overall look, feel and ease of usability of smart learning programs), resource support (i.e., the support and resources needed to promote learning) and evaluation (i.e., judgments about the progress of learners and the effectiveness of the smart learning environment) (El-Gamal & Abd El- Aziz, 2011). By taking into consideration the nature of learners in a knowledge-based economy and the learning ecosystems as well as the nature of key players (i.e., students and teachers) in the digital era, smart learning should also be considered an essential element in the school education sector (Vrana et al., 2006).
A number of researchers have addressed the subject of enhancing smart learning implementation in higher education from the perceptions of either students, teachers, or both (Al Fadhli, 2008; Musa & Othman, 2012; Taha, 2013).  However, the case of secondary education was slightly more difficult as the sector suffers from a shortage of academic and practical literature compared to the higher education sector. There is also insufficient amount of academic and practical studies that involve both stakeholders (i.e., students and teachers) for a more comprehensive overview of the obstacles to the educational process.
There is little empirical research that has attempted to develop a conceptual framework to examine the success of smart learning implementation (Sun et al., 2008). There is, therefore, a need for a conceptual framework that can be used to identify the factors that result in the success of smart learning (Wagner et al, 2008). Furthermore, much of the research on the implementation of smart learning has largely focused on higher education rather than the primary and secondary levels.  There seems to be a gap in creating a model that includes a specific framework for smart learning implementation in the primary and secondary education level.   The challenges related to coordination between ICT infrastructure, school support, human capacity, teacher’s attitudes, and learner’s readiness (Mulwa & Kyalo, 2013).
Moreover, most of the studies have taken into consideration very wide range of respondents such as students, teachers, curriculum, administrators, and shareholders.  Therefore, a new model for smart learning implementation should focus on very narrow set of respondents including students and educators because both students and teachers play a crucial role in modeling smart learning (Kituyi & Tusubira, 2013; Penna & Stara, 2008).  Understanding why the students and teachers adopt or reject smart learning will help to create a more favorable learning environment for greater adoption and implementation, as well as help to develop a conceptual framework to promote its success and effectiveness (Al-Harbi, 2010). Predominantly, when a new system is introduced, a greater understanding of the factors affecting its implementation and development will lead to an improvement of development, deployment, and implementation. Likewise, careful consideration of the factors affecting smart learning implementation is important to avoid failure in smart learning projects (Alsabawy et al. 2013). 
Finally, it appears that in the context of secondary schools in UAE, there is a dearth of studies related to investigating implementation of smart learning. Hence, in addtion to addressing the gaps in the literature mentioned in the preceding paragraghs, this study is expected to provide substantial clues to policymakers, regulators and teachers on effective implementation of smart technologies across high schools in UAE. Such findings are likely to be a significant contribution towards the UAE Vision 2022, that inlcudes developing a technologically advanced and well educated society. 
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1.4. [bookmark: _Hlk50062045]Research Objectives

In light of the preceding discourse, the following research objectives and questions are laid out, that form the foundation of this study:
1. [bookmark: _Hlk21031462]To determine the effect of smart environment (SE)  on smart learnners’ performance (SLP) of the students in secondary schools in UAE.
2. To determine the effect of smart pedagogy (SP) on smart learners’ performance (SLP) of the students in secondary schools in UAE.

3. To investigate whether there is any significant correlation between smart environment (SE) and smart pedagogy (SP).  

4. To investigate whether there is any significant difference between private and public secondary schools in UAE in terms of smart learners’ performance (SLP).

1.5. Research Questions

Based on the above research objectives, the goal of this study is to answer the following research questions:
1. What is the impact of the smart environment (SE) on smart learners’ performance (SLP) of the students in secondary schools in UAE?

2. What is the impact of the smart pedagogy (SP) on smart learners’ performance (SLP) of the students in secondary schools in UAE?

3. Is there a significant correlation between smart environment (SE) and smart pedagogy (SP)?

4. Is there a significant difference between public and private secondary schools in UAE, in terms of their smart learners’ performance (SLP)?


1.6. [bookmark: _Hlk2924869][bookmark: _Hlk21030025]The Conceptual Research Framework 

Smart technology has been described as the major factor in supporting the acquisition of skills whether in businesses or education by connecting the state-of-the-art learning environments inspiring imagination, sparking creativity, and motivating learners (Yamauchi et al., 2017).  It is expected that a holistic, big-picture view of education could reveal the opportunities and possibilities inherent in digital technologies, which have become global phenomena permeating into all educational processes (Freigang et al., 2018).  Digital technologies such as the Internet of Things (IoT), big data process, emerging robotics, developing human-machine interaction, and artificial intelligence are only few examples for designing complex environment which result in changing the old fashion learning technique into developing ubiquitous learning scenarios (Huang et al., 2012).  In this part of study, a conceptual framework that shows the role of smart environment (SE) and smart pedagogy (SE) on smart learning performance of students in secondary schools in UAE will be propsoed as a concentual framework for further investigation.

1.6.1 Types of the Smart Learning Conceptual Frameworks 

The implementation of smart learning can be done according to certain techniques, which involve adopting certain frameworks based on relevant models.  It seems that the implementation of the smart learning has different concepts; however, it is not deviating from the principal goal of creating intelligent environments in order to facilitate new pedagogical methodology for teaching the new generation (Zhu & He, 2012).  Currently, there are various attempts to propose a robust conceptual framework for implementing smart learning keeping in mind the challenges, success factors, etc., as depicted in Table 1.1.  The educational methodology of learning (traditional or smart) is based on eight components: Institutional, pedagogical, ethical, technological, interface design, evaluation, measurement, and resource support (Khan, 2001).  

Concerning the types of frameworks, there are four dominant types as indicated in the extant literature. The first and the second framework are based on the eight components mentioned by Khan (2001), which are widely considered as foundation for any educational framework.  The third framework is the conceptual framework that presents students’ satisfaction.  The last framework is to present an evaluation of smart learning.  The current study focuses on adopting a framework and then the evaluation is followed using a quantitative research methodology.  Table 1.1 shows the various frameworks based on the literature. 

     Table 1.1: Dominant Frameworks for Smart Learning 
	Source
	Framework
	Components
	Focus

	Khan (2001) 
	A framework for smart learning: 8-components 
	8 Components are: institutional, pedagogical, technological, interface design, evaluation resource support, and ethical
	Factors and dimensions of e-Learning environment

	Sun et al. (2008) 
	A framework of dimensions and antecedents of perceived smart learner 
	6 Components: learners, instructors, course, technology, design, and environment
	Critical success factors

	Malik (2010) 
	A conceptual framework of factors that influence student learning environment towards online education
	5 Components: student, instructor, design, course, technical
	Influences student satisfaction towards online education

	AbuSneineh & Zairi (2010) 
	An evaluation framework for smart learning
	5 Components: Student, instructor, design, course, technical
	Critical factors of smart learning


Source: Khan (2001)
1.6.2 Variables of Proposed Framework: Current Study

There is a consensus among researchers on the foundation of smart learning as a new educational procedure that can replace the traditional educational practices as a more effective phenomenon.  Having established a consensus on need to pursue smart learning, there are three constructs that are likley to be related to each other. These are the smart environment (i.e., the ecosystem for smart learning), and the pedagogies (i.e., the methods of learning), which are probable drivers (i.e., independent variables) of smart learning performance (i.e., dependent variable).  

The framework posits hypotheses connecting the three constructs.  In this study, the conceptualization of the term of “smart learning” originates from the way that educators pursue better education to address the needs of the new generation adopting to smart technologies.  Smart learning differs from the traditional educational systems in many ways especially in focusing on how to use the smart technology (i.e., the environment) to achieve better educational outcome (i.e., pedagogies) in order to achieve learning goals effectively (Zhu et al., 2016). 

1.6.3 Smart Learning Environments or Smart Environment

The traditional learning paradigm has been criticized for being too artificial, rigid and unresponsive to the needs of today’s society (Graf et al., 2012). With the development of new technologies and the emergence of new pedagogies in the digital age, the use of technologies to facilitate learning and engage learners has become a universal phenomenon. Piccoli et al. (2001) define and expand the dimensions of learning environments, which include space-time, technology, control and interaction. So it is possible to design new learning environments, both technically and pedagogically.  Devices can interact and communicate independently without coordination with people and make decisions based on a series of Zhu et al. (2016) 3:4 Page 10 of 17 factors, including people’s preferences and other people’s presence in the neighborhood (Preuveneers et al. 2004). 

Most students today are digital natives, who have been immersed in the use of smart mobile devices and digital resources for communications, learning, and entertainment in everyday life (Bennett et al. 2008).  The general goal of learning analytics is to monitor the learning process and then use the data analysis to predict the future performance of students as well as to find their potential problems (Siemens 2013; Zhu et al., 2016). It is possible for teachers to offer informative feedbacks to learners through virtualized learning dashboards via learning analytics. It is beneficial to have a general view of the learners’ activities and how these are related to their peers or other actors in the learning experience through visualizations for learners and teachers (Duval, 2011).  There are many different types of technologies used to support and enhance learning, which include both hardware and software. Hardware includes tangible objects such as interactive whiteboard, smart table, e-bag, mobile phone, wearable device, smart device, sensors which using ubiquitous computing, cloud computing, ambient intelligence, IoT technology, and others.




1.6.4 Smart Pedagogies
With the rapid development of technologies, increasingly flexible and efficient learning methods for students are developed. Research in cognitive science has indicated that knowledge and skills are closely intertwined (Scardamalia & Bereiter, 2006). It needs mixing content knowledge and process skills to produce understanding which learners need. Then learners execute their understanding in practice to produce their performances. The critical thinking and learning skills are very important, but these skills cannot be taught independently, and some appropriate factual knowledge need to be taught domain and context (Ananiadou & Claro, 2009). Using the deliberate instructional or learning strategies can be related to cultivate the knowledge and skills for learners. So, in order to fostering different abilities of smart learners, we searched the literatures about related pedagogies or learning strategies using conventional subject searching method in some databases. Through analyzing the literatures, we summarized and adopted relevant practical methods.  Students usually accept basic knowledge and core skills in the classroom traditionally or under based on the need of each student (Tomlinson & McTighe, 2006). The classroom should be differentiated and responsive to vary learners’ readiness levels, interests and learning profiles (Tomlinson & Kalbfleisch 1998). 

Differentiated instruction emphasizes the different needs of each individual student and cultivates the basic knowledge and core skills for students. Intelligence includes analytical thinking, creative thinking and practical application results in creating the ability to perform the matter under consideration Sternberg (1999a). It is like the transfer of learning, or something in which we have been learned in specific situations that are intentionally applied in other different related conditions (Barnett & Ceci 2002). Learning is a generative process. In such a process, the learner is an active recipient of information who works to construct meaningful understanding of information found in the environment (Wittrock, 1974). Generative learning can enable learners to flexible apply the intelligence what they have learned and generated to various relevant future situations (Fiorella & Mayer, 2015). 

1.6.5 Smart Learners’ Performance
It is supposed to be that conventional or smart learning should result in acquiring competence and understanding by showing a new ability to do something, and an understanding of something that was previously not understood. Competence is sometimes described in terms of possessing specific skills, understanding in terms of possessing specific knowledge (Zhu et al., 2016).  There are many organizations developing the 21st century skills independently. Consequently, there are four levels of abilities in smart education that students should master to meet the needs of the modern society. These abilities are basic knowledge and core skills, comprehensive abilities, personalized expertise and collective intelligence (Tang & McCalla, 2005). 

1.6.6 Research Framework

The preceding discourse about smart learning and the subsequent proposed framework as established based on support from previous studies.  There are two umbrella constructs that constitute the independent variables, namely, smart environment (SE) and smart pedagogy (SP).  Under smart environment (SE), there are 4 related variables: smart technology, environment, control, and group interaction (Siemens 2013; Zhu et al., 2016).  Under smart pedagogy, there are also 4 variables: understanding, critical thinking, learning skill, and smart intelligence (Tomlinson & Kalbfleisch 1998; Ananiadou & Claro, 2009).  The dependent variable, smart learners’ performance is an outcome variable that is posited to be driven by the preceding factors, SE and SP.  The research framework is shown in Figure 1.1.

[image: ]
                                 Figure 1.1: Proposed Research Framework 
[bookmark: _Hlk50062282]
1.7. Hypotheses

The proposed hypotheses that are used to test the relationships in the conceptual framework shown in the preceding section are displayed in Table 1.2. Details of the process of hypotheses development are discussed in Chapter-2.  



                                   Table 1.2: Details of Hypotheses
	Hypothesis Code
	Hypothesis Statement

	H1
	Smart environment (SE) has a significant relationship with smart learners’ performance (SLP).

	H-1a
	Smart technology has a significant relationship with smart learners’ performance.

	H-1b
	Environment has a significant relationship with smart learners’ performance.

	H-1c
	Control has a significant relationship with smart learners’ performance.

	H-1d
	Group interaction has a significant relationship with smart learners’ performance.

	H2
	Smart pedagogy (SP) has a significant relationship with smart learners’ performance (SLP).

	H-2a
	Understanding has a significant relationship with smart learners’ performance.

	H-2b
	Critical thinking has a significant relationship with smart learners’ performance.

	H-2c
	Learning skills has a significant relationship with smart learners performance.

	H-2d
	Smart intelligence has a significant relationship with smart learners’ performance.

	H3
	There is significant correlation between smart environment (SE) and smart pedagogy (SP).

	H4
	There is a significant difference between private and public secondary schools in UAE, in terms of smart learners performance. 



1.8. Research Contributions

The implementation of the smart learning in secondary schools in UAE is one of major initiatives in the country where the authorities are trying to implement advanced technological applications to bring about substantial improvements in the standard of education.  The Ministry of Education has eramarked smart learning practices across the entire spectrum of formal education in UAE by 2022.  However, the overall number of studies that have been conducted and/or published, in the context of UAE are limited because smart learning programs have recently been executed across all high schools in UAE.  The implementation of smart learning in UAE needs empirical studies to assess the effectiveness and the success of this initiative where the government is making such large investments.  

In terms of contribution ot the academic literature, this study hopes to provide evidence on the antecedents of smart leaners performance both from perspective of learning environmnet as well as from the pedagogy.  This study could play an important role in guiding policymakers and educators in bringing about improvements in the standard of education through interventions that are backed by research. 

1.9. Scope of the Study

[bookmark: _Hlk21300283]The study is conducted in UAE as a typical example of a context where implementation of smart learning has received high priority.  The study is targeting the high school's education, which according to the educational system in UAE, consists of three years out of the 12-year introductory education (i.e., grade-10, Grade-11 and Grade-12).  These three subjects are taken under considerations in the analysis of data: English, sciences, and mathematics.  The study chooses a quantitative research approach to investigate a model of smart learning that posits that smart learners’ performance is influenced by smart environment and smart pedagogy.  The ministry of the education in UAE runs many schools; out of these schools, eight schools (3 private schools and 5 public schools) were selected.  The analyses of the data are performed utilizing appropriate statistical tools enabled by SPSS (v.25).




1.10. Definitions of Key Terms

The importance of this section is to set the definition of the most important terms used in this research.  The following are educational terms that are used in the field of smart education.  The following are concise conceptual definitions of each term.

Smart Learning: Complex strategies that organize curriculum and learning methodology using the computer and its related technology. It is the type of learning which is very close to blended learning. It became famous in the USA, UK, Australia, and some Asian countries since 2000. Smart learning comprises of both online and face-to-face teaching (Woollard, 2011).

Smart Learners’ Performance (SLP): SLP represents a measure of the effectivenss of the smart learning program relative to the pre-set targets based on four dimensions: skills, knowledge, innovation and information enhancement (Pennington, 2014).

Smart Environment: Smart Learning Environment  (also referred to as Smart Environment) refers to the ecosystem of learning that enables the implementation of smart learning. This umbrella construct comprises of four dimensions: smart technologies, environment, control, and group interaction (Koper, 2014).

Smart Pedagogy: Pedagogy is the sience and art of teaching and knowledge transfer. Whereas, smart pedagogy is defined as the methods and practices related to knowledge transfer in a smart learning program. It encompasses teaching styles, teaching theories, digitalized content, inetractive courses, etc. This umbrella construct comprises of four dimensions: understanding, critical thinking, learning skills, and smart intelligence (Koper, 2014). 

1.11. Structure of Thesis

The thesis structure is based on the guidelines provided by the university. 

Chapter 1 contains an introduction where background, related work, the importance of this work, the problem statement, the objectives of the study, the questions raised, definitions of the most important terminologies, and summary are discussed. 

Chapter 2 discusses literature review where comprehensive review.  It includes a historical review of the UAE and the education system.  The foundations of the traditional education and the smart education were also discussed. It was also discussed that experience of implementing smart education within the region and abroad. Furthermore, the variables used in the framework are discussed in detail. Finally, the hypotheses linking the variables are presented.

Chapter 3 is about methodology where full description of data collection, process of development of the survey instrument, method of data analysis, and related matters are discussed.

Chapter 4 presents the statistical analyses of the data and its interpretation.

Chapter 5 presents discussions on the findings and relates it to the research objectives of this study. Thereafter, the theoretical and practical implications of the findings are presented. Finally, the study ends with conclusions and recommendations.  


1.12. Summary
The educational system in the UAE is experiencing a very important jump by shifting stage-by-stage from the traditional learning system.  The shift has started officially in 2012 and it was planned to cover all schools in UAE by the year of 2021coinciding with UAE Vision 2021.  The shift was not an easy task due to challenges that were developing as smart learning continued to be implemented in high schools.  The secondary schools in UAE are the context of this study.  This period of school education is very important because it represents the link between the basic (introductory) education and higher education where smart education has already started several years earlier.  In this Chapter, the foundation of implementing smart learning was identified along with the possible challenges. The Chapter mentions the objectives, the research questions, and the contributions.  In the following chapter, Chapter 2, more details about the education conditions in UAE along with the experience of other countries in this regard will be discussed.  



                                      CHAPTER 2

                             LITRATURE REVIEW

2.1 Introduction

Learning is defined, based on the Merriam-Webster dictionary, as the knowledge or skills acquired through instruction, study, or experience.  The framework presented in Section 1.7 depicts the contribution of the smart environment and smart pedagogy to achieve the performance of smart learners.  On the other hand, the concept of the smart learning is extracted from the context-aware universal teaching (Hwang, 2014) which states that the smart learning is not different when it comes to achieving the objectives mentioned in Merriam-Webster definition. The old fashion learning is not different in the goals; it is only different from smart learning by the mechanism (tool) that is used to achieve the purposes hinted earlier.  Previously, it was noted in literature review that the use of the term e-schooling, e-learning, or smart education has been used interchangeably (Siddiqui & Masud, 2012).  

2.2 Historical Background the Education System in UAE

The United Arab Emirates (UAE) was officially founded in 1972 (Smith, 2004). Then, there was a traditional educational system which was basically built on the teaching of Koran and religious matters (Alhebsi, 2015).  The classical methodology of the transformation of knowledge from generation-to-generation was performed through oral and written style which was based on the effectiveness of the teacher-student relationships. The transformation from the traditional methodologies to more pedagogical styles was performed as a result of establishing the Ministry of Education (MoE) in the United Arab Emirates (UAE) (Tabari, 2014).  The educational system has passed through the following four developments: the Mutawa, the Katateeb, and the educational circles (Tabari, 2014).  The modern educational system represents a shift from those traditional systems to a new unified and comprehensive system. 
This research is conducted in the context of high schools that are officially run by the Ministry of Education in UAE.  Figure 2.1 shows the geographical location of the UAE –the country that was formed by unifying seven emirates of Abu Dhabi, Sharjah, Ajman, Umm al-Qaiwain, Ras al-Khaimah and Fujairah in 1971 (Alhebsi, 2015).  The capital of UAE is Abu Dhabi (same name as the Emirates).  The land is mainly desert (80%) while the rest is located along the Gulf.  UAE is characterized by being a fascinating tourist destination.  The discovery of oil in the 70s of the last century turned UAE into one of the wealthiest country on the globe.  UAE has started alternative ways to shift from oil-dependent economy to a better independent economy, which partially depends on tourism; however, the shift requires substantial improvements in the education system (Vine, 2010).  In addition, to establishing a robust economic system, UAE has been working on modernizing governmental agencies, civil agencies, and political system (Alhebsi, 2015) along with a modernized educational system.   
The current population of UAE is about 9.5 million (0.13% of the world population) and density of 114 persons per square kilometer, about 92% urban, and the median age is 33.5 years.  The population growth in UAE is one of the highest rates global wise and for this reason, about 79% of the population aged between 15 and 65 years.  The original emirates form about 19% of the total population while the rest belongs to many other countries such as Pakistan, India, Bangladesh, Indonesia, the Philippine, and some Arab countries (Worldometers, 2018).  
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                  Figure 2.1. The United Arab Emirates and Neighboring Countries

Before establishing smart learning, educators all over the world were trying to modernize education by introducing different tools, better textbooks, and offering good training to teachers (van Osch, 2012).  The outcome of modernizing education has to be tested and evaluated to see the effectiveness of students’ creativity academically and at personal levels.  The modernization of education has been the subject of unlimited number of researches.  As an example, the performance of the introductory college chemistry showed a very important shift in the students’ thinking, learning, and making higher grades due to improving the textbooks (Grynkewich, 1995).  It also can be seen that students under better education conditions have shown significant differences throughout the variety of subjects and learning styles (Verma & Sharma, 1987).  
Smart learning has shown significant achievement compared to the traditional learning (Xiang, 1994; Chen & Chen, 2018).  In another study, it was found that the instructional teaching which allows students to choose their preferred learning style has outperformed the traditional learning technique (Goodwin, 1995).  The instructors’ style of teaching was tested in terms of students’ learning and found that this approach has no effect on the performance of the students (Spoon & Shell, 1995).  The education of the adolescents was studied and compared in the age, gender, and performance in very diverse nations (Lang et al., 2018).  A sample of 1637 students was taken from Bermuda, Brunei, Hungary, Sweden, and New Zealand and studied in terms of four factors amongst them learning style and preferences.  The study showed that 15 out of the 22 learning style elements were the most effective factors that resulted in signifying a broad spectrum of students’ level from gifted to low achieving students (Honigsfeld, 2001).  
The shift from the traditional educational system took place in 1930 (Alhebsi, 2015).  The traditional educational system used to be completely dependent on volunteers and the religious leaders (Imams) who taught young people how to read the Koran.  The new developments in education started with establishing schools and preparing qualified teachers (ADEC, 2012).  The first sign of the new educational system was characterized by opening the first school officially opened in 1930 under the name of Alqasimiah School in Sharjah under the leadership of Sheikh Mohammed Almahmoud (ADEC, 2012). 
After 23 years, the second reform was established when the Alasimiah School opened by the support of the Kuwait government (Alhebsi, 2015).  The new school has adopted the Kuwaiti methodology of learning (Alhebsi, 2015).  The crucial development took place in the years 1953 and 1954 where much-modernized schools were opened for men and, for the first time, for women (Alhebsi, 2015).  In the following year, the first school for females was opened under the same name. The school for females was later renamed Fatima A’zahra’a. Both schools operated under the Kuwaiti curriculum. Another branch of the school was opened in Ras Al Khaimah in 1955. Dubai followed the same suit in 1956. These schools were operated under the supervision of the Kuwaiti government (EDEC, 2015). As the initial instructional materials were specific to Kuwait, the local Emirates began the development of instructional materials specific to the region (Alrawi, 1996). The three-stage Kuwaiti model was established to include primary, preparatory, and secondary school. The number of the academic years in each of these three stages is six, three, three years, respectively.  The final exam after the 12-year period was taken in Kuwait prior to 1967; however, starting in 1968, the secondary school certificates has been conducted in the Emirates (Alrawi, 1996). 
In the UAE, smart learning (also referred to as e-learning) was established on throughout the country ensuring availability of this education system to all, regardless of their ages, genders, or nationalities (Alhebsi, 2015). Smart classes in the UAE are similar to the classes in other countries in terms of similarity in content, instructors, openness to the technology, and the methodology (Siddiqui & Masud, 2012).  The rapid advancement in technology has made it necessary for the learning procedure to keep up with re-education.  Accordingly, instructors can speed up the education without fearing that students will lack basic information.  The recording of the attendance which consumes a good amount of time is made automatically in the smart learning system.  The test system was also digitalized, which used to be very cumbersome in terms of preparation and evaluation.  All new techniques such as videos, audios, and animations are also provided and heavily used.  The smart learning shifts from the use of traditional textbooks, supplementary books, pencils, and other utensils to a new system that requires very limited use of materials (Mulgan, 2018).  
The development of education in UAE started in 2012.  UAE is considered among the highest-spending countries in education worldwide.  The basic reason for such a high budgetary allocation was due to implementation of smart education aiming at the highest quality education in the Gulf region.  Within a very short time, the UAE government has successfully provided opportunities to people living in the Emirates to enroll in smart secondary schools and simultaneously into higher education by proliferating online education (Aljaber, 2016; Abdallah, 2018).  
The UAE’s education is free for all Emiratis. The primary, middle, and high school are considered the basic primary education of 12 years period.  The curriculum is developed to serve the promising developments in the UAE.  Arabic is the essential language while English is the second.  The higher education institutions in UAE continue to improve in QS rankings, by showing improvement in teaching and research.  The improvement in the field of education was a direct result of the volume of spending in this field since the year 2011.  
The historical events of implementing smart education in UAE started with connection with Finnish authorities seeking help to implement the style of education with the concept of cultural and background foundations in UAE.  The reasons for choosing the Finnish educational system are the highly advanced educational system, the peaceful political situation of the Finnish government, and the high reputation of the Finnish education system, especially in the elementary stage.  For these reasons, Finland started exporting its educational experience to many other countries.  In 2013, Finland made the first agreement with the Gulf countries by signing an agreement with King Abdul-Aziz University of Saudi Arabia (OEP, 2017). The agreement was to train teachers, providing a suitable system, educational components, and to monitor the system implementation.  
The new learning technology has become the essential goal of governments, educational institutions, and educators in order to catch up with the very fast developments in technology and the style of human thinking and experiences.  For today’s education, the new generations are ready for accepting the phone, iPad, or the computer in the learning process while the old generations are mostly hesitant to adopt these new technological tools in their learning.  In e-learning, there are many catalysts such as the tremendous ability of the new generations to adapt and to get familiar very quickly with the new technology (Eaton, 2010).  
The program of improving and revolutionizing education has started in April 2012 aligned with UAE vision to become a knowledge-based economy through the integration of technology in education.  The program is a very impressive mechanism for investing in the educational process by creating a new culture which includes the “smart classes” that will provide every student with an electronic tablet and access to high-speed 4G networks by 2019.  The limitation of using the new technology in smart learning was also considered based on the recommendation of the previous study through which the involvement of the new technologies was investigated (Middleton, 2015; Hazari, 2019). The initiative, funded through the Telecommunications Regulatory Authority’s Information & Communication Technology (ICT) Fund, is under the guidance of the Ministry of Education as well as the Prime Minister’s office.

2.3 Reform of the Education in the UAE

The UAE government decided to reform the education in the country because of the importance of education as the most important pillar of human development.  The education reform starts with the fact that no one is exempted from learning based on the religious fact as stated in the Koran as mentioned in many verses such 74:1 and according to the recommendation of the United Nations (UN, 2000).  

2.3.1 Federal Structure of Education in the UAE

The UAE is a federal country established in December 1971 by an agreement amongst seven Emirates as mentioned earlier.  The UAE is run by a Supreme Council, where seven emirates share the decisions, policies, internal and external affairs.  The second in authority is the Cabinet or the Council of Ministers which is headed by the Prime Minister.  Certain policies are different from an Emirate to another depending on the economy, population, and the size of such an Emirate. 
Since the year of 1972 and immediately after establishing the UAE as a federation country, a series of federal laws, local laws, and regulations were administered to push the educational process forward by taking it from traditional picture to a better-modernized picture.  
The UAE has started its own reform of education in 2012 which was finalized in 2016 as illustrated in Figure 2.2.  The reform was aimed at the following four improvements: (1) students experience, (2) quality and professionalism of educators, (3) achieve higher standardization, and (4) reliable accountability among leaders of educational institutions.  

[image: ]
Figure 2.2: Focal points of UAE Education Reform 2016 (Modified ADEC, 2012)

        Table 2.1 contains the most important legislation and organizations that run the education in the UAE (UN, 2010/2011).







Table 2.1 Constitution Article, Federal Laws, and Regulation
	The Law Title
	Year
	Details

	UAE Constitution Article 17
	1971
	· Education is fundamental for society progress.
· Compulsory (MOE given right to set it) and free at all stages.
· Eradicating illiteracy.

	Federal I-M7
	1972
	· Identifying responsibilities for each ministry.
· Adoption of compulsory education.
· Approving new curriculum.

	Federal No. 11
	1972
	· Compulsory starts with a primary stage.
· Regulate curriculum, teaching, promotion, and performance.

	Federal No. 4
	1976
	· Setting up the University of UAE. 

	Federal No. 24
	2005
	· Establishing the Abu Dhabi Education Council (ADEC).
· Setting the required funds to run ADEC.

	Federal No. 29
	2006
	· Issuing the rights of people with disabilities in learning.

	Cabinet Decree No. 1
	1987
	· Setting MOE’s objectives.
· Subsidizing enough resources required to achieve MOE’s objectives.
· Forming educational zones.

	Ministerial Resolution No 378/2
	11988
	· Identifying decision-making bodies for technical, administrative, and financial.
· Appointing managers for educational zones and Head Office.

	Ministerial Resolution No 345/2
	11989
	· Defining steps of the planning cycle of MOE’s activities.

	Ministerial Resolution No 7
	11991
	· Formation of permanent Ministerial Advisory Committee (MAC).
· Defining the scope and responsibilities of MAC.

	Ministerial Resolution No 624/2
	11991
	· Issue regulation for evaluation and examination.
· Establishing two-term school year.

	Ministerial Resolution No 20/2
	11996
	· Establishing the technical education.



Table 2.2 shows the most important agencies and institutions that are related to the implementation, monitoring, and managing the affairs of the smart learning in UAE.

Table 2.2 Chronicle of Administration and Management of the UAE Education
	Administration/Management
	Year
	Responsibilities

	Ministry of Education (MOE)
	1976
	· Responsible for primary, middle, and secondary education.
· Eradicates illiteracy.
· Oversees all Emirates-based educational councils and authorities. 

	The Commission of Academic Accreditation (CAA)
	---
	· Estimating the quality assurance of all educational institutions under the Ministry of Higher Education.
· Issuing license for qualified educational agencies.

	The National Admission and Placement Office (NAPO)
	1996
	· Facilitating and improves the flow from secondary education to higher education.  
· Preparing the Common Educational Proficiency Assessment (CEPA) test.
· Processing the scholarships for the qualified students.

	Abu Dhabi Education Council (ADEC)
	2005
	· Developing and implementing innovative educational policies such as smart education. 
· In 2009, all teachers were transferred to work under ADEC.
· From 2010, ADEC becomes responsible for education in Abu Dhabi concerning financial and administration.

	The Knowledge and Human Development Authority (KHDA)
	2006
	· Developing all human and knowledge resource sectors in Dubai.
· Improving quality, accessibility, and engagement in education.
· Overseeing performance in all learning sectors.
· Issuing licenses to private schools. 
· Supervising training centers.

	The National Institution for Vocational Education (NIVE)
	2006
	· Providing services for students to get jobs.
· Overseeing vocational education.
· Benchmarking against well-known international vocational agencies

	MOE’s organizations
	2010
	· Education for all Emiratis.
· Developing educational plans.
· Preparing curriculum and exams.
· Monitoring performance of all under the MOE’s authority.






2.3.2 Abu Dhabi Educational Council (ADEC)
Abu Dhabi is the capital of Emirates of Abu Dhabi, which is the largest emirate in the UAE lies on an island whose geographical shape looks like the letter “T”.  Abu Dhabi is the place of the governmental offices.  The population of Abu Dhabi is less slightly than 2 million.  The residents of Abu Dhabi, the capital, have the highest per-capita income in the UAE.  Abu Dhabi is considered the cultural and commercial center of the UAE (ADEC, 2017).  The local and international schools are mainly located in Abu Dhabi amongst them American and French universities.  The educational system in Abu Dhabi requires that all schools, local or international, have to be under the authority of Abu Dhabi Educational Council (ADEC).  To reform and modernize the education in Abu Dhabi, ADEC decided to bring thousands of highly professional teachers and employed them at all levels of the educational system.  The ADEC activities are not limited to the office hours but it is extended to after hour activities by providing a program contracted with Brazil started in 2008.  The program extended to have 42 schools under the supervision of 81 Brazilian coaches (ADEC, 2017).  
In 2010, ADEC started a program called Abu Dhabi School Model (ADSM) which was based on very promising curriculum whose focus is on Arabic, English, Mathematics, and Sciences (ADEC, 2012).  The rules set by ADEC were applied to teachers by defining their duties which include using student-centered approaches and continual assessment to achieve all learning outcomes.  The resources of the smart education were prepared and electronic devices were ready for use (ADEC, 2015).  
The focus on the teaching methodology was stressed by ADEC aiming to establish the best schools in the nation.  The focus was on the contents and the methodology of teaching where the delivery of the contents is the responsibility of the teacher provided receiving very well training and equipped with teaching permit which is issued under very strict requirements (Eränpalo et al., 2016).  The goal of the school or the institution is established on the school-based curriculum formulated by school’s administration and applicable to all schools under the authority of ADEC.  There is only one challenge to the setting of the curriculum as the outcome-based principle which is not easy to apply on those topics which are taught once a year which makes the transition from one topic to another fragmented due to a shortage of time between semester and another (El Miedany, 2019).

2.3.3 The Progress of Educational Reform
The reforms in the education system in UAE was studied by, many researchers who are mainly from Emirates and Arab countries such as Egypt and Jordan.  The studies, generally, focused on the teachers by segregating them into Emirati and non-Emirati origin.  The teachers of non-Emirati origin were grouped further into Arabs and non-Arab nationalities.  The non-Arab teachers were excluded because they are normally not teaching the three topics under consideration.   Regarding the period of teachers’ experience, the seven-year experience was the criteria for considering teacher as a less or a more experience. The topics under investigation were chosen to include science, math, and English.  In the following study, educational reform in the eyes of Emiratis (non-Emiratis), rural (urban regions), and more-experience (less-experience) teachers were investigated.  Table 2.3 contains one of the samples used in the studies, that assesses the educational reforms.


                Table 2.3 Teachers Participants by Subject and Target Group
	Subject
	Less experienced (Emirati)
	More experienced (Emirati)
	Non-Emirati (Arab)
	Total

	Science
	6
	5
	0
	11

	English
	11
	0
	5
	116

	Mathematics
	5
	6
	0
	111



The following points show the results of the study by Tabari (2014), and a brief description to these points can be seen in Table 2.4:

     Table 2.4. Results of the Study Assessing Smart Learning (Tabari, 2014) 

	No.
	Statement/Question
	Response
%

	1
	The more-experienced Emiratis teachers in rural school are willing to choose government schools.
	67

	2
	Teachers in urban schools are willing to choose private schools.
	73

	3
	The more-experienced Emiratis teachers in urban schools are more likely opposing educational reform more than those who are working in rural schools.
	46

	4
	Teachers’ comments suggest positive relation with students.
	54

	5
	Teacher claimed negative relationship with students
	46

	6
	Students were harshly treated by teachers using beating for example.
	58

	7
	Regarding modernizing teaching curriculum, teachers are widely inconsistent.
	84

	8
	“How smart education looks like?’ Teachers significantly differ in their understanding as three groups can be recognize according to teachers’ perception:
· High-quality curriculum.                                                          
· Having a computer.                                                                  
· Expecting strong leadership.                                                   
	


65
71
89

	No.
	Statement/Question
	Response
%

	9
	“How the training important?”  
· Consider training as time-consuming.
· Claim that training has little value.
· Feel that it is good experience but it added little knowledge to the nature of the foundations of the topic.
	
80
62
58

	10
	“Reaction to curriculum changes,”
· Unsure.                                                                                  
· Believe student react well with these changes.                     
· Agree that the content of the new curriculum is appropriate. 
	
68
72
53

	11
	Teachers think that the new curriculum is burden on students in regard to exams and homework.
	73

	12
	Teachers think that the new curriculum is very simple and it will not benefit them in higher education
	27

	13
	Teachers whether supportive or unsupportive to the plan feel frustration due to not enough consultation with them about the new curriculum.
	48

	14
	Teachers feel tremendous pressure in integrating into new educational technology.
	79

	15
	Teachers agree with the new curriculum but they are complaining about self-autonomy to teach new topics.
	28

	16
	“How important the leadership?” All teachers believe that a strong school leadership is needed to apply the new curriculum
	

	17
	“How about working conditions?” 
· Better maintenance to the schools is need due to high temperature during summer and poor air conditioning.       
· General poor provision such as no labs or no halls for physical education.                                                                               
· Dissatisfaction with working hours due to introducing three-term per academic year.
	

95

98

86

	18
	“How about promotion?” 
· Teachers feel that they do not expect promotion in their current positions.                                                                   
· Teachers feel that they spend the rest of their lives without any change.                                                                             
	

79

82




2.4 Secondary School Education in UAE
Since the early of the 1970s, all citizens of the UAE must attend schools starting from kindergarten, primary, preparatory, and secondary schools.  During this period, the population of the UAE has increased rapidly, and it was very important to cope with the increase regarding education by modernizing the educational techniques.  Consequently, e-learning was established in most academic institutions.  The strategy set by the federal government was very clear when it decided that the smart education has the priority over other branches of the governments (ADEC, 2017).  

The UAE government has decreed that the Information and Communication Technology (ICT) is very critical to modernizing the overall country establishments including education (Peterson, 2007; Collins, 2019).  This decree has opened the door widely for smart tools to be considered wherever needed.  The decree has issued establishing policies and regulations, improving the ICTs, enhancing citizens’ capital, encouraging research, and developing new technologies (ADEC, 2017).  

In 2012, the Abu Dhabi Education Council (ADEC) in the UAE has approved Abu Dhabi Education Reform: The Road to 2030.  ADEC set six priorities regarding the education in the UAE as shown in Figure 2.3.

[image: ]
Figure 2.3: The 6 Priorities of ADEC towards Vision 2030 (ADEC, 2012)

The progress of the smart learning in UAE is illustrated in Figure 2.4.
[image: http://gulfnews.com/polopoly_fs/1.1637453.1450105149!/image/1357647386.jpg]
Figure 2.4: Progress of Smart Learning in UAE Schools (ADEC, 2012)
2.5 Quality of Education and Constructing Framework
It has been reported that between 2005 to 2019, the focus on the quality of education was either on inputs/output and the processes within at three levels of pre-school, high schools, and the national level (Kanyongo, 2005; Kellaghan et al., 2009; Shizha & Kariwo, 2012; Jenjekwa, 2013; Slot et al., 2015; Biersteker et al., 2016; Takavarasha et al., 2017; and Madani, 2019).  These studies among others have not established a specific relationship between the three elements of input, output, and the process, thus ending the studies without formulating a general concept that may contribute to the overall quality of education (Garira, 2020).  For this reason, research is needed to focus on a theory that conceptualizes the quality of education under the evolution of the smart learning through a general framework.  The previous studies have been focusing on level of education, specific topics, selected smart learning tools, or the setting of classroom (Jenjekwa, 2013; Chikwiri & Musiyiwa, 2017).  More specifically, there appears to be a dearth of any unified conceptual framework for quality of education that considers the difference between the proposed unified conceptual framework and the understanding of quality of education through focusing on the components of quality of education at all the levels of the education system than focusing at a single level. 
The first step that provides a scientific base for understanding the quality of education is a conceptual framework formulated in terms of the various components of different levels of educational system that investigates the relationships between them (Garira, 2020).  This step of developing a conceptual framework carries some important challenges such as the uncertainty of the factors that constitute the framework.  Therefore, developing a unified framework may be the best approach that could benefit all stakeholders in education.  The other challenge is the way that the framework should be presented, would be expected to gather all theoretical and practical perspectives that aim at improving the quality of education in schools (Garira, 2020). 
The highly cited article published by Steyn (2001) regarding the quality of education had affirmed the importance of this quality articulating that defining the quality makes the difference between success and failure.  Based on the United Nations report about the importance of the quality of education (UNESCO & UNICEF, 2012), there was a lack of mutual agreement about the foundations in terms of quality of education (Garira, 2020).  In another report published by Williams (2001), it was suggested that quality of education depends entirely on whther the relationships between the outputs and the inputs, and the processes, were significant.  
The criticism of such an approach arose from the opinion that says the outputs could be strongly affected by the inputs and the way of running the educational system.  This includes the knowledge of students, social preparation, and personal development (Saito & van Cappelle, 2009).  However, many reports were published between 2011 until 2019, that demosntrate considerable evidence of poor quality of education in most education systems (Benavot, 2011; Garira et al., 2020; Spaull, 2015).  Despite this unfortunate outcome, there was a hope that the quality of the educational system has been improved in most of the areas (Carlson, 2009; Estyn, 2014).  The failure and the success in the quality of education was the essential reason for presenting a unified conceptual framework and for better understanding of the whole process to realize the importance of improving the quality of education (Garira, 2020).  
Quality of education has been investigated and several frameworks were presented since the year of 2000.  The first framework was called integrated model of school effectiveness (Gunal & Demirtasli, 2016). In 2008, Griffith (2008) proposed a model for assessing quality of education, while in 2014, a conceptualization of quality education from the paradigm of recognition framework was proposed by Luong & Nieke (2014).  These frameworks were later taken together to propose a unified framework (Garira, 2020).  The drawback of these frameworks was solely based on focusing on inputs, processes, and outputs of education; however, the missing part was ignoring the various levels of the educational and the operational elements of each of these systems.  In addition, previous approach did not consider the conceptualizing and understanding of the quality of education.  That strictly meant as if there were multi-functional framework while the need of a unified framework was needed the most.  The unified framework considers the holistic educational system in terms of the level and the components of the quality of education.  Therefore, the unified framework will expound all components and help researchers and educators to achieve better performance (Garira, 2020).  
The need to develop an underpinning theory for any conceptual framework is essential to underline the importance of any study that reflects the improvement of the quality of education.  Therefore, without a robust theory, the entire effort of building a unified framework is likely to be futile (Garrira, 2020).  In this sense, theoretical frameworks have already investigated and available in different disciplines such as social sciences, natural sciences, economy, behavioral sciences, constructivism, and cognitivism (Banathy & Jenlink, 2004; and Al-Qaysi et al., 2020).

2.6 The Transformation from Traditional to Smart Learning
Smart education is different from traditional education, in the framework which describes the comprehensive strategy of conducting this type of education keeping the goals of both educational systems same.  One of the differences from the traditional educational system is how to achieve successfully the satisfaction of the multiple layers of education: Information, knowledge, learning, and wisdom. The multi-layer strategy in smart learning requires implementing a certain form in each of the layers.  The layers have the capability of transformative capacity in the society where smart learning covers students, parents, teachers, and administrators (Zhu et al., 2016).  
The first layer deals with the information and data collected from students, teachers, schools, and other individuals and/or agencies that are involved in the smart learning in order to establish data-based information which includes assessment, infrastructure, and content usage of the smart learning.  The data-driven information has to reflect the real-time situation of the process and has to be secured and should be collected, digitalized, coded, and transmitted.  
The second layer is the information.  The importance of the information is to allow individuals, systems, or organizations to get benefit from it.  This point is very challenging and risky as it requires flexibility and openness to access data and/or information.  The smart learning initiative through information management system is the body that is responsible to regulate the access to the information.  Under the authority of the information management system, the reporting to the students, teachers, the administrator is performed.  This part is the most challenging part of the information layer.  The students receive information about the school schedule, evaluation, and resources needed.  The teachers, on their side, can organize the educational process by engaging Information Technology (IT) in operations at the school level or the country level.  
The third layer is the knowledge, which is the driving element of any smart education.  In this layer, the schools and the teachers are experiencing new roles in order to show the meaning and the context of the data and information (layer one and layer two).  The knowledge can be either tacit (know how) and explicit (coded knowledge).  At this layer, the organizations of the educational system play an important role by understanding the use of the data and information and by using the outcome of the variety of practices to benefit from all the knowledge.  The transmission of the tacit information to explicit information could be performed using education resource planning (ERP) and citizen relationship management for education (CRM).  The fourth layer is the learning layer where issues such as internet and electronic devices are the key elements to transmit data, knowledge, and information to the students.   The last layer is the wisdom layer.  The wisdom is used to think and act in an orderly fashion to build the environment for sustainable developments in the education system (Lorenzo & Gallon, 2019).  
The progress of the smart education in the UAE has formulated its goal by providing a completely paper-free education where electronic devices replace the paper such as iPad, smartphone, and computer (Halaweh, 2017).  The development of digital technology and smart education has started a new era called digital education.  Digital education is characterized by its availability, ease of use, and low cost.  
Smart education in the UAE deals with 14 communication tools as illustrated in Table 2.5.  The table shows the weight of each of these 14 tools with the number of respondents and the percentage.  The information shows that the use of cell phones indicates the highest number of respondents (56) that is 93% of the respondents reported that they use these devices.  On the other hand, Proxima has the lowest use that is only 16.12% of the respondents use this system. 

Table 2.5 Communication Tools used in the UAE
	No.
	Electronic Communication
	Respondents
	Percentage

	1
	Cellphone and mobile phone
	56
	93.00%

	2
	Chatroom
	19
	31.67%

	3
	Radio
	29
	84.33%

	4
	Television  
	49
	81.67%

	5
	VCR  
	6
	19.35%

	6
	Satellite dish  
	13
	21.67%

	7
	Digital camera  
	32
	53.33%

	8
	E-commerce website  
	12
	20.00%

	9
	Banking kiosk or money card  
	10
	32.25%

	10
	Internet listserv  
	8
	22.85%

	11
	Internet bulletin board  
	4
	13.33%

	12
	Email account
	8
	10.00%

	13
	Voicemail
	8
	25.80%

	14
	Proxima (presentation device)
	5
	16.12%




2.7 Smart Learning
In this section, general and specific considerations concerning the smart learning which includes the acceptance of smart learning, its definitions, brief historical background, and its implementation all over the world.   


2.7.1 Definitions of Smart Learning
           Generally, smart learning environment is effective, efficient and engaging (Merrill 2013). The learner is always considered as the heart and the target of smart learning environment. The goal of smart learning environment is to provide self-learning, self-motivated and personalized services which learners can attend courses at their own pace and are able to access the personalized learning content according to their personal difference (Kim et al. 2013).  Koper (2014) proposed that smart learning environments are defined as physical environments that are enriched with digital, context-aware and adaptive devices, to promote better and faster learning. Hwang (2014) specified that the potential criteria of a smart learning environment include context-aware, able to offer instant and adaptive support to learners, and able to adapt the learner interface and subject contents. Additionally, smart learning environment provides the necessary learning guidance, suggestions or supportive tools to them in the right form, at the right time and in the right place (Dascalu et al., 2015).

[bookmark: _Hlk21033003]          Learning can take place anytime and anywhere via the utilization of smart devices. The context-aware aspect plays an important role in smart learning environments that can support to provide proper learning service to learners. Kim et al. (2013) designed a smart learning environment based on cloud computing. The smart learning service provides context-awareness supporting push smart learning content to learners through collecting and analyzing their behaviors. It aims to provide personalized and customized learning services to learners. Scott & Benlamri (2010) built a smart learning environment on semantic web and ubiquitous computing. The learning environment is composed by ubiquitous collaborative learning spaces, which transform traditional learning spaces into intelligent ambient learning environments through context awareness and real-time learning services. Huang et al. (2013) considered a smart learning environment as a high-level digital environment that realizes learning context awareness, recognizes learner’s characteristic, provides adaptive learning resources and convenient interactive tools, records learning process automatically and evaluates learning outcomes. Its goal is to support easy, engaged and effective learning for learners. Spector (2014) considered that smart learning environment supports planning and innovative alternatives for learners and instructors, and should be effectiveness, efficiency, engagement, flexibility, adaptivity, and reflectiveness. 

2.7.2 Characteristics of the Smart Learning
The current challenges of conventional education became very serious simply because the conventional learning system is unable to satisfy the need of the rapidly developing technologies.  The smart learning shares the same ideologies of traditional learning as they are targeting the maximum performance and managing the interest of the students.  However, the two educational systems differ from each other in the quality and the quantity of learning and understanding the concepts (Kudryashoval et al., 2016).  
Smart education provides important issues such as the least consuming time for onset the program, the widespread sharing of information, tests, and quizzes, collecting and gathering personal information and academic results for all students, preparation of all documents regarding regulation, monitoring, assessing, and sharing (Huang et al. 2013).  Based on this point, smart education is equipped with resources that significantly outperform the traditional education. Those resources include, but not limited to, computers, smartphone, tablets, internet (websites), virtual classrooms, smart boards such as white, touch, or LED screens, and digital resources.  Within the frame of these resources, students will receive better approaches to learning.  The smart messaging system is another interesting tool.  The students, no matter what their interests, will find much better guidance which results in tremendous improved performance (Huang et al. 2013).  
[bookmark: _Hlk21033336]In general, the success of applying smart education depends on four parameters: curriculum, pedagogy, assessment, and teacher-learning materials (Halim et al. 2005).  The curriculum of the smart education is much wider than the traditional curriculum technologically, multi-culturally, socially, and in its goals.  The syllabus is chosen to allow students to think creatively, skillfully, and innovatively.  The curriculum should enable achievement of much wider benefits to all students by integrating the knowledge and appropriately set all elements together (Jaafar, 2008).  
The second element of the successful re-education is the pedagogy through which the learning process is turned into interesting, stimulating, and meaningful experience.  Under these requirements, pedagogy builds the basic skills that challenge students to more ideas and discoveries (Robeck et al., 2019).  In a pedagogical approach, the strategy of learning is built on enhancing complete development efficiently to raise the performance of the students to enable them to grasp new technologies and be able to choose suitable learning resources.  
The third element is the assessment, which is main theme of this work.  The assessment in e-learning is substantially different from traditional assessment methods. It uses online techniques to follow up the performance of the students, teachers, and parents simultaneously.  The assessment is very flexible where several criteria are available to be used for assessing students’ performance during the course of the study and after graduation (Beard et al., 2019).  By doing such a comprehensive assessment, the goals of smart education will be satisfied by providing a full picture of the students’ improvement.  
The last element of the successful e-learning is the type of the teacher learning materials.  These materials must be carefully chosen such that they are always aligned with the development of technology.  This matter is not easy for parents and guardians to fathom, since they were accustomed to using same material over and over.  In smart education, the learning material could be slightly or, sometimes, totally altered from the previous learning materials (Galil, 2014).

2.7.3 Underpinning Theory of Smart Learning Model 

[bookmark: _Hlk21292428]The original foundation of the learning process is based the learning theory developed by Carl Rogers (1951). Rogers’ theory depends on the fact that learning is possible because of the nature of the human beings is inclined towards learning. Accordingly, e-learning has become possible only because, generally most individuals are self-driven, and they are eager to learn regardless of their location in relation to learning institutions. In Roger’s theory, the role of the teacher is nothing but a facilitator while keep in mind that no amount of effort on the part of the teacher could guarantee learning success, unless the learner has a desire and predisposition to learn.
There are several interesting points of Rogers's Facilitation Theory including the notion that learning involves changing one's self-concept which tightly related to the discovering one's strengths or weaknesses. In the course of e-learning setup, students have to perceive the possibility of knowledge acquisition where consolidation could impact the self-concept on learning which results in targeting skills with confidence or with an adjusted approach (Kaymaz &Sungur, 2015).
E-learning may help students implicitly and in a non-direct facilitative approach that students can find various types of information by themselves where teachers are merely facilitating that process.  This is one of the basic assumptions in smart learning which enables students to handle the role of information transmission while they are valuing the contribution of teaching (Chen et al., 2018). Generally, smart learning appears from the first glance that such a teaching model is an idealization, which is rarely found in its pure form in practice.  
Smart learning can be described as a person-centred approach that encourages attitudes conducive to leaner awareness and contemplation.  Smart learning could supply the techniques and the instruments that define and measure changes in learning environment of themselves as learners and performance well. Smart learning, as noted earlier, was a new approach with activities that lead to a high learning capability.  It is confidently one can say that smart learning is a new phenomenon in education whose final framework is still behind constituting a mature theory but, instead, there are several theories and models that describe the smart learning based on certain experience (Hoel & Mason, 2018).  
This research is another attempt to formalize a theoretical model to provide a framework for the smart learning in the secondary schools in the UAE.  The basic elements of the framework should include the environment of the smart learning such as integrating learning space, blended learning theory, tools, devices, techniques, resources, teacher preparedness, and the learner communities.  The learning behaviour and the outcome are very essential factors in the smart learning.  These two factors are related to setting a plan for smart learning by dynamic evolution of execution, monitoring, and evaluation (Liu et al., 2016).  Educational tools for smart learning were developed based on other educational theories (Mayes & de Freitas, 2013).
Educational models have been extensively researched, particulalry since World War Two.  In the early 50s of last century, Professor Bloom of the University of Chicago introduced the most important educational theory, which was called Bloom Taxonomy where education was structured and quantified (Bloom & Krathwohl, 1956).  Taxonomy theory identifies the cognitive domain under recalling data, understanding, applying, analysing, synthesizing, and evaluating.  In addition to the cognitive domain, the psychomotor domain was introduced later to address the skill in practical applications (Anderson & Krathwohl, 2001).  Currently, Bloom’s Taxonomy is represented by three skills: cognitive (i.e., mental skills), psychomotor (i.e., physical skills), and affective (i.e., related to emotions such as behavior).  Table 2.6 shows the classification of Bloom’s taxonomy. Bloom’s taxonomy is used in designing practical learning activities (Alseddiqi et al., 2012).  The three domains of skill show the levels of the skill and the development of mental activities of the students.  





Table 2.6: Bloom’s Taxonomy Classification
	Learning Level
	Cognitive Skill
	Affective Skill
	Psychomotor Skill

	Lower Learning Level
	1
	Recall
	Receive
	Observe

	
	2
	Understand
	Respond
	Perform

	
	3
	Apply
	Value
	Demonstrate

	Higher Learning Level
	4
	Analyse
	Organize
	Construct

	
	5
	Evaluate
	Characterise
	Design

	
	6
	Create
	




The second important model is the Salmon model which was founded in 2000 (Mayes & de Freitas, 2013).  Salmon model includes the following five stages: access to motivation, online socialization, information exchange, knowledge construction, and development.  The fundamental characteristic of each stage requires acquiring a certain technical skill.  As stage evolves, more skill is needed to fulfill the requirement of the learning process.  Salmon model explains the relationship between the teacher and the students (Salmon, 2009).  This model is more practical than Bloom’s taxonomy model regarding the required skill to attain a certain level of learning.  
The third model is called the Rogers Model of Diffusion of Innovation (RMDI).  The RDMI suggests that the adoption process of learning can be achieved by satisfying the following 5 stages: awareness, interest, evaluation, trial, and adoption.  The awareness stage is concerned about the knowledge upon exposing to innovation for the first time (Proctor, 2018).  The awareness stage is followed by the interest stage where the individual shows the interest in the innovation.  As soon as the individual shows the interest, the evaluation stage starts through which the advantages and disadvantages will be evaluated and balanced.  The choice results in involving the trial stage where the effectiveness of the innovation is tested.  Finally, the cycle will be closed by adopting the innovation (Rogers, 1995).  

2.7.4 Modeling of Smart Learning Acceptance
           The transformation from traditional to smart educational system has been facing many obstacles.  Earlier, some of these difficulties were discussed in Section 1.3.  The first of these challenges was the definition of smart learning.  Generally, smart learning means teaching materials using electronic media (Tarhini et al., 2016).  However, this definition is too simplistic and, as such, other definitions were adopted to include tools and environments that drive system such as the smart class, smart board, and smart commination (Almaiah et al., 2016; Pribeanu et al., 2017).  The second important challenge is the acceptance of smart learning as a new form of education that fundamentally differs from what students, parents, administration, and shareholders were used to dealing with (Rissa, 2014).  In the following section, a brief description will be presented on the acceptance of smart learning in UAE and other contexts, by examining the factors that influence students’ acceptance of technology such that drive smart learning.  

2.7.4.1 Smart Learning: A Technology Acceptance Perspective

The adoption or acceptance of any technology or system depends on users who were assumed to constitute the most important part in the success or failure of a technological system (Al-Emran et al., 2018).  Previously, it was proposed that rejection of a technology could result in more time, effort, and money that lead to loss of technology benefits (Davis, 1989).  The acceptance of smart technology was subjected to requirements and procedures that have been investigated through numerous studies that use a plethora of theories that were developed relatively long time ago.  The most famous of these theories was the Technology Acceptance Model (TAM) (Davis et al., 1989; Holden & Rada, 2011).  The “word” technology could refer to various systems (Alkis et al., 2014).  TAM relies on two main constructs:  perceived usefulness and perceived ease of use. These factors are influenced by external and system-related variables. These variables in turn predict the attitudes and behavioral intentions towards using or rejecting a technology (Salloum & Shaalan, 2018).  
In applying TAM, different external factors were tested to determine their influence on attitudes and intentions via several factors that, in turns, relies on the cognitive and emotional factors of accepting the technology towards implementing it (Rani et al., 2019).   Specifically, an approach was made using quantitative research methodology to investigate TAM parameters for implementing smart education in universities (Rani et al., 2019).  The results have shown that self-efficacy, subjective norm, enjoyment, computer anxiety, and experience were considered the most extensively used external factors. These external factors were found to be the most influential predictors of perceived usefulness and perceived ease of use in TAM. 
The progress of smart learning implementation globally has led to development of several smart tools and techniques to make smart learning available, easy to use, and with reasonable cost (Rissa, 2014).  One of these tools is the social media such as web-based applications as recently reported and fortified by acceptance of both students and teachers (Al-Qaysi & Al-Emran, 2017).  Social media has been recognized as a very wide ranging of network of applications that could be utilized to enhance social interaction, collaboration, and creative expression (Dabbagh & Reo, 2011).  It appears that the research on the social media has been increasing rapidly, and has been analyzed through the acceptance of social media within the higher educational institutions (Dumpit & Fernandez, 2017). In addition, there are a susbtantial quantity of empirical studies focusing on the impact of social media on the educational outcomes and students’ satisfaction (Orus et al., 2016).  Meanwhile, other studies have focused on exploring the factors that affect the students’ intention to use social media in the higher educational institutions (Balakrishnan, 2017) 
	Social media has transformed the higher educational settings by providing easy ways of communication, collaboration, and education (Tess, 2013).  For these reasons, the acceptance of social media is an important fcator in enhancing the instruction and learning processes that promotes a student-centered learning environment where students are exploring many ways of learning methods (Friesen & Lowe, 2012).  As an example, students are more inclined towards use of Facebook and other social media websites rather than using the traditional learning methods (Roblyer, McDaniel, Webb, Herman, & Witty, 2010).  In conclusion, social media tools are improving the learning process through enhancing knowledge acquisition, utilizing technological resources and information sharing, exploring active participation, realizing interaction, collaboration, and adopting critical thinking (Selwyn, 2009). 


2.7.5 Smart Learning around the World
In this section, an overview is provided to shed light on discoveries made regarding impact of smart learning in various settings.  As information and communication technology (ICT) is advancing at an exponential pace, there are promising opportunities to fundamentally transform the realm of smart learning.  The advancement in ICT can provide a real-time interaction with other countries to examine or to have an idea about the progress of their experiences.  The advances in digital technology, has enabled people to interact and to learn from each other regardless of cultural and geographical differences.  Education through hyper-connected technological platforms has become a great leveler.  
            People from most parts of the world can experience how education and learning has become easily accessible to through the social media, interactive games, massive open online courses, etc. Smart education has become a huge business where millions of skilled people are working in one single direction: better education and more knowledge acquisition.  Educational products and end-user services; have been made widely available, by companies such as: Microsoft, Apple, Google, Samsung, Dell, Blackboard, IBM, HP, and Toshiba (Borawska-Kalbarczyk et al., 2019).  
[bookmark: _Hlk21033198]The demand for the smart education is on the rise worldwide (Rissa, 2014).  The smart education industry is focused on inventing applications for services, software, and hardware. Some the common terms in the realm of smart learning these days are: virtual classrooms, self-paced e-learning, collaboration-based learning, mobile learning, social learning, simulation-based learning, and game-based learning (Clarke, 2006). 
[bookmark: _Hlk21033247]The adoption of the smart education varies from country to country, depending on the financial capacity of each country. The technical capability of each country is also an important factor (Hargis et al., 2014).  For instance, among the emerging nations, Bangladesh and Sri Lanka have demonstrated phenomenal success due to their adoption of distance education implemented using different technical approaches through the Internet, computers, and mobile phones.  The basic reason for this is their management capabilites in implementing projects on a large scale. Some non-government organizations from Bangladesh have achieved global acclaim due their implementation of smart learning to thousands of rural communities. For example, the organization, BRAC is considered as the largest NGO in the world with projects in more than 17 countries. The authorities in Bangladesh and Sri Lanka are still working towards achieving full transformation from traditional learning to smart learning.  For countries such as UAE, the transformation was much easier not only because of the wealth that the country controls, but the readiness of people in the country is also a factor (Miglani & Awadhiya, 2014; Marsal-Llacuna et al., 2015).  
Around the world, there are opportunities for implementing new technologies such as the information and communication technologies (ICT) in education. Despite the advancement in technologies, models presented for smart learning are still ill-defined (Price, 2015). Regarding the effectiveness of integrating technology in smart education, it can be said that technology impacts the quality of teaching and learning compared to the traditional classroom (Rissa, 2014).  Meanwhile, transforming opportunities and the existence of challenges that are facing education systems could continue for a long time.  There have been many attempts to explore innovative uses of technology that serves learning and sharing knowledge to enable smart learning environments (Lorenzo & Gallon, 2019).
For those in the private sector who are involved in many aspects of education and technology, they are frequently asked about motives for their involvement, the efforts associated with understanding the effectiveness of these efforts, and the long-term commitment to guarantee sustainability.  There is rarely agreement on the roles and methods of such private sector involvement, but there is agreement that, as the demand for high-level subject based skills and higher order 21st Century skills continue to grow within schools and beyond for future employability, the tasks associated with transforming traditional models of schooling to meet these demands are often hidden within the complex political, social, and educational systems in which they are so deeply embedded. 
Increasingly, the private sector is establishing partnerships with governments, non-governmental organizations, academia, educators, practitioners and industry to address the challenges associated with the numerous education reform efforts (Leonardou e al., 2019). For multinational corporations, their global presence and needs as employers provides a perspective that can inform agencies intent upon transforming learning environments and learning outcomes in local and global ways. Identification of the activities that support a shift from traditional education systems to the desired innovative and personalized learning environment will require exploration beyond the classroom to include the wide-ranging systemic change of programs, practices, and policies based on the application of a clear theory of change.
For more than four decades, Intel has made education the primary focus of its strategic philanthropic activities. Investing more than $100 million annually in programs that promote teacher professional development, Science, technology, engineering, and mathematics (STEM) education, foster and celebrate innovation and entrepreneurship among the best and brightest young students in the world, and supporting initiatives that encourage women and girls to seek careers in technology, each helping incorporate best practices in math, science and the effective use of technology in formal and informal education environments (Kirkley, 2017).
Working in coalitions with other high-tech companies to support technology access, development and implementation of K-12 teacher professional development has helped provide valuable insight into effective integration of technology. Working on projects to improve mathematics and science content and curriculum, as well as assessments to support initiatives that develop 21st century skills utilizing technology helped provide better understanding in ways to enable the skills students need to be the innovators of tomorrow. To address this need for technology to be integrated in ways that move beyond hardware access and software applications, Intel supports programs and initiatives designed to train classroom teachers to integrate technology into their lessons to promote problem solving, critical thinking and collaboration skills among their students into their existing curriculum. To date, the Intel teacher professional development efforts, have trained over ten million teachers in more than 70 countries worldwide. Most recently, Intel has implemented a solutions approach to support education systems. This approach integrates device technology developments with locally relevant solutions, hardware, software and tools for learning to create a more vibrant, interactive learning environment (Woods & Hsu, 2019).


2.8 Smart Pedagogy
Smart pedagogy involves use of content, methods and practices for a smart learning environment.  The practice includes use of advanced technology such as teaching robots that are now being deployed in several schools in the Middle East, Asia, North America, and many European countries. As an example, a language robot is ebing used in primary schools in Finland.  The language robot is equipped with software that enhances students understanding and encourages them to acquire learning skills.  The robot also facilitates the link between students and teachers showing the best methods for children engagement in learning process (Liubiniene & Kasperaviciene, 2019).  
Smart pedagogy emphasizes the integration of smart technology into the education process, which are different from the concepts of mobile learning (m-learning) or ubiquitous learning (u-learning) where the focus is primarily on Internet technology (Budhrani et al., 2018).  However, as noted by Swallow (2016), there are gaps between the current teaching methods and smart innovative technology.  This means that educators must acquire sufficient knowledge about the uses of advanced technology and learning strategies (Chen et al. 2016).  Accordingly, new pedagogical themes are: integration of technology, blended learning strategies, performance attainment, and learning behavior (Hwang, 2014).  Another vital issue related to pedagogy is the importance of keeping motivation among learners (Liu et al., 2017).    
Recently, smart societies are emphasizing establishing a smart education system that incorporates rapidly advancing developments in ICT, in addition to orchestrating best practices and methods to provide optimized learning. This type of learning is called smart learning environments (SLEs) (Hoel & Mason, 2018).  SLE triggers the emergence of smart learners who were involved in disposing digital abilities towards higher order cognitive skills.  The short run strategy of SLE implementation is to diffuse intelligent computing into schools, universities and campuses.  In the long run, implementing SLE is hoped to achieve sustainable development and paving the road to high-skilled citizens all over the world.  Literature encourages the need for rethinking throughout implementing pedagogy in as a way of modern learning technique equipped with skills and competences (Cynthia, 2015).  This goal cannot be achieved unless classifying features of smart learning into affordances are integrated into both technological advances and pedagogy (Karampa & Paraskeva, 2019). 
Developing smart pedagogy was initiated in Europe around 2014 and, since then, it is becoming popular in many European countries (Daniela & Lytras, 2018).  Smart pedagogy has been targeted at younger generation between ages from 8 years upwards, in 21 European countries through integration of a project called EC JRC and digital technology (Chaudron et al., 2018).  The goal of this project is to provide insights into how children perceive various pedagogical contexts using smart technologies (Liubiniene & Kasperaviciene, 2019).  It was imperative to discuss the wide range of educational tools and the principles of smart pedagogy based on enabling a successful acquisition of digital literacy skills. These goals went alongside the basic literacy skills represented by the “3 Rs” ‘reading’, ‘riting’, and ‘rithmetic’ presented by Frau-Meigs (2012), rather than to focus on the pros and cons that are involved in adopting smart pedagogy (Liubiniene & Kasperaviciene, 2019).  
Smart pedagogy focusses on developing smart techniques for using holistic solutions in education which can be attainable through incorporating self-determination methodologies that are target learners in primary and secondary education through self-regulated and self-directed learning choices (Psycharis, 2018).  The issue here is the consideration of innovation that addresses the need for new sets of skills, expertise, and talents among the younger generation.  
Smart pedagogy is tightly connected to creation of skilled workforce by developing conditions that require individuals to acquire certain level skill and knowledge in new technologies.  The perspective of smart pedagogy can be seen in several affordances such as motivation and engagement, sociality and collaboration, individualization and personalization, authenticity, situated learning, inquiry and action, inter-contextually and content enrichment, and reflectiveness and pervasiveness (Karampa & Paraskeva, 2019).

2.9 Smart Pedagogy and Smart Learning: Context of UAE
Smart education initiative in the UAE, was launched by the Ruler of Dubai Sheikh Mohammed bin Rashid in 2012 under the name of Smart Learning Program (SLP).  In the beginning, only 14 schools were involved and the program was installed in all K-12 schools by the end of 2017.  The main reason for implementing SLP was to reform the education system in UAE, with the goal of making it into one of the best systems worldwide.  At the time of implementing SLP, the quality of the educational system in UAE was already better than most countries (Hvidt, 2011, Gaad et al. 2006).  The educational system mandates 14 years including pre-school, primary, intermediate, and secondary stages.  The system is very flexible regarding the students’ choice after graduation from intermediate level.  
            It is noticeable that the educational system in the UAE has progressed rapidly in a very short time (Hvidt, 2011). The UAE offers free education for all its citizens.  The extraordinary progress in the country is evident. UAE has been modernizing the elementary education through implementing a 5-year plan of the Education Program-2020, to enhance the education by utilizing a program of training about 10,000 teachers hoping to achieve 90% of nationalization of the staff by 2020 (Hvidt, 2011).  
 
This study is contextualized in the smart education ecosystem in the UAE, that promises to deliver world-class education to its citizens.  There are a few reasons behind the choice of the UAE as the population for this research.  Firstly, the author of this work is a citizen of the UAE and it is important to investigate the progress of this educational project benefiting from the experience of the advisory committee towards this study.  Second, the author of this study is familiar with the governmental systems, as a result has access to information regarding the progress of smart learning performance in UAE.  Thirdly, the study could be a very good resource for educators in the UAE in their fields for how to benchmark the project with other experiences.  The implementation of the smart learning has not been covered sufficiently in the extant literature due the fact that the smart learning, especially in secondary schools UAE, starthas taken off in 2016, and there has not been sufficient opportunites to gather data in the past. Finally, it is expected that such a study will have policy implications for the education system in UAE.
The general concept of SLP implementation aims at replacing the traditional textbooks and demolishing the use of pencils by providing alternatives such as access to the Internet, smartphones, and tablets or smart boards.  Smart education provides an opportunity to students acquire knolwedge alomost 24x7 by typing their questions or opinions privately to the teachers (Roy et al., 2014).  
Smart learning is the product of the smart technology, which appears to be influencing almost every aspect of human life. Internet access through computers, laptops, tablets and wireless phones are windows to unlimited access to knowledge.  It is strongly believed that there was no technology ever progressed and developed within this very short period of time.  Communities all over the world find themselves in the midst of high level, sophisticated, widespread, and unavoidable technologies that affect the way people live, think, and perform in all aspects especially in education (Traxler, 2009; Siddiqui & Masud, 2012).  As a matter of controlling the classes in the smart education, educators can analyze and monitor the classrooms by using digital interaction machines such as smart screens.  Technologies such as the digital whiteboard in smart classrooms provide access to hypertext and hypermedia as external documents and enables the forward and backward review of the slides (Blau, 2011).  There is a huge number of literature that identifies the features of the smart education such as its convenience, effectiveness, motivation, accessibility, flexibility, and interaction ability (Laurillard, 2007; Valk et al. 2010; Valenta, et al. 2001; Lee and Chan, 2007).  
Smart teaching has a special pyramid that explains the relationship between the growth of education and availability of the information such as audio, images, texts, and video.  Figure 2.5 depicts participatory learning compared to passive learning.  The learning through lecturing is less than 5% while the retention rate through group discussion is 50%, and through practice 75%.  

[image: ]
           Figure 2.5: Learning Retention Rates by Type of Teaching (ADEC, 2012)

Considering the potential use of ICT in developing services, in 2002, the Dubai Government declared a series of inclusive electronic transformation initiatives including e-Government that created government services made available through the Internet (ADEC, 2017). Furthermore, Dubai’s e-Government initiative led to a radical improvement in service delivery and customer service in Dubai. As a result, the delivery of government services through the Internet has been adopted in other Emirates. 
However, the extensive use and reliance on smartphones and IT tablets made the need for Internet access throughout the UAE more essential. Hence, the UAE launched the Smart Government Initiative in 2013, by transforming all government services to be made available on mobile devices within a period of just 2 years, unleashing a new era of customer service and experience. The visionary leadership of UAE’s rulers was to concentrate on augmenting the e-development policies and to keep pace with best international practices in this field (Khan et al. 2017).
In 2006, the United Nations Program on Governance in the Arab Region rated the UAE at 0.79 on its Education Index. The Program defines the Index as one of the three indices on which the human development index is built. It is based on the adult literacy rate and the combined gross enrolment ratio for primary, secondary and tertiary schools. Regionally, the countries scoring higher included the Occupied Palestinian Territories at 0.89; Libya, Lebanon, and Kuwait at 0.87; Jordan and Bahrain at 0.86; and Saudi Arabia at 0.80. All the countries ranked in the index reported a significantly higher number of phones per population than Internet users.
Internationally, the country with the highest rating was Australia with a 0.89 while Burkina Faso stood was the lowest at 0.27.  In early 2008, the UAE’s Ministry of Education launched a Mentoring Program, which assigns Western principals to 50 of 735 public schools across the UAE to modernize instructional strategies and implement western methods of learning. Participating instructors emphasize the necessity of deviating from the traditional methods of passive memorization and rote learning instead of encouraging active student participation (Al-Kharang & Ghinea, 2013). 

2.9.1 The P21 Framework for Smart Learning
The P21 refers to partnership of educators, businesses, and administrators who are involved in developing framework for smart education based on new technology in the 21st century.  The core goal of P21’s is to define and illustrate both the skills and knowledge needed for the students to successfully carry out their responsibilities to explore life and citizenship. The objectives of P21 include student outcomes and support systems as shown in Figure 2.6 (Schuster, 2014).

	

                                                  Source: Schuster (2014)


    Figure 2.6: The outcomes and the support systems of P21’s 21st century 

The P21 includes English, arts, mathematics, economics, science, geography, history, government, and civics.  The above interdisciplinary themes discuss, identify and set better approaches, to achieve literacy in civic, health, environmental, financial, economic, and entrepreneurial categories.  In order to achieve these very wide interdisciplinary themes, the student must fulfill learning outcomes and certain innovative skills such as creativity, innovation, critical thinking, problem-solving, communication, and collaboration.  The P21’s vision of 21st century requires citizens and workers to be equipped with the following skills: information, media, communication, and technology (Schuster, 2014).  



2.9.2 Challenges to Smart Learning in UAE
          Preserving culture and tradition are not limited to Arabian cultures.  In other countries in Asia, Europe, Africa, and Latin America, there are numerous examples of communities, tribes and groups of people, who are trying not only to preserve their cultures but also to defend it strongly.  Examples of such communities are the Amish in Pennsylvania in USA, Bedouins in Arab Sahara, Native Americans, Mennonites, Hutterites, River Brethren, Aboriginals in Australia, and others (Haviland et al., 2013).  Despite the fact that such groups are not the standard norm, their existence until today could point out a very important question about the nature of humans to resist change.  Opposing cultural changes cannot happen within a short time or without reason.  
         Cultural developments are always subjected to slow influence.  The slow spreading of universal languages such as English has a severe impact on the culture of many communities (Robeck et al., 2019).  This is not the only concern, as English has become the international language, it is viewed by many communities that it is important to learn it to be able to understand other people and make it possible to establish the financial, educational, and cultural ties outsidetheir communities.  In the UAE, English is considered as a backbone of achieving developments in all fields (Ahmed, 2010).  The acceptance of the notion of English as the business language has created some skepticism among many Emiratis. This is because Arabic, being the language of Koran and Islam, will be at risk (Ahmed, 2010; Al-Issa et al., 2011; Allehaiby, 2013). 
The Arabic language is not the only issue related to the cultural changes, but the situation with women especially in the educational institutions is alos a matter of concern (McClusky, 2017). The Emirati Muslim females in western-adopted universities were targeted through the non-Islamic curriculum by advocating greater freedom from restrictions especially in the appearance and unrestricted mixing with men (Khelifa, 2010).  In general, the values of the UAE people were studied thoroughly by choosing a sample of 241 nationals distributed all over the cultural levels.  The study concluded that the collectivist Arabic culture was severely targeted to change the essence of the “social norms” and “Islamic values” especially for adults (Whiteoak et al., 2006).  
Prior to implementing the smart education, MoE in the UAE has employed very specialized academic advisors to work closely with teachers by observing their teaching and assessing their performance.  In fact, the role of the advisors was severely marginalized by schools’ administrators who preferred to use their own standards (Ridge & Farah, 2009).  As an example, for school administrators, influence on the advisory assessment includes a survey that does not include items such as:
· The importance of the reform.
· Factors that curb the reform.
· The type of ineffective initiatives that related to long-term reform.
· The acceptance of such initiatives.
The traditional approach to education in the UAE had very little or no room for encouraging students to initiate their potential ability to share their ideas, develop self-research, and to explore their ability for innovation.  The educational system is based on listening and memorization without enough discussion of the nature of the topics (Alkaabi, et al., 2017).  The old educational institution failed, to a great extent, to achieve the required balance between what should be memorized versus knowledge that needs to be conceptualized.  Basically, there are a few reasons for this outcome such as the lack of proper training of educators, and a monotonous educational process.  However, as the use of technology in education is progressing rapidly, the need for new methodologies become very important and essential for the implementation of smart learning.  The UAE deemed it very important to invest in smart education because the authorities strongly believe that the future of the UAE as a country tied to providing high-quality education to its future generations (ADEC, 2017).  

2.9.3 Assessment of Smart Learning in UAE
The e-learning (smart education) is a new phenomenon in the Gulf region where the UAE is located.  Implementing this type of education came after a long time since it was implemented in North America and Europe.  However, implementing smart education does not have to start from zero; instead, it can be started as close as possible to the other advanced countries.  Currently, it seems that the implementation plan of the program has been shifted forward, and the target dated for completion has been shifted accordingly. Initially it was stated that all government secondary schools will be covered by 2017, and then the planned date was moved to 2019, and finally rescheduled to 2020 (ADEC, 2017).
Information Technology is a top priority on the list of educational objectives in the UAE in general, and in Dubai in particular, to coincide with the UAE vision 2021, Mohammad Bin Rashid Al Maktoum Secondary School was the first to implement this initiative, followed later by the schools of Abu Dhabi in a comprehensive plan to spread the experience among all schools in the country (ADEC, 2012). For the purposes of developing teaching and learning, Dubai and some other cities all over the country implemented smart tools and applied ICT frameworks for the learners in their schools (Al Falasi & Alzouebi, 2019).  The programs to be applied in all government schools are as follows:

· Phase I: To cover 123 schools with fully implemented Smart Learning techniques with 11,000 students in the 2013/14 school year. 
· Phase II: To include 25,000 students from Grade 7 and 8 during the 2014/15 academic year, as well as Pilot Phase for Grade 9 students.
· Phase III: With every academic year, the Program will proceed according to a systematic plan to absorb more students and schools until it reaches all UAE government schools by the year 2019.

In the year of 2017, the program had been implemented in 50 percent of the UAE’s 423 public schools, and was followed up in all UAE public schools by 2018.  In the year of 2017, a total of 283 schools have been transformed into smart schools, which include 1,760 classes, 6,349 teachers, and 34,513 students.  By 2018 all 423 schools were transformed, this includes 7,606 classes, 12,320 teachers, and 121,205 students.
As an example of implanting the program of smart education, Table 2.7 shows the number of schools, teachers, students and supplementary equipment for the year 2018/2019. 

Table 2.7: The Actual Implemented Numbers of Smart Learning in UAE Program for Academic year 2018/2019

	Particulars
	Number

	Schools
	202

	Teachers
	6703

	Students
	34508

	Equipped Classrooms
	1719



The priority of the new educational technology is to use electronic resources for assessment.  Traditionally, the assessment was one of the difficulties facing educators, authorities, and researchers.  The new technology has made assessment much easier, more comprehensive, and less costly.  The methodology of assessment has changed since the early 1960s.  The assessment performance of the students, educators, curriculum, and school authorities has become smooth and more comprehensive as the criteria of the assessment is no longer dependent on merely quizzes, test, and exams.  The new form of the assessment has added another layer by considering the feedback from students, which is one of the most important components of assessment (Stoynoff, 2012).  The assessment has become multi-functional including direct tests and quizzes to online quizzes (Heift & Schultz, 2009).  The assessment is entirely technology-based with very little human influence in addition to being very fast and accurate (Pellegrino, 2014). 
All assessments have become easier via communication technology by preparing records, raising the level of comprehension, developing better teaching methodologies, facilitating remote education, and providing training services.  It is important to note that despite these developments, the role of educators is still very important and the cornerstone of the whole educational procedure (Aljaber, 2016).  The whole learning process crucially depends on the preparation of the teachers through very strict training sessions.  The mere availability of learning technology on its own will never achieve the goals of the smart education, until the technology is implemented correctly.

2.10 Developing Techniques for Special Topics
          In this section, three topics, which constitute the most important challenges in the smart learning will be highlighted and discussed.  These three topics (i.e., subjects) are English, Mathematics, and Sciences.  The choice of these topics is primarily due to the accumulated knowledge throughout previous experience under the traditional teaching in the UAE.

2.10.1 English
         Computer technology provides unprecedented opportunties in learning that was unimaginable to think about it about five decades earlier.  In a small device, someone can carry a small library with thousands of books, information, documents, and others items.  Learners no longer need to carry heavy books and find space for these books. Students can read while they are on their way to schools or homes.  Basically, this extraordinary resource is only one of the multi-task services that are included in the package that each student receives upon enrollment in any high school in the UAE (Terrell, 2011).  
          Learning English is made simple with the Internet, where games, dialogue, pronunciation, spelling, and grammar can be easily found and practiced (Dalton et al., 2013).  In addition to available services on the internet, businesses dealing with smart education are continuing producing programs to teach English by attracting students at almost all ages.  As an example of how English is being taught effectively is by using an activity called interaction fiction (IF), where students can take part in storytelling and learning how to act, through dialogue with virtual characters (Pereira, 2012).  Learning English does not stop at the grammar or spelling, it goes to learn writing and comprehension also.  Smart technology enhances the ability of writing by providing auto options for the next word (Motteram, 2013).  Moreover, all trials of writing can be saved for future progress.  These days, spelling check and, to a certain extent, grammar check are performed on computer-based tasks (Motteram, 2013).  

2.10.2 Mathematics
          There is a consensus amongst educators that mathematics is the most difficult topic that all students are facing all over the world.  Mathematics is a universal language that requires deep understanding of the abstract meanings of numbers, symbols, and operators.  Smart learning technology provides specific tools for the student to comprehend the nature of mathematical concepts.  It directs the brain to visualize the unseen meaning by taking the brain from one step to another based on logical sequences (Kurniawan et al., 2019).  
All mathematics classes are equipped with technology to develop mathematical skills through tools such as interactive games, applications, videos, songs, virtual tools for measurements and practicing addition and subtraction, and interactive whiteboard (Merlin, 2017).  
The traditional methodology of teaching math is carried out, in part, by solving a series of examples that vary in difficulties.  Students normally viewed math instructors as a complex with isolated skills (called fragmented picture) when moving from one step to another.  The new technology for math teaching tries to put all steps together with a clear connection.  The other failure in teaching math traditionally is the lack of enough experience for how to unlock the cognitive grasp among students.  In order to achieve this goal, there are several online resources (Oxnevad, 2013):

· YummyMath.com: Contains ready to use lessons about real-life math to explore interest in math and to engage students in thinking and critical communication.
· GetTheMath.org: Contains series of videos focusing on algebra. The videos are equipped with music, fashion, games, and sports.  
· TedEd: Contains real-life experience videos equipped with discussion.  This resource can be also explored in the internet.  
· RealWorldMath.org: This is an outstanding resource containing challenges, concepts, and discussion equipped with sketching and maps.  This resource targets specific math concepts, demonstrates how linear measurement can be applied, and intends to build knowledge.  



2.10.3 Sciences
          The preparation of the resources for teaching science is more complicated than other topics due to the nature of science and how other topics integrated into science in different ways.  As an example of failing resources, the knowledge-deficit model has proven by many educators as ineffective. There is another resource called MOSART, a production of Harvard-Smithsonian Center for Astrophysics, equipped with software that enables students to understand sciences much better.  One of the most important features of MOSART is to provide students some important prior knowledge of the topic attempting to connect topics together, remove any misconception, and strengthen the weaknesses of the students.  MOSART has a wide spectrum of content in physics, chemistry, earth science, astronomy and space science.  MOSART covers all students from K-4 to K-12.  MOSART provides students with very well prepared questions in multiple-choice forms.  The assessment of the students is based on the number of correct/incorrect questions and gives educators very good indication of how to improve students’ ability and to strengthen their weaknesses (Kehl, 2013; Lorenzo & Gallon, 2019).  
Empirically, it was shown that MOSART helped both students and educators to achieve better performance.  In a published study, the results of the achievement of about 9000 middle school-students have improved their misconceptions about some critical components of the topic under consideration.  The study shows also an improvement in showing the teacher weaknesses regarding the topic, which practically means how the teacher performs (Eagan et al., 2013).  


2.11 [bookmark: _Hlk52141919]Developing Hypothesis for Smart Learning
A hypothesis is an intelligent guess that may provide a possible and tentative answer to a research question.  A hypothesis can be defined as a tentative (working) proposition that suggests a solution to a problem by assuming strong support with evidence.  The hypothesis shows a relationship between proposed actions and anticipated consequences.  The most important issue in research is the hypothesis formulation because the hypothesis guides the researcher towards searching for an answer to the problem (De Groot & Spiekerman, 2020).  The setting of the hypothesis could help the researcher to collect evidence to solve or choose an alternative way to solve the problem.  The hypothesis is an inquiry or a statement which is temporarily accepted as true; however, it is employed as a basis for action in the search for the truth by determining its validity towards either to be correct or incorrect (Jaunzemis et al., 2019).  Upon fully accepting the hypothesis, it may be considered as a fact leading to the principles of theories.  Briefly, the hypothesis reflects the best guess of the researcher that shows probable outcomes of the experiments.
The educational paradigm of smart learning has evolved the foundations of educational strategies, by implementing and utilizing smart devices and intelligent technologies that are described as technology-enhanced learning (TEL) (Lee et al., 2014).  Technologies appear as media or tools for inquiry, communication, and collaboration (Paquette et al., 2015), construction (Mavinkurve & Patil, 2016), expression and evaluation (Lee, 2020). However, as noted by Hwang et al. (2008), research has begun paying attention to authentic activities needed to design a relation between the learning environment and the real world.  Since then, intelligent technologies such as the Internet of things (IoT), cloud computing, and wearable technology have emerged as important ingredients of smart education (Elazhary, 2019).  

2.11.1 Hypothesizing Smart Environment 
Despite the absence of a clear and unified definition of smart learning, the concept of smart learning is actively discussed in the academic discourse. In 2010, smart learning was hypothesized in terms of focusing on the learners and content more than on devices (Gwak, 2010). For instance, Kim et al. (2013) combined the advantages of social learning and ubiquitous learning and considered smart learning as a learner-centric and service-oriented educational paradigm.  Moreover, smart leaning was stipulated based on benefits from the use of smart technologies (Middleton, 2015). Another feature that was developed by engaging smart technologies in learning is increasing their independence in a more open and connected environment (Zhu et al., 2016).  

          In a very recent study, Meng et al. (2020) had hypothesized that the features of smart learning include a very wide range of formal and informal learning, social and collaborative learning, personalized and situated learning, and application and content focus through which high order thinking was facilitated to provide the design of curriculum and intelligent tutoring systems in smart education.  As such, smart learning is built on foundations that compromise smart technology, environment, control, and group interaction (Dron, 2018). 


2.11.2 Hypothesizing Smart Pedagogy
The rapid development of technologies is closely accompanied by increasing students’ flexibility and efficiency in learning, according to research where cognitive science indicated that knowledge and skills are closely intertwined (Scardamalia & Bereiter, 2006).  Based on this finding, mixing knowledge with skills produced understanding that learners execute hoping to increase their performances.  In this process, a hypothesis that includes critical thinking and learning skills was important in achieving appropriate factual knowledge (Ananiadou & Claro, 2009).  Hence, fostering different abilities of smart learners is used in literature to relate critical thinking and learning skills to smart pedagogies.  The two elements of smart pedagogy mentioned above cannot sufficiently constitute very solid elements unless they were guided by understanding (Hacatrjana, 2019).  

           The above approach was built on the opinion that shows a very close relationship between the contents and understanding (Tomlinson & McTighe, 2006). The learning can be processed in the classrooms or online; however, pedagogy is the process which can be performed everywhere all the time.  Pedagogy is indeed the process that enhances the intelligence of the individuals through a cooperative process (Loftus & Madden, 2020).  Another issue in pedagogy is the capability of personal learning in term of fostering intrinsic motivations towards promoting understanding, critical thinking, and learning skills (Mtawa et al., 2019). 
As mentioned earlier regarding the existence of smart intelligence in the pedagogy, there are three basic aspects of intelligence: analytical thinking, creative thinking, and practical application (Sternberg, 1999b).  Learning is a very complicated process where, in part, depends on generating a construct meaningful understanding of information found in the environment.  Generative learning enables learners acquiring flexibility of applying intelligence in various relevant future situations (Fiorella & Mayer, 2016).

2.11.3 Smart Learning and Smart Pedagogy
             In the 1990s, the focus of smart technology targeted hardware and software use (Pelletier et al., 2011). However, it was discovered that this approach was not a good strategy since the implementation of ICT was found to be necessary in educational methodology. Consequently, the challenge was to design a learning system by integrating smart learning into self-regulated learning (Zhu et al., 2016).  The purpose is to promote learners’ emerging intelligence to facilitate emerging problems in smart environments and service-oriented educational paradigm (Middleton, 2015).  Consequently, this type of education leads to new pedagogical issues.  
            Researchers and educators are in the process of developing new thoughts about pedagogy based on existing theories, such as constructivism, cognitive load theory, and new ones such as connectivism and networked learning (Gros, 2016).  The new form of pedagogy is called smart pedagogy which considers the knowledge of creating a metaphor of learning (Nokelainen, 2006).  The new skills were found to be increasingly aligned with the use of digital technology due to its flexible ability to support modeling, sketching, testing, and social interactions.  New pedagogy emphasizes on engaging students in many fields such as own learning, cognitive skills, and learning responsibilities.  
The relationship between smart learning and smart pedagogy was discussed by several authors in terms of designing methodology that includes adopting a systematic approach to analysis and testing approaches without necessarily using a specific user model (Lorenzo & Gallon, 2019).  In this case, users are considered the most important resource in the designing process ensuring useful technology. It has been found that smart learning depends on the designing learning environment.  Mor and Craft (2012) have developed methodologies, tools, systems, and models to help educators in the design of scenarios that provide richer learning experiences.  The design relies on articulating and orchestrating the disciplinary content and pedagogical theory towards building very broad educational theory (Goodyear & Markauskaite, 2009).

2.11.4 [bookmark: _Hlk52142053]Variables Involved in Hypotheses Development
The hypotheses developed in the current study are based on the variables discussed in in previous sections.  Table 2.8 presents the evidence of using the three main constructs and the relevant dimensions in each of these constructs.  As shown in the table, there are three constructs with the dimensions: SE (ST, E, C, and GI), SP (U, CT, LS, and SI), and SLP (S, K, I, and EI).  





Table 2.8: Variables of Smart Learning Conceptual Framework
	Section/Sub-section
	Acronym
	Reference(s)

	Smart Environment
	SE
	Spector (2016)

	1
	Smart Technology
	ST
	Spector (2016); Zhu et al. (2016)

	2
	Environment
	E
	Gros (2016); Moon (2020)

	3
	Control
	C
	Zhu et al. (2016); Hoel & Mason (2018)

	4
	Group Interaction
	GI
	Bdiwi (2019)

	Smart Pedagogy
	SP
	Daniela (2019)

	1
	Understanding
	U
	Zhu et al. (2016); Kobayashi et al. (2017)

	2
	Critical Thinking
	CT
	Fahim, & Eslamdoost (2014).

	3
	Learning Skills
	LS
	Budhrani & Lim (2018); Zhu et al. (2016)

	4
	Smart Intelligence
	SI
	Zhu et al. (2016)

	Smart Learners Performance
	SLP
	Bdiwi (2019); Hoel & Mason (2018)

	1
	Skills 
	S
	Zhu et al. (2016)

	2
	Knowledge 
	K
	Boholano (2017)

	3
	Innovation 
	I
	Popescu et al. (2017)

	4
	Enhancing Information
	EI
	Siddiqui & Masud (2017).




2.12 Previous Empirical Research
            Table 2.9 summarizes the most recent journal publications regarding the deployment of the smart learning in UAE, and the most important challenges and the future aspects of its deployment.  As shown in the table, the aim(s) of each of these recent articles are mentioned along with the specifications of the articles.  These aims range from the basic definition of the smart learning and the need to re-define this learning according to specific conditions and needs of the country (Hwang, 2014).             The perspective of the teachers of using iPad in the class was discussed in Hargis et al. (2014).  As the laptop is an essential part of the smart learning, there were some challenges that are facing the use of the laptop.  The support of ICT to smart learning was discussed thoroughly by Roy et al. (2014).  As a new experiment in education, students are trying to take the advantages of accessing information.  It was found that some students abused this opportunity by cheating on the system and illegally taking some unauthorized information (Li et al., 2016).  
 
               In Abu Dhabi trials on smart learning and the combining different strategies were implemented (Eränpalo, et al., 2016).  Zhu et al., (2016) discussed implementing a new conceptual framework in smart learning.  The phenomenon-based concept was discussed by Valanne (2017), which resulted in introducing a new concept on smart learning.  The influence of the smart education on various aspects were discussed by Elhoseny et al. (2017) and Khan et al. (2017), where the authors focus on smart tourism.  As the Internet has become very commonly available, young people have become addicted to the social network and the fear amongst researchers is about this addiction that may divert the youth from the smart learning (Alkaabi & Redmond, 2017).  A more recent article discussed the connection between the smart education as an abstract knowledge and the physical experience (Chi, 2018).
Review of the extant literature on important concepts related to smart learning in selective journal papers, indicates that the conceptual framework for the deployment of smart learning is yet to be well defined (Zhu et al. 2016).  By considering the journal articles, smart learning was studied from the educational point of view; the technologies involved, the mutual impact between the smart learning and students; and the possible strategies.  These topics were presented individually with very little linking to the main topic, which is the deployment of smart learning in high schools in developing countries. Furthermore, whether this deployment is similar to the adoption of smart learning in developed countries such as USA, South Korea, France, and Finland.   



















              Table 2.9: Summary of Previous Empirical Research
	Author
	Title
	Journal
	Aim(s)

	Hwang (2014)
	Definition, framework and research issues of smart learning environments-a context-aware ubiquitous learning perspective
	Smart Learning Environments
	Defines and criteria of smart learning environments are presented from the perspective of context-aware ubiquitous learning

	Hargis et al. (2014)
	A federal higher education iPad mobile learning initiative: Triangulation of data to determine early effectiveness
	Innovative Higher Education
	Presents faculty perceptions of early iPad deployment in a national college system 

	Nerlene (2014)
	Laptop in school programme
	Master Thesis
	Challenges of using laptop

	Roy et al. (2015)
	Promoting proper education for sustainability: An exploratory study of ICT enhanced Problem Based Learning in a developing country
	International Journal of Educational Development Using Information Communication Technology
	How ICT supports pedagogical framework 

	Bain (2015)
	How students use technology to cheat and what faculty can do about it
	Information Systems Education Journal
	The impact of cheating of accessing information.

	Eränpalo (2016)
	The Abu Dhabi school model: Effective delivery of the curriculum. 
	International Journal of Humanities and Social Sciences
	Effect of combining different strategies-based on of curriculum

	Zhu et al. (2016)
	A research framework of smart education.
	Smart Learning Environments
	Presents a conceptual framework. .

	Valanne et al. (2017)
	Phenomenon Based Learning Implemented in Abu Dhabi School Model.
	International Journal of Humanities and Social Sciences
	Introducing phenomenon-Based in smart learning

	Elhoseny et al. (2017)
	Evaluating Learners’ Progress in Smart Learning Environment.
	Proceedings of the International Conference on Advanced Intelligent Systems and Informatics
	Examines the meaning of Smart learning and shows an applied structure

	Khan et al. (2017) 
	Smart City and Smart Tourism: A Case of Dubai
	Sustainability
	Influence of smart learning on smart tourism.

	Alkaabi et al. (2017) 
	Social network misuse in the classroom and its impact on the male students in UAE tertiary education
	IAFOR Journal of Education
	Impact of social networks addiction on student motivation 

	Chi et al. (2018).
	Knowledge Graph in Smart Education: A Case Study of Entrepreneurship Scientific Publication Management.
	Sustainability
	Connects abstract knowledge with actual world problems



2.13 Summary
As the UAE balances its options for a more progressive education system with the market-driven need for human capital development, the country is writing a new narrative in education reform. In addition to this, aligning with the global agenda for a sustainable model of education that offers equity for all is very important and needs careful consideration. The literature related to progressive education has not definitively declared a mutual exclusivity between education reforms that embrace progressive idealities and developing the human capital resources within a country. However, it is safe to say that the results of these reforms are already being evidenced. 
Currently and as a result of implementing smart education, fewer schools and universities adhere to traditional education models while most institutions, private and public, are facilitating the education of well rounded, teachable, and socially well adjusted youth. This would be a win/win situation for the government and the other stakeholders in the education sector. A cautionary note must, however, be struck, as the assurance of quality and achievement of outcomes of the smart education, should be verified, evaluated, and tested at frequent intervals. 

Inspection and regulatory frameworks used to measure education in the UAE require alignment with the reforms and should be dynamically treated such that it does not prefer one curriculum, above another. The participation of UAE in international benchmarking schemes for the education sector is a good starting point but must be supported with locally derived evaluation framework as well. Ultimately, a confidence in the success of the education sector in meeting the goals of the UAE society should become the crucial test for success. Again, it is a cautionary note that attempting to mimic or import other models from successful countries could lead to derailment of the reform process. Finally, the UAE government must facilitate an open dialogue between the stakeholders in the education sector and industry to ensure that graduates at all levels are meeting the expectation of the next level of their exposure in the system whether from primary to secondary, secondary to higher education or higher education to industry.



CHAPTER 3

METHODOLOGY 

3.1 Introduction
Customarily, studies in the educational field require a methodology to identify and propose the research problems and objectives and to find logical solutions based on certain rule and directions.  The research methodology is an approach to investigate the issues under considerations in order to meet a very clear picture of the research objectives.  The approach to achieve that purpose relies on procedures that are used to identify, collect, and analyze the required data (Adam & Healy, 2000).  The process requires exploring the considerations of the action plan and to provide a picture at a certain level of details to the quantitative, qualitative, and mix methodology.  Then, a choice with scientific evidence should be clearly proposed for the methodology that will be used in this research.  

3.2 Research Design and Action Plan
In the last two decades, research on global education has been carried out for different purposes and at primary, secondary, undergraduate, and even graduate levels.  The researchers throughout their academic masters and doctorate levels, research papers, conference papers, reports, and articles in books or otherwise adopted one of the three research approaches: qualitative, quantitative, and mixed.  In each of the published studies, authors have been providing evidence to show the strength of the methodology used and, at the same time, to show the weaknesses of the other research methodologies for the particular study at hand.  In previous paragraphs, the details of each research study were explained to the level that convenient for this work.  
The design of the research depends on the choice of the quantitative methodology.  A relevant proposal is suggested with a methodology that explores the design needed to conduct this study.  The components in this proposal relate to other as an indication of certain correlation which mostly depends on the variables set for this study.  The correlation is not necessary to be strong; however, it may show very low correlation dependency as presented in the rubber band analogy (Maxwell, 2005).  There is a plenty proposal in this field; but the choice of the best proposals is deemed throughout three proposals (Stakes, 1995; and Yin, 2009).  The design of the study, as mentioned, is constructed; however, care should be taken seriously due to several misleading and/or confusing issues (Flyvbjerg, 2006).  The first issue was the on-going notion which states that the theoretical approach is more valuable than the practical knowledge. The second misleading issue is about the difficulty of generalizing a proposal from a single study.  The third issue is about generating the most useful hypotheses from a merely single study without the serious need for more than one case.  The fourth issue is the statistical biasing caused by adopting a single study.  The last issue is about the difficulty of considering more than study to come up with a convenient and reasonable conclusion (Martin et al., 2019).  
The proposing of a logical methodology in education whether in teaching or learning is not a new ideology.  The education process was built on techniques that rely on creating knowledge to influence the practices of teaching and learning (Eickmann et al., 2004).  The old fashioned separation between design and delivery of teaching is no longer needed and both the design and delivery can co-exist in a parallel method rather than in a conflicting scheme.  It has been indicated that a researcher could coincidently notice an action research during some types of projects; however, the lecturers may have more freedom in revising the educational practices based on circumstantial events (Price, 2011).  
The cycle of action research plan shown in Figure 3.1 is designed to allow all activities to benefit from the feedback originated from the previous item in the cycle in an iterative process such that the previous action serves the following action.  The educational action cycle starts with a stage of identifying the problem which could refer to any basic problem in education. For sake of this research, the problem is the consequences of the new implementation of smart learning in UAE to replace the old fashion educational technique.  The second stage is to devise a plan based on collecting data which helps in formulating the plan.  The third stage is to implement the plan physically in the real world. In the case of this research, the implementation of the smart learning has been adopted in the beginning at a certain level and then expanded to other areas.  The fourth stage requires testing the plan by collecting data and then to study and analyze them carefully by comparing the new finding with old findings.  The last stage, the fifth, is the reflection stage with other existing similar plan whether these plans are the domestic or nondomestic plan.  In reflection stage, sharing information is very important not only to evaluate the success of the plan but also to provide the very concrete basis for the plan that encourages the authority to start the second cycle by identifying the problems that were developed from the previous cycle (Alawani, 2019).  
The research design is shown in Figure 3.1.  The first step represents the transformation from understanding the need for learning process to make the initial evaluation.  Having the initial evaluation performed, the transformation into research setting represents the second step.  The second step shows that there are two parallel lines one for designing process (step 2A), and the other for the learning solution (step 2B).  In the designing process the users have be involved to formulate concepts of the learning followed by the possibility of usability of such learning process.  The outcome of the designing process is to prepare the required software which is subjected to software testing. The second parallel line (step 2B) -learning solution- starts with the feasibility which leads to implementation which is characterized by pedagogical model and verification. The users mentioned above refer to the participants of the learning which includes students, teachers, and administration.  The feasibility, implementation, and pedagogical models are called the three elements form the initial testing of the learning solution (Coghlan, 2019).  It is clear that the designing process of the smart learning and its corresponding learning solution must be tested, evaluated, and verified.  
[image: ]
        Source: Coghlan (2019)
                                              Figure 3.1: The Research Design

There is another action plan, which is designed for education and was developed by Morrison (2017).  Morrison’s plan is basically one of several plans designed by different researchers.  It is important to note here that the learning process in these action plans are not significantly different from each other.  The differences can be founded in the type of curriculum, the delivery methodology, the availability of resources, and, most importantly, the educators (Khan, 2001).  The action plan is implemented in this research on the smart learning in the UAE and the evaluation was carried out by a technique, which will be presented thoroughly in this study based on previous assessments (Price, 2011 & Whitehead, 1977).  Morrison’s plan, for instance, consists of three interconnected cycles.  Cycle 1 and cycle 2 represent the plan and its corresponding revised plan, respectively.  In each of these two cycles, reflection and acting are the main part of the cycles which is tightly connected to making the proper observation.  Having cycle 1 and cycle 2 completed, the outcome then is represented by cycle 3 which can be referred to implementation, revising, observing, and repeat the cycle.  In Morrison’s research plan, the idea of the cycle is clear, which is that in other research plans, the linear actions were dominated in the learning process.  
[image: ]
                      Source: Morrison (2017)
                            Figure 3.2: Morrison’s Action Plan in Education 

3.3 Research Approach
In 2003, Collis and Hussey (2003) developed important classifications for research in education and other similar social sciences, by setting stages that identify the roadmap to the most fields of research.  The stages start with defining the purpose of the research followed by the possible and suitable processes that guide the research.  Having the purpose and the subsequent process defined, the third stage requires a comprehensive assessment of a logical approach to the study.  The study now must be finalized by setting the outcomes that surely include a solution to that particular research and clearly identifies the contribution to the knowledge contained.  Table 3.1 classifies the two types of the approaches: quantitative and qualitative and their strengths and weaknesses.  

Table 3.1: Strength and Weaknesses of Quantitative Approach 
	Topic
	Strengths
	Weaknesses

	Quantitative 
	Provides wide coverage of a range of the research.
	Provides inflexible methodology with artificial approach.

	Paradigm
	Economical and fast.
	Mostly ineffective 

	Positivist
	Large sample statistics yields considerable relevance to propose decision.
	Statistically focuses on the most recent developments that create rigidity in decisions regarding future developments.


         Source: Saunders et al. (2003)

The building blocks in quantitative research are called variables which can be defined as those elements that their values are changing with time, location, or any other external factor.  Mathematically, variables are not constant which implies certain dynamic fluidity and, hence, they require some considerations.  Generally speaking, quantitative research in any field has certain variables that constitute the nature of the research towards the type of data needed for collection.  Table 3.2 contains the type of variables, a brief description, and an example of each type.  The level of measurements which includes categorical and quantitative variables and the role of the variable which includes four roles of independent variable (IV), dependent variable (DV), mediating variable, and moderating variable.  These six variables are do not necessarily to appear collectively in every study.  However, it can be said that the main purpose of these variables is to establish an experimental research depending on the principle of the cause and effect (Murad et al., 2019).  Regarding this current study, an experimental research could refer to a new teaching approach (e.g., smart learning), which requires, at different levels, some control or comparison group where the comparison could be performed with either a previous method of teaching.  

                    Table 3.2: Common types of Variables
	Variable
	Characterization
	Example

	Categorical
	Variable has different level or categories.
	Gender: male or female.

	Quantitative
	Variable has different degrees or amount.
	Annual income: depends on the person qualifications.

	Independent 
	Variable causes change to another variable.
	Studying: more study causes better grade.

	Dependent 
	Variable that is subjected to change due to external effect.
	More study yields more understanding.

	Mediating
	Variable that is located between two variables.  
	Organized knowledge: comes between studying and grades.

	Moderator
	Variable that affects the outcome of another variable.
	Exercising: causes better health for the child during growth. 



The experimental and control group are considered simultaneously and randomly.  It is customarily assumed as an example that a 50-people group is divided and assigned randomly to the two groups in the experiment.  The procedure is then proceeded by pretest the participants to see the level of their knowledge in the study.  The next step is to manipulate the independent variables (IVs) by taking into account the new study approach as the standard for the experimental group while considering the old teaching approach as an approach for the control group.  Then, the next step is to perform another pretest for the participants in both groups to assess the level of the knowledge acquired by them and to determine the participant's knowledge that satisfies the experiment.  If the level of the knowledge is satisfactory, it is assumed that the level of acquired knowledge is not at the same level; however, it should be close enough to proceed (Murad et al., 2019).  The arguments are made based on the resulting data collection and the possible methodology to determine the effect (influence) of each of the independent variables, dependent variables, teaching style, and the knowledge acquired.  It is extremely important to note that mixing the IVs and DVs inappropriately could be damaging to the statistical approach and to the integrity of the research.  Table 3.3 explains the domain of each parameter. 













                    Table 3.3: Domain of the Parameters
	Particular
	Quantitative Research

	Scientific Method
	Deductive (top-down): Both hypotheses and theory are tested.

	Human Behavior
	Regular and predictable

	Research Objective
	Description, explanation, and prediction.

	Focus
	Narrow and testing specific hypothesis.

	Observation
	Study under control conditions.

	Reality
	Objective (agreeable by observers)

	Data: Collection
	Quantitative data (precise and closed-end).

	Data: Nature
	Variables.

	Data: Analysis
	Showing statistical relationship.

	Results
	Generalized outcome.

	Reporting
	Statistical (graphical) 

	Relationship effect (variables)  
	cross-sectional study



3.4 Quantitative Research Methodology
3.4.1 Adopting Quantitative Methodology
          In this research, the focus of the quantitative methodology lies in detailing the concept of “how much?” or “how many?”.  Statistically, the gathered data generally takes the form of numbers and, hence the analysis considers counting (quantifying) these data in order to draw the conclusions (Deeks et al., 2019).  The first reason comes from the nature of the knowledge of the participants about the event that they are experiencing (Denzin & Lincoln, 2003).           
          Compared to qualitative methodology, quantitative analysis requires larger sets of data, which provides a more reliable inference.  The second reason for choosing the quantitative methodology is that this methodology provides “macro” description of the system (event) under investigation.  Based on the large data set, the quantitative methodology provides better and more reliable analysis.  Another reason for choosing the quantitative methodology is the appropriateness of the analysis for standard comparisons wherever it is needed.  The normal format of the questions in the quantitative methodology is the multiple-choice questions (MCQ) where the number can be used easily to present the answer of the participants.  The last reason for choosing the quantitative methodology is that in most qualitative questions carry subsequently the qualitative nature as in the question of describing the motivation to do soothing.  In this sense, the qualitative questions could provide qualitative data that can be used quantitatively in the analysis (Anderson et al., 2018).  The general procedure of the quantitative research, 
· [bookmark: _Hlk21301644]relies upon measurements,
· establishes a relationship between the variables, 
· uses open-ended questions, and 
· collects data following three methods: multiple choice, questionnaire data, and numerical measurements. 

The following requirements were adopted to suit the choice of sampling in the quantitative methodology:
· The sample consists of students (male and female), teachers, and administrators.
· The interview is structured based on the need for the research and the opinions presented by similar studies.
· The data collection is performed systemically and concurrently, and
· The data analysis is accomplished statistically.

The first step is the preparation needed for conducting this study.  The present research is based on evaluating the progress of the smart learning in the UAE since 2012 when it was adopted.  The study considers the high school period which is designated as the last three years in the 12-year educational system. The participants in this study are students only.  The opinions presented by the participants through well-prepared questionnaire could lead to deep understanding of the implementation of the smart education and to shed the light on the positive and negative outcome of this implementation.  This process is basically reflecting the constructivist epistemology.  
The second step is the analysis of the data collected using the quantitative approach. The analysis relies on the theoretical interpretation of the behavior of the students towards implementing smart learning.  The interest in this study is basically towards the progress of the smart education in the high schools.  The success/failure of the smart learning project starts with testing the primary inquiries and actions that used as elements for the smart learning.  The process is how to make an assumption that this research is really interested in exemplifying the understanding of the participants to this new phenomenon which was never practiced in a culture of the UAE before.  The strategy is a quantitative in nature while the outcome is descriptive (Merriam, 2002).  The analysis should not begin with setting a theory (preconceived notion) as traditionally done; but the analysis should focus on the physical findings of the data collected which, as assumed, reflects the real experiment implemented in real physical conditions.  This means that the primary emphasis is taken into account on understanding the participant’s opinions in regards to implementing the smart education (Gubrium & Holstein, 1997).  The social reality clearly shows the constructive and interpretive style and how the shift from the old fashion teaching to the smart learning.  
Based on most of the previous research, the constructive paradigm is tested in order to realize the perception and relevant experiences due to their exceptional importance in this research.  By adopting this approach, the meanings of the factors that influence the smart learning should be highlighted first to be able to formulate theoretical approach (Gubrium & Holstein, 1997; Jones, 2002).  This can be performed by examining the deep-lived experiences (Jones, et al., 2006); through providing open-ended questions (Crotty, 1998).  Finally, as quoted from Stakes (1995 page 99) who said: “most contemporary qualitative researchers nourish the belief that knowledge is constructed rather than discovered. The world we know is a particularly human construction.”

3.4.2 Procedure for Adopting Quantitative Research Methodology
The current study employed the quantitative method for constructing a questionnaire and the procedure required for this purpose as explained in Figure 3.3.  The research quantitative procedure contains a literature review where deductive and inductive logic is used.  Following the literature review, the problem is identified, and a conceptual framework is set under the same basis of deduction and induction logic.  Then, the last part of the procedure which is to set the strategy and developments which consists of setting strategy fortified by the action plan.  

[image: ]
                  Figure 3.3: Procedure for Quantitative Research Methodology

The framework, the quantitative procedure, and the parameters are basically the foundations of any research on smart learning performance.  At this level of work and due to the implementation of the smart learning in the secondary education in UAE, this study considers the outcomes of the implementation which are supposed to be completed by mid-2019 when all grades of the secondary schools will finish the three-year period according to the system of education in UAE.  

3.5 Factor Analysis 
3.5.1 Conducting EFA
Factor analysis is one way to modeling in which the observed variables and their covariance structure are explained in terms of unobserved variables.  Factor analysis appears in either exploratory or confirmatory. Exploratory factor analysis (EFA) starts with factor extraction of the best structure which is a crucial step in the scale development process that explores the underlying structure of a set of observed variables.  The second one is called the confirmatory factor analysis (CFA) in which verifying a factor structure that has already been defined.  In this part of analysis, EFA is the only one that will be explored (Williams et al., 2010).  
	In conducting a survey, it is essential to test the ability of the items in the survey to show similar patterns of responses.  The collected of the observed variables contain underlying variables called factors that are normally explain the interrelationships among those variables.  The first step in deciding whether the construct is a good candidate for factor analysis is that the correlation should be high correlation.  If so, interrelationships between items with fewer latent variables are recalled and they can be broken into multiple components. Modelling the interrelationships among items is the main reason for factor analysis and, hence, the focus on variance (common and unique) and covariance rather than the mean is the way to achieve the goal of modelling.   Common variance represents the shared amount of variance of a set of items which is called communality () whose values lie between 0 (less extract) and 1 (high extract).  The other variance is the unique variance which represents any uncommon shared and is represented by specific variance (related to a specific item) and error variance (due to measurements).  The total of the unique variance mathematically equals to .  
EFA is normally run followed by very important two tests to assess the suitability of the respondent data for factor analysis (Williams et al., 2010).  The first test is called Kaiser-Meyer-Olkin (KMO) which investigates the sampling adequacy (Hutabarat et al., 2020) while the second test which is called Bartlett's test to investigate the sphericity (Francis et al., 2020).  Prior to the extraction of the factors, several tests should be used.  The KMO index, in particular, is recommended when the cases to variable ratio are less than 1:5. The KMO index ranges from 0 to 1, with 0.50 considered suitable for factor analysis (Tabachnick et al., 2007)  The Bartlett's test of sphericity should be significant (<0.05) for factor analysis to be suitable (Tabachnick et al., 2007).  The results of the two tests are shown in Table 3.4.  The results of Bartlett’s test and KMO measure are within the accepted level to proceed with EFA analysis.  The general metrics are as follows (Howard, 2016):
· 0.00-0.50 (Bad, Unaccepted),
· 0.51-0.60 (bad, Miserable),
· 0.61-0.70 (Okay, Mediocre), 
· 0.71-0.80 (Okay, Middling), 
· 0.81-0.90 (Good, Meritorious), and
· 0.91-1.00 (Great, Marvelous).

Table 3.4: KMO and Bartlett's Test
	Kaiser-Meyer-Olkin Measure of Sampling Adequacy
	0.963

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	18246.945

	
	df
	1953

	
	Sig.
	0.000



Exploratory Factor Analysis (EFA) has been extensively used in many fields such as psychology and education as a very good choice for interpreting self-reporting questionnaires (Pujol-Tost, 2018).  EFA is a multivariate statistical procedure that can be applied in reducing many variables into a smaller set of variables, establishing underlying dimensions between measured variables and latent constructs, and providing construct validity evidence of self-reporting scales (Watkins, 2018).  EFA investigates measured variables by potential underlying latent factors, which result in data reduction and, ultimately, uncovers unknown patterns of relations.  This approach makes a high level of flexibility in guiding researchers to the better measuring of the underlying constructs (Luo et al., 2019).  

3.5.2 Requirements of EFA
The objectives of EFA can be summarized as reducing the number of variables, examining the structure of the relationship between variables, detecting and assessing uni-dimensionality of a theoretical construct, evaluating the construct validity of a scale, test, or instrument, developing simple analysis and interpretation, addressing more than two correlated variables, and developing theoretical constructs that can be used to prove/disprove proposed theories (Williams et al., 2010).
EFA is a complex analytical statistical approach involving many options by developing a protocol or decision pathway (Dzhambov et al., 2020).  EFA analysis relies on five steps that require if the data is suitable for analysis, the methodology of factor extraction, determining the criteria for factor extraction, selection of factor rotating type, and interpreting data (Watson, 2017). 
The best practices and current recommendations regarding EFA can be performed by providing a baseline that is necessary to contain options allowing users to adjust parameters. This approach can be done by considering the number of factors and selecting the final structure for how the measured variables relate to a specific number of factors (Luo et al., 2019).  Several methods determine the number of latent factors based on the eigenvalues for the correlation matrix in order to be presented in a scree plot.  Meanwhile, it is recommended that to use more than one approach as the single cut-off criterion such as Kaiser rue as noted by Ruscio and Roche (2012) or root-mean-square-error as described by Browne & Cudeck (1992).  
The normality issue was discussed based on the Pearson correlation where skewness and Kurtosis can affect directly the values of the Pearson's correlation coefficient () which measures the strength of the association between the two variables and affects subsequently the EFA results (Watkins et al., 2018).  To improve the quality of EFA results, reducing the skewness via reversing those negative valence variables according to a report performed by Norman & Streiner (2014).  On the other side, the assumption of Pearson correlations for normally distributed variables is measured either by continuous data with equal intervals such as Likert-type items or binary such as true-false items (Fabrigar & Wegener, 2012).

3.5.3 Missing Data
         The existence of the missing data is very normal in research and, as such, it is rational to deal with it.  Firstly, it is very important to start with very tight control of the experimental situation to minimize the quantity of the missing data (Little & Rubin, 2002).  It is important to note here that deleting cases of missing data, this method is inefficient and typically not recommended (Baraldi & Enders, 2010). There are alternatively other methods to delete missing data such as mean, regression, multiple, and maximum likelihood (ML) (Baraldi & Enders, 2010) especially when the missing data constitutes less than 5% while for the alternative methods was recommended between 10% and 15% (Schumacker, 2015).  Removing the missing data can be done also via outlier when the population is different from the intended population.  
In principle, choosing proper data should be exercised in selecting the variables and participants; the number of the measured variables should be sufficient to perform factor analysis (Watkins, 2018).  Determining the correlation matrix can be performed by Bartlett’s (1954) test of sphericity which is based on producing a matrix whose diagonal consists of values ones while off-diagonals are zeros This approach is characterized by producing by a statistically significant chi-square value to justify the application of EFA.  The ratio and the partial correlation is measured by the Kaiser-Meyer-Olkin (KMO) (Kaiser, 1974) which measures the sampling adequacy as a function of the variance shared across all variables rather than the variance shared by particular pairs of variables.  The possible values of KMO range from 0.00 (no correlation) to 1.00 (total correlation) where the value of 0.7 is desired (Lloret et al., 2017), and the values less than 0.5 are generally not accepted (Hair et al., 2010).  

3.5.4 Validity and Reliability 
         Validity determines the ability of the collected data to capture the investigation process of the outcome (Ghauri & Gronhaug, 2020), or, in other words, a valid construct should agree with the intended measurements (Field, 2017). Face Validity is not very common since it is the weakest measure of Validity.  The types of validity include face validity, content validity, construct validity, and criterion validity.  Face validity is a subjective test that could show relevant, readable, and clear (Oluwatayo, 2012). The Cohen Kappa index (CKI) measures the face validity of a construct where CKI is accepted at 0.60 or higher (Jácome et al., 2019).  The second type is content validity which measures the reflection of the same content (Straub et al. 2004) or, represents an evaluation that includes only necessary items (Lewis et al., 1995). The content validity is measured by content validity ratio (CVR) (Lawshe, 1975). 
The last type of validity is called the construct validity which, in turn, is divided into two types: convergent and discriminant.  Convergent validity is used with a correlation of two similar constructs and is based analyzed with divergent validity, while discriminant validity is used for measuring the degree to which a latent differs from the other (Campbell & Fiske, 1959). 
Based on a study performed by Rattray & Jones (2007), construct validity can be verified using factor analysis using principal component analysis with varimax rotation (Koh & Nam, 2005). Factor analysis is a statistical method used to determine whether the items of a construct load to one factor (Wee & Quazi, 2005).  In factor analysis, only items loading above 0.40 of construct validity are considered for further analysis. While for convergent validity, those factors of the eigenvalue of 1 and loading 0.4 are considered (Straub et, al. 2004).  Eigenvalues (called also as latent roots) are scalers related to a linear system of equation (Pan & Duraisamy, 2020) and they measure the variation of data in the eigenvector direction. 
The other statistical term is called communality which shows the split of common variance with values range from 0 (cannot be interpreted) to 1 (unique variation) (Field, 2017).  The unique variance is made up of specific variance and error variance, while the total variance is equal to unique variance and common variance (Field, 2017).  The accepted variation percentage explained for a construct is 60% (Hair et al., 2012).  In addition to the communality factor, criterion validity is another statistical factor that estimates how well a measure is related to the outcome such that it can predict an outcome or performance. Types of criterion validity include predictive, concurrent, and postdictive (Vargen et al., 2019). A measure has predictively valid when it forecasts what it is supposed to predict.  If the predictor and the criterion happen at the same time, then the measure has concurrent validity.  Postdictive measures if the test is an estimate of what happened in the past (Linn, 1993)
Reliability examines how well the measurement produces stable or consistent results (Carmen & Zeller, 1979) by producing the same results under repetition (Moser & Kalton, 2017). The most convenient measure for internal consistency is Cronbach’s alpha (Robinson, 2010).  For a pilot study, Cronbach’s alpha should be equal to or above 0.6 (Straub et, al. 2004). 
There are 4 cut-offs points for reliability:
0.90 and above (excellent reliability)
0.7-0.9 (high reliability) 
0.5-0.7 (moderate reliability)
0.5 and below (low reliability)

3.5.4.1 Factor Extraction Procedure for Each Construct

A random sample of 30 respondents was selected for conducting a pilot study in order to test the validity and reliability of the measures. The statistical software SPSS (v.25) was used to generate and analyze the results. The type of validity test used is discriminant validity that classifies items into one group by separating groups and discarding items that least related to a distinct group. The principal component analysis was done for each section independently using varimax rotation.  The number of factors concluded for each section was four factors. This test for factor analysis is necessary to measure uni-dimensionality. The validity test was performed to prove that the items of a theme fit into one construct. The reliability test was intended to show if all items can load highly under one factor provided internal consistency showing the validity and reliability of the constructs. The results of the factor loadings, communalities, eigenvalues, and variance % of each section are shown in the following sections.

3.5.5 Smart Environment: Factor Analysis
         The results in Table 3.5 show that there are four factors that were determined under the cosntruct, Smart Environment (SE). The results showed that the items of a theme loaded high under one factor. The variables of smart technology loaded the highest on one factor (ST) and the lowest on other factors. ST02 has the highest loading score of 0.833 in the smart technology (ST) factor.  The items of environment theme loaded the highest on one factor (E) and the lowest on the other factors (ST, C GI).  E02 has the highest loading score of 0.917 in E. C01, C02, C03, C04, C05 loaded the highest on one factor (C) where C05 has the highest loading score (0.903). The variables related to group interaction loaded the highest under one construct (GI), where the GI04 has the highest score of 0.926.  GI07 has the lowest communality (0.3866) while GI04 has the highest communality score (0.8778). ST factor has the highest eigenvalue (12.814) and % variance (51.255).



Table 3.5: EFA results of Smart Environment (SE)
	Item
	ST
	E
	C
	GI
	Communality

	Smart Technology (ST)
	ST01
	0.761
	0.279
	0.312
	0.217
	0.6137

	
	ST02
	0.833
	0.371
	0.404
	0.322
	0.7165

	
	ST03
	0.720
	0.307
	0.179
	0.193
	0.6064

	
	ST04
	0.738
	0.369
	0.266
	0.197
	0.5973

	
	ST05
	0.795
	0.614
	0.556
	0.480
	0.6763

	
	ST06
	0.772
	0.336
	0.392
	0.280
	0.6282

	
	ST07
	0.588
	0.701
	0.733
	0.665
	0.6007

	Environment (E)
	E01
	0.481
	0.871
	0.764
	0.729
	0.7607

	
	E02
	0.536
	0.917
	0.839
	0.815
	0.8470

	
	E03
	0.541
	0.874
	0.763
	0.703
	0.7744

	
	E04
	0.495
	0.886
	0.823
	0.789
	0.7917

	
	E05
	0.398
	0.862
	0.744
	0.725
	0.7556

	Control (C)
	C01
	0.391
	0.594
	0.683
	0.402
	0.5929

	
	C02
	0.491
	0.859
	0.849
	0.812
	0.7799

	
	C03
	0.511
	0.746
	0.825
	0.716
	0.6890

	
	C04
	0.455
	0.646
	0.856
	0.704
	0.8082

	
	C05
	0.352
	0.823
	0.903
	0.825
	0.8501

	Group interaction (GI)
	GI01
	0.246
	0.684
	0.703
	0.823
	0.6958

	
	GI02
	0.222
	0.689
	0.736
	0.784
	0.6681

	
	GI03
	0.428
	0.758
	0.741
	0.857
	0.7385

	
	GI04
	0.511
	0.781
	0.776
	0.926
	0.8778

	
	GI05
	0.444
	0.696
	0.699
	0.833
	0.7072

	
	GI06
	0.433
	0.740
	0.684
	0.861
	0.7617

	
	GI07
	-0.298
	0.091
	0.159
	0.329
	0.3866

	
	GI08
	0.417
	0.705
	0.663
	0.735
	0.5660

	Eigenvalue
	12.814
	3.165
	1.328
	1.053
	

	% Variance
	51.255
	12.661
	5.312
	4.211
	




3.5.6 Smart Pedagogy
         Table 3.6 contains the four factors of the construct, Smart Pedagogy (SP). The items U01, U02, U03, U04, and U06 fit under one factor whereas U05 is recognized by the highest loading score of 0.919. The variables of critical thinking loaded the highest under one factor (CT) where the CT03 having the highest loading score of 0.902. LS01, LS02, LS03, LS04, LS05 loaded high under one factor (LS), and LS03 having the highest loading score (0.928). The items of Smart Intelligence loaded the highest under the factor SI. SI03 has the highest loading score in this construct. SI06 has the lowest communality score of 0.5710 while LS03 has the highest communality score (0.8904). U (Understanding) construct has the highest eigenvalue (14.695) and the highest variance percentage. (66.796).
Table 3.6: EFA results of Smart Pedagogy (SP)
	Item
	U
	CT
	LS
	SI
	Communality

	Understanding (U)
	U01
	0.881
	0.702
	0.750
	0.715
	0.7872

	
	U02
	0.887
	0.786
	0.848
	0.840
	0.8222

	
	U03
	0.908
	0.754
	0.794
	0.787
	0.8270

	
	U04
	0.771
	0.607
	0.575
	0.572
	0.6323

	
	U05
	0.919
	0.702
	0.726
	0.760
	0.8573

	
	U06
	0.842
	0.728
	0.716
	0.770
	0.7274

	Critical Thinking (CT)
	CT01
	0.558
	0.758
	0.676
	0.581
	0.6238

	
	CT02
	0.685
	0.821
	0.706
	0.688
	0.6783

	
	CT03
	0.746
	0.902
	0.712
	0.763
	0.8575

	
	CT04
	0.773
	0.894
	0.877
	0.833
	0.8346

	
	CT05
	0.710
	0.865
	0.766
	0.798
	0.7636

	Learning Skill (LS)
	LS01
	0.678
	0.745
	0.889
	0.814
	0.8204

	
	LS02
	0.691
	0.747
	0.881
	0.742
	0.7994

	
	LS03
	0.735
	0.842
	0.928
	0.796
	0.8901

	
	LS04
	0.813
	0.784
	0.883
	0.833
	0.7957

	
	LS05
	0.859
	0.798
	0.864
	0.860
	0.8125

	Smart Intelligence (SI)
	SI01
	0.711
	0.769
	0.853
	0.811
	0.7394

	
	SI02
	0.824
	0.849
	0.824
	0.844
	0.7847

	
	SI03
	0.842
	0.831
	0.851
	0.926
	0.8675

	
	SI04
	0.768
	0.795
	0.770
	0.912
	0.8592

	
	SI05
	0.695
	0.673
	0.727
	0.870
	0.7920

	
	SI06
	0.402
	0.384
	0.521
	0.643
	0.5710

	Eigenvalue
	14.695
	1.318
	1.149
	0.843
	

	% Variance
	66.796
	5.992
	5.225
	3.833
	



3.5.7 Smart Learning Performance
          The results of the four factors of the construct, Smart Learners’ Performance (SLP) are shown in Table 3.7.  The items of S01, S02, S03, S04 loaded the highest under one factor (S) and the lowest under other factors like K, I, EI. S03 has the highest loading score of S03 in S (Skill). The items that are related to knowledge loaded the highest under factor K where K02 has the highest Factor loading score of 0.950. I01, I02, I03, I04 loaded high under one construct (I) where I04 has the highest loading score of 0.943. Variables of Enhanced information loaded the highest under one factor (EI) and EI04 has the highest load score of 0.951.  The factor S (Skill) has the highest eigenvalue of 11.584 and variance of 72.398%. S01 has the lowest communality score (0.623) and EI04 have the Highest Communality Score (0.919).  The items that formed one factor, loaded high on other constructs. However, the items that are related to a theme had the highest loading scores on one factor. Therefore, they fit into one construct.
Table 3.7: EFA results of the Smart Learners Performance (SLP)
	Item
	S
	K
	I
	EI
	Communality

	Skill (S)
	S01
	0.770
	0.647
	0.723
	0.595
	0.623

	
	S02
	0.929
	0.816
	0.777
	0.783
	0.882

	
	S03
	0.936
	0.738
	0.731
	0.715
	0.888

	
	S04
	0.917
	0.709
	0.771
	0.707
	0.848

	Knowledge (K)
	K01
	0.717
	0.943
	0.777
	0.735
	0.900

	
	K02
	0.788
	0.950
	0.805
	0.721
	0.904

	
	K03
	0.784
	0.882
	0.742
	0.651
	0.802

	
	K04
	0.740
	0.923
	0.789
	0.750
	0.858

	Innovation (I)
	I01
	0.675
	0.729
	0.875
	0.677
	0.781

	
	I02
	0.753
	0.759
	0.914
	0.765
	0.838

	
	I03
	0.817
	0.805
	0.931
	0.780
	0.871

	
	I04
	0.833
	0.790
	0.943
	0.774
	0.896

	Enhancing Information (EI)
	EI01
	0.743
	0.768
	0.794
	0.951
	0.909

	
	EI02
	0.739
	0.661
	0.811
	0.930
	0.902

	
	EI03
	0.772
	0.705
	0.700
	0.918
	0.874

	
	EI04
	0.705
	0.762
	0.764
	0.951
	0.919

	eigenvalue
	11.584
	0.852
	0.743
	0.707
	


	% Variance
	72.398
	5.326
	4.642
	4.418
	



3.5.8 Cronbach’s Alpha
Cronbach’s alpha measures the internal consistency reliability of the items of each factor. Values of alpha of 0.6 and above are accepted.  A reliability test was done on the items of each theme. The results of the reliability test are presented in Table 3.8.  The results show that all factors have high Cronbach’s alpha values. The enhanced information factor has the highest Cronbach’s alpha of 95%. This indicates that the items of each factor are internally consistent and that the factors are reliable. 

Table 3.8: Cronbach’s Alpha Results
	Factor
	Cronbach’s Alpha

	Smart Environment (SE)
	Smart Technology
	86%

	
	Environment
	93%

	
	Control
	88%

	
	Group Interaction
	89%

	Smart Pedagogy (SP)
	Understanding
	93%

	
	Critical Thinking
	90%

	
	Learning Skills
	93%

	
	Smart intelligence
	91%

	Smart Learning Performance (SLP)
	Skills
	91%

	
	Knowledge
	94%

	
	Innovation
	93%

	
	Enhanced Information
	95%



3.6 Population and Sampling
3.6.1 Sampling Technique
          The methodology to explore the process concerning the population and sampling is very important to achieve both goals of smooth validation and easy analysis (Stakes, 1995).  The population and sampling are carried out by performing some important steps.  Firstly, the entire set of cases relies on drawing the population. Researchers are normally applying population followed by reducing the number of cases.  Having said that, the sampling process is to clearly define the target population, which is in this study represented by students in high schools in UAE, who have already used smart learning for one year (Grade 10), two years (Grade 11), and three years (Grade 12).  The second stage is to determine the sampling frame of the population selection that represents the whole population.  The third stage is to identify the appropriate sampling technique.  There are two methods for sampling techniques, which either probability (random) sampling or non- probability (non- random) sampling. 
The probability sampling can be performed by one of the following five techniques: simple random, stratified random, cluster random sampling, systematic sampling, and multi-stage sampling.  On the other hand, non-probability sampling may take one of the following four techniques: quota sampling, snowball sampling, judgment sampling, and convenience sampling (Taherdoost, 2016).  Table 3.9 explains the strength and weaknesses of the above techniques.
         Table 3.9. Strengths and Weaknesses of Various Sampling Techniques 
	Type
	Technique
	Strength
	Weakness

	Probability Sampling Techniques
	Simple Random
	Easy to understand, Predictable
	Difficult to construct sampling frame

	
	Stratified Random 
	Sub-population included, Precision
	Stratified variables are difficult to identify, expensive

	
	Cluster Random
	Easy Implementation, Cost-effective
	Not precise, Difficulty to interpret results

	
	Systematic Sampling
	Easy implementation, No need for sampling frame
	Reducing representativeness

	
	Multi-Stage Sampling
	
	

	Non-probability Sampling Techniques
	Quota Sampling
	Mostly, can control characteristics
	Biasing, No assurance

	
	Snowball Sampling
	Applied to rare cases
	Time consuming

	
	Judgement Sampling
	Low Cost, Ideal for EFA, Not time consuming
	No generalization, Subjective

	
	Convenience Sampling
	Least expensive, Convenient
	Bias section, Ir-representative, Not for casual research


Source: Walker (2005)
The goal of generalization from the findings of any research can be achieved through two approaches: statistical generalization and replication.  In this study, statistical generalization was used throughout a small sample that was assumed to represent a larger population.  This approach depends on the survey research for a representative sample that allows for generalization, which resembles an image in the mirror (Schreier, 2018).  The statistical generalization approach requires “every member of the target population to have an equal chance of being selected” according to Oakshott (2019).  Accordingly, this research employed a simple random sampling technique. The simple random sample occurs when the procedures of the selection allow all items or objects in the population to have the same chance of being drawn (Guarini et al., 2018). Therefore, the study sample was selected randomly from those schools and the study sample consisted of five public schools (3235 students) and three private schools (1794 students) with total number of 5029 students from high schools in UAE.  
Probability sampling is often associated with quantitative research and case studies that focus on small samples and are intended to examine a real-life phenomenon (Asiamah et al., 2017).  For quantitative methodology, the following five components are needed according to a study by Yin (2009):
· Research question,
· Research design,
· Unit analysis,
· Logic correlation between the data and purpose of the study, and 
· The limitations and boundaries for data interpretation.

The research questions must within the frame of “how” and “why” with a priority depending on the conditions.  Sometimes, questions with “how” are more important than questions with “why” or vice versa.  Regarding the second component, the research design is meant to understand how the study proposes to determine the answers to the research questions.  The third component is constructing the unit of analysis.  In this regard, Yin (2009) described the unit analysis as the field where the focus is to make the analysis accurate and plausible.  The unit analysis is tightly connected to the design of the experiment.  In this study, the unit of analysis is individual students who are using smart learning in high schools in UAE.  The fourth component is to correlate the findings in the analysis section with the purposes of the study.  The last component is the criteria where interpreting the results is taking place.  

3.6.2 Geographical Location of the Research
          The sample for this study is represented by students in high schools, where smart learning is applied (Patton, 2002). The selection of the students is conducted randomly.  The research activities of implementing smart learning, schools, and participants are residing in UAE.  More specific information about the population is available with the Ministry of Education in UAE where the smart learning initiative has been applied.  A sample of secondary schools that are run by ADEC was used for this study.  The geographical location of the high schools was in Abu Dhabi, which is the capital of the Federation of UAE.  In the beginning, the researcher will consult the relevant authorities at the Ministry of Education in the UAE, to set forth the location of the school, the time for the visit and the permission of conducting interviews.  For this research, the study is designed such that the data is collected from participants using a proper questionnaire and obtaining documents from the school and the Ministry of Education.  

3.6.3 Sample Size Adequacy
[bookmark: _Hlk19044062]         The difficulty of obtaining the opinions of all subjects in the system under consideration made researchers find alternative techniques for the sample size that could reflect the whole population (Kotrlik & Higgins, 2001).  The collection of adequate data from the respondents is the goal of any study to obtain a generalized form that represents the whole population (Hair et al., 2011).  Consequently, several approaches have been recommended to determine the sample size depending on the total number of the population.  
           The most important factor in selecting the correct sample size is to reduce the overall number of errors.  Hence, the determination of the sample size was finally determined through one of the basic research papers in statistics where the sample size was determined by referring to the information in Table 3.10 which was developed in 1970 by taking the level of confidence of 5% into account (Krejcie & Morgan, 1970).  In this study the number of students in the sampling frame is 5029, therefore, based on the Krejcie and Morgan (1970) table, the corresponding sample size is 361 respondents.  In a statistical gathering of the data, there is a possibility of uncooperative respondents who either provide incomplete information or none.  The procedure requires that taking out or ignoring the incomplete questionnaire because of inadequate answers, missing some parts, or total non-responding answers.  

Table 3.10: The Sample Size Determination
	N
	S
	N
	S
	N
	S
	N
	S

	10
	10
	150
	108
	460
	210
	2200
	327

	15
	14
	160
	113
	480
	214
	2400
	331

	20
	19
	170
	118
	500
	217
	2600
	335

	25
	24
	180
	123
	550
	226
	2800
	338

	30
	28
	190
	127
	600
	234
	3000
	341

	35
	32
	200
	132
	650
	242
	3500
	346

	40
	36
	210
	136
	700
	248
	4000
	351

	45
	40
	220
	146
	750
	254
	4500
	354

	50
	44
	230
	144
	800
	260
	5000
	359

	55
	48
	240
	148
	850
	265
	6000
	361

	60
	52
	250
	152
	900
	269
	7000
	364

	65
	56
	260
	155
	950
	274
	8000
	367

	70
	59
	270
	159
	1000
	278
	9000
	368

	75
	63
	280
	162
	1100
	285
	10000
	370

	80
	66
	290
	165
	1200
	291
	15000
	375

	85
	70
	300
	169
	1300
	297
	20000
	377

	90
	73
	320
	175
	1400
	302
	30000
	379

	95
	76
	340
	181
	1500
	306
	40000
	380

	100
	80
	360
	186
	1600
	310
	50000
	381

	110
	86
	380
	191
	1700
	313
	75000
	382

	120
	92
	400
	196
	1800
	317
	100000
	384

	130
	97
	420
	201
	1900
	320
	

	140
	103
	440
	205
	2000
	322
	


Source: Krejcie & Morgan (1970)

3.7 Instrumentation and Questionnaire Formats
3.7.1 General Remarks
         A survey questionnaire is defined as a set of printed or written questions with a choice of answers, devised for the purposes of a survey or statistical study (Bird, 2009).  Basically, a questionnaire serves to record the performance or perceptions of a selected group of people in a field or collect opinions or general feedback.  A questionnaire is a research instrument consisting of a series of questions for the purpose of gathering information from respondents gathering data or testing a hypothesis. Questionnaires can be thought of as a kind of written interview (Bird, 2009).  According to Barr, Davis and Johnson, a questionnaire is a systematic compilation of questions that are submitted to a sampling of population from which information is desired (Pandey & Pandey, 2015).

For a questionnaire to be effective that captures the sought information, designing a questionnaire has become an essential part of the process.  Firstly, securing answers to the questions requires that these questions to be clear, concise, and to the point.  Secondly, the order of the questions and the way these questions are presented are very important, too.  Thirdly, it is imperative to look carefully about the methodology of distributing the questionnaires to the respondent.  The researchers should be aware of the fact that good communication with the respondents is critical to the validity of the results obtained from the respondents.  Ideally, respondents must understand and then answer the questions. In educational research, the questionnaire consists of a sense of questions or statements that require presenting facts, opinions, or attitudes.  It is also considered that questionnaire should be flexible and possesses a unique advantage in terms of quantitative information.  Despite the opinion of critics who are claiming that the questionnaire is a lazy way of gaining information, questionnaires are still a very powerful tool for collecting data (Vesin et al., 2018).  
Preparing a good questionnaire could take a great deal of time, ingenuity, and hard work especially if it is the only way for gathering data as in descriptive studies. Questionnaire is also prioritized by some scholars over other known tools, as it enables obtaining data without the necessity to meet or speak to the respondents (Brusilovsky et al., 2018) For these reasons, questionnaire has become an essential tool in research techniques where the variables cannot be treated in a physical lab for accurate measurements.  
3.7.2 Developing the Questionnaire
         The questionnaire developed for this study was constructed to measure the constructs depicted in the conceptual framework of this study. Table 3.11 shows the construction of the questionnaire, which consists of normal demographic information, followed by a section that measures the independent variables: Smart Environment and Smart Pedagogy. The third part measures the dependent variable, Smart Learners’ Performance. Each of the constructs, have four (4) components. The number of items included in each variable is shown along with their symbols as it will be shown in the subsequent analysis.  As shown, the total number of the questions (items) is 63.
    Table 3.11: Breakup of the Survey Questionnaire
	Type of Variable
	Constructs
	Items

	
	Variable
	Components
	Symbol
	Questions Symbol
	Total

	Independent Variable
	Smart Environment
(SE)
	Smart Technology
	ST
	ST01-ST07
	7

	
	
	Environment
	E
	E01-E05
	5

	
	
	Control
	C
	C01-C05
	5

	
	
	Group Interaction
	GI
	GI01-GI08
	8

	
	                                                            SE Total Number of Items
	25

	
	Smart pedagogy
(SP)
	Understanding
	U
	U01-U06
	6

	
	
	Critical Thinking
	CT
	CT01-CT05
	5

	
	
	Learning Skill
	LS
	LS01-LS05
	5

	
	
	Smart Intelligence
	SI
	SI01-SI06
	6

	
	                                                            SP Total Number of Items
	22

	Dependent Variable
	Smart Learners Performance
(SLP)
	Skill
	S
	S01-S04
	4

	
	
	Knowledge
	K
	K01-K04
	4

	
	
	Innovation
	I
	I01-I04
	4

	
	
	Enhancing Information
	EI
	EI01-EI04
	4

	                                                                                    SLP Total Number of Items
	16

	                                                                   Questionnaire Total Number of Items
	63



3.7.3 Questionnaire Format
In this research, quantitative methodology was used to collect and analyze the data obtained from all the respondents who questionnaires who qualified to be participants in this study. The questionnaire was developed and finalized before being distributed to the targeted group of respondents. The sections of the questionnaire were designed to address research questions and corresponding hypotheses to measure all variables in the research framework.  The schools are distributed in different geographical locations by considering male and female students and public and private schools.   
The questionnaire was prepared according to the conceptual framework.  The participants are only students who are using smart learning for the last three years of their course of study.  The questionnaire is designed to have the following four sections:
· Section One: General questions about personal information such as age, gender, grade, and qualification
· Section Two: Questions pertaining to smart environment (SE) with sub-sections of smart technology, environment, control, and group interaction.
· Section Three: Questions to measure smart pedagogy (SP), which includes understanding, critical thinking, learning skill, and smart intelligence. 
· [bookmark: _Hlk21309528]Section Four: Questions to measure smart learning performance (SLP), which includes skill, knowledge, innovation, and enhancing information.  



3.7.4 Types of Questions
           The types of a questionnaire will depend on whether the researcher wishes to collect exploratory information (i.e. qualitative information for the purposes of better understanding or the generation of hypotheses on a subject) or quantitative information (to test specific hypotheses that have previously been generated).
Exploratory Questionnaires: If the data to be collected is qualitative or is not to be statistically evaluated, it may be that no formal questionnaire is needed. For example, in interviewing the female head of the household to find out how decisions are made within the family when purchasing foodstuffs, a formal questionnaire may restrict the discussion and prevent a full exploration of the woman’s views and processes. Instead one might prepare a brief guide, listing perhaps ten major open-ended questions, with appropriate probes/prompts listed under each. 
Formal Standardized Questionnaires: If the researcher is looking to test and quantify hypotheses and the data is to be analyzed statistically, a formal standardized questionnaire is designed. In basis of questionnaire formats, there are two types of questionnaires, open-ended and closed-ended. 
1. Open Format Questions: Open format questions or open-ended questions give the audience an opportunity to express their opinions in a free-flowing manner. These questions don’t have predetermined set of responses and the respondent is free to answer whatever s/he feels right. By including open format questions in the questionnaire, one can capture insightful and even unexpected suggestions. Qualitative questions fall under this category. An ideal questionnaire would include an open-ended question at the end of the questionnaire that seeks feedback and/or suggestions for improvements from respondents. Example - state your opinion about the quality of Unilever’s products and services.  
2. Leading or Loaded Questions: A leading question, usually subtly, points the respondent’s answer in a certain direction. Asking an employee, ‘How are you getting on with the new finance system?’ This question prompts the person to question how they are managing with a new system at work. In a very subtle way, it raises the prospect that maybe they are not liking the new system. ‘Tell me how you’re getting on with the new finance system’ is a less leading question – the question does not require any judgment to be made and therefore does not imply that there may be something wrong with the new system.  
3. Recall and Process Questions: Questions can also be categorized by whether they are ‘recall’ –requiring something to be remembered or recalled, or ‘process’ – requiring some deeper thought and/or analysis.  
4. Rhetorical Questions: Rhetorical questions are often humorous and don’t require an answer. Such questions are often, used by speakers in presentations to get the audience to think. Rhetorical questions are, by design, used to promote thought. Politicians, lecturers, priests and others may use rhetorical questions when addressing large audiences to help keep attention. ‘Who would not hope to stay healthy into old age?’ is not a question that requires an answer, but our brains are programmed to think about it thus keeping us more engaged with the speaker.  
5. Funneling: We can use clever questioning to essentially funnel the respondent’s answers – that is ask a series of questions that become more (or less) restrictive at each step, starting with open questions and ending with closed questions or vice-versa.  

             Closed Format Questions: Multiple choice questions, where respondents are restricted to choose among any of the given multiple-choice answers are known as closed format or closed-ended questions. There is no fixed limit as to how many multiple choices should be given; the number can be even or odd. One of the main advantages of including closed format questions in your questionnaire design is the ease at performing preliminary analysis. These questions are ideal for calculating statistical data and percentages, as the answers set is known. Closed ended questions can also be asked to different groups at different intervals to efficiently track their opinion about a product/service/ company over time. Example - which are the gadgets that you cannot live without? (i) Cell Phone (ii) Laptop (iii) iPOD (iv) Digital Camera. Closed questions invite a short-focused answer answers to closed questions can often (but not always) be either right or wrong. Closed questions are usually easy to answer - as the choice of answer is limited - they can be effectively used early in conversations to encourage participation and can be very useful in fact-finding scenarios such as research. 
The current study uses the close-ended question format, as it is ideal for measuring data on latent constructs that need to be statistically analyzed.
3.7.5 Likert Scale Response
The measurment scales used in this study to capture all the latent constructs are 7-point Likert scales. In this research, there are twelve variables, namely, Smart Technology (ST), Environment (E), Control (C), Group Interaction (GI), Understanding (U), Critical Thinking (CT), Learning Skill (LS), Skill (S), Knowledge (K), Innovation (I), and Enhancing Information (EI).  The 7-option Likert scale measured the degree to which participants felt satisfied with each of the components of the constructs in terms of the usefulness and/or useability of the features.
To determine the values of the end-points of the scales, a modified Delphi method was used to establish inclusion and exclusion criteria at a consensus cut-off rate level of 80% of respondents. The data were then classified as reaching consensus for inclusion  6 on a 7-point Likert scale) or exclusion ( 3 on a 7-point Likert scale) (Galipeau et al., 2017).  Table 3.12 shows that rating/ranking of the scale which was described as extremely dissatisfied (ED), moderately dissatisfied (MD), slightly dissatisfied (SD), neutral (NL), slightly satisfied (SS), moderately satisfied (MS), and extremely satisfied (ES). Table 3.12 presents the end-points of the Likert scales used in this study.
Table 3.12: Rating (Ranking) of Likert Scale
	Likert Scale
	Details
	Code

	0.00-0.99
	Extremely Dissatisfied
	ED

	1.00-1.99
	Moderately Dissatisfied
	MD

	2.00-2.99
	Slightly Dissatisfied
	SD

	3.00-3.99
	Neutral
	NL

	4.00-4.99
	Slightly Satisfied
	SS

	5.00-5.99
	Moderately Satisfied
	MS

	6.00-7.00
	Extremely Satisfied
	ES



3.8 Statistical Tools and Analysis
Suitable statistical tools were deployed based on the nature of the research question to be addressed. For example, the relationships between the variables were determined through regression analysis. While, group comparisons were determined through ANOVA.

3.8.1 Statistical Tools
The statistical tools were used to determine certain statistical parameters such as the mean, standard deviation, t-test, F-test, chi-square, Cronbach’s alpha, variance, and other relevant indicators. Statistical tools range from simple to very complicated where specific purposes such as comparison or relationship rtesting etc., of the gathered data may be processed (Maxwell et al., 2017).  Statistics aims at organizing and simplifying data paving the road towards drawing inferences.  Statistics deals with errors that result from departure from the true value.  Errors can be random (unpredictable), systematic (predictable), constant, or proportional (Sadri et al., 2019).  The second feature of slecting the right statistical method is the accuracy of the measure, which generally means the closeness from the true value.  

A close feature of accuracy is called the precision, which refers to closeness of replicating an event.  Precision measures dispersion or scattering around the mean by identifying the standard error (Altman & Bland, 2005).  The last feature of the statistics is the problem of biasing which is defined as the consistent deviation from the true value.  Bias can be caused either by measurment or sample bias.  Hence, statistical analysis requires using the same conditions as the operation is repeated.  Typically, quantitative studies require analysis that aim at calculating statistical parameters such as the mean, standard deviation, F-test, t-test, regression, and correlation (Delacre et al., 2019).  

3.8.2 Software Selection
Descriptive statistics will be generated on each item, which will include the mean scores and frequency distributions of responses. In determining the reliability of the data, Cronbach's alpha values for overall instrument reliability are required to be consistent and high across the data.  Data from the survey will be processed by SPSS (version 25) that enables both regression analysis as well as analysis of variance (ANOVA). Furthermore, the demographic information and descriptive statistics can also be easily computed with SPSS.
At this level of the study, a probability sampling technique will be used.  This technique is considered to provide all subject equal probability in order to make the selection not biasing (Taherdoost, 2016).  
In this study, the target respondents’ gender or location or economic background, are not considered as influencing factors. Most of the questions are simple and straightforward. This type of sampling technique is characterized by simplicity, convenience, and parsimony (Noordzji et al., 2010).  

3.8.3 One-Tail and Two-Tailed Tests: Test for Significance
For correlation, regression, ANOVA, or any type of statistical test, to be meaningful, it is necessary to determine the significance level represented by the p-value.  In the case of symmetrical distribution, the test comes with either a one-tailed test or a two-tailed test.  This study will follow guidelines of past literature in considering  value of 0.05 (or 5%) as the cutt-off point for siginificance.  For 2-tailed test, the significance of 0.05 is divided evenly between the two tails at 0.025 for each. For a one-tailed test, the whole 5% can be assigned either to the top part or the lower part of the normal distribution plot (Zhang & Gou, 2019).  

3.8.4 Independent Sample t-test
Conducting quantitative research at any level of education is to search for a solution to the problem using an appropriate statistical method to avoid errors by comparing the means.  The comparison can be performed by either parametric (normally distributed data) or non-parametric (not normally distributed data) tests. The t-test is an example of the parametric test that works on normally distributed scale data and compares two groups or two sets of data (Xu et al., 2017).  McMillan and Schumacher (2010) have pointed out that t-test measures an inferential statistical procedure for determining the probability level of rejecting the null hypothesis that two means are the same.  The following are the three types of -test: Independent, dependent, and one-sample t-test.  
Understanding -test requires explaining the difference between a dependent and independent sample.  Dependent samples represent paired measurements belongs to one set of items, while the independent samples belong to two different sets of items.  In two-sample items, if the values in one sample affect the values in other samples, the samples are dependent; otherwise, they are independent (Gerald, 2018).  


3.8.5 Correlation and Regression
Regression analysis is a technique that assesses the relationship between an outcome variable and one or more predictor variables.  The outcome variable is called the response or dependent variable () while the predictors are called the explanatory or independent variables ().  Correlation is characterized by Pearson coefficient whose values lie between -1 (highest negative association) and +1 (highest positive association).  The sign of correlation refers to the direction of the association while the magnitude of the correlation refers to the strength of the association.  

3.8.6 Multiple Regression
The purpose of the multiple regression is to relate multiple independent (predictors) of two or more variables (, …) and one or more dependent (criterion) variable ().  The chosen dependent variable is modeled as a function of several independent variables () with corresponding coefficients (), along with the constant term ().  Mathematically, the multiple regression can be described as in Equation 3.1:

	
	3.1



The modeling using multiple regression should be performed adequately with proper specifications which require including only relevant variables.  The second feature of multiple regression is the linearity and the variables must show normal distribution.  Also, normality, homoscedasticity, and constant variance should be assumed across all predicted variables.  In addition, some terminologies should be considered and understood such as beta value () that is used to show the effectiveness the predictors and measured in terms of standard deviation.  The second term is association factor between the observed and predicted values (). The association factor appears in term of  which represents the percent of overlap between the predictor variables and the criterion variable.  The last term is the adjusted () which estimates the association in case of using a new data set.  

3.9 Pilot Study
A pilot study is a trial run with a group of respondents used to  screen out problems in the instructions or design of questionnaire (Zikmund, 2003, p.229) The pilot study was conducted to identify consistency of the questions and an understanding of the respondents to the questionnaire. According to Cooper and Schindler (2003, p.91) “pilot study has saved countless survey studies from disaster by using suggestion of the respondents to identify and changing confusing, awkward, or offensive questions and techniques”. 
The pilot study was conducted one month prior to the commencement of the actual data collection. Convenience sampling was used in selecting the sample in the pilot study. Following suggestion made by (Luckas, Hair, and Ortinau, 2004), 50 respondents were approached. A minimum of 30 is recommended to allow the running of proper statistical testing procedures to determine the level of stability and internal consistency of the instrument measured through reliability tests (Sekaran, 2003). The reliability of this questionnaire was examined to ensure whether the items used in this study are consistent in terms of measuring the constructs that they are supposed to measure (Hair, Black, Babin and Anderson, 2009). Respondents were reasonably aware about the objectives of the research and familiar with the industry dynamics.
Prior to commencing the actual data collection, the researcher visited one of the high schools in Abu Dhabi and sought permission of school principal to allow survey of about 50 students. Thereafter, two classes of Grade-11 and Grade-12 were surveyed. The total number of respondents was 50 students. The researcher briefed the students about the purpose of the survey, and waited in both rooms for 20 minutes each. The data collected from these respondents was considered a pilot study. The objective behind the pilot study was to determine the internal consistency reliability of the instrument. Furthermore, written remarks were allowed for any suggestions or difficulties thay may have faced to respond to the questions. 

Based on the comments made by respondents in the pilot study, several weaknesses of the questionnaire were identified. For instance, it was suggested that providing more space between each group of questions within the same part would make the questionnaire easier to read. The respondents also suggested that the instructions written to each group of questions should be further simplified and for questions, which cover more than one page, the scale should be provided on each page. The questionnaire was modified and refined before the data collection was carried out.
The internal consistency reliability of the measures was assessed based on the Cronbach’s α coefficient. According to Churchill (1979), reliability should be the first measure referred in assessing the quality of the instrument. Generally, the lower acceptance limit of Cronbach’s α is 0.60 to 0.70 (Hair et al., 2017). In this respect, Nunnally (1978) has suggested that for established scales alpha (α) values should be between: 0.8 to 0.9, while for new scales an alpha value of 0.7 is acceptable. For this research, the reliability of the constructs range from 0.797 to 0.924 (Table 3.13) indicating that all values were within the acceptable range as described in the literature. 
Following the reliability test, the convergent and discriminant validity should be conducted using confirmatory factor analysis. However, this assessment would not be meaningful in this case due to the small sample size. 
    Table 3.13: Internal Consistency Reliabilities of Variables from Pilot Survey
	Variable Name
	Cronbach’s α

	Smart Technology (ST): Component of SE
	0.924

	Environment (E): Component of SE
	0.879

	Control (C): Component of SE
	0.857

	Group Interaction (GI): Component of SE
	0.818

	Understanding (U): Component of SP
	0.812

	Critical Thinking (CT): Component of SP
	0.797

	Learning Skill (LS): Component of SP
	0.873

	Smart Intelligence (SI): Component of SP
	0.797

	Skill (S): Component of SLP
	0.866

	Knowledge (K): Component of SLP
	0.912

	Innovation (I): Component of SLP
	0.898

	Enhancing Information (EI): Component of SLP
	0.911



The results from the pilot study were used to make necessary adjustments to the survey instrument. Most of the measurement scales were adopted from measurements used in previous studies published in peer-reviewed journals. Once the survey questionnaire was revised and finalized, the instrument was used to collect data from the sample. Care was taken to exclude the respondents in the pilot study from the total number of respondents from the main data.
3.10 Data Collection
This study applied self-administered survey questionnaire in collecting the data. Self-administered questionnaire refers to ‘a data collection technique in which the respondents reads the survey questions and records his or her responses without the presence of a trained interviewer’ (Hair, Bush, and Ortinau 2003, p. 265). Dillman (2009, pg.38) argued that: ‘considerable evidence suggests that people are more likely to give honest answers to self-administered questions than to interview questions’. Furthermore, a self-administered survey helps to minimize the tendency of social desirability bias to take place whenever sensitive data are requested (Dillman, 1978).
A drop-off and collect method has been applied in this research. This method involves the researcher travelling to the respondents’ location and the researcher or a representative of the researcher hand-delivering survey questionnaires to respondents. Then, the completed surveys are collected after the respondents complete the survey questionnaire (Hair et al., 2003; Rowley, 2014).
This method allows respondents to complete the questionnaire at their own time and convenience. Thus, respondents can take time to think and answer the questions and look for further information when necessary (Aaker and Day, 1990; Emory and Cooper, 1991). This procedure ensures the availability of a person to answer questions, as questionnaires are hand delivered by the researcher or a representative of the researcher. This method also helps to stimulate interest of the respondents in completing the questionnaire through interaction between the researcher or representative and the respondents (Rowley, 2014).
           Data collection in a research process is the most important part of any study. The function describes the various planned steps in acquiring data to address the research questions (Berger, 2018). Collecting the appropriate data depends mostly upon the type of tool or technique, which can be achieved by adopting a systematic procedure to prove the reliability and validity of the research (Stieglitz et al., 2018). 

The data collection can be performed directly by contacting the individuals in the chosen samples or by the internet-based procedure.  The first approach is more convenient and more reliable as the researcher can add some notes during the response or explaining the issues that were not understood. There are three categories under classifications: the content, process, and context. The questionnaire is characterized by descriptive statistics.  This type of statistics includes the mean scores for each question and the frequency distributions of each response.  The data also show an assumption that characterizes the stability of the sample size (Hair, 2006).  

The basic element of collecting data is to compile multiple sources of evidence for better and more reliable results.  The concept of multiple sources is not well defined because it depends on the circumstantial of the project (Barone & Eisner. 2006; Yin, 2009). The strategy of collecting the data should be clear and appropriate (Prasad, 2005).  The most important issue in data and data collection is that the questions throughout the questionnaire should be clear, implicit, and to the point. 
The process of gathering data is called triangular because it has three phases: choosing the sample, choosing the questions, and choosing the proper timing and location (Seidman, 1991). For the current study, the data will collected through distribution of physical survey questionnaires to all the secondary school students in Abu Dhabi. The target respondenst are students in Grade-10, 11 and 12 (i.e., high school levels) that have been using Smart Learning Systems in their educational processes. The researchers will take permission from the school authorities and conduct the surveys during class times. 

3.9 Summary
This chapter presented the methodology of the research, which includes the academic discourse on qualitative and quantitative methods, survey isntruments development procedures, pilot test, proposed methods of data collection, and methods of data analysis.  The goals of the study are well defined and the methodology for optimizing the data was selected based on guidelines from methodology scholars.  All other requirements and preliminary conditions which include the assumptions, constraints, cost, knowledge, skill, qualitative methods, and sample selections were considered.  In the next chapter, the analysis of the data using specific statistical tools will be presented.





CHAPTER FOUR

RESULTS AND FINDINGS

4.0 Introduction

Chapter 4 presents and reports the findings and results by using appropriate statistical techniques using the SPSS software (v.25).  The procedure includes test for reliability and validity in addition to results of tests for the hypothesized relationships. The research findings were based on data colelcted from 347 respondents from eight high schools. Furthermore, this chapter is divided into 4 sections. 
Section-I reports the findings of descriptive statistics, related to the students that were randomly selected from 10th, 11th, and 12th grades taken from eight high schools in Abu Dhabi; five public schools and three private schools. 
Section-II deals with the findings of descriptive statistics pertaining to smart environment, smart pedagogy and smart learner performance with the mean scores for overall scales and its dimensions.
Section-III discusses the relationships between smart environment and smart pedagogy, and smart leaner’s performance. The Pearson’s correlation is employed to establish the relationship between the variables. Multiple regression analysis is carried out to elucidate the influence of the dimensions smart environment and smart pedagogy on smart leaner’s performance.  
Section-IV: Determination of whether there is significant diffrence between smart learner’s performance between public and private schools. The group comparisons are done using one-way ANOVA.
4.1 Information about Respondents
The first step in any analysis of survey data is to examine the demographic ststistics of the respondents (Freigang et al. 2018). The total number of questionnaires distributed to the students was 368.  The students involved were chosen from 10th, 11th, and 12th grade taken from eight schools; five public schools and three private schools.  A preliminary acceptance from the authorities to visit and distribute questionnaires was obtained prior to any visit.  The information about the classes regarding the grade levels and the number of students in each class was provided.  
The questionnaires were directly distributed in the class.  There was about 10 minutes devoted to briefly explain the meaning of the questionnaire, the aim of the study, and the importance of understanding each question and to provide an appropriate answer to that question out of the seven options.  Subsequently, the options were explained with an example not related to the questionnaire.  The number of the questionnaire distributed was previously calculated for each class depending on the number of the students.  For familiarity purpose, the questionnaire was translated into Arabic.  The questionnaire was originally written in English.  
The questionnaire, along with translated version was shown to senior academics involved in education research. After obtaining their feedback, the questionnaire was finalized. The final version of the questionnaire was determined approved by the supervisor.  
Table 4.1 shows the names of the schools involved in this study and supported by the type (public/private), total number of students, and the orientation of the school (Girls/Boys/Mixed).  The total number of students under this study was 5029 students who were selected randomly in terms of school choice or student.  Based on Krejcie & Morgan (1970), the population of 5029 students could be represented by a sample size of 368 respondents.  Having said that, the statistical gathering of the data normally comes with a possibility of uncooperative respondents who either provide incomplete information or none. Therefore, after collection of the raw data, close scrutiny of the led to the elimination of several survey questionnaires that resulted in 347 useable cases. 
Table 4.1: Secondary Schools (Sampling Frame)
	School Name
	Type
	Boy/Girl/Mixed
	Students

	Al Maqam Secondary School
	Public
	Boys
	654

	Mariam Bint Sultan School
	Public
	Girls
	623

	Um–Al Emirates Secondary School
	Public
	Girls
	682

	Khaled Bin Al Waleed School
	Public
	Boys
	647

	Aljahli High School
	Public
	Boys
	629

	Total number of students in public schools
	3235

	Al Dhafra Private Schools
	Private
	Mixed
	655

	The Gulf International Private Academy 
	Private
	Boys
	707

	Brighton College
	Private
	Mixed
	432

	Total number of students in private schools
	1794

	Total
	5029



After completing the data colelction process, finally 368 questionnaires were obatined.  After inspecting, it was found that some of these questionnaires were incomplete.  There were 5 questionnaires that were untouched; 9 questionnaires were missing two or three sections; and 7 questionnaires were missing between 4 and 6 sections.  The total number of excluded questionnaires was 21 and the total useable ones was found to be 347.  The net number of eligible students in public schools is 219 (63.1%) while the net number of students in private schools is 128 (36.9%).  

4.2 Demographic Analysis

As mentioned in the preceding section, the data was collected from exclusively boys, girls, and mixed (co-ed) schools.  It is also pointed out that the questionnaire contains four questions.  Table 4.2 shows the distribution of the four demographic information, namely, gender (male, female); grade (10th, 11th, and 12th); specialization (general, advanced); and age (14-16, 16-18, 18-20 years).  








                      Table 4.2: Demographic Information of the Respondents
	Particular
	Frequency
	%
	Valid %
	Cumulative %

	Gender
	Male
	237
	68.3
	68.3
	68.3

	
	Female
	110
	31.7
	31.7
	100.0

	Total
	347
	100.0
	100.0
	

	Grade
	10th
	117
	33.7
	33.7
	33.7

	
	11th
	165
	47.6
	47.6
	81.3

	
	12th
	65
	18.7
	18.7
	100.0

	Total
	347
	100.0
	100.0
	

	Specialization
	General
	140
	40.3
	40.3
	40.3

	
	Advanced
	207
	59.7
	59.7
	100.0

	Total
	347
	100.0
	100.0
	

	Age
	14-16
	156
	45.0
	45.0
	45.0

	
	16-18
	174
	50.1
	50.1
	95.1

	
	18-20
	17
	4.9
	4.9
	100.0

	Total
	347
	100.0
	100.0
	



The first demographic information is that 68.3% were male while 31.7% were female.  This result does not reflect the reality of female education in the UAE as all citizens in UAE are required to go to the school until finishing high school or the twelfth grade.  It was reported that, UAE socres the highest regarding gender equality in education for all stages in the Gulf Region (UN, 2018).  The report also mentioned that the female involvement surpases male insolvent in some areas such as the higher education.  The result here was only due to the fact that survey in all-male schools were easier to access than female schools.  The higher percentage of male versus female can be accepted based on these circumstances and the conditions that traditionally is a part of the social system.  
The second demographic characteristic is the distribution of the students in terms of the grade-levels they are in.  The primary educational system in the UAE consists of 12 grades, among them is the secondary education which has three grades which includes the tenth, eleventh, and twelfth grade.  According to the classes that were chosen to conduct the study, 117 students (47%) were taken from the lowest grade level (10th grade); 165 students (47.6%) were taken from the 11th grade; while only 65 students (18.7%) were taken from the highest level of the 12th grade.  The number or the percentage of the students who participated in the survey reflect the increasing of the student’s enrolment in the school taken from the lowest grade was the highest (47%).  The number of the students could reflect the increasing rate of the enrolment in primary education. However, this study does not aim to make any such inferences based on this data.
The third demographic is the specialization.  In the last three years in the secondary schools, students have to specialize either in general section or in advanced section where the difference between these two sections is the focus on special and more detailed mathematics, physics, and chemistry courses for advanced section; while the general section is focusing on courses related to Arabic, history, social education (Ridge et al., 2007).  The number of the participants from the advanced category was 209 students (59.7%) while the number from the general category was 141 (40.3%).  The numbers could explain the direction of UAE of focusing on STEM related specilizations more than focusing on humanities. 
The fourth category of the demographic classification was about age. Accordingly, the age of students as they reach the 10th grade is about 15 years and a year or two years can be added to higher grades.  The highest number of students involved in the survey was the 16-18 years group at 175 students (50%) followed by the group of younger students at 157 (45%) and finally the group of 18-20 years at 18 students (5%).  The result of the group 18-20 years is very low due the fact many students are physically in the 12th grade whose ages less than 18 years.  In general, the age category suggests that the youth are very active in their schooling where and they were working hard to achieve the success.  

4.3 Test for Normality of Data Distribution

Table 4.3 shows the normality test of the data as presented from the respondents.  The normality test depends on assessing two factors: Skewness and Kurtosis values.  The skewness and kurtosis values are presented for individual factors (ST, E, C, GI, U, CT, LS, ST, S, K, I, and EI) and for the comprehensive three variables (SE, SP, and SLP).  
All individual factors showed negative skewness, which means that both the mean and the median are less than the mode of the data set (Blanca et al., 2013).  The skewness values range between -0.822 (the least negative skewness) which appears with the critical thinking (CT) of 5 questions.  The highest skewness was reported -1.324 which appeared with the environment (E) of 5 questions.  The skewness of other factors other 10 factors lies between the lowest and highest skewness mentioned above.  The majority of the factors have shown skewness very close to -1.00. For the factors GI (8 questions) and ST (7 questions), the skewness is estimated at -0.893 and -1.313.  These results show that the number of questions cannot be taken as a decisive element in showing the skewness of the data presented.  In general, the values of skewness are within the accepted levels, which is recommended between -2.000 and +2.000 (Coakes et al., 2010).  
The other factor that was used to determine the normality test is Kurtosis, which measures the direction of the heavy-tailed or light-tailed relative to a normal distribution.  Based on previous report, Kurtosis values lie between -3 (heavy-tailed on the left side) and +3 (Heavy-tailed on right side) of the normal distribution, while 0 value represents the normal distribution (Hair et al., 1998).  The Kurtosis results shown in Table 4.3 suggest that Kurtosis values lie on the positive side and range between 0.347 for SI (6 questions) and 1.572 for E (5 questions).  The positive values of Kurtosis suggest that the data are slightly tailed to the right side of the normal distribution.  One possible reason for this behaviour is that more students were on the satisfaction side about the in the questionnaire.  The skewness and kurtosis statistical results agreed that the data are normally distributed.  The nature of the topic under consideration and the familiarity of the students with the new form of learning may be a possible reason for the slight skewness and low positive Kurtosis values. 
In addition to applying the normality test for each factor, SPSS provides another measure for the collective normality test for the independent variables (SE and SP) and dependent variable (SLP).  The skewness results of all variables were very close to -1.000 while Kurtosis vales were very close to 0.000 (normal distribution).  


Table 4.3: Normality test in terms of Skewness and Kurtosis 

	Variable
	N
	Mean
	Stand Dev
	Skewness
	Kurtosis

	
	
	
	
	Statistics
	Std Dev
	Statistics
	Std Dev

	ST
	347
	5.49
	1.132
	-1.313
	0.131
	1.434
	0.261

	E
	347
	5.53
	1.310
	-1.324
	0.131
	1.572
	0.261

	C
	347
	5.29
	1.353
	-0.932
	0.131
	0.332
	0.261

	GI
	347
	5.42
	1.237
	-0.893
	0.131
	0.551
	0.261

	U
	347
	5.28
	1.413
	-0.934
	0.131
	0.364
	0.261

	CT
	347
	5.56
	1.386
	-0.822
	0.131
	0.411
	0.261

	LS
	347
	5.73
	1.401
	-0.950
	0.131
	0.539
	0.261

	SI
	347
	5.33
	1.440
	-0.919
	0.131
	0.347
	0.261

	S
	347
	5.51
	1.418
	-0.942
	0.131
	0.534
	0.261

	K
	347
	5.31
	1.397
	-0.998
	0.131
	0.661
	0.261

	I
	347
	5.26
	1.360
	-0.866
	0.131
	0.682
	0.261

	EI
	347
	5.25
	1.437
	-0.958
	0.131
	0.497
	0.261

	SE(IV)
	347
	5.44
	1.112
	-1.110
	0.131
	0.753
	0.261

	SP(IV)
	347
	5.21
	1.270
	-0.902
	0.131
	0.524
	0.261

	SLP(DV)
	347
	5.29
	1.243
	-0.904
	0.131
	0.768
	0.261

	Valid N 
	347
	



4.4 Descriptive Statistics for Each Variable
4.4.1 Smart Environment

Tables 4.4 (A to D) show evaluation of each question or statement mentioned in the questionnaire under Part II based on the mean () and the corresponding standard deviation ().  This part serves as an approach to check the degree of the satisfaction of the items under consideration in the questionnaire.  Such analysis, have been used by other researchers in education (e.g., Taha, 2014), and in other social science studies (e.g., Gaymard and Maurin, 2017).  
The analysis is to rate each statement or assigning that item to a specific rank which is here based here on the ranking shown in Chapter-3.  The statistical analysis in rating the satisfaction was estimated according to the mean and its corresponding standard deviation.  Table 4.4(A) shows the 7 items for smart technology.  Out of the 7 items where all rated MS, there is only 1 item that was rated at a higher level of ES.  This item (SE02) with ES level was: “My interaction with the use of smart technology is clear and understandable.”  This result suggests that students are satisfied with their interaction of technology used in smart learning in the school.  The other 6 items were classified at moderately satisfaction of the use of smart technology (ST01), feeling with pleasure (ST07), best framework (ST06), becoming skilled (ST03), the flexibility of smart technology (ST05), and the smart technology is a mean to acquire more valuable data and information (ST04). The overall satisfaction of smart technology is 5.49.
                    Table 4.4(A): Satisfaction rank of Smart Technology factor
	Smart Technology
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	ST01
	It is easy to use smart technology such as iPad, laptop, interment, and smart phone?
	n
	20.0
	6.0
	2.0
	28.0
	25.0
	73.0
	193.0
	5.54MS

	
	
	%
	5.8
	1.7
	0.6
	8.1
	7.2
	21.0
	55.6
	

	ST02
	My interaction with the use of smart technology is clear and understandable.
	n
	12.0
	7.0
	5.0
	16.0
	30.0
	93.0
	184.0
	6.21ES

	
	
	%
	3.5
	2.0
	1.4
	4.6
	8.6
	26.8
	53.0
	

	ST03
	Becoming skilled in using the smart learning technology is not a burden for learning.
	n
	15.0
	13.0
	4.0
	36.0
	43.0
	81.0
	155.0
	5.38MS

	
	
	%
	4.3
	3.7
	1.2
	10.4
	12.4
	23.3
	44.7
	

	ST04
	Smart technology allows easy access to scientific contents, resources and learning materials as needed and at convenient time and place.
	n
	10.0
	10.0
	6.0
	27.0
	43.0
	75.0
	176.0
	5.74MS

	
	
	%
	2.9
	2.9
	1.7
	7.8
	12.4
	21.6
	50.7
	

	ST05
	I strongly believe that smart modern technology could effectively and flexibly achieve the goals of education.
	n
	12.0
	9.0
	18.0
	37.0
	59.0
	96.0
	116.0
	5.48MS

	
	
	%
	3.5
	2.6
	5.2
	10.7
	17.0
	27.7
	33.4
	

	ST06
	I would feel that smart learning is the best framework for creative learning methods.
	n
	15.0
	10.0
	13.0
	50.0
	54.0
	101.0
	104.0
	5.14MS

	
	
	%
	4.3
	2.9
	3.7
	14.4
	15.6
	29.1
	30.0
	

	ST07
	I strongly believe that there is pleasure in using laptop, iPad, smartphone in learning.
	n
	21.0
	10.0
	10.0
	26.0
	44.0
	75.0
	161.0
	5.87MS

	
	
	%
	6.1
	2.9
	2.9
	7.5
	12.7
	21.6
	46.4
	

	Parameter Average
	5.49MS



The environment factor refers to space and time through which smart learning has been conducted.  There are five items under this factor as shown in Table 4.4(B).  The choice of the students has resulted in having all these five items under moderately satisfaction.  The highest rank (5.76) was given to the items that show the benefit of the smart learning in obtaining and accessing the information very easy and convenience (E02 and E05).  The lowest rank (5.27) was given to the item E04 which is about another benefit of the smart learning that suggests the easiness of carrying task of the paper lesson where smart technology has replaced, to a certain extent, the traditional paper textbooks and notes.  The outcome of the satisfaction rank of the factor environment was at MS level.  The overall satisfaction of environment factor is 5.53.
Table 4.4(B): Satisfaction rank of the Environment factor
	Environment
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	E01
	Smart learning has facilitated understanding lessons any time and any place.
	n
	24.0
	10.0
	12.0
	50.0
	51.0
	88.0
	112.0
	5.31 MS

	
	
	%
	6.9
	2.9
	3.5
	14.4
	14.7
	25.4
	32.3
	

	E02
	Using the smart learning in suitable times would enable me to accomplish my tasks more quickly.
	n
	10.0
	6.0
	16.0
	28.0
	42.0
	112.0
	133.0
	5.76 MS

	
	
	%
	2.9
	1.7
	4.6
	8.1
	12.1
	32.3
	38.3
	

	E03
	Smart technology would make it easier for me to carry out my smart learning tasks and paper lessons.
	n
	16.0
	8.0
	9.0
	38.0
	40.0
	103.0
	133.0
	5.43 MS

	
	
	%
	4.6
	2.3
	2.6
	11.0
	11.5
	29.7
	38.3
	

	E04
	I believe that smart technology shortens the time for smart learning making it better adequate.
	n
	19.0
	14.0
	16.0
	50.0
	53.0
	100.0
	95.0
	5.27 MS

	
	
	%
	5.5
	4.0
	4.6
	14.4
	15.3
	28.8
	27.4
	

	E05
	Accessing information using Internet is available anytime and anywhere.
	n
	32.0
	10.0
	16.0
	24.0
	25.0
	74.0
	166.0
	5.76 MS

	
	
	%
	9.2
	2.9
	4.6
	6.9
	7.2
	21.3
	47.8
	

	Parameter Average
	5.53 MS



The third factor under smart environment is the control where five items were tested in the questionnaire as shown in Table 4.6(C).  The rank of satisfaction of all items was recorded at MS level where C01 (controlling skills) and C03 (adoption of smart learning) are very close in their ranking.  On the other side, item C02 (flexibility of operation) and C05 (triggering abilities) were at the highest satisfaction level with the MS level.  The overall satisfaction of the control factor is 5.29.
Table 4.4(C): Satisfaction rank of Control factor
	Control
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	C01
	Smart technology enables me to control my individual and collective skills.
	n
	20.0
	12.0
	16.0
	58.0
	60.0
	98.0
	83.0
	5.07 MS

	
	
	%
	5.8
	3.5
	4.6
	16.7
	17.3
	28.2
	23.9
	

	C02
	Smart technology is flexible in content, accurate in tools, and fast in operation.
	n
	18.0
	8.0
	18.0
	36.0
	73.0
	96.0
	98.0
	5.27 MS

	
	
	%
	5.2
	2.3
	5.2
	10.4
	21.0
	27.7
	28.2
	

	C03
	In order to become more active in the lessons, adopt smart technology.
	n
	18.0
	18.0
	32.0
	42.0
	59.0
	90.0
	88.0
	5.21 MS

	
	
	%
	5.2
	5.2
	9.2
	12.1
	17.0
	25.9
	25.4
	

	C04
	Overall, using, under control, of laptop, iPad, and smart phone) is the best way of learning in modern times.
	n
	26.0
	14.0
	20.0
	43.0
	44.0
	84.0
	116.0
	5.18 MS

	
	
	%
	7.5
	4.0
	5.8
	12.4
	12.7
	24.2
	33.4
	

	C05
	Smart technology allows students to be at the center of the learning experience triggering their control and interaction as participants in the learning process.
	n
	13.0
	14.0
	25.0
	38.0
	62.0
	103.0
	92.0
	5.41 MS

	
	
	%
	3.7
	4.0
	7.2
	11.0
	17.9
	29.7
	26.5
	

	Parameter Average
	5.29 MS



The factor of group interaction carries the highest number of items in the survey at eight items as shown in Table 4.4(D).  Item GI03 (developing teamwork) and item GI07 (distraction of using smart devices) were classified at SS level while all other six items were found to be at a highest level of satisfaction at MS level.  There are two items were classified at the lowest value of MS level -GI01 (improving cooperation) and GI04 (increasing communication).  The item GI05 (sharing information) was the highest rank within the group interaction factor of MS level.  Generally, the factor of group interaction was ranked at very low rank of MS level compared to the previous three factors of the smart environment.  This result may suggest that the students are still not getting enough familiarity of the smart learning procedure in terms of cooperation thinking that working individually is easier than working in a group.  The overall satisfaction of the group interaction factor is 5.42.
Table 4.4(D): Satisfaction rank of Group Interaction factor
	Group Interaction
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	GI01
	The smart learning improves cooperation between teachers and students.
	n
	30.0
	17.0
	17.0
	49.0
	71.0
	71.0
	92.0
	5.13 MS

	
	
	%
	8.6
	4.9
	4.9
	14.1
	20.5
	20.5
	26.5
	

	GI02
	As needed, my teachers use and integrate more technology in their teaching.
	n
	18.0
	18.0
	16.0
	33.0
	79.0
	92.0
	91.0
	5.75 MS

	
	
	%
	5.2
	5.2
	4.6
	9.5
	22.8
	26.5
	26.2
	

	GI03
	I strongly believe that learning through intelligent techniques contributes to develop teamwork between students.
	n
	30.0
	13.0
	27.0
	39.0
	76.0
	86.0
	76.0
	4.37 SS

	
	
	%
	8.6
	3.7
	7.8
	11.2
	21.9
	24.8
	21.9
	

	GI04
	Smart learning increases communication between students and between themselves and their teachers.
	n
	27.0
	18.0
	23.0
	44.0
	66.0
	85.0
	84.0
	5.07 MS

	
	
	%
	7.8
	5.2
	6.6
	12.7
	19.0
	24.5
	24.2
	

	GI05
	I can easily share information with my friends.
	n
	19.0
	5.0
	10.0
	30.0
	52.0
	83.0
	148.0
	5.63 MS

	
	
	%
	5.5
	1.4
	2.9
	8.6
	15.0
	23.9
	42.7
	

	GI06
	I discover that there is a high level of interaction with intelligent techniques in learning.
	n
	20.0
	9.0
	16.0
	42.0
	50.0
	84.0
	126.0
	5.59 MS

	
	
	%
	5.8
	2.6
	4.6
	12.1
	14.4
	24.2
	36.3
	

	GI07
	The use of mobile and/or other devices distracts me from paying attention to my teacher.  
	n
	71.0
	23.0
	27.0
	53.0
	45.0
	53.0
	75.0
	S4.41 S

	
	
	%
	20.5
	6.6
	7.8
	15.3
	13.0
	15.3
	21.6
	

	GI08
	Intelligent learning methods encourage students to participate in educational competitions.
	n
	26.0
	12.0
	16.0
	56.0
	61.0
	70.0
	106.0
	5.27 MS

	
	
	%
	7.5
	3.5
	4.6
	16.1
	17.6
	20.2
	30.5
	

	Parameter Average
	5.42 MS



4.4.2 Smart Pedagogy

In this section, the factors of smart pedagogy were tested based on the mean () and the corresponding standard deviation ().  There are four factors with 22 items distributed over these factors as shown in Table 4.5(A to D).  The first factor of understanding was tested with six items as shown in Table 4.5(A).  All individual item was ranked at MS level and collectively, the six items were ranked at MS level, too.  The items U03 (quick understanding), U05 (easiness of learning), and U06 (understanding methodology) were ranked lower than the other three items of U01 (developing logical intelligence), U02 (improving skill), and U04 (more focusing).  It looks like that students’ ability of comprehending matters through smart learning is still behind acquiring the intrinsic effect of the smart learning on ability of physically practicing the smart learning procedure.  It seems that it may take more time to reach the level of a higher ranking of experiencing towards enjoying the benefits of the smart learning.  The overall satisfaction of the understanding factor is 5.28.







Table 4.5(A): Satisfaction rank of Understanding factor
	Understanding
	
	7-point Likert Scale
	Rank/Coe

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	U01
	Smart learning plays a big role in developing students' logical intelligence and ability to attain academic achievement.
	n
	25.0
	9.0
	15.0
	49.0
	64.0
	82.0
	103.0
	5.32 MS

	
	
	%
	7.2
	2.6
	4.3
	14.1
	18.4
	23.6
	29.7
	

	U02
	Smart learning contributes to improving my skills.
	n
	14.0
	8.0
	30.0
	40.0
	77.0
	84.0
	94.0
	5.27 MS

	
	
	%
	4.0
	2.3
	8.6
	11.5
	22.2
	24.2
	27.1
	

	U03
	Intelligent learning provides quickly understanding to the lessons.
	n
	19.0
	14.0
	23.0
	56.0
	58.0
	93.0
	84.0
	5.02 MS

	
	
	%
	5.5
	4.0
	6.6
	16.1
	16.7
	26.8
	24.2
	

	U04
	I think that using smart games in learning develops the ability to focus and pay attention.
	n
	17.0
	15.0
	10.0
	55.0
	55.0
	82.0
	113.0
	5.74 MS

	
	
	%
	4.9
	4.3
	2.9
	15.9
	15.9
	23.6
	32.6
	

	U05
	I can easily understand lessons using intelligent learning techniques.
	n
	25.0
	12.0
	19.0
	51.0
	59.0
	88.0
	93.0
	5.15 MS

	
	
	%
	7.2
	3.5
	5.5
	14.7
	17.0
	25.4
	26.8
	

	U06
	There is an easy way to understand the method of tests using smart Learning.
	n
	25.0
	19.0
	23.0
	53.0
	58.0
	73.0
	96.0
	5.12 MS

	
	
	%
	7.2
	5.5
	6.6
	15.3
	16.7
	21.0
	27.7
	

	Parameter Average
	5.28 MS



The ranks of the items belong to the factor of critical thinking was highlighted in Table 4.5(B).  There are five items; amongst them three were evaluated by the students at satisfaction of SS level.  Building critical thinking (CT01), gaining skill (CT02), and enhancing ability in conducting dialogue are the SS items; whilst, item (CT03) and (CT04) were evaluated at MS level where critical thinking was desirably gained and building critical thinking is subjected to effectiveness of flexible ideas.  The factor of critical thinking was evaluated collectively at the very lowest level of MS at mean of 5.56.  



Table 4.5(B): Satisfaction rank of Critical Thinking factor
	Critical Thinking
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	CT01
	The most important benefits of employing smart technology is building critical thinking.
	n
	23.0
	17.0
	13.0
	71.0
	75.0
	67.0
	81.0
	4.65 SS

	
	
	%
	6.6
	4.9
	3.7
	20.5
	21.6
	19.3
	23.3
	

	CT02
	I gain critical thinking skills through smart lessons.
	n
	20.0
	12.0
	20.0
	64.0
	89.0
	81.0
	61.0
	4.24 SS

	
	
	%
	5.8
	3.5
	5.8
	18.4
	25.6
	23.3
	17.6
	

	CT03
	In my opinion, it would be desirable to use smart learning for discussion, criticism and dialogue.
	n
	21.0
	7.0
	26.0
	56.0
	83.0
	81.0
	73.0
	4.37MS

	
	
	%
	6.1
	2.0
	7.5
	16.1
	23.9
	23.3
	21.0
	

	CT04
	In my view, using smart learning is an effective and flexible idea for building critical thinking.
	n
	22.0
	10.0
	31.0
	53.0
	71.0
	83.0
	77.0
	5.04MS

	
	
	%
	6.3
	2.9
	8.9
	15.3
	20.5
	23.9
	22.2
	

	CT05
	Smart learning makes student to hold a dialogue and discussion in the discussion sessions.
	n
	26.0
	11.0
	23.0
	59.0
	75.0
	75.0
	78.0
	4.53SS

	
	
	%
	7.5
	3.2
	6.6
	17.0
	21.6
	21.6
	22.5
	

	Parameter Average
	4.56SS



The third factor of the smart pedagogy is the learning skill as shown in Table 4.5(C).  There are five items under this factor where four items were evaluated at MS level; while one item was evaluated at ES level.  The students highly believe of getting creative and innovative due to implementation of the smart learning according to the first item of (LS01).  The students also evaluated the other four items at slightly different satisfaction MS level.  “I can acquire new skills…” was evaluated at mean of 5.43 (LS03) followed by “smart learning supports and enhances the teaching, learning, and evaluation”, (LS02), at a mean of 5.32.  Items LS04 and LS05 were evaluated very closely to each other regarding “improving weaknesses (LS04) and “developing individual skills” (LS05).  The overall satisfaction level of the learning skill was estimated at mean of 5.73.  

Table 4.5(C): Satisfaction rank of Learning Skill factor
	Learning Skill
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	LS01
	I will use smart learning because it develops creativity and innovative skills.
	n
	23.0
	14.0
	19.0
	40.0
	61.0
	76.0
	114.0
	6.21 ES

	
	
	%
	6.6
	4.0
	5.5
	11.5
	17.6
	21.9
	32.9
	

	LS02
	Smart learning supports and enhances the process of teaching, learning and evaluation.
	n
	20.0
	7.0
	17.0
	50.0
	56.0
	100.0
	97.0
	5.75 MS

	
	
	%
	5.8
	2.0
	4.9
	14.4
	16.1
	28.8
	28.0
	

	LS03
	I can acquire new skills and knowledge using intelligent learning.
	n
	16.0
	10.0
	20.0
	35.0
	63.0
	92.0
	111.0
	5.84 MS

	
	
	%
	4.6
	2.9
	5.8
	10.1
	18.2
	26.5
	32.0
	

	LS04
	Smart learning improves the student's weaknesses and develops abilities and strengths.
	n
	19.0
	8.0
	28.0
	53.0
	66.0
	79.0
	94.0
	5.42 MS

	
	
	%
	5.5
	2.3
	8.1
	15.3
	19.0
	22.8
	27.1
	

	LS05
	In my opinion, smart learning develops my individual skills quickly.
	n
	21.0
	12.0
	18.0
	49.0
	66.0
	86.0
	95.0
	5.48 MS

	
	
	%
	6.1
	3.5
	5.2
	14.1
	19.0
	24.8
	27.4
	

	Parameter Average
	5.73 MS



Table 4.5(D) shows the six items of the smart intelligence factor.  There are five items evaluated at MS level while only one item (SI05) of “building personality and acquiring intellectual trait” was evaluated at SS level.  This result shows a limited success of implementing smart learning in the high schools of the UAE when it comes to building personality.  It seems that, smart implementation, as a new idea, needs more careful attention.  The item that talks about accessing information (ST02) was evaluated at the highest level of this category, followed by the item (SI04) which is about gaining the scientific thinking, followed by three items whose ranking is very close to each other.  The overall satisfaction level of the smart intelligence was recorded at MS level.  The overall satisfaction of the smart intelligence factor is 5.53.

Table 4.5(D). Satisfaction rank of the Smart Intelligence factor
	Smart Intelligence
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	SI01
	I strongly believe that smart technology makes innovative and creative.
	n
	26.0
	18.0
	18.0
	32.0
	50.0
	87.0
	116.0
	5.68 MS

	
	
	%
	7.5
	5.2
	5.2
	9.2
	14.4
	25.1
	33.4
	

	SI02
	The variety of ways to access information in smart technology helps me understand the educational contents.
	n
	18.0
	6.0
	17.0
	39.0
	59.0
	105.0
	103.0
	5.36 MS

	
	
	%
	5.2
	1.7
	4.9
	11.2
	17.0
	30.3
	29.7
	

	SI03
	Improving intelligent level results in using relevant intelligent learning techniques.
	n
	20.0
	10.0
	21.0
	50.0
	71.0
	86.0
	89.0
	5.15 MS

	
	
	%
	5.8
	2.9
	6.1
	14.4
	20.5
	24.8
	25.6
	

	SI04
	In general, smart learning trains student towards scientific thinking and ways to access information.
	n
	26.0
	12.0
	19.0
	50.0
	64.0
	64.0
	112.0
	5.57 MS

	
	
	%
	7.5
	3.5
	5.5
	14.4
	18.4
	18.4
	32.3
	

	SI05
	In my opinion, smart learning builds the personality of the student, and acquiring intellectual and mental traits.
	n
	25.0
	21.0
	25.0
	60.0
	59.0
	69.0
	88.0
	4.75 SS

	
	
	%
	7.2
	6.1
	7.2
	17.3
	17.0
	19.9
	25.4
	

	SI06
	Students acquire mental skills and ability to analyze and evaluate using smart techniques.
	n
	22.0
	12.0
	26.0
	44.0
	63.0
	73.0
	107.0
	5.59 MS

	
	
	%
	6.3
	3.5
	7.5
	12.7
	18.2
	21.0
	30.8
	

	Parameter Average
	5.53 MS



4.4.3 Smart Learners Performance
In this section, the smart learner’s performance is discussed in the light of four subsequent factors that show how the performance of students was improved as a result of implementing smart learning in the high schools.  The answers of the students carry their opinion based on their experience with the smart learning.  The students of the 10th grade, 11th grade, and 12th grade have one year, two years, and three years’ experience, respectively.  The third variable is the smart learner’s performance where there are four items as presented in Chpater-3.  Table 4.6(A) shows the four questions that are related to skills.  All four items were evaluated at MS level with the highest rank amongst them was related to “improving in readiness and understanding” (S03) at a mean of 5.72.  The second item in row was S04 (mean of 5.46) which states that: “improving in detecting correct phrase.”  The other two items are very close to each other where “improving oral communication” (S01) and “fluent in grammar” (S02).  The overall estimation of the skills factor was recorded at MS level.  It seems that the overall ranking of the skills in terms of the performance and the learning skill in Part III have almost a close ranking or satisfaction.  The close answers of two factors suggests that the students were not in full understanding to the concept of being “skilled” and “learning skill”.  Despite the fact the questions were explained in the class; however, it was not enough time to go fully in explaining each question.  The two results were considered satisfactory; however, more analysis should be carried out. The overall satisfaction of the skills factor is 5.51.
Table 4.6(A): Satisfaction rank of Skills factor
	Skill
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	S01
	I feel improved in communicating orally in the classroom.
	n
	21.0
	17.0
	15.0
	54.0
	56.0
	69.0
	115.0
	5.59 MS

	
	
	%
	6.1
	4.9
	4.3
	15.6
	16.1
	19.9
	33.1
	

	S02
	My writing ability is well-established grammatically and fluently.
	n
	23.0
	8.0
	15.0
	56.0
	68.0
	82.0
	95.0
	5.03 MS

	
	
	%
	6.6
	2.3
	4.3
	16.1
	19.6
	23.6
	27.4
	

	S03
	I am improving in reading and understanding.
	n
	17.0
	10.0
	19.0
	60.0
	53.0
	76.0
	112.0
	5.53 MS

	
	
	%
	4.9
	2.9
	5.5
	17.3
	15.3
	21.9
	32.3
	

	S04
	Visually, I have become more able to detect the correct phrase or picture.
	n
	20.0
	5.0
	13.0
	53.0
	48.0
	87.0
	121.0
	5.73 MS

	
	
	%
	5.8
	1.4
	3.7
	15.3
	13.8
	25.1
	34.9
	

	Parameter Average
	5.51 MS



The second item is the knowledge as presented in Table 4.6(B).  There are four questions about information (K01), transfer knowledge (K02), different teaching style (K03), and more interaction (K04).  The influence of the acquired knowledge influences the performance of the students -all at MS level satisfaction.  The overall satisfaction of the knowledge factor is 5.31.
Table 4.6(B): Satisfaction rank of Knowledge factor
	Knowledge
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	K01
	Presenting information was carried out with interest way.
	n
	23.0
	10.0
	11.0
	55.0
	62.0
	88.0
	98.0
	5.20 MS

	
	
	%
	6.6
	2.9
	3.2
	15.9
	17.9
	25.4
	28.2
	

	K02
	The knowledge transfer from each other in the class is very convenient.
	n
	12.0
	12.0
	20.0
	45.0
	72.0
	75.0
	111.0
	5.49 MS

	
	
	%
	3.5
	3.5
	5.8
	13.0
	20.7
	21.6
	32.0
	

	K03
	I found variety of teaching methods.
	n
	19.0
	6.0
	16.0
	59.0
	56.0
	86.0
	105.0
	5.34 MS

	
	
	%
	5.5
	1.7
	4.6
	17.0
	16.1
	24.8
	30.3
	

	K04
	More interaction with teachers has increased my knowledge adequate.
	n
	23.0
	6.0
	21.0
	49.0
	68.0
	77.0
	103.0
	5.29 MS

	
	
	%
	6.6
	1.7
	6.1
	14.1
	19.6
	22.2
	29.7
	

	Parameter Average
	5.31 MS



The third factor is the innovation as a sign of performance scale due to smart leaning implementation is explained vis four items as shown in Table 4.6(C).  Out of the four items, item I04 was valued at SS level while the other three items were valued at MS level.  Item I04 “teachers manipulating students towards convergent thinking” was at the lowest satisfaction level.  There is, more likely, that the teachers were not fully able to guide students through innovative approach towards performing better in their outcome.  The overall satisfaction of the innovation factor is 5.26.




Table 4.6(C): Satisfaction rank of the Innovation factor
	Innovation
	
	7-point Likert Scale
	Decision

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	I01
	I have become more manipulator in discovering my mistakes.
	n
	21.0
	3.0
	14.0
	60.0
	77.0
	76.0
	96.0
	5.42 MS

	
	
	%
	6.1
	0.9
	4.0
	17.3
	22.2
	21.9
	27.7
	

	I02
	Students contribute in enhancing the innovative ability of the teachers.
	n
	18.0
	10.0
	23.0
	51.0
	75.0
	83.0
	87.0
	5.31 MS

	
	
	%
	5.2
	2.9
	6.6
	14.7
	21.6
	23.9
	25.1
	

	I03
	I became innovative in seeing the depth of the science formulae.
	n
	15.0
	14.0
	13.0
	62.0
	71.0
	77.0
	95.0
	5.46 

	
	
	%
	4.3
	4.0
	3.7
	17.9
	20.5
	22.2
	27.4
	

	I04
	Teachers manipulating students towards convergent thinking.
	n
	23.0
	13.0
	17.0
	84.0
	57.0
	76.0
	77.0
	4.86 SS

	
	
	%
	6.6
	3.7
	4.9
	24.2
	16.4
	21.9
	22.2
	

	Parameter Average
	5.26 MS



The last factor, enhancing information, contains four items as shown in Table 4.6(D).  All items were assessed by the students and the rank of each item was at MS level.  The item EIO4 “managing huge amount of knowledge” was assessed at a mean of 5.31 compared to a lesser mean for the other three items.  “Improving vocabularies” (EI01), “availability of information” (EI02), and “accessing information” (EI03) were the reasons behind enhancing information. Which, in turn, enhances the performance of the students due to implementing the smart learning.  The overall assessment of enhancing information was evaluated at MS level.  The overall satisfaction of enhancing information is 5.25.




Table 4.6(D): Satisfaction rank of Enhancing Information factor
	Enhancing Information
	
	7-point Likert Scale
	Rank/Code

	Code
	Statement
	
	1
	2
	3
	4
	5
	6
	7
	

	EI01
	My vocabularies ability has been strongly improved.
	n
	28.0
	7.0
	15.0
	51.0
	61.0
	71.0
	114.0
	5.31 MS

	
	
	%
	8.1
	2.0
	4.3
	14.7
	17.6
	20.5
	32.9
	

	EI02
	The information available in the class enables me to choose the best part of it.
	n
	18.0
	13.0
	17.0
	45.0
	65.0
	96.0
	93.0
	5.17 MS

	
	
	%
	5.2
	3.7
	4.9
	13.0
	18.7
	27.7
	26.8
	

	EI03
	Excessive information could be delivered to students in a very short time.
	n
	19.0
	15.0
	15.0
	49.0
	66.0
	85.0
	98.0
	5.21 MS

	
	
	%
	5.5
	4.3
	4.3
	14.1
	19.0
	24.5
	28.2
	

	EI04
	I successfully manage the huge amount of knowledge received in the class.
	n
	22.0
	6.0
	15.0
	51.0
	59.0
	79.0
	115.0
	5.37 MS

	
	
	%
	6.3
	1.7
	4.3
	14.7
	17.0
	22.8
	33.1
	

	Parameter Average
	5.25 MS



As a summary of the section of the student analysis shows that the overall satisfaction of the twelve factors are with the range of MS level (see Figure 4.1).  The highest satisfaction was given to smart technology factor at a mean of 5.76 while the lowest satisfaction was given to the factor of critical thinking.  The environment factor was assessed next to the smart technology at 5.58.  The other factors were given a close assessment which ranges between 5.11 and 5.31.   
[image: ]
                       Figure 4.1: Summary of Satisfaction Rank of all Factors

4.5 Multiple Regression Analysis: Hypotheses H-1 & H-2
Multiple regression analysis permits researchers to examine the relationship between a number of dependent variables and several independent variables (Tabachnick & Fidell, 2007; Hair et al., 2008). Thus, multiple regression analysis is the determination of statistical relationship between two or more variables. Since this study has two main independent variables (SE & SP) and one dependent variable (SLP), the analysis concerning relationships will use a multiple regression equation. The Coefficient of Determination -square () measures the goodness of fit of the estimated sample regression plane (SRP) in terms of the proportion of the variation in the dependent variables explained by the fitted sample regression equation (Hair et al., 2010). As stated in the previous chapter, the present study was conducted with a sample of 347 students. In order to test hypotheses H-1 and H-2 along with its sub-hypotheses, the four separate regression models were deployed.
In this study, findings from four models will be presented based on the statistical data generated by the multiple regression analysis and ANOVA.  The first model includes the relationship between SLP and the four dimensions of SE; the second model includes the relationship between SLP and the dimensions of SP; the third model depicts the relationship between SLP and the eight components of SE and SP; and finally, the fourth model shows the relationships between SLP and its two predictors, SE and SP.   
The prediction of the model was incorporated with multiple regression equation through SPSS (Luke, 2019).  The prediction of particular variable () or construct of multi-variables can be achieved by the following equation:
	
	



Where,  is a constant;  refers to the value of the standardized coefficient , and  represents the actual value of the variable, which is measured or estimated by direct approach or through a questionnaire.  In this section, the models will be outlined, and prediction will be carried out based on multiple regression analysis.  

4.5.1 Model 1: SE, SP, and SLP
The first possible model is about the relationship between the Smart Environment (SE) and Smart Pedagogy (SP) and the Smart Learners’ Performance (SLP).  The influence of predictor variable in the regression model is presented in regression coefficient tables. Further the standardised coefficient referred to as beta value () that explains the proportion of variance contributed directly by each of the predictor variables of SP and SE. Relationships are tested between the IVs (smart environment & smart pedagogy), and the DV (smart learner’s performance).  The discussion in this section and following sections include combining three results.  The first result is ANOVA where F-factor is determined.  The second result is to determine the constant and the coefficient of predictor or  factor that constitute the elements of equation show above.  The third result is about the summary of the model where the emphasis is determining adjusting  and the Durbin-Watson factor.  For Model 1, Table 4.7 contains ANOVA regression results represented by F test at F2, 344 = 234.621, which was determined at statistically significant at  levels.  
Table 4.7: ANOVA for predictors of Smart Learner’s Performance -Model 1
	ANOVAa

	Model 1
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regression
	308.899
	2
	154.449
	234.621
	0.000b

	Residual
	226.453
	344
	0.658
	
	

	Total
	535.351
	346
	
	
	

	a Dependent Variable: SLP_dv

	b Predictors: (Constant): SP_iv, SE_iv


[bookmark: _Hlk50085839]
Table 4.8 explains the proportion of variance contributed directly by each of the predictor variables. The results of regression show that based on standard coefficient Smart Pedagogy (SP = 0.527) was the most contributing variable to improve Student Learning performance followed by Smart Environment (SE = 0.259). The coefficients and significance are: Smart Environment (SE) () and Smart Pedagogy (SP) ().  


Table 4.8: Coefficients for predictors of Model 1
	Coefficientsa

	Model 1
	Unstandardized Coefficients
	Standardized Coefficients
	
	Sig.

	
	B
	Std. Error
	
	
	

	(Constant)
	1.026
	0.218
	
	4.708
	0.000

	SE_iv
	0.290
	0.075
	0.259
	3.883
	0.000

	SP_iv
	0.516
	0.065
	0.527
	7.896
	0.000

	a Dependent Variable: SLP_dv


        Significant at p<0.05
In addition, there was positive autocorrelation with the Durbin-Watson value of 1.868, which falls within the acceptable range 1.5 to 2.5 as recommended by Norusis (1995) as reported in Table 4.9.  Furthermore, it was indicated that that 57.5% of variance in respondent’s Smart Learning is explained by one model as predicted by the adjusted  where the difference between the two values (0.577 and 0.575) is very small. 
Table 4.9: Summary of Model 1 
	Model 1 Summaryb

	Model 1
	
	
	Adjusted 
	Std. Error of the Estimate
	Durbin-Watson

	
	0.760a
	0.577
	0.575
	0.81135
	1.868

	a Predictors: (Constant), SP_iv, SE_iv

	b Dependent Variable: SLP



4.5.2 [bookmark: _Hlk20954154]Model 2: Dimensions of SE and SLP
The second model includes the relationship between the four dimensions of the Smart Environment (SE) variable and the Smart Learners’ Performance (SLP).  The contribution of predictor variable in the regression model is presented in regression coefficient tables. Further the standardised coefficient beta () value is used to interpret the effect of each predictor of ST, E, C, and GI on the criterion of smart learning performance.  The results of ANOVA shown in Table 4.10 suggest that overall regression model 2 is statistically significant at  level and F4, 342 = 90.524.  
[bookmark: _Hlk20952453]Table 4.10: ANOVA for Predictors of Smart Environment for Model 2
	ANOVAa

	Model 2
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regression
	275.316
	4
	68.829
	90.524
	0.000b

	Residual
	260.036
	342
	0.760
	
	

	Total
	535.351
	346
	
	
	

	a Dependent Variable: SLP_dv

	b Predictors: (Constant, ST, E, C, GI


 Significant at p<0.05
Table 4.11 shows the results of regression based on standard coefficient.  As recorded, the Group Interaction (GI = 0.365), which is the most contributing variable to improve Smart Environment (SE), followed by Environment (E = 0.205), Smart Technology (ST = 0.163), and Control (C = 0.076). As the Control (C) scores the lowest contribution, the statistical results show that it is not significant because of its significance is recorded at 0.272 (.  The estimated values of the standardised regression coefficient beta () values explain the proportion of variance contributed directly by each of the predictor variables.  The coefficient values for Smart Technology was (), Environment (, Group Interaction (, while the Control has a weak contribution (  

Table 4.11: Regression for Model 2
	Coefficients

	Model 2
	Unstandardized Coefficients
	Standardized Coefficients
	
	Sig.

	
	B
	Std. Error
	
	
	

	(Constant)
	0.919
	0.254
	
	3.626
	0.000

	ST
	0.179
	0.065
	0.163
	2.747
	0.006

	E
	0.194
	0.059
	0.205
	3.272
	0.071

	C
	0.070
	0.063
	0.076
	1.101
	0.272

	GI
	0.366
	0.058
	0.365
	6.282
	0.000

	a Dependent Variable: SLP_dv


         Significant at p<0.05

[bookmark: _Hlk20904363]Thus, the for Model 2 tested significant contribution of predictor variables of Smart Environment Smart Technology (ST), Environment (E), Control (C), Group Interaction (GI), on Smart Learners Performance (SLP).  Thus, multiple regression analysis (MRA) was conducted to assess the ability of four dimensions of Smart Environment (Smart technology, environment, control and group interaction) to predict the dependent variable (Smart learners’ performance). Results shows that out of the four dimensions of the smart environment, two (Smart Technology and Group Interaction) are found to have statistically significant influence on Smart Learners Performance (SLP).  
Further, Table 4.12 shows that the Durbin-Watson values lies within the statistical range as there was positive autocorrelation with the value of 1.901 which falls within the acceptable range of 1.5 to 2.5 as recommended by Norusis (1995).  As a result, the total contribution of the variance in respondent’s Smart Learning is explained by the four Smart Technology factor is 51.4%, which refers to the value of  or to 50.9% of adjusted .  The two values of  (0.514 and 0.509) are very close to each other, which can be interpreted according to the predicted and actual values shown in Table 4.12.
Table 4.12: Summary of Model 2
	Model 2 Summaryb

	Model 2
	
	
	Adjusted 
	Std. Error of the Estimate
	Durbin-Watson

	
	0.717a
	0.514
	0.509
	0.87197
	1.901

	a Predictors: (Constant), ST, E, C, GI

	b Dependent Variable: SLP_dv


      

4.5.3 Model 3: Dimensions of SP and SLP
The third model shows the relationship between the four dimensions of the Smart Pedagogy (SP) and the Smart Learners’ Performance (SLP).  The relationship between the SP and SLP was analysed. The statistical significance for the regression model 3 is presented using ANOVA as shown in Table 4.13. The influence of predictor variable in the regression model is presented in regression coefficient tables. Further the standardised coefficient referred to as beta () value is used to interpret the effect of each predictor on the criterion of smart pedagogy and the smart learner performance.  The results of ANOVA shown that overall regression model 3 is statistically significant at  level and F4, 342 = 115.443.



Table 4.13: ANOVA for predictors of Smart Pedagogy for Model 3
	ANOVAa

	Model 3
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regression
	307.563
	4
	76.891
	115.443
	0.000b

	Residual
	227.789
	342
	0.666
	
	

	Total
	535.351
	346
	
	
	

	a Dependent Variable: SLP_dv

	b Predictors: (Constant), U, CT, LS, SI


Significant at p<0.05

Table 4.14 indicated that the estimated values of the standardised regression coefficient as Beta () values that explain the proportion of variance contributed directly by each of the predictor variables.  Proportion of variance explained in Smart pedagogy which was Understanding (U) (, Critical Thinking (CT) (), Learning Skill (LS) (, and Smart Intelligence (SI) (.  The results of regression show, based on standard coefficient, that Smart Intelligence (SI = 0.443) was the most contributing variable to improve Smart Pedagogy followed by Critical Thinking (CT = 0.166), Learning Skill (LS = 0.151) and Understanding (U = 0.064).  
Table 4.14: Standardised regression coefficient for Model 3
	Coefficientsa

	Model 3
	Unstandardized Coefficients
	Standardized Coefficients
	
	Sig.

	
	B
	Std. Error
	
	
	

	(Constant)
	1.524
	0.186
	
	8.205
	0.000

	U
	0.056
	0.054
	0.064
	1.047
	0.296

	CT
	0.149
	0.053
	0.166
	2.830
	0.005

	LS
	0.134
	0.056
	0.151
	2.393
	0.017

	SI
	0.382
	0.058
	0.243
	6.542
	0.000

	a Dependent Variable: SLP_dv


          Significant at p<0.05
Table 4.15 shows the regression model 3. The Durbin-Watson statistic also shows that there was positive autocorrelation with the value of 1.739 which falls within the acceptable range of 1.5 to 2.5 as recommended by Norusis (1999).  As a result, the total contribution of the variance in respondent’s SLP is explained by the Smart Pedagogy is 57.9%, which refers to the value of adjusted  
Table 4.15: Summary of Model 3 
	Model Summaryb

	Model 3
	
	
	Adjusted 
	Std. Error of the Estimate
	Durbin-Watson

	
	0.758a
	0.575
	0.570
	0.81612
	1.739

	a Predictors: (Constant), U, CT, LS, SI

	b Dependent Variable: SLP_dv



Thus, the proposed model 3, with four components of Smart Pedagogy: Understanding (U), Critical Thinking (CT), Learning Skill (LS) and Smart Intelligence (SI) were tested towards Student Learner’s Performance (SLP). Multiple regression analysis (MRA) was conducted to assess the ability of four dimensions of Smart Pedagogy (Understanding, critical thinking, learning skills and smart Intelligence) to predict the dependent variable (SLP). Results show that out of the four dimensions of the smart pedagogy, two (critical thinking and smart Intelligence) are found to have statistically significant effect on Smart Learners Performance. 



4.5.4 Model 4: Combined 8 Dimensions of SE and SP on SLP 
[bookmark: _Hlk20952478]The fourth model shows the relationship between the 8 components of the 2 independent variables of SE and SP, and the dependent variable, Smart Learners’ Performance (SLP).  The influence of 8 predictor variables in the regression model is presented in regression coefficient tables. Furthermore, the standardised coefficient referred to as beta value () is used to interpret the effect of each predictor on the SLP.  The statistical significance for the regression model 4 is provided in ANOVA as shown in Table 4.16.  The results of ANOVA show that overall regression model 4 was statistically significant at  level and F8, 338 = 63.780.

[bookmark: _Hlk20952597]Table 4.16: ANOVA for Predictors of SE, SP and SLP in Model 4

	ANOVAa

	Model 4
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Regression
	322.029
	8
	40.254
	63.780
	0.000b

	Residual
	213.323
	338
	0.631
	
	

	Total
	535.351
	346
	
	
	

	a Dependent Variable: SLP_dv

	b Predictors: (Constant), ST, E, C, GI, U, CT, LS, SI


          Significant at p<0.05
[bookmark: _Hlk20948931]In addition, Table 4.17 shows the estimated values of the standardised regression coefficient as Beta () values that explain the proportion of variance contributed directly by each of the predictor variables. The values are: Smart Technology (ST) (), Environment (E) (), Control (C) (), Group Interaction (GI) (), Understanding (U) (), Critical Thinking (CT) (), Learning Skill (LS) (), and Smart Intelligence (SI) ().  The results of regression show that based on standard coefficient Smart Intelligence (SI = 0.378) was the most contributing variable to improve Smart Learners Performance followed by Group Interaction (GI = 0.156), Environment (E = 0.144), Smart Technology (ST = 0.120) , Critical Thinking (CT = 108), Learning Skill (LS = 0.107) and the lowest was for Control (C = -0.075) and Understanding (U = -0.028). 

Table 4.17: Standardized Coefficients of Model-4

	Coefficientsa

	Model 4
	Unstandardized Coefficients
	Standardized Coefficients
	
	Sig.

	
	B
	Std. Error
	
	
	

	(Constant)
	0.903
	0.232
	
	3.892
	0.000

	ST
	0.131
	0.060
	0.120
	2.187
	0.029

	E
	0.108
	0.055
	0.114
	1.951
	0.052

	C
	-0.069
	0.060
	-0.075
	-1.148
	0.252

	GI
	0.157
	0.062
	0.156
	2.526
	0.012

	U
	-0.025
	0.056
	-0.028
	-0.443
	0.658

	CT
	0.097
	0.054
	0.108
	1.792
	0.014

	LS
	0.095
	0.056
	0.107
	1.712
	0.008

	SI
	0.326
	0.059
	0.378
	5.554
	0.000

	a Dependent Variable: SLP_dv


             Significant at p<0.05

Further, there is a positive autocorrelation with the Durbin-Watson value of 1.68, which falls within the acceptable range 1.5 to 2.5 as recommended by Norusis (1995) as depicted in Table 4.18. As a result, the total contribution of variance is recorded at 59.2 % of for all respondent’s Smart Learning performance is explained by the eight variables of Smart environment and Smart Pedagogy as explained by the adjusted .  This result agrees with the prediction model procedure.  
Table 4.18: Summary of Model-4 
	Model Summaryb

	Model 4
	
	
	Adjusted 
	Std. Error of the Estimate
	Durbin-Watson

	
	0.776a
	0.602
	0.592
	0.79444
	1.768

	a.Predictors: (Constant), ST, E, C, GI, U, CT, LS, SI

	b Dependent Variable: SLP_dv



4.5.5 Summary of the Predicted Models
Table 4.19 summarizes the prediction of the four models that were investigated and discussed in previous sections.  The result of Model 1 predicts value of SLP was 5.182, while the actual value was 5.29.  The two predicted values are very close which is in agreement with the values of  and adjusted .  Model 1 indicates that there exists a significant influence of the predictors Smart Environment (SE) and Smart Pedagogy (SP) on smart learners’ performance (SLP), based on the multiple regression analysis (MRA) results show statistically significant effects. 
The prediction of Model 2 as shown in Table 4.19, indicates that the predicted value of SLP in terms of the impact of the four components of SE (i.e., ST, E, C, and GI) was estimated at 5.28.  The predicted value is very close to actual value with insignificant difference.  This means that Model 2 is valid (Luke, 2019).  
The prediction of Model 3 as shown in Table 4.19, indicates that the predicted value of SLP in terms of the impact of the four components of SP (i.e., U, CT, LS, and SI) was estimated at 5.212, compared to the corresponding actual value of 5.29.  The two predicted values are again close to each other; however, the difference was slightly more that the difference between the same values of Model 2, yet the difference is not significant.  The bigger difference is relfected in the bigger difference between  (0.575) and adjusted  (0.570) for this model (Luke, 2019).  
The Model-4 predicted values for impact of all the 8 components of the independent variables on SLP. 
The predicted value of SLP was reported in Table 4.19 at 5.627 while the actual value was reported at 5.29.  The two values are relatively larger that the corresponding difference for Model 2 and Model 3.  However, this difference is still within the accepted range in which this model could be considered (Luke, 2019).  The values of and adjusted  shows almost the same difference between the two .  
Through the proposed Model 4, multiple regression analysis (MRA) was conducted to assess the ability of four dimensions of Smart Environment-SE (smart technology, environment, control and group interaction) and four dimensions of Smart Pedagogy-SP (understanding, critical thinking, learning skills and smart Intelligence) to predict the dependent variable Smart Learners’ Performance-SLP. Results show that out of the 4 dimensions of SE, only two (smart technology & group interaction) were found to have statistically significant effect on SLP. The results also show that out of the four dimensions of the SP, three factors (critical thinking, understanding & smart intelligence) were found to have statistically significant effect on SLP.
Therefore, it may be inferred that although the hypotheses H-1 and H-2 were overall supported, yet, in terms of the sub-hypotheses, H-1a, H-1d, H-2b, H-2c & H-2d were supported. The other three sub-hypotheses (H-1b, H-1c, & H-2a) were not supported.
Table 4.19: Prediction of the Models Together
	Variable
	X
	Model 1
Constant = 1.026
	Model 2
Constant = 0.919
	Model 3
Constant = 1.524
	Model 4
Constant = 0.903
	
 

	
	
	β
	β* X
	

	SE
	5.44
	0.259
	1.410
	

	SP
	5.21
	0.527
	2.746
	

	Predicted (Model 1)
	
	5.182
	

	
	β
	β* X
	

	ST
	5.49
	
	0.163
	0.945
	

	E
	5.53
	
	0.205
	1.144
	

	C
	5.29
	
	0.076
	0.401
	

	GI
	5.42
	
	0.365
	1.871
	

	Predicted (Model (2)
	
	5.280
	

	
	β
	β* X
	

	U
	5.28
	
	0.064
	0.338
	

	CT
	5.56
	
	0.166
	0.923
	

	LS
	5.73
	
	0.151
	0.865
	

	SI
	5.33
	
	0.293
	1.562
	

	Predicted (Model 3)
	
	5.212
	

	
	β
	β* X
	

	ST
	5.49
	
	0.120
	0.659
	

	E
	5.53
	
	0.114
	0.630
	

	C
	5.29
	
	-0.075
	-0.397
	

	GI
	5.42
	
	0.156
	0.846
	

	S
	5.51
	
	-0.028
	-0.154
	

	K
	5.31
	
	0.108
	0.544
	

	I
	5.26
	
	0.107
	0.568
	

	EI
	5.25
	
	0.378
	1.989
	

	Predicted (Model 4)
	
	5.627
	

	N
	347
	



4.6 Correlation Analysis: Hypothesis H-3
The other section deals with the data pertaining to relationship between smart environment, smart pedagogy, and smart leaner performance.  It may be noted that the correlation coefficients () indicate only the strength of relationship between the variables and not the direction of causality ().  To establish the relationship among the various dimensions of dependent and independent variables, detailed analyses were carried out using correlation coefficients as depicted from Chan (2003) and as shown in Table 4.20.  
Table 4.20: Correlation Coefficients and their Effects 
	                      Domain of Correlation ()
	Relationship

	
	Very strong

	
	Substantial

	
	Moderate

	
	Low

	
	Negligible


Source: Chan (2003)

The Correlation Matrix of Independent Variables (IV) and Dependent Variables (DV) tested were examined based on guidelines from previous studies (e.g., Chantterjee & Yilmaz, 1992; Peng & Lai, 2012).  The test is primarily seen first through a correlation test between IVs and DVs (Hair et al. 2010).  However, as one of the research objectives of this study, is to test whether there is any correlation between the two IVs (i.e., SE & SP), therefore, the correlation between the two IVs will also be tested as demonstrated by Burns & Bush (2000).  
For this study, the correlation between IVs will be represented by the 8 components of SE (ST, E, C, and GI), and SP (U, CT, LS, and ST), and the DV represented by SLP.  Additionally, the results will also show both tolerance and VIF in Table 4.22. 
The results are shown in Table 4.21.  The diagonal of the table consists of “1”, because the correlation between the same variable and itself is always 1.0. The correlation between off-diagonal entries are repeated between two variables; making it into a symmetric matrix.  The correlation matrix was examined, and the values of the correlation test were found between 0.597 (ST and SLP) and 0.781 (SI and U).  The correlation values are considered within the high-correlation region (Hair et al., 2010).  The results also show that, the correlation between all 8 factors of SE & SP and SLP show that r-values range from 0.597 to 0.734, meaning that the correlations range between substantial to very strong.
                              Table 4.21: Correlation Matrix of IVs and DV
	Factors
	SLP
	ST
	E
	C
	G
	U
	CT
	LS
	SI

	SLP
	1.000
	
	
	
	
	
	
	
	

	ST
	0.597
	1.000
	
	
	
	
	
	
	

	E
	0.625
	0.691
	1.000
	
	
	
	
	
	

	C
	0.615
	0.738
	0.759
	1.000
	
	
	
	
	

	GI
	0.665
	0.649
	0.685
	0.722
	1.000
	
	
	
	

	U
	0.638
	0.631
	0.662
	0.693
	0.750
	1.000
	
	
	

	CT
	0.652
	0.585
	0.629
	0.696
	0.736
	0.717
	1.000
	
	

	LS
	0.668
	0.625
	0.647
	0.705
	0.698
	0.729
	0.739
	1.000
	

	SI
	0.734
	0.637
	0.688
	0.718
	0.727
	0.781
	0.743
	0.787
	1.000



For test of multicollinearity between the factors of the IVs, two benchmarks could be used for assessing multicollinearity: tolerance and variance inflation factor (VIF) (Pallant, 2007).  The data will be considered significant when VIF is less than ten (VIF<10), while the tolerance values need to be greater than 0.10 and less than one (>0.10 but <1.0) (Kline, 2005).  
Tolerance is a measure of collinearity reported by most statistical programs such as SPSS; the variable’s tolerance is . Table 4.22 shows the tolerance and VIF for the 8 factors that are part of the two IV’s (SE and SP).  The tolerance ranges between SI = 0.255 to ST = 0.395. These values are much higher than the threshold of 0.1, and below the maximum limit of 1.0 (Cheng et al., 2010).  Small values of tolerance suggests that the variables under consideration are almost a perfect linear combination of the independent variables since any value of the tolerance with less than 0.1 needs more careful investigation.  Any small tolerance value is accompanied with significant standard errors and, as such, the test of multi-collinearity could be insignificant (Bell, 1999).  
The other measure, VIF (Variance Inflation Factor), is defined as the reciprocal of the tolerance, has been used also to test the impact of multi-collinearity of variables in regression models.  The maximum accepted value of VIF should be 10 where values with less than 10 are to be benchmarked against cutt-off points suggested by methodology scholars (e.g., Bell, 1999; Hair et al., 2010; Diamantopolous & Sigauw, 2006).  When those  and VIF values are high for any of the variables in a model, multicollinearity is probably an issue. When VIF is high there is high multicollinearity and instability of the  and  coefficients. In the case of this study the VIF values range from 2.535 for ST to 3.921 for SI. This shows that multicollinearity between the 8 factors was not a concern (Table 4.22).

Table 4.22: Multi-collinearity Statistics
	Constructs
	Tolerance
	VIF

	ST
	0.395
	2.535

	E
	0.348
	2.873

	C
	0.273
	3.657

	GI
	0.307
	3.253

	U
	0.296
	3.379

	CT
	0.324
	3.089

	LS
	0.300
	3.333

	SI
	0.255
	3.921



In addition to the correlation shown in Table 4.22, Table 4.23 shows the correlation matrix between the SE and SP (the 2 umbrella constructs as IVs) and the DV (SLP) collectively.  The values on Table 4.23 indicate that there is strong and significant correlation between both the IVs (i.e., SE & SP) and the DV (SLP). 

Table 4.23: Correlation Matrix of IVs and DV
	Variables
	SLP
	SE
	SP

	SLP
	1.000
	0.707**
	0.747**

	SE
	0.707**
	1.000
	0.851**

	SP
	0.747**
	0.851**
	1.000


**Correlation is significant at 1% level

The Table 4.23 (above) also enables the determination of any significant corelations between both the IVs: Smart Environment (SE) and Smart Pedagogy (SP), and the DV: Smart Learners’ Performance (SLP). Results shows that both variables were found to have statistically significant correlations with SLP, where  values are reported at 0.707 for (SE-to-SLP) and 0.747 (SP-to-SLP), at significance level of 1%. 
Therefore, in light of the results revealed in Table 4.23, there is a significant correlation between smart environment (SE) and smart pedagogy (SP). Hence, it may be inferred that the Hypotheses H-3 is supported.

4.7 Group Comparison Using Independent Sample  Tests: Hypotheses H-4

The independent samples  test evaluates the difference between the means of two independent or unrelated groups by deciding whether the means for two independent groups are significantly different from each other. The independent-samples  test is commonly referred to between-groups design and is typically used to analyze a control and an experimental group. An independent-samples  test provides prediction for each case that must have scores on two variables; the first is the grouping (independent) variable and, the second, is the test (dependent) variable. The grouping variable divides cases into two mutually exclusive groups or categories, such as the students in public schools and the students in private schools.  
The independent samples -test compares the difference of the means of any two groups.  The value of the difference shows how the means of two groups are close to each other (Malmia et al., 2019).  Levene's test is used to test if any numbers of samples have equal variances, which, in statistics, is called homogeneity of variance.  If the Levene's test is significant (the value under "Sig." is less than .05), the two variances are significantly different. If it is not significant (), it means the two variances are approximately equal. If the Levene's test is insignificant, then the variances are not equal which means that the second assumption is valid. In the following three sub-sections, the independent t-test is separately conducted for Smart Environment SE (ST, E, C, and GI), Smart Pedagogy SP (U, CT, LS, and SI), and Smart Learners’ Performance SLP (S, K, I, and EI).

4.7.1 Independent -Test for Smart Environment

The results of the independent -test for the 4 components of Smart Environmnet (SE) are shown in Table 4.24.  Two tests were performed: Levene’s and -test. It seems that only the component Smart Technology (ST) is not significant at 0.158 (; otherwise, the factors of E, C, and GI are all significant. Based on independent sample -test, out of the four dimensions of Smart Environment (ST, E, C, and GI), only (ST) indicates no statistical significance, meaning that only in the case of the component, smart technology, there is no difference between public and private schools in terms of Smart Environment (SE). 
Table 4.24: Independent  test for Smart Envorinment (ST, E, C, and GI)
	Independent Samples Test (SE)

	Particular
	Levene's Test for Equality of Variances
	-test for Equality of Means

	
	F
	Sig.
	
	df
	Sig. (2-tailed)
	Mean Difference

	ST
	Equal variances assumed
	2.006
	0.158
	-1.148
	345
	0.252
	-0.14438

	
	Equal variances not assumed
	
	
	-1.186
	293.013
	0.237
	-0.14438

	E
	Equal variances assumed
	4.766
	0.030
	-2.308
	345
	0.022
	-0.33439

	
	Equal variances not assumed
	
	
	-2.428
	307.581
	0.016
	-0.33439

	C
	Equal variances assumed
	4.261
	0.040
	-3.340
	345
	0.001
	-0.49541

	
	Equal variances not assumed
	
	
	-3.444
	291.388
	0.001
	-0.49541

	GI
	Equal variances assumed
	2.041
	0.015
	-3.335
	345
	0.001
	-0.45263

	
	Equal variances not assumed
	
	
	-3.434
	290.084
	0.001
	-0.45263

	SE
	Equal variances assumed
	4.780
	0.029
	-2.913
	345
	0.004
	-0.35670

	
	Equal variances not assumed
	
	
	-3.034
	299.580
	0.003
	-0.35670


Significant at p-value < 0.05
4.7.2 Independent -test for Smart Pedagogy
Table 4.25 presents the statistical results of Levene’s and t-test for the Smart Pedagogy (SP) as well as for its four components (U, CT, LS, and SI).  Levene’s test has shown that Smart Pedagogy and its four dimensions were all significant.  This result leads to the inference that the public schools differ from the private schools in regards to SP and its dimensions. The -test, on the other hand, has shown that SP and its four dimensions are significant with t-negative values, which clearly suggest that there are significant differences between private and public schools in terms of all components of smart pedagogy.  Hence, based on independent sample t-test, all of the components of Smart Pedagogy (understanding, critical thinking, learning skills and smart Intelligence), are significantly different between public and private schools.
Table 4.25: Independent  test for Smart Pedagogy (U, CT, LS and SI)
	Independent Samples Test (SP)

	
	Levene's Test for Equality of Variances
	-test for Equality of Means

	
	F
	Sig.
	
	df
	Sig. (2-tailed)
	Mean Difference

	U
	Equal variances assumed
	3.564
	0.060
	-2.693
	345
	0.007
	-0.41967

	
	Equal variances not assumed
	
	
	-2.778
	291.670
	0.006
	-0.41967

	CT
	Equal variances assumed
	0.970
	0.032
	-3.036
	345
	0.003
	-0.46276

	
	Equal variances not assumed
	
	
	-3.116
	287.513
	0.002
	-0.46276

	LS
	Equal variances assumed
	0.199
	0.016
	-2.358
	345
	0.019
	-0.36502

	
	Equal variances not assumed
	
	
	-2.371
	270.517
	0.018
	-0.36502

	SI
	Equal variances assumed
	1.831
	0.017
	-2.211
	345
	0.028
	-0.35250

	
	Equal variances not assumed
	
	
	-2.266
	285.946
	0.024
	-0.35250

	SP
	Equal variances assumed
	1.927
	0.017
	-2.858
	345
	0.005
	-0.39999

	
	Equal variances not assumed
	
	
	-2.926
	285.408
	0.004
	-0.39999


Significant at p-value < 0.05



4.7.3 Independent -test for Smart Learners’ Performance
The construct Smart Learners’ Performance a (SLP) and its four dimensions (S, K, I, and EI) were checked for variance differences between public schools and private schools using Levene’s and t-test as shown in Table 4.26.  Levene’s test has shown that all dimension of S, K, I, & EI, as well as SLP, are statistically significant at p<0.05.  This means that SLP and its four dimensions are significantly different between public and private schools.  The t-test has also shown similar results. The negative t-test values suggest that the differences are significant.  Based on independent sample t-test, all four dimensions of Smart Learners Performance (Skills, Knowledge, Innovation, and Enhancing Information) are significantly different between public and private schools in Smart learners’ performance.
Table 4.26. Independent  test for Smart Learner’s Performance (S, K, I, and EI)
	Independent Samples Test (SLP)

	
	Levene's Test for Equality of Variances
	-test for Equality of Means

	
	F
	Sig.
	
	df
	Sig. (2-tailed)
	Mean Difference

	S
	Equal variances assumed
	1.245
	0.026
	-2.222
	345
	0.027
	-0.34873

	
	Equal variances not assumed
	
	
	-2.249
	275.888
	0.025
	-0.34873

	K
	Equal variances assumed
	1.508
	0.022
	-1.863
	345
	0.063
	-0.28861

	
	Equal variances not assumed
	
	
	-1.920
	291.098
	0.056
	-0.28861

	I
	Equal variances assumed
	.620
	0.043
	-1.822
	345
	0.069
	-0.27490

	
	Equal variances not assumed
	
	
	-1.856
	281.061
	0.065
	-0.27490

	EI
	Equal variances assumed
	3.671
	0.056
	-2.702
	345
	0.007
	-0.42810

	
	Equal variances not assumed
	
	
	-2.820
	301.222
	0.005
	-0.42810

	SLP
	Equal variances assumed
	1.675
	0.019
	-2.438
	345
	0.015
	-0.33508

	
	Equal variances not assumed
	
	
	-2.511
	290.369
	0.013
	-0.33508


Significant at p-value < 0.05
Therefore, based on the above results reported in preceding tables, it may be concluded that the hypotheses H-4 is supported. That is in terms of smart learners’ performance (SLP), there is significant difference between private and public high schools in UAE.

4.8 Summary of Results of Hypotheses Tests

There are four main hypotheses H1, H2, H3, and H4, along with four sub-hypotheses under H-1 (H-1a, H-1b, H-1-c, & H-1c) and and four sub-hypotheses under H-2 (H-2a, H-2b, H-2c, & H-2d). The results are summarized below in Tables 4.27 and 4.28, and also depicted in Figure 4.1.
                                Table 4.27: Summary of Statistical Results
	Hypothesis
	Relationship
	Path ()
	t-value
	Sig.
	Direction
	Decision

	H-1
	SE  SLP
	0.259
	3.883
	0.000
	Positive
	Supported

	H-1a
	ST  SLP
	0.120
	2.187
	0.029
	Positive
	Supported

	H-1b
	E  SLP
	0.114
	1.951
	0.052
	Positive
	Not Supported

	H-1c
	C SLP
	-0.075
	-1.148
	0.252
	Negative
	Not Supported

	H-1d
	GI  SLP
	0.156
	2.526
	0.012
	Positive
	Supported

	H-2
	SP  SLP
	0.527
	7.896
	0.000
	Positive
	Supported

	H-2a
	U  SLP
	-0.028
	-0.443
	0.658
	Negative
	Not Supported

	H-2b
	CT  SLP
	0.108
	1.792
	0.014
	Positive
	Supported

	H-2c
	LS  SLP
	0.107
	1.712
	0.008
	Positive
	Supported

	H-2d
	SI  SLP
	0.378
	5.554
	0.000
	Positive
	Supported

	H-3
	SE             SP
	0.808
	2.594
	0.040
	Positive
	Supported

	H-4
	The statistical difference between mean-values of SLP, for both private and public schools in UAE were found to be significant.
	Supported



[image: ]
       Figure 4.1: Standardized  of Relationships between Variables











                            Table 4.28: Summary of Hypotheses Testing
	Code
	Hypotheses Statement
	Result of Hypotheses Test

	H-1
	Smart environment has a significant and positive relationship with smart learners performance.
	            Supported

	H-1a
	Smart technology has a significant and positive relationship with smart learners performance.
	            Supported

	H-1b
	Environment has a significant and positive relationship with smart learners performance.
	            Not Supported

	H-1c
	Control has a significant and positive relationship with smart learners performance.
	            Not Supported

	H-1d
	Group interaction has a significant and positive relationship with smart learners performance.
	            Supported

	H-2
	Smart pedagogy has a significant and positive relationship with smart learners performance.
	            Supported

	H-2a
	Understanding has a significant and positive relationship with smart learners performance.
	            Not Supported

	H-2b
	Critical thinking has a significant and positive relationship with smart learners performance.
	            Supported

	H-2c
	Learning skills has a significant and positive relationship with smart learners performance.
	            Supported

	H-2d
	Smart intelligence has a significant and positive relationship with smart learners performance.
	            Supported

	H-3
	There is significant correlation between smart environment (SE) and smart pedagogy (SP).
	            Supported

	H-4
	There is a significant difference between smart learners performance of students in private and public secondary schools in UAE. 
	            Supported



	There are three main relationship hypotheses: (i) SE to SLP (H-1), (ii) SP to SLP (H-2), and (iii) correlation between SE and SP (H-3). While, the fourth hypotheses, H-4 suggests that the mean-scores of SLP between privtae and public secondary schools in UAE are significantly different. As indicated in the preceding tables, all the main hypotheses were supported. 
The  –value of 0.527 in H-2 indicates that, Smart Pedagogy (SP) has a stronger relationship with Smart Learners’ Performance (SLP), compared to H-1 where Smart Environment (SE) shows that its  -value is 0.259. It is also noted that two components of SE (i.e., environment and control) don’t have a significant relationship with SLP. Compared to this, in the case of SP, only one dimension (understanding) seems to have a non-significant relationship with SLP, while the other three dimensions are significantly related to SLP.
          In terms of H-3, both SE and SP appear to be positively and strongly correlated ( with each other.
	Finally, the difference between the mean-values of SLP for the 128 private high schools and the 219 public schools, appear to be significantly different. This means that there is a difference in the smart learners’ performance between the two groups. 

4.9 Chapter Summary
            This chapter presented the results of statistical analysis of the data collected from 347 secondary schools in UAE. The anlyses were conducted in several steps using SPSS (v.25). In the first step, the demographic information of the respondents was determined, in four categories: gender, age groups, specializations, and the grades that the students were distributed in. The next test looked at the normality of distribution of the data. Thereafter, the descriptive statistics in terms of how the mean and standard deviation of the data for each indicator under each variable were distributed were examined. 
     The subsequent sets of analyses dealt with testing each of the hypotheses posited in the study, based on the proposed research framework. The first analysis was to use multiple regression to determine the strenghts, directions and significance of the relationships between the independent variables (along with individual dimensions of these variables) and the dependent variable. The next step was to determine if the two main independent variables (SE and SP) were correlated to each other. Finally, the independent sample t-test was used to determine whether the two groups in the sample (i.e., private school students and public school students) had significantly different mean-scores in terms of their smart learners’ performance.
         The chapter ends with a summary of the results. The next chapter presents a detailed discussions on the results obtained in this chapter, and its implications, along with limitations and conclusion. 







CHAPTER 5
DISCUSSIONS AND CONCLUSION

5.0 Introduction
This chapter discusses the findings from the statistical analysis presented in Chapter 4, and also presents the implications and conclusions of this doctoral research work. This chapter is divided into multiple sections. Following this section, the second section presents an overview of the research. The third section presents elaborate discussions on the findings. The subsequent sections explain the theoretical and practical implications of the findings. Section five highlights the limitations of this research work. The signposts for future research directions are suggested in section six, followed by a conclusion to end this chapter.
The primary purpose of the research was to develop a model of smart learning, and to analyze quantitatively the effectiveness of the smart factors incorporated in implementing smart learning in the UAE secondary schools. The study determines the impact of smart environment and smart pedagogy on smart learners’ performance, through an empirical study that tests a proposed research framework connecting the above constructs.  The study also investigated the interrelationship between smart environment and smart pedagogy.  Finally, the study looked at whether there was any significant difference in the performance of smart learners between secondary school students in private and public schools in UAE. 
This study was conducted in three primary phases. In the first phase, an exhaustive literature review of past and recent peer reviewed articles, books, journals and dissertations was conducted to examine the current state of knowledge related to employee performance research and especially in the stream of academic studies focused on specifically on the relationships between compensation strategy and employee performance outcomes. Several research gaps were identified from examination of the literature, which formed the basis of the justification to pursue this research endeavor. Thereafter, a conceptual framework emerged leveraging on empirical evidence and rational arguments. Finally, past empirical studies were deployed to support the development of 4 primary hypotheses and 8 additiona sub-hypotheses linking the variables in the research model.
In the second phase of the research, a survey questionnaire for collecting data to test the model was assembled. The measurement scales of the questionnaire were adopted/adapted from existing scales published in top tier journals. Thereafter, the instrument was pretested for internal consistency reliability and face validity through a pilot study. Prior to commencing the data collection work, ethical clearance was obtained from the university’s research ethics committee. 
The sample for this study was drawn from a population that comprises of high school (i.e., secondary school) students in UAE that use samrt learning techniques. After hand-carrying the survey questionnaire along with a cover letter to all the respondents. After sorting and data cleaning, finally 347 cases were useable for the study.
In the third and final phase of the research work, the data was analyzed using SPSS (version 25). SPSS was used to compute demographic features of participants, descriptive statistics and to check for normality. Furthermore, the statsitical package enabled testing of the hypotheses posited in the study. Table 5.1 below shows a summary of all research questions and objectives and hypotheses and findings. 
                    
                                                  Table 5.1: Summary of Research Objectives, Questions, Hypotheses & Results
	       RESEARCH OBJECTIVES
	        RESEARCH QUESTIONS
	     HYPOTHESES
	     RESULT

	RO-1: To determine the effect of smart environment (SE) on smart learners’ performance (SLP) of the students in the UAE secondary schools.

	RQ-1: What is the impact of smart environment (SE) on smart learners’ performance (SLP) of the students in the UAE secondary schools?



	H-1:   Smart environment (SE) has a significant relationship with SLP.

H-1a: Smart technology (ST) has a significant relationship with SLP.

H-1b: Environment (E) has a significant relationship with SLP.

H-1c: Control (C) has a significant relationship with SLP.

H-1d: Group interaction (GI) has a significant relationship with SLP.
	   SUPPORTED


    SUPPORTED


  NOT SUPPORTED


  NOT SUPPORTED

    SUPPORTED

	RO-2: To determine the effect of smart pedagogy (SP) on smart learners’ performance (SLP) of the students in the UAE secondary schools.

	RQ-2:   What is the impact of smart pedagogy (SP) on smart learners’ performance (SLP) of the students in the UAE secondary schools?


	H-2:   Smart pedagogy (SP) has a significant relationship with SLP.

H-2a: Understanding (U) has a significant relationship with SLP.

H-2b: Critical thinking (CT) has a significant relationship with SLP.

H-2c: Learning skills (LS) has a significant relationship with SLP.

H-2d: Smart intelligence (SI) has a significant relationship with SLP.

	    SUPPORTED


   NOT SUPPORTED


    SUPPORTED


     SUPPORTED

     SUPPORTED


                                                  Table 5.1: Summary of Research Objectives, Questions, Hypotheses & Results (continued)
	       RESEARCH OBJECTIVES
	        RESEARCH QUESTIONS
	     HYPOTHESES
	     RESULT

	RO-3: To investigate whether there is any significant correlation between smart environment (SE) and smart pedagogy (SP).  
	RQ-3:  Is there a correlation between the smart environment (SE) and the smart pedagogy (SP)?


	H-3: There is significant correlation between smart environment (SE) and smart pedagogy (SP).
	   
    SUPPORTED



    


	RO-4:  To investigate whether there is any significant difference between smart learners’ performance (SLP) of private and public schools in UAE.

	RQ-4: Is there a significant difference in the smart learning performance (SLP) of students between public and private schools in UAE?

	H-4:  There is a significant difference between smart learners’ performance (SLP) of students in private and public secondary schools in UAE.
	    
     SUPPORTED



   





[bookmark: _Toc426799878]
5.1 Discussion of Objectives 
The subsequent sections present discussions on the findings of this study related to each of the four research objectives stipulated in Chapter-1.

5.1.1 [bookmark: _Toc426799879]Research Objective-1
To ascertain whether there are any significant relationships between smart environment and smart learners’ performance among secondary school students in UAE.
The first hypothesis tested in the research framework posits that smart environment has a positive and significant influence on smart learners’ performance. The results indicated that, the hypothesis is supported. The construct, smart environment comprises of four components smart technology, environment, control, and group interaction. A closer examination of the statistical results suggests that two of the dimensions of SE (i.e., smart technology and group interaction) have significant impact on SLP, while the other two dimensions (i.e., environment and control) do not have a significant influence on SLP. 
The smart learning environment comprises of collaborative learning spaces that are ubiquitious, that transform traditional learning environments into intelligent learning environments, that have context-awarenesss and are done in real-time. According to Huang et al. (2012), a learning ecosystem would be considered smart when it contains a high-level digital environment that recognizes a learner’s characteristics, provides personalized adaptive learning resources, with inetractive tools that can record and evaluate the performance of the learner. Therefore, the goal of a smart learning environment is to ensure that leaners are engaged and the transfer of knowledge is effective.
According to Dron (2018), the smart learning enviroment consists of two major ingredients. First are the technologies that drive the smart environment and the phyrical environment where the learning takes place. The second ctategory are the human elements such as interaction among the learners and the control over the interaction. According to the results of the test of individual dimensions of smart environment, it appears that smart technology has a significant impact on SLP. This discovery is in alignment with previous studies that have shown how new technologies such as artificial inteligence, virtual reality and cloud computing, have influenced performance of smart learners (Dron, 2018). However, the same can’t be said about the physical environment where the learning takes place.
In the second category, the two dimensions of SE that reflect interaction between learners, it appears that group interaction is a significant factor, while control over the interactions is not. This finding is also in alignment with the findings of Dron (2018).
Nevertheless, despite the two elements of smart environment not being siginificantly related to smart learners’ performance, the overall impact of SE on SLP is positive and significant.


5.1.2 Research Objective-2
To ascertain whether there are any significant relationships between smart pedagogy and smart learners’ performance among secondary school students in UAE.
The second hypothesis tested in the research framework posits that smart pedagogy has a positive and significant influence on smart learners’ performance. The results indicated that, the hypothesis is supported. The construct, smart pedagogy comprises of four components understanding, critical thinking, learning skills, and smart intelligence. A closer examination of the statistical results suggests that three of the dimensions of SP (i.e., critical thinking, learning skills, and smart intelligence) have significant impact on SLP, while the other dimensions (i.e., understanding) does not have a significant influence on SLP. 
A smart pedagogy includes digital transformation, where artificial intelligence provides smart educational tools and methods. Such pedagogy takes into account the deployment of technology to deal with practical educational approaches to impart learning in a smart learning environment. With the advent of technologies that are now driving the Industry 4.0 ecosystem, the tools and techniques of education have also been transformed. For instance, through artificial intelligence, learning bots (i.e., soft robots) are personalizing learning based on the level and capability of each student. Sophisticated algorithms are analyzing each student that uses the learning system, to determine what content to provide, what method of learning to utilize and the manner in which the learner needs to be assessed. 
With advancements in technologies, learning can now be more flexible and efficient in its delivery. Cognitive science research indicates that knowledge and skills are closely intertwined. Therefore, in a smart learning ecosystem, the pedagogy needs to mix content knowledge and process skills to work togther to create effective performance of the learners. 
According to Lorenzo and Gallon (2019), smart pedagogy will consider the understanding of students, critical thinking, learning skills and smart intelligence. In terms of performnce of students using smart learning systems, three elements appear to have significant association with SLP, these are pedagogy that emphasizes critical thinking abiliites, learning skills and intelligence levels of students to cope with smart learning system. While understanding of the pedagogy, does not appear to have a significant association with SLP. This finding agrees with the results of the experimental study done by Lorenzo and Gallon (2019) that found that three components of a smart pedagogy: critical learning skills, learning skills and smart intelligence, have vital roles in cultivating knowledge and skills of learners. 
Despite the single element of smart pedagogy not being siginificantly related to smart learners’ performance, the overall impact of SP on SLP is positive and significant.







5.1.3 [bookmark: _Hlk42804465]Research Objective-3
To determine if there are any siginificant correlations between smart environment and smart pedagogy.

The key stakeholder in a smart learning ecosystem is the learner (Zhu et al., 2016). The learners’ ability to fully utilize the digitalized system and derive maximum benefits of such an advanced and interactive system of knowledge transfer, requires two phenomena to work in tandem, these are: smart learning environment (i.e., smart environment) and a smart pedagogy. The objective of a smart environment is to provide opportunitties to learners for self-learning, be self-motivated and receive personalized services, which are not possible in a traditional learning environmnet where one teacher tries to interact with multiple students. However, the effectiveness of a smart environment needs to be complemented by a pedagogy that supports this ecosystem. For instance, in a smart environment, students have the option of attending courses at their own pace, by accessing personalized learning content according to their personal learning ability and motivation to learn. The digital technologies that drive a smart environment must also be supported by digitalized content that are interactive and are able to measure the extent to which the learners are coping with the content, and also provide assessment of their performance (Zhu et al., 2016). 

The above discourse implies that both smart environment and smart pedagogies are not independent of each other. In fact for any sort of effectiveness in smart learners’ performance, both these constructs are likely to be correlated to each other. The  hypotheses (H-3) posited in the research framework for this study suggests that both smart environment and smart pedagogy are correlated. Therefore, the findings of this study corroborates with the rationale presented in the previous paragragh. Furthermore, this result is also aligned with the discoveries made by Zhu et al. (2016), where part of the framework explores the relationship between smart learning environment and smart pedagogy.

5.1.4 Research Objective-4
To determine whether there are significant differences between students in private and public secondary schools in UAE, interms of their smart learners’ performance.
The results of group comparison in terms of smart learners’ performance of private and public secondary schools in UAE show that there is a siginificant difference between the two groups of students. The higher score obtained by the students in the private schools suggests that the elements and the construct of a smart environment, smart pedagogy have a higher influence on the students in the private schools which clearly was reflected in the performance of the students in the private schools.  A plausible explanation for this difference may be due to the calibre of students that enrol into private schools compared to public schools. The public schools in UAE are free of cost, and the admissions criteria for students to get into such schools, is much easier than private schools. The private ones try to admit the top performing students from primary schools, and have challenging entrance exams. As a result the students that get into private high schools usually have superior performance in their prior schooling. Furthermore, the teachers in private schools are paid higher salaries, and as a result they tend to attract more qualified and experienced teachers. 
	The results of the hypotheses test indicates that the difference in the mean scores of 128 private school students was higher that the mean-scores of SLP in the 219 public schools. The difference was also found to be statistically significant. Therefore, the result is aligned with the rationale presented in the preceding paragragh. 

5.2 [bookmark: _Toc426799886]Theoretical and Practical Contribution
This findings of this study contributes to both the academic literature as well as the policymakers and practitioners related to smart learning in education.

5.2.1 [bookmark: _Toc426799887]Theoretical Contributions

The purpose of this study was to investigate the factors that influence smart learning performance with smart environment and smart pedagogy as antecedents. This study attempted to determine whether the dimensions ST, E, C, and GI of smart environment and the dimensions U, CT, LS, and SI of the smart pedagogy are relevant and significantly related to smart learners’ performance among secondary school students in UAE.  
            Previous studies have chosen to test their models in different contexts such as primary and higher education, health care, business organizations, and among smartphone users (Zhu et al., 2016; Dorn, 2018). However, the education sector in UAE secondary schools has not been sufficiently researched to date, although the UAE government laid great stress on digitalizing education (Sun & Chen, 2016). Consequently, the current study addresses this gap in the extant literature. 
              The model developed on smart learning in the current research could be used to measure the relationship between smart learners’ performance (SLP) and its’ determinants represented by smart environment and smart pedagogy. The present framework presents a nuanced understanding of the factors that influence smart leaner performance among high school students. Previous studies have mostly considered factors such as smart pedagogy or smart learning environmnet as unidimensional constructs (Dorn, 2018). However, the current study is among the few studies that provide a finer-grained look at how the eight (8) individual components of SE and SP impact SLP.
This study also aims to suggest relevant recommendations in order to address learners’ concerns. This is likely to provide pertinent clues about the most important drivers of successful implementation of smart learning while reviewing the existing situation of the educational process by using the current framework. Thus, smart environment and smart pedagogy need to be aligned with each other as they are correlated, to ensure effective delivery of learning process in a smart learning ecosystem.
In addition, this study contributed the learning theory developed by Carl Rogers whose studies were developed during 1950s and 1960s and was later supported by Maslow (2013).  In this regard, the humanistic centred education has begun to be formally recognized replacing the traditional educational methodology (Rogers, 1983).  Therefore, this study adds valuable to the body of knowledge by adding to greater understanding on the antecedents of smart learner performance.  The robust model presented in this study is likely to provide pertinent clues to predict leaner’s behavior in using educational technologies. 
The present study contributes to psychology research by confirming the model that provide new context on smart learning behavioral (Brazier, 1993). The study also expands the Carl’s Theory Model, related to smart leaner performance. Future researchers may test behaviorial intention of learners based on technology acceptance models or theories such as the theory of planned behavior that links one's beliefs and behavior that shape an individual's smart learning behavioral intentions and learning behaviors (Ajzen, 1985). Furthermore, rsearchers may consider to test test whether self-efficacy acts as amediator in the model (Jacob, 2015).  An important area for future research into smart learning is to investigate the real phenomenon (i.e., qualitative research) of teaches or learner using the smart learning model.

5.2.2 [bookmark: _Toc426799888]Practical Contribution
This study demonstrates susbtantial success in implementing models for Smart Learning in the secondary education in the UAE, that appear to motivate the leaners and teachers to utilize digitalized learning.  One of the contributions of the current research lies in providing pertinent clues to policymakers and educationists in UAE about how important it is to focus on learning environment and pedagogy at the same time. Furthermore, the influence of pedagogy is far greater on SLP compared to the environment, as shown in the standardized coeffiecients of relationships. This means that higher focus and investments need to be emphasized on pedagogy compared to the environment. 
Leaners and teachers should be aware of the influence of their own beliefs and behaviors concerning technology use in term of environment and pedagogy. In addition, the school management needs to comprehend their own effect on the leaner performance in concerning the use of technology enhancement.  The educator organizational and Ministry of Education (MoE) in the United Arab Emirates (UAE) has adopted a model that developed by Galil (2014).  Galil’s model was not tested physically and practically after UAE has implemented smart learning in the secondary schools.  This study contributes to the above endeavor by attempting to show the authorities of MoE in UAE that an effective smart learner program can by implemented with guidance from the model proposed in this study.
With the support of evidence provided by this research, policymakers and educators can also decrease resistance to change from either teacher or leaners, to use of smart learning to enhance their performance. Furthermore, the findings of this study may indicate to policymakers in UAE, that their smart education policy is on track. With a better understanding of which components of smart environment and smart pedagogy influence smart learning performance, the planners at MoE can design suitable interventions to enahnce the effectiveness of their smart learning intiative.
This study may also contribute to parents of the students who are often concerned on whether their children are being exposed to too much digitalized technologies that are different from their days of traditional learning. These parentsmay realize that the use of smart technologies, are actually leading to effective outcomes.   By introducing smart learning connected with the devices such as computers, mobile phones, and other similar instruments, it may be an opportunity for the parents and their children to leverage maximum benefit from this new educational policy. MoE may also create awareness among parents to encourage smart learning practices and appreciate the use of technology in doing homeworks online using same devices, instead of other useless activities such as playing games. 
Policymakers, professionals and parents may be able to work closely to move away from traditional learning environment mindset by focusing on digital skill that are essential to the future of the country.  School leaders may be encouraged to embrace digital practices at an early age. 

5.3 [bookmark: _Toc426799889]Limitations of the Research
The current study has a few limitations. In view of sample constraints, the selection of respondents was done only for secondary schools in Abu Dhabi.  The sample consists of three years of secondary schools out of the 12-year introductory education.  The other limitation comes from the cultural norm where contacting or accessing girls’ schools is much harder than boys’ schools.  It is also important to note that the choice of a single Emirate with the federation of the UAE is only plausible because the difficulties to have an equal opportunity to visit certain schools in the federation that may have slightly different educational system in each Emirate within the federation.  Therefore, generalizing the findings across the country is limited since some areas do not have interactive learning environment.    
Also, this study is a cross-sectional study where all responses were gathered from respondents at the same time.  The point that the learner’ perceptions were formed based on the current year only where students were physically studying the duration and stipulated period. Consequently, any upcoming enhancement or development done by MoE concerning using or changing technology or some protocols later in school are not included in this study and might appear as recommendation.  Besides, the period for data collection was absolutely dependent on the last month before ending of the academic year.  Another limitation is that data was collected through only quantitative survey, although mixed methods are more encouraged by scholars these days (e.g., Creswell & Creswell, 2018).

5.4 [bookmark: _Toc426799890]Recommendation for Future Research
The findings of the current study have some implications for research within the education industry and technology industry.  Future research may consider adopting the technology acceptance model (TAM), which was proposed by Davis et al. (1989), and has been tested in numerous contexts with different technologies and populations.  The successive versions of the technology acceptance uses models that have been refined with increased numbers of predictors in the models which, ultimately, results in expanding the model that could better fit the smart learning.  The aim is to improve understanding of the adoption of technology use and to refine the underlying the smart learning theoretical framework.   
In addition, it is recommended that the education innovation grid established by Roumen & Kovatcheva (2017) may help in shedding more light on the educational procedure and, in particular, the smart learning process.  Figure 5.2 shows a schematic representation of the grid presented by Roumen & Kovatcheva (2017).  This theoretical grid has been included in the smart learning model by involving the four quadrants consist of two axises digital technologies (existing providers vs new entrants), and learner ownership (formal learning vs informal learning). This presents four kinds of change: improving schools, supplementing schools, reinventing schools, and new paradigms.  The research merely emphasis on how learner is cohesive by learning taking place informal and formal environment and using new and established technologies.
[image: Fig. 1]
                                          Source: Roumen & Kovatcheva (2017)
Figure 5.2: The Education Innovation Grid 

Another recommendation may arise from the smart learning model which should be re-tested with a different sample such as sample of teachers with multiple schools around the region and other countries as benchmarking standard.  Also, the data were all self-reported, perhaps angling the data to either those that use the system before and after, by introducing control group of experimental study in investigating cause and effect (McLeod & Baker, 2017).
Finally, future researchers may investigate the feasibility, effectiveness, and viability of smart learning model and outcome of performance in term of longitudinal studies. A longitudinal study should test and retest the model until it become stable within at least 5 years (Chamorro, Premuzic & Furnham, 2003). 

5.5 [bookmark: _Toc426799891]Recommendations for Practical Use
The outcomes of the study have several suggestions for practical use within education and technology industries. Understanding the relationships between the factors, smart learning environment, pedagogy and performance have important implications for practice. This information permits stakeholders to focus and make more effort in areas that will increase the use of teaching and learning via technology by teachers to leaners.  The teaching and learning approach via technology adoption requires approaching the latest technology usage. It is recommended that the providers may come out with smart learning modules that consist of Smart Environment (Smart Technology, Environment, Control, and Group Interaction), Smart Pedagogy (Understanding, Critical Thinking, Learning Skills, and Smart Intelligence), and assessment mechanism for Smart Learners’ Performance for the teacher, learner, and parent.  This approach could create fun and happy learning environment (Macintyre, 2016). Consequently, there is a need to expand digital knowledge of teahcers towards technology use by encouraging Smart Pedagogy in teacher-training courses. 
The interaction between the learners and teachers plays a vital role in online study. In order to make it happen, a proactive strategy by inviting the voices of teachers to increase smart pedagogical concepts for smart learning may be encouraged. Teachers, who have day-to-day interactions with students, are potentially smart learners themselves, because of the interaction with smart learners.  This process is a very important tool for the fusion of smart learning environments and smart pedagogies to achieve greater learning outcomes (Peng et al., 2019).
Additionally, unlimited support from the school management is also recommended with thegoal of implementing smart devices and intelligent technologies.  This may enable a smart learning environment to efficiently encourage the growth of personalized learning and adaptive learning (Budhrani & Lim, 2018).
It may be concluded that, there is a need to focus more on smart learning environment, smart pedagogy in order to achive smart learning performance. There is also the need to assess and update the school curriculum to enable teachers to cope with smart pedagogy through interactive methods. 




5.6 [bookmark: _Toc426799892]Conclusion 
The goal of this study was to develop a model of smart learning and to analyze quantitatively the influence of smart pedagogy and smart learning environment in bringing success to the smart leaners’ performance in schools in UAE. The study also aimed to examine the relationships between Smart Environment and Smart Pedagogy. Finally, the findings of this research revealed that the private schools in UAE are experiencing more effectiveness in achieving smart learning performance of students, compared to the public schools. This may be an avenue for policymakers to look into, to bring more equity in access to education.
The study has discovered some usefull findings that may be of importance to key stakeholders in UAE. When assessing the direct relationship between smart leaners’ performance and its antecedents, it was found that smart pedagogy was most crucial.  The government led initiative has laid great stress in investing in creating a smart learning environement. However, without substantial focus on pedagogy development that works in tandem with the smart environment, the goals of the government in achieving high levels of smart learning performance in schools, may lag behind targets. Therefore, this discovery needs to be taken into cognizance. 
Tests done on significance of relationships show that two dimensions of SE (Environment and Control) are less important compared to smart technologies and group interaction. Therefore, the designers of the system may enhance performance by focusing on these two elements of SE. Furthermore, in terms of SP, understanding came to be non-significant, while the other three dimensions: critical thinking, learning skills and smart intelligence was important. Therefore, more emphasis may be given to these three factors in terms of smart pedagogy. This may lead to superior performance among students using smart learning systems in UAE. 
This study is by no means the end of the journey for scholarly investigations into smart learning systems. Additional studies are required to identify other variables that are likley to impact students and teachers, which may not have been included in the current study. Though, this study offers meaningful insights into the determinants of smart learners’ performance in secondary schools, yet lot more needs to be discovered. Policymakers, school managers, parents, teachers, and other stakeholders need to be more involved in the smart education system, with the goal of creating synergy. It is believed that this study makes some meaningful contributions to the field of educational research in conjunction with application of technology in learning. Hopefully, this doctoral research work will shed more light on the world of digitalized education, and also pave the path for further research. 
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Appendix A
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Appendix B The Questionnaire
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]



[image: ]
[image: ]
[image: ]
[image: ]





[image: ]
[image: ]



[image: ]
[image: ]


image2.emf

image3.png
v

Smart
Environment

(SE)

Smart Technology (ST)
Environment (E)
Control (C)
Group Interaction (Gl)

bv

Smart
Pedagogy

(sP)

Understanding (U)
Critical Thinking (CT)
Learning Skills (LS)
Smart Intelligence (SI)

Skills (5)
Knowledge (K)
Innovation (1)

Enhancing Information (El)

—

Smart Learners

Performance

(sLp)





image4.gif
UNITED ARAB EMIRATES

5%

971

6|

26N

QATAR

LEGEND

SAUDI ARABIA

Tropic of Cancer |

22°

»000@EEo00 ‘

©2013 www.mapsofworld.com
(Updated on 31st January, 2013)

:
/ Copyright

Sokm





image5.png
Tmproving Improving
Quality and Performance Experience and Attainment

UAE
Education Reform

e AN

Greater Higher
Accountability_in Education International Standard Scale





image6.png
Elevate Schools to Intemational Level

ADEC Capatilities





image7.jpeg
UAE PUBLIC SCHOOLS GOALS /@{
Progress of Smart learning |

= Mohammad Bin
Rashid Smart 20]8
Learning Programme 423
plan 2015-2018 20]7 schools
423 7,606
2016 schools classes
6,829 12,320
4;:13 | classes teachers
20]5 schools 11,450 121,205
5,314 teachers students
283 classes 110.833
Seioals 8,964 students
1,760 teachers
classes 99,912
6,349 students
teachers
34,513
students

Source: UAE Government ©Gulf News




image8.emf

image9.png
Learning and Innovation | [ Life and Career | [Information and Technology

skills

skills

skills

[

J

Standard and Assessment

Curriculum and Instruction

Professional Developments

Learning Environments






image10.png




image11.png
PLAN

—>

REVISED

PLAN '

REFLECT]|

1

OBSERVI;/

CYCLE 1

ACT| [REFLECT| ACT

OBSERVEA/
CYCLE 2

CYCLE3





image12.png
Quantitative Research

(Literature Review)

L]

Identifying Problem
(Developing Conceptual Framewaork)

1

Action Plan and Strategy Outcome

[}

Developing Model





image13.gif
Factors




image14.png
Smart Environment
Smart Technology

Smart
Technology

Environment Control

Group
Interaction

c: 0075
NS

Environment
Control
Group Interaction
‘Smart Learners Performance
b skills
He: 0508 Knowledge
Tnnovation
Enhancing Information
Smart Pedagogy
Understanding
Critical Thinking
Learning Skill HEOST N S s s
Smart Intelligence H3e: -0.023 B3 0.108 0107 i3k, 0378
, N Critical Learning, Smart
Understanding | | Thinking Skill Tntelligence





image15.gif
Existing

Providers

Digital technologies

New
Entrants

Learner Ownership
Formal learning Informal learning

Improving Supplementing

Reinventing | New Paradigm





image16.emf

image17.emf

image18.png
# of students in 10 schools for public and private for AY:2019/20

public Schools (Al Ain)
06640 _ankvan BT SULTAN gy ] N T )
e ey ] T N )
(35580 [Ru i ABTTALES o T 265
(32830 —fovwurnom ovES GLAR] T ol |
oo oy s ) 4
[59%0 —[n v | £
320 —Jow A s o TS 2o s

Private Schools (Al Ain)
'SLDIAL OHARA PRATESCHOOLS ey ) ) R ) W
SHSS T GULF WTERNATIONAL ACTDT EE T I ) N R N R T N
FE3A]AL AN JRVORS PAVATE S0 oo ) ) R ) ) )
5 CMRATES PRVATE ST ooy ] T N I S T R |
71E8/0U OV ENGUSH HGH SO0 5 I ) S ) B ST BT
SH34IAL THAD NATONALPRVATE ] ) R ) R Y O B
512 NTERNATIONAL PRVATESCHOOL ) ) R O ) R 3 )
5127 {0AST NTRUATIONAL PRVATE ] ) R ) R O
5125 AL G PANATE SO0 S oo
|





image19.png
Descriptive Statistics

N Mean | Std. Deviation Skewness Kurtosis

Statistic | _Statistic Statistic Statistic | Std Emor | Statistic | Std Error
ST 47| 57995 113086 1313 131 1434 261
E 47| 55837 131049 1324 131 1572 261
c 347| 52686 1.35263 -932 131 332 261
G 47| 51264 1.23758 -893 131 551 261
u 47| 52286 141328 -934 131 364 261
cr 47| 50392 1.38600 -822 131 411 261
Ls 47| 53118 1.40048 -950 131 539 261
st 47| 52632 1.44066 -919 131 247 261
s 47| 53307 1.41879 -942 131 534 261
K 347| 53393 1.39749 -998 131 661 261
si 47| 51859 1.36045 -866 131 682 261
El 347| 53040 1.43707 -958 131 497 261
SE_iv 347| 54443 111262 1110 131 753 261
SP_iv 47| 52107 127092 -902 131 524 261
SLP_dv 347| 52900 1.24389 -904 131 768 261
Valid N (istwise) 347





image20.emf

image21.emf

image22.emf

image23.emf

image24.emf

image25.emf

image26.emf

image27.emf

image28.emf

image29.emf

image30.emf

image31.emf

image32.emf

image33.emf

image34.emf

image35.emf

image1.emf

