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Abstract 

Using digital devices in primary classrooms has become a common practice in many schools 

around the world. A considerable amount of research has explored this phenomenon. 

However, the majority of studies published in highly ranked educational technology journals 

have focused on the effectiveness of interventions related to using digital devices in primary 

classrooms and few studies examine studentsô use of digital devices during learning which 

reflects a dominance of the reductionist approach in studying classroom environments. While 

there is rich literature addressing the outcomes of using devices, much is still unknown about 

the use itself.  

The present study aimed to understand how students use digital devices in classroom 

learning activities. It explored the ways of use, the factors that shaped these uses, and how the 

uses contributed to the purposes of learning activities. Approaches used to study phenomena 

in open recursive systems, such as classrooms, should be different from approaches used to 

study phenomena in closed systems under controlled conditions. Therefore, Complexity 

Theory provided a framework to understand the socio-materiality of digital devices in 

classrooms learning. In addition, Actor-Network Theory was used to study the phenomenon 

in action and Biestaôs (2009) framework of the functions of education to understand the 

contribution of the uses to educational purposes. 

This multiple case study was conducted in New Zealand within two schools where 

two teachers and seven upper-primary students participated in the study. Data were collected 

across six months through observations, semi-structured interviews, group interviews, 

informal conversations, student think-aloud interviews and artefacts from learning including 

video screen-captures. Data were coded and analysed using the thematic analysis and an 

abductive strategy.  

From a synthesis of the findings a óUsing Devices for Classroom Learningô model 

was developed in which seven patterns of use were identified. The children used their devices 

as a source of information, means of communication, production medium, external personal 

memory, collective memory coordinator, trial-and-error learning space, and as a research 

tool. Interconnected factors shaped these uses which were related to the educational system, 

school and classroom environment, teachers, students, and digital technologies. The findings 

showed how the seven uses contributed to the educational purposes of classroom learning 
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which were classified into studentsô qualifications, socialisation, and subjectification. 

However, some of these uses led to undesirable influence on studentsô learning. 

This study provides theoretical and practical contributions to the field of using digital 

technologies in education. Complexity thinking, as a holistic approach, sheds light on blind 

spots of the educational process and acknowledges the complexity and uncertainty when 

using devices for learning in social complex systems such as classrooms. What emerges in 

classrooms does not result from separate factors but from a network of relationships and 

interactions of interconnected factors. The model developed provides an analysis tool for 

researchers and assists educators and policymakers to understand and anticipate the role of 

digital devices in classroom learning.   
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Chapter 1 Introduction  

 

Introduction 

This study seeks to understand how primary students use their digital devices in classrooms 

and how the ways of use contribute to the purposes of the learning activities. This qualitative 

study was underpinned by Complexity Theory to understand the socio-materiality of the 

devices. The findings led to developing a model that defines the ways of use, identifies the 

factors shaping the uses, and identifies how the uses could contribute to the educational 

purposes of classroom learning. In this introductory chapter, I first provide a background of 

the topic, followed by clarifying the motives of the study and the gap in the literature. Then I 

state the research aims and questions, the approach and context of the study, and the 

significance of the study. In the last section of this chapter, I briefly outline the following 

chapters of the thesis. 

Background      

The influence of digital technologies on modern societies is broad and deep. Digital 

technologies can be defined as the ñelectronic tools, systems, devices and resources that 

generate, store or process dataò (Loong & Herbert, 2018, p. 1). These technologies include 

hardware components such as mobile devices, software components such as programs and 

applications, and practices such as programming. Each of these components can be 

considered as ósingularô technology on its own even though they depend on each other to 

function (Arthur, 2009); for example, we need programming expertise to create applications 

that function on specific devices and vice versa.  

While digital technologies are being continuously and rapidly developed by humans, 

these technologies are reshaping different aspects of life including learning and teaching in 

contemporary societies (Starkey, 2012). The way digital technologies facilitate access to 

information, instant interactions, and communication has changed societyôs needs and 

consequently changed educational objectives, policies, and practices. This can be seen as 

digital competency and digital literacy have become part of the educational objectives in 

different educational systems such as New Zealand and Australia (Starkey & Finger, 2018). 

That has led to profound changes in educational policies all over the world.   

Many projects and initiatives have been launched to integrate digital technologies in 

formal education (Ale et al., 2017; Heinrich et al., 2020; Kennedy et al., 2016). International 
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comparison studies showed that new government policies had been set up to integrate digital 

technologies in the educational systems in both developed and developing countries (Tan et 

al., 2017). The integration took different forms; for example, in secondary education, it is 

prevalent to teach computing skills, such as programming basics and algorithms, as a discrete 

subject. In primary education, the common approach is to teach digital skills combined with 

other subjects such as teaching how to use the Internet and presentation applications for 

science projects (Sturman & Sizmur, 2011). By integrating digital technologies, teaching and 

learning approaches that are associated with or depending on using digital technologies are 

evolving such as blended learning and mobile learning (Crompton et al., 2019).  

Recently, using digital technologies has become a common practice in many primary 

classrooms (Sung et al., 2016). Many schools provide digital devices for students or allow 

them to bring their own technologies to schools after Bring Your Own Device (BYOD) 

policies were encouraged in many countries such as New Zealand (Starkey & Finger, 2018), 

Europe (Ottestad & Gudmundsdottir, 2018), and the United States (Scholz, 2016). There is a 

wide range of digital devices that are used in diverse ways in classrooms, such as interactive 

whiteboards, laptops, tablets, and smartphones (Armstrong, 2014). Concurrently, there are 

various applications that can be used for educational purposes as well as numerous 

specialised software types developed for specific educational purposes. In addition, Internet 

access enables students to interact with others, inside and outside their schools, and reach 

different resources while they are in their classrooms. The presence of digital technologies in 

classrooms has evoked researchers and educators to question, explore, and understand the 

implications for learning and teaching. 

The Motives and Gap 

It is my personal experience of working as a computer teacher for primary students that has 

driven this research. While working as a teacher, I was able to recognise different elements 

affecting the learning process including, but not limited to, me as a teacher, curriculum, 

instruction, students, and devices. There was always a high chance of surprising or 

unexpected outcomes, which increased my curiosity to understand how the outcomes happen 

and why. Understanding how young children use their devices and how that contributes to 

their learning was a crucial topic to explore for my teaching practices. I became more 

interested in research about learning and teaching in the digital age as there appeared to be a 

gap in what is known. 
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Although extensive research has been carried out related to using digital devices in 

classrooms, I was not able to find sufficient answers about how children use their devices for 

classroom learning. The gap, discussed at length in the literature review chapter, can be 

summarised by arguing that many studies have focused on the effectiveness of using digital 

devices in classrooms (Chauhan, 2017; Tingir et al., 2017). However, there is still much 

unknown about what exactly happens when the learners use them for learning (Lai, 2018). 

Even in the contexts where integrating digital technology began earlier than other countries, 

such as Europe, research does not tell us much about ñways of use of technology in schoolsò 

(Ottestad & Gudmundsdottir, 2018, p. 1347).   

In general, there is a ñblindness toward the question of how educational practice is 

affected by materialsò (Sørensen, 2009, p. 2) and digital devices are not an exception. A 

reason for the gap can be attributed to the approach used to explore this phenomenon. The 

predominant approach in scientific research adopts the reductionist paradigm, which means, 

for example, when studying the learning process each component tends to be analysed 

separately (Ennis, 1992). This led to a focus on some ósnapshotsô of the learning process such 

as learning outcomes without investigating what elements and dynamics influenced their 

emergence (Hurford, 2010). This explains the tendency of the studies to measure or examine 

the effectiveness and outcomes of using devices, not the use itself. Therefore, too little 

attention has been paid to conceptualising the uses, identifying the factors that shaped using 

digital devices in classrooms, and how that might contribute to the desired outcomes.  

Theoretical Position, Aims, and Questions 

To address the gap in the literature, this study adopts Complexity Theory by considering 

classrooms as complex adaptive systems while focusing on the dynamics related to using 

digital devices by students. Different scholars considered classrooms as complex systems 

where many elements interact in different ways (Davis & Sumara, 2006; Hurford, 2010). 

Complexity Theory can highlight critical moments and interactions, which are usually not 

examined, that can reshape and change the learning process as a whole (Ennis, 1992). Digital 

devices are one of these elements classified as materials interacting with the social actors. 

Fenwick (2010) suggests that Complexity Theory is one of the approaches suitable to study 

the socio-materiality of the óthingsô in the learning environments. She outlined that socio-

material approaches are the approaches that investigate the critical role of the material in 

reshaping the components, relationships, and interactions in different phenomena in the social 

world such as learning. She presented three reasons to justify the importance of focusing on 
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the socio-materiality that can be applied to digital devices. First, digital devices are becoming 

an integral part of many classrooms today. Second, these devices are interacting with other 

elements, comprising learning processes in different ways in different contexts. Third, 

studying the socio-materiality of digital devices helps to eliminate the artificial distinctions in 

social research (e.g. formal/informal, individual/collective) that obstruct the understanding of 

entangled phenomena. Therefore, using Complexity Theory can give a holistic view of 

dynamics and the factors interacting in the classrooms that affect the success or failure of 

integrating digital devices. 

The other approach adopted in this study was looking at the contribution of the 

devices to the educational purposes instead of measuring the impact of using devices (Biesta, 

2015). The rationale behind this approach was that what emerges in the complex systems, 

such as classrooms, results from entangled factors that are constantly shaping each other 

(Davis & Sumara, 2006).   

The main purpose of this study was to develop an understanding of the use of digital 

devices by primary students, what factors shape the uses, and how that contributes to the 

educational purposes of classroom learning activities. In particular, this thesis seeks to 

address the following question: How do students use digital devices for educational purposes 

in primary classrooms? To answer this question, three sub-questions were addressed: 

1. In what ways do primary students use their digital devices in classroom learning 

activities? 

2. What factors shape the ways of use in classrooms? 

3. How do the ways of use contribute to the educational purposes of classroom learning 

activities? 

Context and Methodology 

This study took place in New Zealand, which is one of the leading countries in terms of the 

quality of primary education (Schwab, 2016)). In an endeavour to obtain better performance, 

teaching, and learning, schools in New Zealand were given a high level of autonomy 

compared to other educational systems in the world (Hood, 2019). Schools are self-managed 

and administrated by elected Boards of Trustees, most of whom are parents. The New 

Zealand Curriculum (Ministry of Education, 2007) provides a framework that outlines the 

direction and objectives of the educational process, but each school has to develop its own 

curriculum. The school curriculum should include a detailed plan, resources, and models that 



20 
 

  

align with the national curriculum. Teachers in every school have the agency as well as the 

responsibility to develop and implement instructional strategies, learning activities, and 

materials to achieve the objectives of the school and national curriculums. Schools are also 

required to develop their plans to integrate digital technologies guided by the national 

curriculum and based on their contextual needs (Starkey & Finger, 2018). Using digital 

devices is becoming a common practice in primary classrooms (Lips et al., 2017). Still, some 

schools strive to provide a device for each student either by providing options to lease or 

purchase through trusts established to serve low socio-economic contexts (Starkey & Finger, 

2018). For the purposes of this study, the diversity of schoolsô interpretation of the national 

curriculum and the diversity of learning activities integrating digital technologies provide a 

unique opportunity and a variety of choices to study different learning experiences. 

This thesis was conducted in two classrooms in two schools; each was studied as a 

complex system. The case study design was adopted to develop a thick description of the 

dynamics that happened during learning activities (Blaikie, 2009). Data is gathered via semi-

structured interviews, group interviews, observations, video screen captures, think-aloud 

interviews, and analysis of participantsô artefacts. In-depth analysis was conducted after data 

transcription and coding. The findings generated a conceptualisation of seven ways of using 

devices, classification of the factors shaping the uses, and linking the uses with possible 

educational purposes. The syntheses of the findings resulted in developing a model that 

provides an understanding of the dynamics of the uses in classroom learning.    

Study Significance and Scope  

This study provides an important opportunity to advance the understanding of device use 

through the lenses of Complexity Theory, which is an evolving, yet promising, holistic 

theoretical perspective in educational research. This study aims to contribute to the growing 

area of research that explores the socio-materiality of digital devices in classroom learning 

activities (Fenwick et al., 2015). There are several important areas where this study makes an 

original contribution including conceptualising the uses and developing a model that 

illustrates the dynamics of the uses. Therefore, this study offers researchers alternative 

theoretical and methodological insights into studying this phenomenon. 

On the practical side, this study provided a detailed description of how students use 

digital devices during learning activities. That can help teachers and educators to reconsider 
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the factors that may affect their own context and enhance making decisions, planning, and 

utilising these devices in their contexts.   

The reader should bear in mind that the focus of this study is the use of devices for 

learning activities in formal education settings, particularly classrooms, where teachers lead 

the learning process. It is beyond the scope of this study to explore the use in an informal 

setting or in online learning settings. The study was limited to primary education, mainly 

upper-primary students from years seven and eight. The study was not an intervention, which 

means that I did not have any control or intervention related to the learning process.  

Thesis Outline 

This study is organised into seven chapters. The first chapter introduces the study in general. 

The second chapter presents a systemic review of recent studies addressing using devices in 

primary classrooms to identify the gap; then it lays out the theoretical dimensions and the 

frameworks of the study. The third chapter describes the methodology and methods used to 

collect and analyse data. The fourth and fifth chapters report the findings of the case studies 

followed by a summary and synthesis of the findings in Chapter 6. The final chapter 

discusses the finding in light of the theoretical framework and literature and discusses the 

contributions and the limitations of the study.  

Glossary 

The following words are in Te Reo MǕori, which the indigenous language of New Zealand 

and one of official languages in the country.  

Hui: Gathering, meeting, assembly, seminar, conference. 

Kawa: Protocol.  

KǾwhaiwhai: painted scroll ornamentation - commonly used on meeting house rafters. 

PǕkehǕ: New Zealander of European descent. 

Te Reo MǕori: MǕori Language. 

TȊǭ: An endemic bird of New Zealand. 

WhǕnau: Extended family, family group. 
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Chapter 2 Literature Review 

Introduction  

This chapter reviews empirical and theoretical studies related to the scope and purpose of this 

study. First, I present a systematised review of studies published in the most-cited and highly 

ranked journals in educational technology to address the current state of knowledge and 

contextualise my research. Then I demonstrate the gap that this study aims to address, 

combined with a critique of the reviewed literature and justification of the adopted approach. 

After that, the chapter provides a background of the theoretical position and a synthesis of the 

theoretical framework that underpins the study.  

Digital Devices and Classroom Learning 

Digital technologies can be defined as the ñelectronic tools, systems, devices and resources 

that generate, store or process dataò (Loong & Herbert, 2018, p. 1). These technologies 

include hardware components such as motherboards; software components such as programs; 

and practices such as programming. While each of these components can be considered or 

studied as a ósingularô technology on its own (Arthur, 2009), the three components are 

interdependent in a way that they need each other to function. For example, we need 

programming expertise to create applications that function on specific devices and vice versa. 

This study looks at digital devices as a manifestation of digital technologies that comprises 

the three components.  

Learning, which happens in different contexts with various ways and tools, has been 

one of the most interesting phenomena to be examined and understood. Human and non-

human elements, such as teachers, students, pens, and books, interact together and shape the 

learning process (Fenwick, 2010). In the digital age, digital devices have become new 

elements that are widely used in formal and informal learning contexts. By using devices, the 

three components of digital technologies become part of the learning process; for example, 

students need to learn different practices and skills to deal with and utilise the software and 

hardware components for learning activities. Questions have been raised about how learning 

and teaching might be influenced by digital devices. Scholars argue that understanding the 

role of these technologies in the educational process is crucial to set realistic expectations and 

make effective decisions when using them for learning and teaching (Ellis & Goodyear, 

2013).  
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A large and growing body of literature has investigated using digital devices for 

classroom learning. Different terminologies are used to address the phenomenon of using 

digital technologies in education, such as computer-assisted learning and Information 

Communication Technology (ICT) in education (Punie et al., 2006). Over the past decade, 

more types of digital devices are being used in classrooms beside PCs, such as tablets, 

smartphones, and laptops including notebooks and Chromebooks. A considerable amount of 

literature has focused on 1:1 computing programmes where each student has an individual 

laptop for use in classrooms (Harper & Milman, 2016; Zheng et al., 2014). More recent 

literature has focused on mobile learning, which emphasises the mobility of learners when 

using mobile devices (Traxler & Crompton, 2015). The wide range of terminologies used to 

address the phenomenon and the large volume of published studies make reviewing literature 

and pinpointing the gap a challenge.  

Several studies have reviewed the literature on using digital devices in classrooms. 

Chee et al. (2017) conducted a systematic meta-analysis review to examine the trends of 

mobile learning research in the top six major educational technology journals based on 

Google Scholar metrics. Their analysis included 144 studies published between 2010ï2015. 

Their review showed that the main focus of more than half of the studies was to evaluate the 

effectiveness of mobile learning. More than 50% of the studies reported positive outcomes of 

mobile learning while less than 5% reported negative outcomes and about 7% reported 

neutral outcomes. However, most of the studies were carried out in the higher education 

context. Crompton et al (2017) reviewed 113 studies involving mobile learning in the K-12 

settings published between 2010ï2015 in 10 major educational technology journals. They 

have found that most of the studies focused on the effects of using mobile devices on student 

learning and most of them reported positive outcomes. The most common method used in the 

studies was questionnaires followed by pre/post-tests. Most of the learning activities (40%) in 

these studies were aligned with behaviourist learning theory. For the purpose of my study, I 

systematically reviewed studies published in the last five years. In the next sections, I first 

describe the literature then I present my critique and argument related to the gap and 

framework adopted in the current study. 

Systematised Review: Rationale, Aims, and Strategy 

A considerable amount of research has explored using digital technologies in classrooms; 

however, different scholars have argued that our understanding of this phenomenon remains 

lacking (Lai, 2018; Ottestad & Gudmundsdottir, 2018; Serdyukov, 2017). Others claim that 
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the educational research tends to more value experimental methods (Biesta, 2015) and the 

reductionist approach (Hurford, 2010), which overlook influential factors in the learning 

process (Ennis, 1992; Sørensen, 2009). Therefore, I conducted a ósystematisedô review of 

studies published in the most-cited and highly ranked journals in educational technology to 

identify the trends of educational research, and pinpoint the focus of the literature, the 

methodologies used, and the major findings. This approach enabled me to verify the claims, 

identify a gap, and adopt a research design that is suitable to address the gap.  

For the purpose of this study, I used systematised review, which is a type of systematic 

review that ñattempt[s] to include one or more elements of the systematic review process 

while stopping short of claiming that the resultant output is a systematic reviewò (Grant & 

Booth, 2009, p. 102). In general, the systematic review method has several advantages, such 

as clear search strategy and sources, clear focus and outcomes, and can be replicated and 

minimise bias (Perry & Hammond, 2002). It was also found to enhance postgraduatesô 

understanding of their research topics (Armitage & Keeble-Allen, 2008). However, 

researchers suggest using systematised review for postgraduate students (Grant & Booth, 

2009) because typical systematic review requires more than one researcher (Daigneault et al., 

2014). In addition, the scope of sources in systematic reviews is usually wide and can be time 

consuming and overwhelming for one researcher; hence using ñless demanding but 

nevertheless systematic methods of reviewingò (Perry & Hammond, 2002, p. 274) provide a 

suitable approach to restrict the scope. The systematised review of my study included the five 

most-cited and highly ranked journals to explore the tendency of the prevalent research in 

educational technology. Furthermore, choosing leading peer-reviewed journals is one of the 

methods to validate the quality of the studies (Levy & Ellis, 2006), which is part of the 

systematic review process. I argue that exploring the trends of the most-cited articles in 

educational technology provides an indication of possible gaps that exist in the field. 

Selection of Resources 

To determine the most-cited and highly ranked journals in educational technology, first: I 

followed the Crompton et al. (2017) approach by using Google Scholar Metrics to identify 

the top 10 journals in educational technology which have high impact factors. Then I 

excluded journals that did not focus on primary education and classroom settings, such as 

Internet and Higher Education and The International Review of Research in Open and 

Distributed Learning. Second, I selected the top five journals that were ranked within 

quartiles Q1, which refers to journals with the highest values. This ranking was according to 
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SCImago Journal & Country Rank (SCImago, n.d.), which includes the journalsô scientific 

indicators developed from the information contained in the Scopus® database. The rankings 

in both Google Scholar Metrics and the SCImago Journal & Country Rank were retrieved and 

updated in December 2019. The selected journals are listed in Table 2.1, below.  

Table 2.1 Selected Journals for the Systematised Review 

Selected Journals for the Systematised Review 

 
Journal 

Google Scholar Metrics Scopus 

Cite Score 
SJR 

h5-index h5-median 

1. Computers & Education 94 135 7.72 Q1 

2. British Journal of 

Educational Technology 
56 86 4.07 Q1 

3. Journal of Computer 

Assisted Learning 
35 51 4.11 Q1 

4. Education and Information 

Technologies 
34 63 2.19 Q1  

5. Educational Technology 

Research and Development 
34 60 3.29 Q1 

 

Inclusion/Exclusion Criteria and Analysis 

The review was an aggregative (Gough et al., 2012), which means it included quantitative, 

qualitative, and mixed studies. The Boolean used for searching was (device* OR 

Chromebook OR laptop) AND (use* OR usage) AND (classroom). This term retrieved all the 

studies that used the terms laptops, Chromebook, devices including ómobile devicesô and 

ódigital devicesô, which usually come in conjunction. Although the Boolean retrieved a 

considerable number of articles that included other types of devices such as tablets, 

smartphones, computers, and others, it did not retrieve all the studies that only used the terms 

tablets, iPads, or computers to refer to the devices used. This is a limitation of this 

systematised review. The search included studies published between January 2015 to 

December 2019. The initial numbers of articles retrieved are listed in Table 2.2, below. I read 

the abstract of each article and saved the selected articles. Then a deeper read of the articles 

was conducted to ensure that the inclusion criteria listed in Table 2.3, below, were met. I 

developed these criteria to include the relevant studies to the aims and scope of the current 

study. For example, the types of devices included the common types used in New Zealand 

http://www.scopus.com/
javascript:void(0)
javascript:void(0)
https://scholar.google.com/citations?hl=en&vq=soc_educationaltechnology&view_op=list_hcore&venue=8N62NzXnRMwJ.2019
https://scholar.google.com/citations?hl=en&vq=soc_educationaltechnology&view_op=list_hcore&venue=5XeXANSnkfkJ.2019
https://scholar.google.com/citations?hl=en&vq=soc_educationaltechnology&view_op=list_hcore&venue=9wceSsEjPYUJ.2019
https://scholar.google.com/citations?hl=en&vq=soc_educationaltechnology&view_op=list_hcore&venue=-HAT-nV4ndAJ.2019
https://scholar.google.com/citations?hl=en&vq=soc_educationaltechnology&view_op=list_hcore&venue=gUEzRseue6YJ.2019
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middle and upper-primary classrooms such as Chromebooks, laptops, tablets, and computers. 

This process resulted in a total of 64 articles (See Appendix A). and s 

Table 2.2 Retrieved and Selected Numbers of Studies 

Retrieved and Selected Numbers of Studies 

Selected Journals Retrieved  Selected articles 

after reading 

abstracts 

Selected articles after 

scanning the article 

Computers & Education 234 65 13 

British Journal of 

Educational Technology 

265 38 14 

Journal of Computer 

Assisted Learning 

133 39 19 

Education and Information 

Technologies 

333 5 4 

Educational Technology 

Research and Development 

124 22 14 

 

Table 2.3 Inclusion and exclusion criteria 

Inclusion and Exclusion Criteria 

 Inclusion  Exclusion 

1 Empirical studies. Viewpoint, theoretical, policy, articles were 

excluded. 

2 Primary Education between Year 3 to 

Year 8 or equivalent. 

Early childhood, special education secondary, 

higher & adult education were excluded. 

3 Classroom setting. Informal settings, distance learning, online, 

after school settings were excluded. 

4 Devices included (tablets, laptops, 

PCs).  

Devices such as smartphones, clickers, iPod, 

multi-touch tables, etc.  

5 The focus was on using digital devices 

by students for classroom learning. 

Studies about policies, designing research 

instruments, gaming for non-educational 

purposes, teachersô use, or using devices as a 

testing tool or an instrument were excluded. 

 

Analysis and Synthesis  

I developed a summary table using MAXQDA 2020 to analyse the articles. That included the 

context, participants, subject area, devices, design, methods, focus or research questions, and 
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the findings. Based on the literature, I classified the design of the studies into experimental 

and non-experimental; methods were classified into qualitative, quantitative, and mixed. 

Then each article was given a symbol based on Table 2.4, below, as in the example in Figure 

2.1, below. That made it easy for me to distinguish from one look the features of each study 

when organised in a summary table or a figure.  

Table 2.4 Articlesô Symbols Legend 

Legend for Articlesô Symbols 

Research 

Design 

 Definition   Journal 

Name 

Definition   Subject 

Area 

 Definition  

 Quantitative 
 EI Education and Information 

Technologies 

 L Language 

M Maths 

 Qualitative 
 CE Computers & Education     S Science 

D Digital Literacy 

 Mixed 
 BJ British Journal of 

Educational Technology 

 H Social studies 

G Generic 

 Experimental  ET Educational Technology 

Research and Development 

 T STEM 

U Music 

 Non-

experimental 

 JC Journal of Computer 

Assisted Learning 

 E Media 

  
 

Figure 2.1 Illustration of the Studyôs Symbol 

Illustration of the Studyôs Symbol 

 

 

 

 

 

 

For the focus, it was inductively (Braun & Clarke, 2006) classified into two 

categories:  

(a) Intervention-focused studies, which refer to studies aimed to examine or evaluate 

the influence or impact of a certain intervention. That does not mean that all of the studies 

within this category were experimental interventional studies in which the research team 

intervened and the study is ñspecifically tailored to evaluate direct impacts of treatmentò 

(Thiese, 2014, p. 199). I included non-experimental studies that aimed to explore the 

JC18 L 
 

JC13 H 
 

JC16 S 
 

Shape refers to methods 

Colour refers to study 

design 

EI2   L 
 

Bold two letters and number 

refer to journal name and article 

number (sorted alphabetically) 

This letter refers to 

subject area 
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influence of a specific intervention. This category was further analysed inductively to classify 

the interventions. Five themes emerged: pedagogical approaches, initiatives, applications, 

educational games, and comparison of use conditions.  

(b) Non-intervention studies included studies that did not investigate a particular 

intervention but focused on studentsô experience. Figure 2.2, below, illustrates the analysis 

and synthesis of the reviewed studies.  

My strategy to report the findings of this review is to first describe the findings then 

combine my critiques and arguments with the gap discussion. This strategy enabled me to 

first pinpoint the gap clearly then clarify my argument that justifies the approach adopted to 

address that gap. 
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Figure 2.2 Classification of the Studies Based on Focus 

Classification of the Studies Based on Focus  
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Approaches and Focuses of Research on Digital Devices  

As claimed, the review shows an increase in numbers of studies on using devices in 

classrooms as in Figure 2.3, below, which reflects the increase of interest in studying the 

phenomenon. That increase can be attributed to the wide adoption of integrating devices all 

over the world as shown in Figure 2.4, below. Both developed and developing countries from 

all continents conducted research in this area favouring Asia, Europe, and North America, 

taking into account that some studies were conducted in more than country.  

Figure 2.3 Number of Reviewed Studies Published Per Year 

Number of Reviewed Studies Published Per Year 

 

Note: Some studies published in 2019 were issued in 2020  

Figure 2.4 Geographic Distribution of the Studies 

Geographic Distribution of the Studies  

  

8 7
9

16

24

2015 2016 2017 2018 2019

N
u
m

b
e

r 
o
f 

st
u

d
ie

s

Year



31 
 

  

The review showed that digital devices were used for different subject areas (Figure 

2.5, below). Much of the reviewed literature paid particular attention to traditional subject 

areas such as science, language, and maths. Fewer studies explored the use of devices for 

STEM and Media. Only one study in this review explored using devices for music. Some 

studies explored using digital devices across different subject areas and did not focus on 

specific ones; this category was called generic. Among the included devices in this review 

(Figure 2.6, below), most of the studies reported the use of tablets and iPads, followed by 

computers and PCs. Fewer studies reported the use of laptops, including notebooks, 

Chromebook, and netbooks.  

Figure 2.5 Number of Studies Investigated Using Devices for Subject Areas  

Number of Studies Investigated Using Devices for Subject Areas 

 

Figure 2.6 Number of Studies Reported each Type of Included Devices  

Number of Studies Reported for each Type of Included Device 
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of the studies were quantitative and mixed and much fewer were qualitative. The detailed 

numbers are summarised in Figure 2.7, below. 

In summary, using digital devices in primary classrooms is a growing research area. 

Reports about this phenomenon come from different formal education contexts around the 

globe. There is still a focus on the traditional subject areas compared to integrated subject 

areas such as STEM. There are more studies that reported using tablets than those that 

reported using other devices. Studies examining interventions in the top journals were 

dominant, with an apparent tendency to adopt experimental designs. Most of the methods 

used were quantitative and mixed methods and, to a much lesser extent, qualitative methods.  

Figure 2.7 Numbers of Studies in Terms of Their Focus, Design, and Methods 

Numbers of Studies in Terms of Their Focus, Design, and Methods 

 

Using Devices for Educational Interventions 

Most of the studies in this review aimed to examine the influence of interventions. In the next 

sections, I report the major findings of the studies related to the following interventions: 

projects and initiatives, pedagogical approaches, educational gaming, comparison to 

traditional approaches, and applications.    

Initiatives to Integrate Digital Devices in Classrooms  

Studies from different contexts reported initiatives related to integrating digital devices in 

classrooms. These studies included developed and developing countries, which indicates the 

expansion of the phenomenon globally. Implementing such initiatives in low socio-economic 

communities can mitigate studentsô performance gaps and reduce the digital divide. Kennedy 

et al. (2016) compared studentsô ability to conduct online research and learn in science in two 
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states in the USA. One state implemented a one-to-one programme in schools and the other 

did not but had higher median family income. The results showed that students in the first 

state were able to perform better in performance-based assessments in digital literacy.  

The pedagogical approach has been identified as a major contributing factor for the 

success of these initiatives. A study reported the influence of a project that took place in five 

schools in five European countries: Croatia, Denmark, Poland, Sweden, and the UK (Walton 

et al., 2019). The students were expected to create digital artefacts such as comics, videos, 

and animations as an activity to enhance their motivation to learn about the national literature 

of their countries and other countries. Studentsô learning, motivation, engagement, and self-

efficacy were improved as creating digital artefacts allowed students to demonstrate different 

competencies beyond academic capabilities.   

Other studies reported the importance of adopting pedagogical approaches that are 

sensitive to the cultural and contextual aspects. For example, a study about a contextualised-

OLPC education project related to the One Laptop per Child (OLPC) initiative in India 

showed that contextualising the integration of digital devices resulted in positive learning 

outcomes (Ale et al., 2017). Another study from Kenya that examined a one-to-one tablet 

initiative emphasised taking cultural aspects into account when using devices in classrooms 

as they influence the pedagogical and technological approach (Heinrich et al., 2020). It also 

found that the contextual factors of the low-resource countries require creative ways of using 

the devices for learning in classrooms. It showed that, in some cases, shared use of the 

devices had a positive impact on cooperative learning and positive learning outcomes on 

language learning. The findings related to the shared access to devices align with a study that 

was conducted in New Zealand on schools that participated in a netbook purchasing scheme 

for children in a low socio-economic community (Starkey & Zhong, 2019). It compared 

academic achievement in reading, writing, and maths for children who had a dedicated 

netbook for use at school and home and those who did not but only had shared access at 

school. The data collected from assessment tools across two years showed no significant 

differences in academic achievement between the two groups. It was concluded that the 

ownership of the devices might not be a significant factor that impacts studentsô achievement. 

However, the study reported that the pedagogical approach can decrease the achievement gap 

between students who can access their devices at home and school and those who are limited 

to shared access at school.  
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The outcomes of integrating digital devices in classrooms are also influenced by 

factors related to social actors in the classroom environment, that is, teachers and students. 

Regarding teachers, a non-experimental study examined the influence of a professional 

development initiative on studentsô learning experiences in four classrooms in the USA 

(Mouza & Barrett-Greenly, 2015). The study found that teachersô skills and knowledge about 

using mobile devices and applications were enhanced. That was reflected in studentsô use and 

achievement; students used the devices to locate information from the Internet and create 

digital artefacts. A positive impact on studentsô content learning, empowerment, and 

academic growth was evident. That supports the findings of a previous study that showed, at 

the same time, that the findings draw attention to the role of pedagogical approaches that can 

decrease the achievement gap between students who can access their devices at home and 

school and those who are limited to shared access at school. With regards to students, a 

tablet-based interactive classroom programme was implemented in rural schools in South 

Korea; using devices was explored in terms of ñfrequency of tablet use, usefulness, ease of 

use, satisfaction, the desire to learn, and self-efficacy for learningò  (Kim & Jang, 2015, p. 

12). The study found that the desire to learn in a tablet-based environment is the key factor 

that predicts studentsô beliefs about the future. The positive perceptions of the use, such as 

usefulness and ease of use, positively influenced studentsô beliefs about the future and self-

efficacy only for those who had a desire to learn with devices.  

The findings extracted from this group of studies showed that good intentions behind 

providing devices for all students, such as reducing the digital divide, were not enough to 

guarantee positive outcomes. Factors relating to the pedagogical approach, contextual factors, 

teachers, and students are critical. However, while these factors usually exist together in 

classrooms, each study focused on a specific factor which did not illustrate the collective 

influence of these factors on using devices in classroom learning.      

Pedagogical Approaches to Interventions 

This category included studies that focused on the effectiveness of pedagogical approaches 

that required using digital devices without designing a particular software. This means the 

software used in these studies was available online. The discussion of these studies will be in 

terms of the subject area, as the influence of the intervention was usually measured in relation 

to studentsô achievements in each subject. 
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Language learning. Most of the studies in this category explored using devices for 

language learning. Pedagogical approaches that integrated digital devices could positively 

influence studentsô language learning when they worked cooperatively to perform digital 

storytelling tasks; the students showed lower levels of anxiety as well (Liu et al., 2018). In 

addition, using devices can influence feedback in classrooms. For example, in essay writing, 

a study compared receiving teacherôs feedback combined with an automated essay evaluation 

system available online called PEG Writing, against receiving teacherôs feedback via Google 

Docs (Wilson & Czik, 2016). The findings showed that, although the teachers gave the same 

amount of feedback in the same conditions, their feedback focused more on higher-level 

writing skills in the combined feedback condition. It also showed that studentsô motivation 

increased, while there were no statistically significant differences between conditions on the 

quality of the final draft. Another pedagogical approach that was designed as a touch-typing 

course and delivered by the teacher, enhanced primary studentsô spelling, typing speed, and 

narrative-writing skills (van Weerdenburg et al., 2019). However, not all pedagogical 

approaches that utilise online software had the same impact; a study showed that for effective 

and deep learning, using digital knowledge graphs as an approach for language learning was 

better than the common digital concept map (Cui & Yu, 2019).  

Science: For science learning, some studies showed effective pedagogies that benefit 

from available software online. An example was a self-regulated science inquiry approach, 

which was created using student engagement platform, Nearpod; that approach improved 

studentsô achievement, help-seeking, self-efficacy, and self-regulation (Lai et al., 2018). 

Another approach that embedded a óproductive failure instructional designô in project-based 

learning was found to improve deep conceptual knowledge comprehension, positive attitudes 

towards challenges, and autonomous learning; the approach improved studentsô collaborative 

problem solving and the quality of their digital products (Song, 2018). On the other hand, a 

study drew attention to the impact of emotions developed while using multimedia during 

learning. It found that although learning materials with positive emotional design can cause 

positive emotions while learning, they do not necessarily enhance learning; additionally, the 

entertainment caused by animated multimedia led to less mental effort in learning (Uzun & 

Yēldērēm, 2018).  

Social studies: one study explored how studentsô exploration and sense of place were 

shaped by using mobile technologies; the findings showed that when physical activities and 

digital information were integrated with learning activities to create digital artefacts, the 
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students were able to develop a new sense and understanding of place and it supported 

studentsô imagination and creation of narrative in history (Price et al., 2016). 

This category showed how available software could be used as part of pedagogical 

approaches in different subject areas. The replication of such studies could be easier in other 

contexts as no particular software was designed to undertake the study. However, the focus of 

these studies was mostly on the effectiveness of the pedagogical approach under controlled 

conditions, which ignores the multiple factors that might face practitioners in other contexts.    

Using Devices for Educational Gaming  

Special educational games were designed to support studentsô learning in different subject 

areas. Interestingly, the enjoyment was not the major factor that affected studentsô decision to 

play educational games; other factors were more influential, especially teachersô support and 

clear learning tasks and instructions of the game (Iten & Petko, 2016). Other studies 

highlighted the positive impact of using educational digital games on studentsô learning. 

Game-based writing elevated studentsô interest, participation, and performance in writing 

(Liao et al., 2018). In science, a collaborative mobile game that uses augmented reality 

enhanced studentsô achievement in general but more so for girls, especially when designed to 

align with social communication (Bressler et al., 2019). The inquiry-based ubiquitous gaming 

approach positively impacted studentsô engagement and achievement in science and their 

perceptions of their problem-solving and critical thinking skills (Hwang & Chen, 2017). In 

maths, three studies found that using digital educational games improved studentsô 

mathematical knowledge, performance, and enjoyment in classroom learning (Gresalfi et al., 

2018; Ke, 2019; Masek et al., 2017). However, a study found that studentsô performance was 

not affected by gaming approach but that their engagement was enhanced (Garneli et al., 

2017).  

All the studies within this category were experimental; the experimental design is 

considered a robust evidence-based approach to inform policies and decision making (Slavin, 

2002). However, in this case, difficulties arise when an attempt is made to implement or 

replicate these studies; these games were designed for specific contexts, curriculums, or 

educational systems, which limits the benefits of these games unless they were 

commercialised or customised. Additionally, as in the previous category, the focus of the 

studies was on the effectiveness of these games, so not much was reported about the studentsô 

experiences when using these devices and the factors that influenced their uses. 
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Using Devices in Comparison to Traditional Methods  

In this category, researchers compared between classroom learning when using devices and 

not using them. One study examined music learning. Although the students found it easy to 

use an interactive mobile application for learning solfeggio (music theory), the app had a 

minor impact on their singing and tapping, yet it enhanced studentsô musical intervals and 

rhythmic accuracy (Debevc et al., 2020). Other studies were related to the following subject 

areas: 

Language learning. For language learning, using devices did not guarantee 

outstanding outcomes. A digital tool was developed to enhance syntactic structure learning 

where a student used the visual-syntactic text format to read English and social studies topics 

(Park et al., 2019). The findings showed that the significant gains in the English language 

were limited to sixth graders, not the younger students. Additionally, students who used the 

digital tool achieved better in the English language test than students who used printed or 

digital traditional textbooks. For reading, although students preferred reading from devices, 

their performance and confidence were significantly better when reading from paper (Dahan 

Golan et al., 2018). Another study explained that the dependency on digital media materials 

is causing fragmented reading. That leads to lower levels of comprehension and attention, 

especially when combined with the distraction caused by online multitasking such as 

checking emails, chatting, and browsing the web (Liu & Gu, 2020).  

Maths and STEM. Unlike the previous category, using devices seemed to be 

promising for maths and STEM subjects compared to traditional ways. A study showed that 

for solving arithmetic exercises, the students who received instant feedback through their 

personal or interpersonal computers achieved better than students who used pen-and-paper 

and received delayed feedback (Alcoholado et al., 2016). Another study found that teachersô 

orchestration between digital and non-digital resources combined with the appropriate school 

infrastructure to support digital learning improved studentsô learning in maths (Díaz et al., 

2015). Additionally, students who used a computer-based story for maths problem solving 

achieved better than students who used a paper-based story or did not use a story (Gunbas, 

2015). For STEM subjects, students who used 3D computer-aided design in a STEM-

integrated approach performed significantly better in maths and developed better spatial skills 

than students who used traditional methods on papers (Ng & Chan, 2019). However, not all 

desired learning outcomes could be achieved by using devices; although students who used 

mobile technologies in learning maths achieved better and showed more enjoyment compared 
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to students who used paper and pen, no difference in attitude towards maths was found 

(Fabian et al., 2018). For learning fractions, mathematical discourse using blogs led to better 

conceptual knowledge compared to face-to-face conversation; however, there was no 

difference in procedural knowledge (Stoyle & Morris, 2017).   

Science. For science learning, using devices resulted in better outcomes compared to 

traditional methods. Studentsô scientific knowledge and argumentation skills and quality were 

significantly better when using a graph-oriented computer-assisted application in a project-

based learning environment compared to students who used traditional tools such as note-

taking (Hsu et al., 2015). Students who used electronic workbooks on their computers to 

learn about the conventions of diagrams were more engaged and accurate in answering 

questions and had more improved diagrammatic reasoning than students who used printed 

workbooks (Miller et al., 2016).   

As in the previous category, all the studies within this category were experimental 

except for one; in this case, the comparison could be useful to inform practice. However and 

based on what has been mentioned earlier, focusing on measuring and comparing the 

outcomes offers no further explanation of the interactions and factors that led to these 

outcomes.    

Examining Applications for Classroom Learning  

This sub-category includes the largest number of studies with the intervention-focused 

category. The common focus of these studies was examining the impact of an application 

designed for a specific intervention. As in the previous sections, studies were grouped based 

on subject areas.   

Language learning. Researchers developed and tested various applications for 

language learning which showed positive learning outcomes. Some of these applications 

facilitated collaborative learning. A mobile learning system designed in familiar authentic 

environments was beneficial and the best performance happened during the tightly 

collaborative learning tasks (Shadiev et al., 2018). Another study attributed the positive 

results of a collaborative digital storytelling platform to the classroom environment that gave 

the student the freedom to form groups, which encouraged collaboration and engagement 

(Liu et al., 2019). The study found that studentsô participation and their oral reading 

proficiency were enhanced. Additionally, the features of the application and the teachersô 

approach in utilising them were important to make successful use of the applications. For 
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example, a Fluency Tutor programme with teacher mediation, constant feedback, and a 

feature of text repetitions enhanced studentsô fluency from low-resource communities, 

especially those who were shy or unconfident (Lange, 2019). Some features, such as an 

interactive touchscreen tool, were found to increase studentsô engagement and motivation in 

reading and writing (Cordero et al., 2018). However, not all digital product features affected 

studentsô learning in the same way. For example, no difference was found in studentsô 

achievement when using animated graphics or using static graphics in a computer-based 

English achievement assessment (Dindar et al., 2015). Alternatively, the quality of the 

graphics was the crucial factor. 

Science. Unlike literacy, students gained a deeper understanding of chemical 

reactions when animations were used compared to static graphics (Stebner et al., 2017). That 

could be due to the abstract nature of scientific knowledge, for which digital technologies 

could provide representation. For example, a remote laboratory system to conduct online 

scientific experiments was efficient for science learning inside and outside classrooms (Tho 

& Yeung, 2018) as the students were able to experience virtual interactions instead of only 

dealing with equations. Primary students who used a digital Electricity Exploration Tool 

developed a better conceptual understanding of electric circuits when learning with 

constantly concrete simulation elements rather than combining concrete and abstract elements 

(Jaakkola & Veermans, 2015). Recently, augmented reality is gaining attention for science 

learning. An augmented reality system with a two-tier test strategy improved studentsô 

motivation, conceptual knowledge, and achievement in science (Chang et al., 2020). Further, 

students prefer using augmented reality applications individually rather than collaboratively 

(Baran et al., 2020). Another system developed that combined augmented reality with flipped 

learning was compared to the conventional flipped-learning approach; the findings showed 

that students who used the combined learning system had better learning achievement, 

motivation, student group self-efficacy, and critical thinking orientation (Chang & Hwang, 

2018). 

Digital applications could enhance studentsô learning skills in science. When 

comparing using a stage-dependent argumentation assistance tool with a generic text-based 

interface, it was found that studentsô scientific argumentation and comprehension of the 

scientific process was enhanced when using the tool (Lin et al., 2018). Using a technology-

enhanced learning environment for collaborative knowledge-building activities enhanced 

studentsô comprehension, collaboration, creativity, and independence while learning about 
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energy (Hong & Lin, 2019). Another mobile experiential learning system was developed for 

environmental science; it improved studentsô problem-solving skills, collective efficacy, 

attitudes, and achievement compared to students who used a conventional situated mobile 

learning approach (Cheng et al., 2019). At the same time, learner characteristics were found 

to impact the effectiveness of digital learning environments. A study found that students with 

low prior knowledge benefit from visual signalling and an animated pedagogical agent for 

science learning but they did not benefit high prior-knowledge students (Johnson et al., 

2015). This presents an example of the mutual influence that could happen between the 

learner and the devices during learning. 

Maths and STEM. What applies to abstract knowledge acquisition in science can 

also be applied to maths. A computer-aided design tool, called Energy3D, was effective in 

developing studentsô knowledge and use of mathematical and scientific concepts in an 

integrated STEM learning environment (Dasgupta et al., 2019). For spatial task solving, 

students who used an app that enables physically rotating 3D figures on their tablets gained 

higher scores compared to students who did it mentally without the rotating feature (Wetzel 

et al., 2020). However, in a multi-touch collaborative learning environment, an iPad 

application with prompts impacted learners differently; verbalisation prompts increased off-

task behaviour and negative emotions, and enhanced the quality of studentsô dialogues but 

had no impact on learning gains (Schmitt & Weinberger, 2019). 

Social sciences. In the social sciences, positive outcomes resulted from using 

applications designed for learning. In this category, a positive impact on studentsô 

argumentative writing in science and social sciences happened when using a computer-based 

graphic organiser with embedded self-regulated learning strategies (Boykin et al., 2019). 

Another study showed that studentsô performance and interaction with the content were 

significantly better when using augmented reality and a mobile pedestrian navigation app 

compared to using desktop devices (Joo-Nagata et al., 2017).  

Digital Literacy. For learning the logic of programming, providing digital units that 

included rich explicit instructions led to a significant increase in learning gains, transfer of 

knowledge, and motivation for learners (Witherspoon et al., 2018). Additionally, adding a 

summary of the main points for the digital instructions increased the effectiveness of these 

resources; a study found that video tutorials for software training promoted studentsô 
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motivation, self-efficacy, and performance, especially when the task demonstrations included 

the reviews or the summaries (van der Meij & van der Meij, 2016).  

As in the gaming category, special applications were designed for certain 

interventions. These studies provide sound evidence related to the effectiveness of these 

interventions; however, in order to benefit from the results of these studies, the applications 

should be available and used in the same conditions of the intervention, which is discussed 

further in the gap section shortly. 

Summary 

The prevalent literature explored in the systematised review focused on examining 

interventions using digital devices in classrooms. The findings regarding the examined 

interventions varied; initiatives could be implemented to reduce the digital divide and 

enhance studentsô learning; however, the effectiveness of these initiatives was influenced by 

the pedagogical approach and social actorsô characteristics. For studies that examined the 

interventions related to pedagogical approaches utilising online software, most of the studies 

reported positive outcomes and some reported no impact. Regarding educational digital 

gaming, almost all studies reported positive outcomes. When comparing digital tools with 

traditional tools, the findings varied depending on subject areas; there were mixed outcomes 

related to language learning, while the outcomes were positive in science and maths. Finally, 

most of the studies reported the effectiveness of applications designed for special 

interventions. In the intervention-focused category, most of the studies published in top 

journals tended to use experimental designs, were subject-area-oriented, and reported 

successful trials. This will be further discussed in the gap section of this chapter. 

Studentsô Experience When Using Digital Devices 

Unlike the studies in the previous category, studies in this category focused on the studentsô 

experiences when using devices in non-intervention settings. The other difference was that 

this category was less subject-area oriented than the previous one; most of the studies 

explored the uses for generic or more than one subject area. All of the studies were non-

experimental: two used quantitative methods, three used mixed methods, and two used 

qualitative methods. One study explored how students estimate their digital capabilities, 

while the other six studies reported how students use the devices. In this section, I present the 

most relevant findings of each study, then synthesise the findings of the six studies that align 

with the focus of the current study.  
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A study addressed the gap between studentsô perceptions of their digital capabilities 

and their digital literacy (Porat et al., 2018). The study examined six skills that comprise 

digital literacy: (1) Photo-visual thinking: understanding visual and graphic information; (2) 

Reproduction skills: creating new meaning from existing digital content; (3) Branching skills: 

managing and constructing knowledge from non-linear digital resources; (4) Information: 

critically evaluating the quality and the credibility of digital resources; (5) Social-emotional 

skills: benefiting from online social communication safely; and (6) Real-time thinking: 

processing tasks and information effectively and simultaneously. The findings showed that 

students over-estimated their digital skills when compared to their actual performance related 

to the six skills. That meant that digital natives who spend a long time in the digital 

environment might exhibit digital overconfidence that does not necessarily reflect their actual 

competencies.   

The findings of the next studies were related to the uses, factors, and influence of 

using devices in classrooms, which means that my study can be contextualised within this 

category. After presenting the findings of each study, I summarise the findings to show in 

later chapters how the current study extends our knowledge of using devices in classrooms.     

A study conducted in six classes in five Swedish schools explored the relationship 

between the affordances of digital writing tools and student agency (Dahlström, 2019). The 

study found four affordances of the digital tools that influence studentsô agency: (1) Write-

ability, which allows students to write readable texts, which influenced studentsô language 

development and communication; (2) Edit-ability, which influences studentsô independent 

writing and making it easy to correct mistakes; (3) Story-telling-ability, which allows 

students to independently make decisions about imagining and creating their stories; and (4) 

Accessibility, which allows students to participate more in writing activities regardless of 

their writing capabilities. Accessibility to devices significantly influenced using devices for 

writing; more than half of the students said that they mainly used pen and paper for writing at 

school. They reported that although there were adequate digital devices in their classrooms, 

they were not allowed to use them. Therefore, many of them relied on using their devices at 

home. The findings showed that teaching design and how much agency was given to students 

were other factors that influenced using the devices for writing.   

Zilka (2020) surveyed Israeli teenagers about using devices inside schools and outside 

schools, which makes the latter outside the scope of my study. The findings related to the 
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school environment showed that students used the devices to scan documents, take pictures, 

record classroom lessons, and search for information. Most of the students considered digital 

devices helpful for their learning and for doing their homework. The majority reported that 

the learning environment at schools was friendly and suggested expanding the use of devices 

to more subject areas. They reported that the frequency of use of the devices in classrooms 

depended basically on the teacher, not the subject matter nor school. They added that the 

features of the quality of the digital devices and classroom environment affected their 

preferences of using the devices in schools. Studentsô opinions about collaborative learning 

were mixed and contradictory; while some appreciated collaborative learning on devices, 

others found it distracting, uncomfortable, and that the classroom environment did not 

support this kind of learning because of the crowdedness and noise. Although most of the 

students considered that the digital environment at school was outdated, they still preferred 

integrating digital technologies in their learning.  

 Varier et al. (2017) examined the integration of digital devices in 18 elementary-, 

middle-, and high-school classrooms in the USA. They explored the factors influencing the 

integration, the impact of using the devices on developing 21st-century skills, and the impact 

on student engagement and motivation. They classified factors impacted integrating devices 

into six factors: learning curve and start-up issues for teachers and students, district control 

and teachersô agency, internet access and parental permission, device features, content area, 

and school level. The study found that using devices offered opportunities to develop 21st-

century learning, move towards a learner-centred environment, and provide instant formative 

feedback. The study provided examples of using devices based on Lei and Zhao (2008) 

framework, which suggests that students use devices for expression, organisation, 

communication, and exploration. Finally, using devices promoted studentsô efficiency and 

self-direction but there were mixed opinions about motivation. Primary students were 

motivated to use devices for learning, while some students reported that they were not 

engaged when using the devices.  

The teachersô role in utilising digital devices was explored by Geer et al. (2017). They 

used the SAMR model, which refers to four levels of integrating digital devices in 

classrooms: Substitution, Augmentation, Modification, and Redefinition (Puentedura, 2009), 

to examine teachersô pedagogical approaches in integrating digital devices. They found that 

teachers did not move through SAMR model phases sequentially and they found it 

challenging to decide which phase the teachers were at, which was considered as a limitation 
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of the model. They suggested that professional development could enhance the teacherôs 

integration of digital devices in classrooms. However, they found that students used the 

devices for searching, communicating, and producing artefacts. These uses led to better 

collaboration and communication among the students. Additionally, students were more 

independent and had more authentic learning experiences when they were learning. 

Some researchers focused on using devices for collaborative learning activities. 

Cerratto Pargman et al. (2018) argued that to understand collaborative mobile learning more 

deeply, it is not enough to study the impact of using the devices; it is also important to study 

how learning is mediated by digital devices. They conducted a study in natural settings in 

classrooms with no researcher intervention to study the emergence of collaborative activities 

in the tablet-mediated classrooms. They observed students in maths, science, and English as a 

foreign language classes in four Swedish schools. They found that students established five 

kinds of mediations when using the devices for the collaborative mobile activities: (1) 

pragmatic: to transform their knowledge and create their project; (2) epistemic: to understand 

and comprehend their learning tasks; (3) reflexive: to manage and regulate their learning 

tasks; (4) emotional: to emotionally experience what they do; and (5) spatial: to create 

common virtual spaces to collaborate. The researchers concluded that in the tablet-mediated 

classrooms collaborative learning is a complex activity which emerges from different factors. 

They argued that how students use the devices is as important as the design of the technical 

features of the digital environment. They emphasised the influence of the teacherôs role and 

instructions on utilising the devices by the students.  

The need for models that help to understand the classroom dynamics when using 

digital devices was emphasised by Tirado-Morueta et al. (2020). The researchers argued that 

to promote studentsô academic engagement in a one-to-one environment, three psychological 

needs should be satisfied: relatedness, autonomy, and competence. Based on that assumption 

they developed a model to understand the mechanisms that promote studentsô engagement 

with regards to behaviour, emotional, cognitive, and social involvement in one-to-one mobile 

programs. Then they tested their model using quantitative data collected from language and 

maths courses. The findings emphasised the mediation role of an authentic learning 

pedagogical approach. The authentic learning activities in a one-to-one mobile environment 

were what satisfied studentsô psychological needs, especially the activities that were 

collaborative with formative teacher feedback. In addition, the type of activity and the course 
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affect studentsô engagement. In maths, less-structured activities with teachersô coaching, 

scaffolding, and modelling improved studentsô engagement more than structured activities.     

The relevant findings of the studies within this category are synthesised according to 

the three foci of the current study, which are the uses, the factors shaping the uses, and the 

contribution of the uses to studentsô learning in Table 2.5, below. In sum, some studies 

reported the observed uses without conceptualisation (Geer et al., 2017; Zilka, 2020). Others 

reported the uses for specific functions such as writing (Dahlström, 2019) and mediation 

(Cerratto Pargman et al., 2018). One study classified the uses based on a constructivist point 

of view (Varier et al., 2017). The studies reported some factors related to the use and the 

outcomes as well. Despite the rich knowledge provided by this type of research, there is a 

need for a model that conceptualises studentsô use of digital devices and answers questions 

related to the factors that shape them and how they contribute to the educational process in 

classrooms, as will be argued in the next section. 
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Table 2.5 Summary of Research on Studentôs Use of Digital Devices 

Summary of Research on Studentsô Use of Digital Devices 

Study Findings related to 

uses 

Findings related to 

factors influencing using 

digital devices 

Findings related to the 

contribution  of using 

digital devices 

Dahlström 

(2019) 

For writing: 

*Write-ability  

*Edit-ability  

*Story-telling-

ability 

*Accessibility  

*Access to digital devices 

*Teaching design and 

giving agency to students 

 

*Language development 

and communication 

*Agency and autonomy 

*Independent decision-

making 

*Participation and 

independent judgement  

Zilka 

(2020) 

*Scanning 

*Taking pictures 

*Recording  

*Searching   

*Teachers 

*Subject area 

*The quality of the device 

*Classroom environment 

*Useful for doing 

homework and facilitating 

learning 

*Conflicting views on 

collaborative use 

Varier et 

al. (2017) 

*Expression  

*Organisation 

*Communication 

*Exploration 

*Learning curve  

*District control  

*Internet access  

*Device features  

*Content area  

*School level 

*Efficiency and studentsô 

self-direction 

*Motivation 

Geer et al. 

(2017) 

*Browsing 

*Using educational 

apps 

*Photo and video 

taking and editing 

*Reading 

*Emailing 

*Watching 

*Social networking  

*Playing  

*  Teacherôs pedagogy and 

implementation 

*Professional programmes 

for teachers  

*Features of the devices 

*Collaboration 

*Communication 

*Authentic learning  

*Studentsô autonomy 

*Self-reliance/ 

autonomy and 

authenticity 

Cerratto 

Pargman 

et al. 

(2018) 

*Pragmatic 

*Epistemic 

*Reflexive 

*Emotional 

*Spatial 

 Collaborative learning 

Tirado-

Morueta 

et al. 

(2020) 

 *Authentic learning 

activity design  

*Type of activity 

(structured/open) 

*Type of course 

(maths/language) 

*Academic engagement 

*Studentsô psychological 

needs for autonomy and 

competence (self-

efficacy) 
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The Gap: A Critique of the Reviewed L iterature  

 The review showed that the majority of research published in the most-cited and highly 

ranked journals in educational technology has focused on the effectiveness of interventions 

utilising devices in experimental or quasi-experimental settings and most of them reported 

successful trials. This direction has been in the field of education for more than 20 years 

(Slavin, 2002) and it is not limited to studying using digital devices but extends to other 

research interests and topics (Biesta, 2015). Biesta (2007) discusses the tendency of 

educational research to conduct experimental trials to offer evidence-based practices. He 

explains that this idea originated from the ócausal model of professional actionsô which seeks 

to answer the question of ówhat worksô by looking at the intervention as a cause and the 

outcomes as effects. He points out that the causality model was originally imported from 

medical research, which granted a privilege to randomised controlled treatments; that can 

explain the predominance of the approach in the top journals in educational technology. He 

argues that this model does not fit with the educational contexts, as ñbeing a student is not an 

illness just as teaching is not a cureò (Biesta, 2007, p. 57). The tendency to focus on the 

experimental settings led to ignoring the open and recursive nature of the educational systems 

(Biesta, 2010). The approach used to study a plant in a closed laboratory environment and 

controlling the conditions of its growth does not fit in studying a plant in a forest.  

The roots of the causality model came from the reductionist analytical approach, 

which dominated scientific research for decades and was used to study learning processes. In 

this approach, learning is broken into elements where each is examined in isolation of other 

elements, assuming that each element has inherited, linear, and constant effects on the 

learning process (Ennis, 1992). For example, many studies were designed to integrate digital 

devices in an innovative instruction setting, then measured the learning outcomes as a direct 

effect of this innovation. This approach overlooks the mutual interactions that happen 

between elements that constantly change each other, which make these interventions, despite 

their merits, succeed in some contexts and fail in others. Additionally, most of the published 

trials, as in this review, tend to be the successful ones, which limit our knowledge about the 

factors that might cause their failures. 

The reductionist approach generated what can be called óstaticô learning models, 

which focus on some ósnapshotsô of the learning process such as grades, examinations, or 

learning outcomes without investigating what elements and dynamics influenced their 

emergence (Hurford, 2010). This is common in research that explores the use of digital 



48 
 

  

devices for learning (e.g., Cavus & Ibrahim, 2017; Zacharia et al., 2016). In the review, the 

few studies that reported studentsô experience lacked conceptualisation and modelling, 

perhaps because it was not the focus of the research. Furthermore, this approach holds 

individualistic perspectives about learning by focusing on the learner, not the learning system 

(Hurford, 2010). Davis and Sumara (2010) argue that it is not just that ñlearning is complexò, 

but also ñcomplex systems are learning systemsò (p. 856). This can be understood as not only 

the learner who changes during the learning process but also the whole learning system. This 

approach marginalised the role of the material (e.g. tools, devices, building, furniture) in 

shaping human learning as Fenwick (2010) claims. She suggests that learning environments 

are overstuffed with materials which create a mutual influence between human and 

nonhuman entities. She argues that these interactions are not studied sufficiently and 

exploring them would uncover ambiguous aspects about learning processes. In general, 

limited literature has addressed and described in depth how materials influence classroom 

learning, and what type of mutual interactions happen in a detailed way (e.g. Roth, 1996).  

 Furthermore, the focus on experimental trials has led to less focus on exploring the 

everyday experiences of the social actors. Fenwick and Edwards (2010) argue that learning is 

understood and valued in different contexts in different ways. Latour (1999) refutes the idea 

of neglecting how people conceptualise and construct their definitions about their lives. This 

is supported by notable social scholars who assert that social theories should be derived from 

social actorsô accounts (Blaikie, 2007). To understand the role of digital devices in classroom 

learning processes it is crucial to acknowledge how learning is perceived by social actors in 

each context because that will affect the learning goals and how they will be achieved.     

In conclusion, there are unarguable benefits of using the predominant approach to 

study the role of digital devices in classroom learning. It provided rich knowledge about the 

effectiveness of interventions that utilised devices in classrooms. However, my study argues 

that there is a need for in-depth investigations of using devices by students that consider the 

open nature of the classroom contexts, what factors shape them, and how they could 

contribute to classroom learning objectives. I argue that one of the reasons for this gap is not 

studying the phenomenon from a holistic perspective. Next, I introduce the theoretical 

framework of my study and the main assumptions adopted to undertake the research. 
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Studying the Socio-materiality of Digital Devices in Classroom Learning 

Socio-materiality is an emerging approach to study how materials and humans interact 

together and what emerges from these interactions to constitute educational phenomena such 

as learning and teaching (Fenwick et al., 2015). It is argued that by tracking humanïmaterial 

interactions in educational contexts, blind spots about the role of materials, such as digital 

devices, in reforming and reshaping educational phenomena could be highlighted (Sørensen, 

2009). Fenwick et al. (2015) propose four approaches that can be used to study socio-

materiality in educational contexts: Complexity Theory, Actor-Network Theory (ANT), 

cultural-historical activity theory (CHAT), and spatiality theories. My study adopted 

Complexity Theory to underpin the theoretical stance of the research that moves from 

focusing on causality and effectiveness towards complexity and purpose (Biesta, 2015). 

Assumptions from ANT were also used to support how the phenomenon will be studied and 

understood, as discussed in the next sections. 

Complexity Theory 

Different scholars have considered Complexity Theory as a separate paradigm, which 

has its distinct ontological and epistemological stances (Blaikie, 2007; Cohen et al., 2017; 

Patton, 2015). Prominent theories that challenged the dominant paradigm of the scientific 

enquiry such as Evolution Theory, Chaos Theory, and Systems Theory interacted together, 

shaping the emergence of Complexity Theory (Boulton et al., 2015) or what some scholars 

prefer to name Complexity science or Complexity thinking (Davis & Simmt, 2003; Davis & 

Sumara, 2006). Some scholars consider that Complexity Theory aligns with postmodernism 

(Cilliers, 2002), and others argue that it aligns with critical realism (Cochran-Smith et al., 

2014). My position in this research is that it has its own point of view about reality. 

Kuhn (2007) identifies the ontological and epistemological assumptions of 

Complexity Theory. With regard to the ontological question of ñWhat is realityò, she states 

that ñReality is dynamic, self-organising, and emergent. It is both singular and multiple at the 

same time and although óitô may be studied from various perspectives the act of study will 

affect the órealityô observedò (Kuhn, 2007, p. 172). This is reflected in the epistemological 

position, which addresses the question of óhow do we know what we know?ô by considering 

that the knower, the known, and the relationship between them are dynamic, self-organising, 

and emerging as well. The concepts ódynamicô, óself-organisingô, and óemergentô will be 

clarified shortly. 
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Complexity Theory focuses on studying complex phenomena or complex systems 

(Cohen et al., 2017). A complex system ñcomprises many unique elements that interact in 

multiple ways. The elements themselves can change, learn, and adapt. The connections can 

change, loosen, reform, and the boundaries of the system can also shift over timeò (Boulton et 

al., 2015, p. 35). Scholars from different disciplines discuss the characteristics of complex 

systems. The characteristics suggested by scholars of complex systems are influenced by the 

nature of the natural and social sciences, although the fundamentals are convergent. For 

example, Patton (2011) views were influenced by evaluation studies, while Mitchell (2009) 

views were influenced by genetic algorithms and computer science studies. Therefore, it is 

important to consider the nature of the social complex systems when studying educational 

phenomena (Wang, 2019) as what applies to natural complex systems does not necessarily 

apply to social complex systems. Yet, it is required to illustrate how the theoretical 

framework applies to a phenomenon (Patton, 2015).  

In this study, classrooms are studied as complex systems nested within other complex 

systems such as the school system and educational system. This opinion was posited by some 

scholars such as Fenwick et al. (2015) and Davis and Sumara (2006) but without detailed 

verifications. Hurford (2010) applied Complexity Theory perspectives and characteristics to 

classroom learning using perspectives coming from genetic algorithms and computer science 

(Holland, 1995), mathematical modelling (Casti, 1995), and biological systems (Camazine, 

2001). Recent work developed by Boulton et al. (2015) posits seven characteristics that 

encompass the basic features of any complex system that can be applied to myriad 

phenomena including educational ones. In the next section, I apply the seven characteristics 

to the classroom context to establish my argument that Complexity Theory provides a 

relevant and beneficial lens to understand the educational phenomena happening in 

classrooms. 

1. A Complex System is óSystemic and Synergisticô 

Systemic ï not to be confused with systematic ï means that the elements in a complex system 

are interconnected synergistically. The synergistic nature of the relationships means that the 

elements interact with respect to each other; as a result, what happens to any element will 

somehow affect the whole system. It implies that changes happen as a result of synergistic 

causes, not merely a single cause (Boulton et al., 2015). This nonlinear view challenges the 

linear assumption that attributes changes to simple, direct cause-effect relations, which can be 
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predicted and controlled; it rather asserts that unpredictable, significant changes can also 

happen as a result of small synergistic actions (Patton, 2011). 

In the classroom, many different elements interact together synergistically. When 

these elements interact together to achieve common goals or achievements, any change or 

simple event can influence the outcomes in an unpredictable way. A simple linear cause-

effect explanation cannot predict the changes that might happen to the teaching, learning, or 

other aspects when a new element, such as a new device or material, joins the classroom. 

This is because the outcomes will depend on the nature of the relationships in the classroom 

and to what extent they are synergistic and interconnected. This feature can explain why 

some innovations or interventions that were evident in óexperimental researchô did not give 

the same good results when implemented in a different context. When this feature is 

considered, researchers and policymakers will be more realistic about the expectations and 

more cautious about the claims promoting innovations and will be more ready to expect 

unpredictable outcomes. 

2. The Complex System is óMulti -Scalarô 

A complex system is influenced by multi-scalar factors (Boulton et al., 2015). A new 

curriculum or a policy that is imposed nationwide is a large-scale factor, where a teaching 

strategy in a rural classroom is a small-scale factor. Yet, these two multi-scalar factors affect 

learning in classrooms and are also subject to change due to negative or positive feedback. In 

general, small-scale factors can be modified faster and more easily than large-scale factors. 

Complex systems are nested systems (Fenwick et al., 2015), which means that classrooms are 

nested within other systems such as the school system, or intersects with other systems such 

as the Internet. This can be a critical challenge when studying a specific phenomenon and 

making decisions about the boundaries of the research; in other words, what scales to include 

and what not to. Research questions are important for drawing the boundaries around the 

research (Boulton et al., 2015) and using a case study method is another useful approach to 

determine what scales to include (Blaikie, 2009). In general, it is not required, or possible, to 

include all the scales and factors that affect a complex system in research, but it is possible 

and required to acknowledge that the complex phenomenon under study is influenced by 

multi-scalar factors.  
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3. Resilience and Adaptability Results from Diversity, Variation, and Fluctuations  

In classroom settings, there is macro-diversity which means there are a variety of elements 

that compose the classroom, for example, students, teachers, devices, books. Also, there is 

micro-diversity, which is the variety within the same type of elements such as different 

students, different teachers, different devices. Fluctuations are more relevant to the ódiffuse 

average factorsô such as the changing number of students every week or the changing budget 

of the classroom every term. The absence of diversity, variation, and fluctuations means there 

will be minimal options, elements, or interactions and will create rigid laws that govern the 

complex heterogeneous system. The result is a weakness of the systemôs ability to face 

challenges, or emerge, and may lead to its collapse at the end (Boulton et al., 2015).  

Applying these features to classrooms could be controversial. It can be argued that 

many educational systems, like the one I came from (i.e., Palestine), are very rigid with a 

tendency to curb diversity. This is not the case with respect to the educational system in New 

Zealand, where schools have the autonomy to self-organise themselves, and develop their 

own policies and curriculum to meet the needs of their local communities (Starkey & Finger, 

2018). I had the chance to visit many schools and classrooms in New Zealand and was able to 

address the diversity, variation, and fluctuations at all levels starting from studentsô cultures 

and backgrounds, teaching strategies, school policies, and classroom curriculum, to the 

outcomes. That makes studying the educational system in New Zealand using Complexity 

Theory of much value. It is worth noting that the impact of these qualities on the resilience 

and adaptability of the educational system in New Zealand is a gap worth studying in future 

research.   

4. Context, Events, and History Shape the Future  

The destiny and what emerges in a complex system are not just a result of elements that 

interact together, as said before, but also the context where all the events happen and the 

order of these events ï the history ï are key factors that shape the future (Boulton et al., 

2015). The outcomes of learning activity in a classroom are not guaranteed; the order of the 

dynamic and where it happens in the classroom can help us understand why even when all the 

elements are present and interact together we get a different result. Many teachers and 

educators assert the importance of classroom management, organising the sequence of the 

flow of the classroom activities and the circumstances surrounding the classroom (Emmer & 

Stough, 2001).  
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5. Change in Complex System is Episodic 

As mentioned in a previous point, complex systems are resilient because of their diversity 

and fluctuations, but there are tipping points that can shift and change the whole system into a 

different new system that have different characteristics due to the changes in the patterns of 

interactions. Generally, it is hard to predict whether the situation is going through tipping 

point or not; adequate time is needed before grasping that a tipping point has happened and 

changed the dynamics and the norms of the complex system. The impact and the changes that 

happen due to tipping points are unpredictable, and the outcomes are ambiguous. A 

widespread common sense implies that changes happen because of constant incremental 

efforts; interestingly, in most cases, this type of constant change keeps the system stable and 

able to hold its own overall features unchanged. The radical change is episodic; in other 

words, a órevolutionaryô tipping point is what makes a significant change in the system 

(Boulton et al., 2015).   

In classroom settings, a new teacher might make changes with no significant changes 

in the school system as a whole. But a tipping point might happen when a new teacher, 

having a revolutionary approach, makes significant efforts that change teaching styles, 

relationships with other teachers and students, or studentsô learning. Another tipping point 

could be integrating interactive whiteboards that change the teaching patterns, the interactions 

between the students and the teacher, or the learning outcomes. Tipping points could be new 

policies, innovations, accidents, or initiatives. On the other hand, integrating new technology 

or pedagogy is unlikely to be developed into a tipping point because the revolutionary 

conditions are not ready yet in the educational context. In this research, I did not expect to 

capture a tipping point because the impact of tipping points usually takes time. However, I 

included in data collection methods some questions to encourage participants to report events 

that could be tipping points.  

6. More than One Future 

To explain this point, Boulton et al. (2015) discuss an example of ótext messagingô 

technology in the UK. The social shifts that happened as a result of the popularity of this 

technology among adolescents were unpredictable and unplanned. The interesting part was 

that the new patterns of communications, parenting, and marketing that appeared in the UK 

were not transferable to other contexts. This was because the elements and their interactions 

in the UK context were different from other settings, which made more than one future 

possible. Applying this to the context of the current study, the outcomes that result from 
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using digital technologies in New Zealand classrooms are not just unguaranteed but are also 

not necessarily replicable in other educational systems or settings. Here is where Complexity 

Theory contributes to our understanding of any phenomenon; it draws attention to the 

conditions, interactions, and elements that create what emerges in a system (McDaniel et al., 

2003).           

7. Self-Organisation, Self-regulation, and Emergence in Complex System 

Self-organisation is the process that happens after a chaos phase or after a tipping point that 

changes the system radically, so the elements or the agents organise themselves and create 

stable patterns of relationships depending on synergistic efforts and continuous feedback. 

These resulting patterns are not always beneficial or effective; sometimes the self-

organisation process leads to fruitless patterns and sometimes does not (Boulton et al., 2015). 

A source of confusion can arise from the idea that self-organisation should not happen as a 

result of external forces (Mitchell, 2009). Boulton et al. (2015) clarify that in human systems 

there are usually leadership elements that can be misunderstood as external forces. They 

argue that these controlling elements are parts of the self-organisation process which 

contribute to pattern development. Introducing innovative instruction with new technology 

into a classroom, for example, can be a tipping point that requires from the teacher, students, 

and parents synergistic efforts to reorganise or establish new teaching, learning, or 

assessment patterns. This might change the whole classroom dynamics radically, creating 

what can be called a ódigital learning environmentô. These efforts are not always efficient, but 

the process of trying to create the new patterns and adapting to the new situation is called 

self-organisation regardless of the effectiveness or usefulness of the outcomes. 

After self-organisation efforts create new patterns of interactions, the efforts and the 

attempts to keep these patterns stable for a while are called self-regulation. During the self-

regulation processes, there will be diversity, variety, and fluctuations that keep the system 

resilient and adaptive but will not change the major features of the system (Boulton et al., 

2015). For example, all the efforts to keep the features of the digital learning environment or 

to enhance it, such as new teaching approaches, new devices, or feedback, will remain self-

regulation efforts as long as the main characteristics of that classroom are stable as a ódigital 

learning environmentô.    

Emergence seems to be the most challenging concept. Patton (2015) defines 

emergence as ñPattern from self-organisation among interacting agentsò (p. 147). But 
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Boulton et al. (2015) argue that emergence is when ñthe final state is radically and 

qualitatively different from the starting stateò (p. 46). Synthesising these two perspectives, 

emergence is the result of self-organisation processes that lead to the creation of a system 

holding new features and characteristics. From my review, there is still a gap in 

conceptualising emergence in the social systems compared to the advances in the biological 

systems, for example. Some scholars consider learning as an óemergenceô and provide a 

theoretical conceptualisation for that (Davis & Sumara, 2006; Fenwick et al., 2015; Jacobson 

et al., 2016). But still, there are many unanswered questions related to learning as an 

emergent process that need more empirical efforts from researchers.   

Cilliers (1998) clarifies that ñA complex system is not constituted merely by the sum 

of its components, but also by the intricate relationships between these components. In 

ócutting upô a system, the analytical method destroys what it seeks to understandò (p. 2). 

Therefore, this study adopted this holistic approach, to extend our knowledge, which was 

dominated by the reductionist approach, to understand using devices in classroom learning.  

Actor-Network Theory  

The main theorists of Actor-Network Theory (ANT) have considered ANT an approach, 

toolkit, sensibility, way, or method of how to study and describe phenomena (Latour, 2005; 

Law, 2009). ANT emphasises the how question (Law, 2009), which means it focuses on 

describing how a phenomenon develops, emerges, succeeds or fails. ANT avoids 

predefinitions, predistinctions, or judgements, leaving this task to the phenomenon to express 

itself (Latour, 1999), which also gives importance to social actorsô accounts. Being a 

descriptive method rather than an explanatory theory, it is crucial to keep in mind when 

planning research because this means or explains the importance of combining ANT with 

other theoretical frameworks if the focus of the research goes beyond the descriptive goal.  

ANT assumes that everything (e.g., learning, book, building, theory) is a result of 

relations between heterogeneous actors in a network (Law, 2002). Actors are different types 

of entities that could be human or non-human and have the agency to establish relations with 

each other to form a network (Callon, 2001; Latour, 2005). The accumulation of these 

relations keeps the network stable and able to extend, gives each actor in the network special 

features and qualities, and creates or generates an effect or a product (Fenwick & Edwards, 

2010). Hence, ANTôs focus is to explore and describe how networks function (Law, 1999).  
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The next sections discuss three principles, elicited from ANT, that were employed in 

my research: when to study the phenomena, the relationship between actors and networks, 

and how to study the actors. I explain each principle, give examples of how it has been 

employed by other researchers, and how it serves my research.  

1. Studying Phenomena in Action  

In ANTôs sensibility, knowledge emerges through and within the practice. Therefore, it aims 

at describing a phenomenon during the formation process not describing a well-done 

innovation, or, in Latourôs (1987) words, ñWe study science in action and not ready-made 

science or technology ñ (p. 257). This orientation was influenced by Kuhnôs (1962) 

argumentation that practical activities performed within an efficient paradigm, not theoretical 

knowledge per se, are what actually produce and legitimise the scientific knowledge. Thus, 

Law (2009) considers ANT to be a methodology that relies on óexemplary case studiesô. 

Hence, investigating the process will not just reveal how actor-networks succeed but also 

how they fail.   

Actor-networks that were investigated by ANT researchers had varied greatly. In her 

doctoral study, Luck (2008) investigated the installation process of interactive video-

conferencing (IVC) in Central Queensland University, focusing on how instructors have 

employed this new technology in teaching. She showed the minute obstacles, negotiations, 

and enactments that affected both the success and failure of the installation and 

implementation of IVC in teaching practices. A different uptake to ANT was Stenlidenôs 

(2014) doctoral research, which aimed to explain the adaptation process of visual storytelling 

techniques in a Swedish primary school from the socio-cultural perspective of the human 

action. Also, it aimed to explore how social and material actions, simultaneously, affect the 

emergence of learning conditions relying on ANT perspectives. Here, although the researcher 

did not adopt an ANT rationale completely, ANT was considered and used as a suitable 

approach to investigate and depict the tangled relations between humans and technology in 

shaping learning.  

This principle was used in my research to decide what was to be observed, that is, 

students using digital devices during learning activities. In addition, it was used to decide data 

collection methods which were not limited to social actors reporting or artefacts, but included 

methods that record their interactions with the devices. 
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2. Actor, Network, and Results are Inseparable  

Inseparable means that relationships in a network are what give each actor within the network 

its identity, features, and uniqueness; at the same time, the network will not be established or 

durable without its actors (Callon, 1987). This is why there is a hyphen (-) positioned 

between the words óactorô and ónetworkô (i.e., actor-network) to emphasise the simultaneous 

mutual effects between the network and its actors (Latour, 1999). This entails that anything 

resulting from this actor-network is also characterised by it, and any change in these relations 

would cause a change in actors, networks, and outcomes. This principle was inspired by a 

semiotic stance that states that the meaning of any sign is a result of its relations with other 

signs, which urges us to consider ANT a ómartial-semiotic methodô (Law, 2009).  

This principle was illustrated by Nespor (1994) as cited in Usher and Edwards (2007) 

that although students in physics programmes and students in management programmes are 

both identified as ólearnersô in the same university, their identities as learners are significantly 

differentiated. The influence and enactment of the learner in the management actor-network 

are much stronger and effective in shaping learning than the learner of the physics actor-

network. In another study, Habib and Wittek (2007) noticed that the implementation of 

portfolios in learning varied significantly from the role it was originally designed for. They 

suggest that ANT combined with another two socio-cultural approaches provide an empirical 

framework that enables profound insight into the role of portfolios and their potential as 

actors in higher education.  

This principle aligns with the first characteristic of a complex system, which states 

that a complex system is systemic and synergistic. This principle influenced the analysis 

process and the understanding of social actorsô accounts and the role of digital devices in 

classroom learning.  

3. Materials as Actors  

This could be the most central principle in ANT, nonetheless, the most controversial. All the 

entities that form a network are considered actors. There should not be distinction or 

discrimination in the analytical sense between, for example, human/non-human, 

social/natural, as all shall be treated in a symmetric manner since all the actors have agency 

(Latour, 2005) and impose an act on each other and shape the actor-network as a whole 

(Callon, 2001). This is why some researchers avoid using the human-related term óactorô, 

preferring the unbiased term óactantô (Luck, 2008), which gradually dissolved in favour of 
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the óactorô term to represent both human and non-human actors (Fenwick & Edwards, 2010). 

Furthermore, Law and Callon (1988) argue that dualisms and features used to classify things 

(e.g. social/technical) are artificially based on their work, which shows how these features are 

entangled and intertwined in an immanent way. Moreover, there should not be predetermined 

judgements or rankings about the actors and their roles, for example, true/false, large/small, 

strong/weak, since these labels are a result of the relations in the network, not a cause and are 

expected to be uncovered during the research process, not before it. Based on the previous 

principle, there are no inherited features or talents isolated from the actor-network that reveal 

them and any change in the relations may dramatically change these features and abilities 

(Law, 1999).  

Emphasising the role and agency of non-humans actors did not pass without 

objections and critiques (Sayes, 2014). Researchers who adopted the ANT position provided 

empirical evidence to support this assumption. Law (1984) showed that not only did trained 

humans enable Portugal to control the very faraway land óIndiaô, but also the role of non-

humans such as ships, winds, documents, guns, and currents were crucial for the success of 

that endeavour. In the educational context, Waltz (2006) illustrated how history textbooks 

could affect learning, teaching, and policies related to students, teachers, and schools. In his 

critical article, Sayes (2014) classified actors as humans, non-humans (e.g. animals, devices, 

natural phenomena, texts), and other types (e.g. symbolic and supernatural entities). He then 

argues that the agency of non-humans may affect building human societies (e.g. computers, 

invoices, air pumps); play the role of mediators, not just as a tool; be a part of moral and 

political associations; and act as a gathering of experiences, efforts, and other actors. But 

ANT still lacks a strong definition of agency, suggesting that the standard measure of agency 

is supposed to be the capability of influence not human. On the other hand, Luck (2013) 

mentions that some researchers have clarified that the agency of humans is driven by 

óintentionsô, while the agency of non-humans does not, or what Biesta (2015) calls ñreflexive 

intentional agentsò (p. 207). She argues that taking the unintentional non-humansô agency 

into account provides a promising framework to study the roles of innovative technologies in 

education.  

This principle asserts the role of the material in shaping the whole network or system. 

It justifies the focus on the relationship between students and their digital devices. This 

principle helped me to maintain this focus whenever a distraction occurred due to the many 

intertwined actors that composed the context.  
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The Functions of Education 

This study adopts Biestaôs (2009) framework to study the educational purposes of classroom 

learning activities and how using devices contributes to achieving these purposes. The 

framework classifies the functions of education into three domains. First, the qualification 

functions, which are to provide learners with ñknowledge, skills and understanding and often 

also with the dispositions and forms of judgement that allow them to ódo somethingôò (Biesta, 

2009, p. 39). Second, is the socialisation function, which means preparing individuals to be 

members of the wider community. In opposite to the second function, the third function, 

subjectification, is to develop the autonomy and the independence of the learner when they 

think or act. Biesta argues that these three functions are intertwined and interconnected in an 

inseparable manner. The three functions influence each other as they could harmonise or 

conflict. At the same time, they should be separated when analysing or studying the 

educational purposes. Therefore, Biesta (2009) suggests representing the three functions as a 

Venn diagram (Figure 2.8, below) to distinguish them and to emphasise the overlapping 

nature of their influence at the same time.  

Figure 2.8 The Functions of Educations Based on Biestaôs Framework 

The Functions of Education Based on Biestaôs (2009) Framework 

 

 

This framework was found to classify the educational objectives of classroom 

learning activities and provides common ground to discuss them. It emphasises the 

importance of educational purposes. Therefore the focus of my study is on the process, not 

Qualification Socialisation 

Subjectification 
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the outcomes; measuring the impact of using the devices on studentsô learning outcomes is 

outside the scope of this study. 

Synthesising the Theoretical Framework of this Study 

There are common basic assumptions embedded in Complexity Theory and Actor-Network 

Theory that make them work together. Both are non-reductionist approaches that focus on the 

interactions and relations between heterogeneous elements, besides acknowledging the 

uncertain outcomes of what emerges from these interactions which make them suitable for 

tracing socio-materiality (Fenwick et al., 2015). Even some terms and concepts can be 

understood in a close manner such as element/actor, system/network.  

Complexity Theory, as discussed, is more than a theory; it is a paradigm that 

encompasses ontological, epistemological, and methodological assumptions. While ANT is 

less than a theory, it is a method of how to describe and study a phenomenon. ANT moves 

more towards postmodernism while Complexity Theory is in the middle between realism and 

postmodernism. Another major difference is that although both focus on the dynamics that 

happen in the system or the network considering all agents or actors, ANT gives the material 

a more vivid notable presence. For these reasons, I used Complexity Theory as the main 

theoretical framework to understand the phenomenon, while I used ANT as a method that 

describes the phenomenon in a way that fits with Complexity Theory and focuses on digital 

devices as a focal point in my study. However, combining the two theories can be achieved in 

different ways depending on the nature and the objective of the inquiry. For example, Ali 

(2017) used Complexity Theory as complementary support to an ANT-based approach that 

aimed to describe and explain how self-sustainability of the Learning Exchange school 

clusters can be successful in New Zealand.  

Complexity Theory is also consistent with Biesta (2009) framework of educational 

purposes. He urged researchers to focus on purposes instead of effectiveness and complexity 

instead of causality when studying educational phenomena (Biesta, 2015). His argument was 

based on the Complexity Theory that educational settings are ñopen recursive systemsò that 

involve ñreflexive intentional agentsò (pp. 203-204) such as teachers and students. This 

implies that the deterministic causal mind-set that suits studying close systems does not 

provide a realistic explanation of the dynamics occurring in complex educational systems. 

 The assumptions of the three approaches enabled me to create a consistent theoretical 

framework to study the socio-materiality of the devices in classroom learning.  
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Summary 

This chapter presented a systematised review of recent research on using digital devices in 

primary classrooms. The findings showed that a considerable amount of research was 

conducted in relation to interventions and most of them used an experimental approach. Few 

studies explored studentsô use of devices in natural settings. There was a gap in the literature 

about identifying studentsô use in connection to the factors that shape their uses and their 

possible contributions to educational functions or purposes. My study synthesised a 

theoretical framework that adopted Complexity Theory as a paradigm that considered 

classrooms as complex systems. It adopted ANT to study using devices in action and adopted 

Biestaôs (2009) framework of the functions of education to understand the contribution of 

using devices to the educational purposes of classroom learning activities. The next chapter 

wil l present the methodology of this study.     
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Chapter 3 Methodology 

 

This chapter describes processes and procedures followed to understand how primary 

students use their devices in classroom learning. It provides justifications of the methods 

chosen to collect and analyse data. I first outline the research design and strategy in general. 

Then, I describe in detail the data collection process, ethical considerations, data analysis, and 

trustworthiness of this study. 

Research Design and Strategy  

I used the model suggested by Blaikie (2009) to describe the design of my research (Table 

3.1, below); however, the choices adopted in this study for each component were not limited 

to that model. This study is basic research, which means it is ñconcerned with advancing 

fundamental knowledge about the social worldò (Blaikie, 2009, p. 49). The main two 

objectives of the study were to provide a thick description of the ways of use alongside an 

understanding of the factors that shape these uses and how the uses contribute to classroom 

learning objectives. The study adopted a holistic research strategy, which considers the 

phenomenon under study as part of a complex system; the ñinquiry focuses on and captures 

complex interdependencies and system dynamics that cannot meaningfully be reduced to a 

few discrete variables and linear, cause-effect relationshipsò (Patton, 2015, p. 47). 

The research paradigm embodies the ontological and the epistemological assumptions 

of the research and the methodology of collecting and interpreting the results (Bryman, 

2012). The paradigm of this research, as discussed in the previous chapter, is Complexity 

Theory and the ontological and epistemological assumptions state that the reality and 

knowledgeôs process and components are dynamic, self-organising and emerging (Kuhn, 

2007). In addition, Complexity Theory provides a conceptual framework to capture, 

illuminate and understand the nonlinear dynamics (Patton, 2015). Principles from ANT were 

engaged in this research to trace the socio-materiality of devices (Fenwick et al., 2015). 

Biestaôs (2009) framework of educational functions, which is consistent with Complexity 

Theory, was employed to understand the contributions of the uses to classroom learning. 
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Table 3.1 Research Design 

Research Design 

Component Research choice Explanation 

Research topic 

and problem 

Basic research Advancing knowledge about 

using devices by students for 

classroom learning. 

Research 

questions and 

purposes 

How do students use digital 

devices for educational purposes 

in primary classrooms?  

Sub-questions: 

1. In what ways do primary 

students use their digital 

devices in classroom learning 

activities? 

2. What factors shape the ways 

of use in classrooms? 

3. How do the ways of use 

contribute to the educational 

purposes of classroom 

learning activities? 

To provide a description and 

an understanding of how 

students use devices for 

classroom learning, the factors 

that shape the uses, and the 

contributions of the uses to 

educational purposes.  

Research strategy Holistic perspective  Using digital devices is one of 

the dynamics occurring in 

classrooms, which are complex 

systems.  

Research 

paradigm  

ontology & 

epistemology 

Complexity Theory: Reality, 

knowledge, and knower are 

dynamic, self-organising, and 

emerging  

Blaikie (2009) 

Patton (2015) 

 

Concepts, 

theories, and 

models 

Complexity Theory 

Actor-Network Theory 

Educational functions 

(Boulton et al., 2015) 

(Fenwick et al., 2015) 

(Biesta, 2009) 

Data types, forms, 

and sources 

Primary qualitative data   Collected from natural, semi-

natural settings, and social 

artefacts. 

Selection from 

data sources 

Case study method Case 1: one teacher and three 

students. 

Case 2: one teacher and four 

students. 

Data collection 

and timing 

Qualitative methods collected 

across six months 

Observations, semi-structured 

interviews, group interviews, 

think-aloud interviews, 

artefacts, video screen-

captures. 

Data reduction 

and analysis 

Thematic analysis  Abductive strategy: a 

combination of inductive and 

deductive strategies.  
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The data type of this research was primary, which means that, as a PhD researcher, I 

collected and analysed the data (Blaikie, 2009). The data, which were collected from different 

settings, were qualitative (Blaikie, 2009) to provide thorough and detailed information to 

describe and understand the phenomenon occurring in a complex system (Patton, 2015). I 

adopted the case study method (Yin, 2009) and chose to consider each classroom as a case to 

study the uses in relation to systems instead of case studies in relation to individuals. 

Collecting data from two schools took 10 weeks in each and the methods used were 

observations, semi-structured interviews, group interviews, informal interviews, think-aloud 

interviews, artefacts, and video screen-captures. Data were analysed using thematic analysis 

(Braun & Clarke, 2006), and abductive strategy was employed, which is a combination of 

inductive and deductive strategies (Patton, 2015). The following sections describe, in detail, 

how each component of the research was conducted. 

Selection from Data Sources  

The case study method was chosen in this research to draw the boundaries around the units of 

analysis without isolating the phenomenon from its context, which is one of the main 

challenges when adopting Complexity Theory and ANT in research. A case study is ñan 

empirical inquiry that investigates a contemporary phenomenon (the ócaseô) in depth and 

within its real-world context, especially when the boundaries between phenomenon and 

context may not be clearly evidentò (Yin, 2009, p. 16). Blurred boundaries are associated 

with most of the social complex systems (Cilliers, 2001), and classrooms are no exception. 

The case study method gives the researcher the flexibility needed to deal with many and 

various variables from different data sources and ñbenefits from the prior development of 

theoretical propositions to guide data collection and analysisò (Yin, 2009, p. 17). That is 

consistent with the logic of inquiry in complex systems by not limiting it to a few variables 

interacting in a linear causal way. 

Complex system sampling ñinvolves selecting cases where complex dynamic 

processes can be tracked, studied, and documented over timeò (Patton, 2015, p. 293). 

Therefore the employment of the case study method in complexity research needs the 

researcher to give attention to aspects related to Complex systems such as dynamics, 

organisation, and emergence (Anderson et al., 2005). From an ANT perspective, the 

researcher should study the phenomenon óin actionô (Latour, 1987), i.e., study the moments in 

which social relationships occur and develop. During such micro-social relations, many 

interactions between different interdependent agents who share history and membership are 
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likely to happen, creating patterns and structures (Blaikie, 2009). With consideration to the 

focus of my study, which is to describe and understand the socio-materiality of digital 

devices in classrooms, that is, complex systems, each classroom was treated as a case.  

The school year in New Zealand is divided into four terms; each term is 

approximately 10 weeks. Therefore, the number of cases was a crucial decision. My plan was 

to immerse myself and focus on one system a term; that was to understand the context deeply 

and to manage and organise the data collection process. Studying one classroom and 

spending the time allocated for data collection, which was five to six months, in one system 

can give a deep understanding of the dynamics of the system. Nonetheless, I wanted to study 

more than one complex system, not for the comparison per se, but to develop a deeper 

understanding of the phenomenon. Therefore, I chose to study two classrooms from two 

different schools for one term each. That suited my timeframe and my financial resources as a 

PhD student on a scholarship. Furthermore, this choice enabled me to learn and reflect on my 

experience in the first school before collecting data in the second one.  

To achieve studying the phenomenon in action, I studied two learning activities in 

each class. Learning activity is defined in this research as a classroom activity designed by 

the teacher to achieve intended learning objectives. The activities should meet two criteria: 

(1) to be implemented over a sustained period of time in the term, i.e., a sequence that 

involved weeks, to capture as much as possible the dynamics or patterns that happen in the 

classroom; and (2) using digital devices is an essential component of the activity as using 

devcies was the focal point of this research. From my investigations in New Zealand schools, 

it was rare to find primary classrooms that implement many learning activities with the 

aforementioned criteria, since non-digital activities were still dominant at primary level. 

Therefore, four learning activities in two classrooms with the aforementioned criteria were 

suitable to achieve the objectives of the study. Additionally, I asked for a data collection 

extension from the University and School B as one of the learning activities was extended to 

term three. 

Due to the objectives of this research and the focus on studying learning activity from 

Complexity Theory perspectives, the criteria for choosing participants were flexible. I aimed 

to study everyday classroom learning in natural settings without intervention. Macro and 

micro diversity are expected in complex systems (Boulton et al., 2015) and classrooms, 

indicating that any learner will enrich my research. Therefore, the main criteria for choosing 
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participants were teachers and primary students who were willing to participate; the students 

should have diverse learning and digital skills capabilities. Choosing students depended on 

teachersô suggestions. Although teachersô suggestions of participants could be a possible 

source of bias, their recommendations were important. They knew their students better than 

me and, as I have mentioned before, if the bias was to happen, that would not affect the 

flexible criteria I had already adopted. I estimated that I would be able to observe threeïfour 

students deeply for each term. Thus, I recruited four students from each classroom, in case 

someone withdrew. Two teachers and seven students out of eight participated in the study 

until the end.  

Preparations for Data Collection  

Three steps were undertaken simultaneously to prepare for data collection: recruiting 

participants from the first school, recruiting participants from the second school, and the pilot 

testing of data collection instruments.  

Once my research was approved by the Victoria University of Wellington Human 

Ethics Committee (See Appendices B & C), I started contacting schools to test data collection 

methods. Since I came from a different context, an expert who knew the context well could 

help in choosing and finding a purposive sample (Blaikie, 2009). Thus, I had guidance from 

my supervisors about appropriate schools to approach for the research as they have wide 

knowledge, relationships, and had conducted research about digital devices in New Zealand 

(McRae et al., 2010; Starkey et al., 2017). This was successful in approaching the first 

school. In parallel, during my stay in New Zealand, I was able to develop connections and 

communications with teachers from different schools, which enabled me to approach the 

second school. In order to preserve confidentiality, the first school is referred to as School A 

and the second school is referred to as School B; besides, all the names used in the research 

are pseudonyms chosen by the participants.  

Recruiting Participants from School A 

I visited School A a year before starting my research with my supervisor. I noticed the active 

integration of digital devices in classrooms and the principalôs interest in educational 

research. At the beginning of term one, I contacted the principal by email, who in turn invited 

me to discuss my research project, objectives, data collection process, and the prospective 

benefits of it. My research topic was relevant to the school objectives and efforts to empower 

their students with technological skills to become qualified and competent in the digital age. 
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The principal gave me her consent to undertake my research in the school. She put me in 

touch with a teacher, Kathy, who was willing to participate in my research. I sent her an 

email to schedule a meeting and provided the information sheet for teachers. 

My first meeting with Kathy took around an hour to introduce myself and explain my 

research project. This is was not the first time Kathy had participated in research, which made 

her aware of the educational research process and profits. We then discussed the learning 

activities to be observed and the criteria I was looking for. Kathy provided thorough 

information about the learning activities that require using digital devices. Two learning 

activities met the research criteria.  

Kathy suggested several students who may be interested in participating in the study 

and had different backgrounds, learning strengths, and levels of digital skills. At the end of 

term one, I met each student individually and explained my research topic and how their 

participation in research would help in increasing our knowledge about using digital devices 

in classrooms. Then, I clarified how the data would be collected and their rights as 

participants. The first three students agreed to participate, the fourth student apologised, and 

the fifth accepted, resulting in four students out of five who were interested in participating in 

the research. I gave them the consent forms and the information sheets to discuss their 

participation with their parents. At the beginning of term two, three students provided the 

consent forms signed by them and their parents. I waited for the fourth student to bring back 

the consent forms, but he had to be absent for several weeks during the term, and there was 

not enough time to recruit another student. The total number of students who participated in 

School A was three students; one was from Year 7 and Two were from Year 8. 

Recruiting Participants from School B 

Getting an opportunity to undertake my research in School B was different. Through my 

contact with some teachers who worked in School B, I recognised that the leadership and the 

staff actively encourage educational research in their school. Accordingly, I sent an email to 

the school asking their permission to do a pilot study in one of their classrooms. As expected, 

two teachers volunteered to host my pilot study in their classrooms, so I chose the times that 

suited my schedule and thanked the other. During the testing of data collection methods, I 

had a chat with Tess, the teacher of the classroom, who was very interested in the topic of my 

research. I asked her if she would like to participate in my research in term three and she 

welcomed this after getting the necessary consents from the principal.  
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In the middle of term two, I contacted the principal of School B, who invited me to 

discuss my research project. I shared all the information about my research with the principal, 

who thankfully gave me permission to start collecting data in term three. At that point, I 

contacted Tess and discussed the learning activities to be observed. Two learning activities 

met the criteria of my research; then we discussed recruiting student participants.  

Tess prepared a list of provisional students who had diverse characteristics. I chose 

two students from Year 7 and two students from Year 8 because one of the learning activities 

would be implemented differently in each year level. I followed the same invitation 

procedures done with School A students; the first four students chose to participate and 

returned their consent forms signed by them and their parents at the beginning of term three.  

In sum, this research was conducted in two primary schools, with the participation of two 

teachers and seven students from Years 7 and 8. 

Pilot Testing 

Pilot testing is a ñprocedure in which a researcher makes changes in an instrument based on 

feedback from a small number of individuals who complete and evaluate the instrumentò 

(Creswell, 2012, p. 390). This procedure was crucial for my research. Although I had 

reasonable experience of doing interviews, classroom observation, and other qualitative data 

collection methods, doing this in a new context was a challenge. I needed to practise data 

collection in its natural setting and increase my confidence and awareness of the classroom 

environment in New Zealand before starting my research. Furthermore, pilot testing helps 

researchers to modify and adjust their protocols to be more efficient and effective (Creswell, 

2012). For example, I had to check that the questions used in the interviews were 

understandable for the participants, the time estimated for the interviews was accurate, the 

observation protocol was manageable, and the methods used would capture what was 

intended to be captured. 

I first tested the teacherôs interview with a PhD colleague who used to work as a 

primary teacher in New Zealand. I used her feedback to modify the questions and adjust the 

length of the interview. I also tried data collection methods with students (focus group 

interview, think-aloud interviews) with friendsô children who were in Years 7 and 8 in New 

Zealand schools in their homes. I was then confident enough to visit School B to test data 

collection instruments in an authentic classroom environment. No data were collected or 

recorded; only my notes, my reflection, and the feedback from the teacher and children were 



69 
 

  

recorded. After that, I discussed with my supervisors the changes and the modifications to be 

made so that the data collection protocols were revised and ready to be used for the research. 

It is worth mentioning here, that although I used the same data collection methods 

during the research period, my experience in observing classroom dynamics, asking 

questions, and recording notes were enhanced over time. This process manifested the 

epistemological position taken in this research that the knower, the known, and the 

relationship between them are dynamic, self-organising, and emerging (Kuhn, 2007). It will 

be contrary to the logic of the research paradigm, and reality, claiming that the first interview 

was conducted the same as the last one; the same applies to the rest of the methods. What I 

can confirm is that I was committed to maintaining the trustworthiness of the inquiry during 

the whole period of the data collection process. 

Data Sources and Data Collection Methods  

Data collection started at the end of April 2018 and ended in the middle of October 2018. I 

spent term two (10 weeks) in School A observing two learning activities in one classroom. I 

then spent term three (10 weeks) in School B observing another two learning activities in one 

classroom. Collecting data in complex systems should be responsive, adaptive, and flexible 

(Patton, 2015), especially as I aimed to capture the dynamics as they happened, without 

intervention. Observations happened weekly except for one week in each school due to 

changes in teaching plans. Data were collected from three sources: natural settings, semi-

natural settings, and social artefacts. 

Collecting Data from Natural Settings 

Collecting data from natural settings means collecting data directly from the context while 

the phenomenon is in action (Blaikie, 2009). This type of data was essential to study the 

phenomenon in action (Latour, 1987) and to capture factors influencing using devices that 

might not be reported by participants. Three methods were used: observation, recording 

participantsô screens, and think-aloud interviews. 

Observation. This method was used to collect primary data by observing the 

phenomenon systematically (Cohen et al., 2017). Observation served the purpose of my study 

because it provided a thick description of the contexts, actors, interactions, and mundane 

events which are usually overlooked (Patton, 2015). My role as a researcher was a 

ónonparticipant observerô (Creswell, 2012). That was to observe using devices as it occurred 

in the normal and usual conditions, which means that data was collected without research 
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intervention. During learning activities, I sat behind the participant in a position that enabled 

me to observe their screens and their interactions with others.  

What and how to observe can be challenging in a complex system, therefore there 

must be a focus (Patton, 2015). Research questions and ófollowing the actorsô strategy 

(Latour, 1987) guided what to observe and how. Once the learning activity started, I followed 

one of the participants at a time; I documented how the student used their devices and what 

interactions accompanied the uses. I followed the learning activities from the beginning of the 

term until it ended. I aimed to attend all the sessions of these learning activities attended by 

the participants, thus, I conducted 14 observations in the first classroom, and 13 observations 

in the second classroom ranging from 30 minutes to an hour and a half each.  

Think -aloud interviews. This method is to invite the participants to talk about what 

they are thinking while doing an activity and recording their response (Young, 2005). I was 

concerned about using this method with the children because when I tried this method with 

adults it was challenging to understand what ótalking about your thinkingô means. For this 

reason, I used a strategy implemented in a previous study (Starkey, 2010), which was to 

prepare some short, direct questions as ópromptsô. That made it easy for the student to 

manifest their thinking while they were using their devices. These questions were, for 

example: what are you doing? How are you doing it? Why are you doing that? Is it 

easy/hard? Why? Is it new? And what have you learnt? (See Appendix E). 

This method aligned with the objective of the study to understand the phenomenon in 

action. It exhibited studentsô hidden accounts (Young, 2005), which increased my 

understanding of the observed events. This method was useful because some incidents were 

better investigated directly rather than waiting until the participants reported about them in 

the interviews. A point to be made is that the nature of the classrooms that I observed allowed 

this method to be successful. The classroom environment enabled the students to move, talk, 

and interact with each other, which made this kind of communication between the researcher 

and the students possible and usual.  

Using this method required taking different factors into account, such as timing, 

length, and the characteristics of the student. Some of the participants engaged quickly and 

gave detailed explanations and information. Others spoke briefly with short answers and were 

not ready to talk sometimes. Therefore, the length of these interviews varied significantly. In 

general, the participants were cooperative and responded most of the time to the think-aloud 
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interviews. I recorded these interviews using an audio recorder and sometimes used 

Screencastify recorder, as explained next. Then they were transcribed; the audio files and 

transcription files were uploaded to the qualitative analysis software.   

Video screen captures. In some events when participants were using digital devices, 

I asked them to video record their screens and then share these recordings with me to analyse. 

For this purpose we used óScreencastifyô, which is open-source software that can be installed 

on web browsers and records studentsô screens and their conversations (Israel et al., 2017). 

This technique provided valuable data because it recorded how students use their devices to 

interact with different actors, such as teachers, peers, and technology. It showed how some 

digital artefacts and documents were produced and shared. It was used sometimes to record 

think-aloud interviews simultaneously. Five participants out of seven used Screencastify and 

shared their recordings with me; two students were not familiar with it and did not feel 

comfortable using it. Another issue was that Screencastify, in the free mode, only records 10 

minutes, so the students sometimes had to record their activity intermittently. This method 

enhanced the reliability and accuracy of the observations. It shed more light on the factors 

that influence using the devices. 

Collecting Data from Semi-Natural Settings 

Collecting data from semi-natural settings means that ñindividuals are asked to report on their 

activities that occur in natural settingsò (Blaikie, 2009, p. 163). That required collecting 

demographic data about the participants and interviewing participants to give an account of 

their opinions, understandings, activities, and behaviours. Three types of interviews were 

used in this study; two were with the teachers and included semi-structured interviews and 

informal conversational interviews with the teachers. Group interviews were conducted with 

the students. 

Semi-structured interviews with teachers. Asking participants open-ended 

questions is a useful method to explore their understanding of phenomena without being 

limited to the researcherôs theoretical assumptions (Bryman, 2012). This method allowed 

participants to clarify the factors that influence the use of digital devices and how using 

devices might contribute to their educational purposes. It added to my understanding of the 

phenomenon by linking my observations with how teachers reported and evaluated the 

events.  
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To preserve consistency across the participants and to capture the uniqueness of each 

context, I adopted Pattonôs (2015)  suggestion to use a strategy that incorporates ñspecifying 

certain key questions exactly as they must be asked while leaving other items as topics to be 

explored at the interviewerôs discretionò (p. 441). This strategy aligned with Complexity 

Theoryôs epistemological stance about the dynamic nature of knowledge, while at the same 

time preserving the focus of the research.   

I conducted two interviews with each teacher. The first one was at the beginning of 

the term, and the other one was after the term had ended. In the first interview, the questions 

were about demographic information, the teacherôs experience, perceptions about learning in 

general, using digital devices in classrooms, factors that impact using them, how they plan to 

use them for the learning activities, and the objectives of the learning activities. At the end of 

the term, the questions focused on how teachers had organised and implemented the learning 

activities, what factors influenced using devices by the students, how they evaluated the 

learning activities and studentsô learning in light of learning objectives, the pros and cons of 

using digital devices, expected and unexpected outcomes, and changes they would make in 

the future (See Appendix D).   

The questions, as mentioned, were modified to fit the two contexts. For example, 

there were some questions about specific events that happened during the term, questions 

about some decisions taken by the teacher, and about their students as a learner. Each 

interview was audio-recorded then transcribed and lasted for about 60 minutes. 

Informal, conversational interviews with teachers. This method means that the 

researcher asks ñquestions [that] emerge from the immediate contextò (Patton, 2015, p. 438) 

to clarify questionable situations. The main advantages of this method are ñflexibility, 

spontaneity, and responsiveness to individual differences and situational changesò (Patton, 

2015, p. 437). On the other hand, it is less systematic and can be problematic while analysing 

data. The dynamic nature of the classrooms and the unexpected events required using this 

type of short interview despite its limitations. During the term, whenever was suitable I asked 

the teachers about certain events that needed clarification. These questions were sometimes 

sent by email but most of the time were asked at the end of the day. The teachersô answers 

were recorded on my notebook on separate pages or next to the questionable situations to 

reduce the expected difficulty during analysis. 



73 
 

  

Group interviews with students. Group interview ñis the process of collecting data 

through interviews with a group of peopleò (Creswell, 2012, p. 218). Literature suggests that 

group interviews encourage children to express themselves and feel more comfortable, 

especially if the questions are direct and clear (Cohen et al., 2013). Other reasons for 

choosing this method were the advantages mentioned by Patton (2015), such as effectiveness, 

especially as I did not want to take up studentsô valuable learning time in school or distract 

from classroom routines. In addition, the method can manifest the different perspectives, the 

evaded issues, and the interactions among the participants. Finally, Patton (2015) suggested 

that participants are likely to enjoy this type of interview.     

The same questioning strategy used with teachersô interviews was used; fixed 

questions to both groups and other questions that emerged from their context. The general 

questions included: what did they learn from the learning activities? What obstacles have 

they faced? How did they overcome them? How did digital devices help or not in doing their 

tasks? And what other factors helped or can help them to learn better? (See Appendix E). I 

conducted one group interview in each school. At School A, all three students participated in 

the interview. At School B, three out of four participants joined the interview because the 

fourth student was absent. Both interviews were audio-recorded then transcribed and lasted 

for about 45 minutes. 

Managing and facilitating the focus group interview, which are major limitations of 

this method, were easier than expected. The pilot testing was beneficial for me to practise 

adjusting the time and distributing the questions. Also, my experience as a primary teacher 

was necessary for building my confidence in front of children, empathy, and consideration 

while dealing with them. Another significant factor was that both groups of students were 

used to engaging in group discussions in their classrooms and to showing respect to othersô 

turns and opinions. As confidentiality is not guaranteed in group interviews (Patton, 2015), I 

explained the meaning of confidentiality to the participants before starting.  

Collecting Social Artefacts and Documents  

Artefacts usually refer to three-dimensional objects, while documents refer to ña wide range 

of written, visual, digital, and physical material relevant to the study (including visual 

images)ò (Merriam & Tisdell, 2015, p. 162). However, in my study, these terms are used 

interchangeably, as both are ñtraces of social activities left behind by participantsò (Blaikie, 

2009, p. 170). A considerable number of artefacts were collected. Artefacts collected from 
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students included digital and non-digital products (Krajcik & Shin, 2014); I took photos of 

the non-digital products. The digital artefacts included digital assignments, designs, and 

documents, and the non-digital included their notebooks, display boards, and printed work. 

Digital artefacts were subject to change and updating by participants during the term; 

therefore, I used all versions for analysis when needed. Literature suggests that exploring the 

process of producing artefacts by students can illustrate how learning emerges individually 

and collectively, through various negotiations, feedbacks, and relationships besides the fact 

that these artefacts are evidence of learning outcomes (Krajcik & Shin, 2014). Artefacts were 

also collected from teachers, schools, and the New Zealand Ministry of Education website 

and included digital and non-digital documents, as they offer valuable sources of qualitative 

data (Patton, 2002). They included lessons and slides created by teachers, classroom 

timetables and posters, school curriculums, schoolsô documents on the websites, and the New 

Zealand Curriculum. All the artefacts were organised and analysed using MAXQDA . 

Summary of the Data sources and Collection Methods 

The amount of data from different resources achieved data saturation (Creswell, 2012). Table 

3.2, below, summarises all the data collected for this study. 
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Table 3.2 Summary of Collected Data 

Summary of Collected Data 

Sources Methods Collected Data 

Natural 

settings 

Classroom observations  14+13=27 

c. 30ï90 minutes each 

Screen captures of 

studentsô screens 

9+4=13 

c. 9ï30 minutes each 

Think-aloud interviews 

with students 

14+12=26 

c. 3ï10 minutes each 

Semi-

natural 

settings 

Semi-structured 

interviews with teachers 

2+2=4 

60 minutes each 

Group interviews with 

students 

1+1=2 

45 minutes each 

Informal interviews 

with teachers 

Occasional questions, at the end of learning 

activities or via email  

Social 

artefacts 

Studentsô artefacts Products (digital and printed) that required using 

digital devices such as texts, graphics, spreadsheets 

Teachersô artefacts Instructions on classroom walls 

Documents shared with students such as slides, 

assignments, instructions, timetables 

Other 

Documents 

School curriculum 

School newsletters 

Information on School websites 

New Zealand Curriculum 
 

Ethical Considerations  

Ethical considerations are fundamental and crucial in any research and require special 

attention when researching with children (Cohen et al., 2013). I followed Human Ethics 

Committee policies and guidelines from Victoria University of Wellington. Participation in 

this study was voluntary at all stages of the research. Informed consent was obtained from 

school principals, teachers, and parents/guardians alongside with childrenôs assent. I have 

ensured confidentiality, so all the names used in this study are pseudonyms; each child chose 

their own pseudonym, and all data were kept in a University-owned, password-protected 

cloud drive. 

My experience as a primary teacher helped me to ensure the four rights embedded in 

the United Nations Convention on the Rights of the Child (UNCRC) (i.e. welfare, protection, 

provision, and choice and participation) (Powell et al., 2012) as follows. First, the finding of 

the study will add to childrenôs welfare by increasing our knowledge about using digital 
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devices for learning. Second, I chose data collection methods that minimise harm to children; 

for example, I used think-aloud interviews to collect data without interrupting studentsô 

learning. Additionally, I chose group interviews to reduce stress and anxiety and save 

students time in school (Cohen et al., 2017). Third, in the information sheet, I explained to 

the children the importance of the research and how their participation will benefit human 

knowledge and help teachers and educators in their work. Finally, children and their parents 

were given a choice to participate in the study by consent and assent. I took into 

consideration children who did not participate in the study; I listened to them, gave attention, 

and respected any child who shared his/her notes with me; at the same time, data were only 

collected from those who chose to participate. In addition, in consideration for the busy 

nature of the teaching profession, I did my best not to increase the workload of the 

participating teachers as far as possible.  

Data Analysis  

ñQualitative analysis transforms data into findingsò (Patton, 2015, p. 521). The fundamental 

inquiry of this study was how primary students use their digital devices for classroom 

learning. To find answers for this overarching question I outlined three focuses: the uses, the 

interacting factors, and the contribution. Each of these focuses evolved into the three sub-

questions (Braun & Clarke, 2006) and became more focused during the analysis process. 

That reflects the ontological and epistemological assumptions adopted in my research, which 

see reality as dynamic, self-organising, and emergent. Therefore, the analytical framework of 

this study was designed based on these three focuses and was flexible to align with the 

paradigm assumptions. 

The analysis approach of this study was the thematic analysis suggested by Braun and 

Clarke (2006); it is ña method for identifying, analysing, and reporting patterns (themes) 

within data. It mainly organizes and describes your data sets in (rich) detailsò (p. 79). The 

application of the six phases of thematic analysis is summarised in Table 3.3, below. The 

thematic analysis reflects the dynamic, emergent nature of knowledge. Writing the cases 

started at phase one, as writing is a vital analytical activity that should accompany the whole 

analysis process. The phases were intertwined, as the process was nonlinear and recursive. I 

considered each classroom as a case that represents a complex system. I first analysed the 

data collected from the first case. Then the analysis and the report of the findings were 

reviewed by my supervisors. Their feedback led to the development of an analytical 
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approach, which was applied to the second case study. The analytical approach was revised 

again and modified and then applied to both cases for consistency.  

 The nature of the findings of each question required a different coding strategy. A 

purely inductive or deductive strategy did not fit with the purposes of the inquiry. Therefore, 

I used an abductive strategy, which is a combination of inductive and deductive strategies. It 

means ñworking from consequence back to cause or antecedent. The observer records the 

occurrence of a particular event, and then works back in time in an effort to reconstruct the 

events (causes) that produced the event (consequence) in questionò (Denzin, 1978, pp. 109-

110). To identify the uses of digital devices, that is, the first research question, I mainly used 

the inductive strategy, which means ñcoding the data without trying to fit it into a pre-existing 

coding frame, or the researcherôs analytical preconceptionsò (Braun & Clarke, 2006, p. 83). 

That resulted in seven uses of digital devices, which became basic themes when coding the 

other two questions.  

When coding the second question, I read the data many times, as a detective, and 

created a matrix (Patton, 2015) to find evidence of the factors that most likely shaped the 

uses. The factors were classified in relation to different elements interacting in the classroom. 

The classification took the contextual factors into account.  

For the third question, I initially coded the contribution of the uses based on 

objectives chosen by the teachers; the objectives in the first case were based on the five key 

competencies of the New Zealand Curriculum (Ministry of Education, 2007). That made it a 

more deductive-oriented analysis as data were coded based on pre-existing coding frames 

(Braun & Clarke, 2006). For the second case, I had to inductively extract the objectives from 

the data before coding the contribution of the uses. After that, the objectives were deductively 

classified based on Biesta (2009) framework.  

When identifying the themes in the final phases, literature was reviewed. This step is 

recommended for abductive analysis as that could assist in ordering the data and in finding 

ñconcepts that can capture fundamental differences between social actors/views or actionsò 

(Ong, 2010, p. 5). A summary of the analysis approach is presented in Table 3.3, below. 
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Table 3.3 Analysis Approach 

Analysis Approach 

Thematic 

analysis Phases 

RQ1: focuses on 

identifying the uses 

of digital devices 

RQ2: focuses on 

factors shaping the 

uses 

RQ3: focuses on usesô 

contribution s to 

educational functions 

1. Familiarising 

with the data 

Audio and video files were transcribed. Files were organised into a 

database for each case on MAXQDA 2018 (updated to 2020) software.  

2. Generating 

initial codes 

3. Searching for 

themes 

4. Reviewing 

the themes 

5. Defining and 

naming the 

themes 

*Inductive strategy 

*Initial codes 

extracted from data 

then collated into 

themes 

*Seven themes 

represented seven 

uses 

*Literature was 

reviewed to define 

and conceptualise 

the seven uses 

*Investigated data to 

code factors related 

to each use 

*Coded factors were 

classified in relation 

to five themes 

(elements) 

considering 

contextual aspects 

*Relationships 

between factors were 

elicited and outlined 

from the data 

*Deductive and 

inductive strategy  

*Coding contributions 

based on learning 

objectives chosen by 

teachers 

*Classifying learning 

objectives and usesô 

contribution based on 

Biestaôs (2009) 

framework 

6. Producing the 

report 

Organised the findings chapter around the research questions, extracted 

samples from the coded data to add to the report, reviewed several times 

by researcher and supervisors. 

 

Trustworthiness 

 Scholars argue that validity and reliability criteria used to evaluate quantitative 

research cannot be applied to qualitative research (Cohen et al., 2017). Lincoln and Guba 

(1985) suggest four criteria to evaluate qualitative research: credibility, transferability, 

dependability, and confirmability.  

Credibility  replaces the óinternal validityô concept used to validate quantitative 

research (Cohen et al., 2017), which refers to the truthfulness of the findings. For this study, I 

used several techniques suggested by Lincoln and Guba (1985) for establishing credibility. 

First, óa prolonged engagementô provides the scope in which the researcher can identify the 

factors that influence and shape the phenomenon. I was able to achieve this by spending 10 

weeks collecting data from each classroom. That enabled me to better understand the context 

and the culture of each class alongside developing relationships with the schoolôs 

communities. Second, óa persistent observationô provides the depth essential to understand 
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the observed uses and factors and how they interact with each other. Therefore, I chose to 

intensively focus on three to four participants in each classroom to be able to observe them 

persistently instead of superficially observing many participants. Third, ótriangulationô is 

understood in this study as a technique that offers holistic and rich data instead of a method 

for inconsistency settlement (Patton, 2015). Therefore, I used seven data collection methods 

from three different settings to acquire rich information about the phenomenon. Fourth, 

ómember checksô are considered by Lincoln and Guba (1985) to be the most crucial method 

for qualitative research credibility. That was achieved by sending the findings chapters that 

included the data, my analysis and interpretations, and conclusions to the participant teachers. 

Both teachers confirmed the accuracy of the findings and that they reflected their experience. 

The teacher who participated in the first case clarified some points by giving extra 

information, corrected some information that was reported in the interviews, and corrected 

one error in the transcription of her interview.  

Transferability  is a method in which the researcher provides a thick description of 

the phenomenon that allows the reader to evaluate to what degree the findings can be 

transferred to other contexts (Lincoln & Guba, 1985). This method is the qualitative version 

of the óexternal validityô criterion used in quantitative research (Cohen et al., 2017). 

Providing a thick description of the contexts was not just a method for trustworthiness but 

also a main objective of the study. The findings chapters provide rich details of how students 

used the devices and the contexts that surrounded these uses. As the researcher came from a 

different educational context, the small details of classroom dynamics were as important for 

me to describe as the major details, because that will help educators from other contexts to 

reflect on the similarities, differences, and possibilities.    

Dependability is a method used to evaluate qualitative research, which replaces the 

concept of reliability. A reason for not using reliability for qualitative research is that 

qualitative inquiry is based on uniqueness, not replicability (Cohen et al., 2017). 

Dependability can be achieved by external audit, which refers to examining the process of 

producing qualitative research (Lincoln & Guba, 1985). It was achieved by the consistent 

feedback received from my supervisors and the examination process of the thesis.   

Confirmability  can be achieved when all the three aforementioned criteria are met 

(Lincoln & Guba, 1985), which includes member checks, external audit, and triangulation. In 

addition, rationales underpin the theoretical framework and methodology, and analysis should 
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be clarified for the readers to show how findings and conclusion have been derived (Nowell 

et al., 2017). This aspect required using sound and efficient tools to manage the data, which 

was achieved by using MAXQDA 2020 for qualitative data analysis. The study demonstrates 

the reasons behind the theoretical and methodological decisions which led to the final 

conclusions; that is, to enable the reader to evaluate the confirmability of the study. 

Summary 

This chapter described in detail the research design and strategy. Two teachers and seven 

students from two classrooms in two schools participated in this study. They were observed 

while undertaking four learning activities that required using digital devices. The case study 

method was used; the sources of the data included collecting data from natural and semi-

natural settings alongside social actorsô artefacts. The methods used were observations, semi-

structured interviews, group interviews, informal interviews, think-aloud interviews, 

artefacts, and video screen-captures. Data were analysed using thematic analysis and 

abductive strategy. The ethical considerations and the trustworthiness of the study were 

addressed. The next two chapters report the findings of the cases, followed by findingsô 

synthesis, and then discussion.  
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Chapter 4 Case Study One 

This chapter reports the findings of the first case study. First, I provide background 

information about the context, the participants, and the observed learning activities. Then I 

report the findings related to the ways of use and the factors that shaped them. Finally, I 

report how the ways of use contributed to educational functions based on the objectives of the 

learning activities.  

The Context: The School and the Classroom 

School A was a full primary school from Years 1 to 8 in a low-income urban area in New 

Zealand. It had nearly 340 students drawn from a culturally diverse community, with 

approximately 27% MǕori students and 66% Pacific heritage students studying in an English-

medium education system. The schoolôs main priorities, as stated in school documents, were 

to help students to be proud of their cultures and communities and to become confident and 

skilled for the future as life-long learners. The school curriculum reflected these priorities 

through emphasising culturally responsive practices and engaging studentsô cultures in many 

learning activities. In addition, the school was adopting various learning approaches such as 

STEAM workshops, Play-Based Learning, and Inquiry-Based Learning, as key pedagogical 

approaches in the curriculum of the school. The students were required sign an agreement 

named óKawa of careô to organise using digital devices in the school. Teachers explained this 

agreement to students, then the students had to demonstrate their understanding of it through 

an interview. Finally, they and their parents had to sign it before bringing their devices to 

school. 

The classrooms were designed as Innovative Learning Environments (ILE). The 

classroom, in which the learning activities were observed, had a communal space, three 

breakout spaces, a book corner, a projector, three iMacs, two whiteboards, storage places for 

studentsô digital devices and stationery, a small kitchen area, and tables and chairs of 

different sizes and shapes. At this space, there were three classes of Year 7 and 8 students 

with their three teachers learning together. They usually gathered in the communal space to 

take directions from one of the teachers; then the students were distributed among different 

spaces with a teacher to start their learning activities. The teachers worked together, as the 

school adopted a collaborative teaching model to facilitate teaching in the ILE. The students 

used mainly Chromebooks to do their learning activities. There were also a few iMac desktop 

computers that were used occasionally, for example, when someoneôs device stopped 
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working. In that context, a teacher and three students participated in this study. The following 

section introduces them. 

The Participants: A Teacher and Three Students 

When I visited School A, Kathy, a teacher of Year 7 and 8 students, volunteered to 

participate. I asked her to suggest four students who had different learning capabilities to 

participate in the study. I invited five students; four accepted. At the beginning of the third 

week, the fourth student stopped coming to school so I could not collect data related to him. 

The other three students, Mark, Peach, and Sam, participated in the study until the end of the 

term. 

Kathy 

Kathy had graduated from a teachersô college in New Zealand more than 30 years ago. She 

started her career as an itinerant teacher of Te Reo MǕori, then chose to join School A 

because of how the staff treated her when she worked in that school. She said that she had a 

strong sense of belonging to the school: ñI got to realise that some schools were places where 

you feel like you belonged, and you were valued, and you were supported, and it was quite 

interesting é I really enjoyed the staffò. Kathy mentioned her long experience with the 

children and her interactions with the community where the school was situated: ñIôm part of 

the community, in a way, I donôt live in the community, but I have lots and lots of linksò. 

Kathy was an active teacher who participated in different educational and professional 

development initiatives. During my visits to the school, I saw her contributing in several 

areas such as selecting inspirational quotes about education to place on the staffroom wall, 

playing the guitar with the students at school Hui, and participating in after-school activities.  

Sam 

Sam was a student in Year 7. He was a quiet boy who liked music and always smiled. Sam 

believed that learning is about problem-solving. He trusted his teacher and sought her 

attention while working. He was easily influenced by the opinions of his older peers and 

repeated their sentences. Kathy suggested him as he had moderate digital skills compared to 

other students. When using his device, he needed time. He sometimes asked his friends 

questions or shared his work with them to get feedback, but most of the time, he liked to sit in 

a corner alone or under the table to work on his device to focus on his learning.  
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Peach 

Peach was a Year 8 student. She was talented in music, arts, and sports. Peach was usually 

the leader when she worked in a group. When she was working alone, her friends approached 

her to ask questions and to get her opinion about their work. She believed that learning was 

ñdiscovering new thingsò. She was digitally competent. She was able to use different 

applications easily. When she worked on her device, she was focused and took her work 

seriously.  

Mark 

Mark was a Year 8 student. He liked basketball and digital technologies. Kathy and other 

teachers praised his maths and writing skills. He had advanced digital skills compared to the 

other students, which allowed him to work on the computer of the school library. He was the 

ñproblem-solverò for his peers when they faced a problem on their computers, which made 

him very popular among them. He preferred working with his peers and was always helpful 

and cooperative, which was obvious during the 10 weeks of the observations. Mark believed 

that learning was ñlike filling up your brain and like just knowing thingsò.  

The Observed Learning Activities 

Kathy suggested two learning activities that required the students to use digital devices. The 

first one was óSTEAM workshopsô. The second one was óLiteracyô. The next section 

provides a general description of the activities.  

STEAM Workshops 

óWho can I be in the futureô was the title of the learning activity that was prepared by Kathy 

and other teachers for Year 7 and Year 8 students as their three classrooms studied together. 

The workshops were guided exploration workshops based on a STEAM framework. The 

purpose of the workshop was outlined in a document shared by the teacher with students: 

Purpose: We will continue to develop our identity with a future-focus. We will 

develop our voice and agency through confident, clear communication, taking risks, 

trying new things and sharing our learning in a variety of ways. We will be exploring 

new ideas and concepts with a STEAM Science, Technology, Engineering, the Arts, 

and Maths and future focus.  

Kathy explained, ñthe purpose was to give them a taste of some different ideas and skills and 

ways of working togetherò. She added that these workshops not only aimed to introduce areas 

of work in the future but also the options within these areas; she gave the following example: 
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ñIn the future, I could be a musician é but within that musician, I could be a creator of 

music. I could be a player of musicò. Another objective was to prepare the students for the 

next learning activity in term four that required making their ñown inquiry about their 

passionò.   

The workshops covered different topics that integrated the different subject areas of 

the STEAM framework. For example, there were: Sign Language Workshop, Making a 

Sweet-Smelling Natural Hand Sanitiser, 3D Images, Music Technology, and KǾwhaiwhai 

Printmaking. These workshops were run by teachers and volunteers from the community, 

such as a science teacher, a rugby player, and a social worker, Kathy said: 

For me, when I ran workshops, there was a lot about the Arts, you know, the music 

and visual language and drama because it's my strength. And so maybe for Sara 

[another teacher], hers were a little bit more about science or technology because 

thereôs her strength, and I know we did have a lot of people come in from the 

community who did all sorts of different things. 

Each week Kathy shared a document on Google drive with her students that contained a table 

describing nine to 13 workshops the students could choose from. The table, as in Figure 4.1, 

below, provided information about each workshop, including the time and date, the title and 

the description, the resources needed, and the names of the students who will participate in 

the workshop. Out of these weekly workshops, there were usually one or two workshops that 

required using Chromebooks. 

Figure 4.1 Sample of the Weekly Table of STEAM Workshops 

Sample of the Weekly Table of STEAM Workshops 

 

 

In the first two weeks of the term, Kathy discussed with her students the upcoming 

workshops and the concept of STEAM. During this time, I was able to familiarise myself 

with the context; Kathy introduced me to the students and explained my role as a researcher 
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in the classroom. I talked with the participants to let them get to know me and to answer their 

questions. I usually sat behind the students to make them feel comfortable.   

The workshops started in week three and ended in week ten. In week eight, the 

students did not do this activity as they had to participate in another activity outside the 

school. There were three days in the week assigned to the workshops alongside a Play-Based 

Learning activity and critical literacy in the library. On Mondays, each student had to choose 

three workshops to participate in during the week, except if the workshop ran over two days. 

If the workshop ran over two days, the student needed to attend both sessions.  

Based on my observations, the workshops could be divided into three phases: 

induction, implementation, and evaluation. In the induction phase, the topic and the 

objectives of the workshop were discussed with the students. The basic concepts related to 

the topic, the success criteria, and what makes the project successful were explained. Kathy 

explained one of the main objectives of this phase as ñsome success criteria are co-

constructed with the students, i.e., what do we already know that will make us successful at 

solving this problem/answering this question? Then more success criteria are added as we 

complete the learning taskò. Additionally, an explanation of óhow to doô the project was 

provided with online resources and links shared with the students to help them while working 

on their tasks. The basic rule in this phase was announced by Kathy: ñPut your devices away 

until you know exactly what you have to doò. Thus, the use of the devices in this phase was 

limited and supervised by the teacher. 

The implementation phase was assigned to students to carry out their projects. During 

this phase, the participant students sometimes interacted with their peers while working on 

the devices. That was to exchange information, skills, and experiences about óhow to doô 

things or to give feedback and opinions about each otherôs works. At other times, they 

preferred working alone. Kathy said that teachers might do some noticing, that is, observing 

students during learning, to evaluate studentsô learning while students were working. The last 

phase was the evaluation phase; the students were given the opportunity to present and share 

their work with their teacher and peers. Kathy explained, ñWe always have a connect at the 

end, so we all share our ideas, and then we analyse thatò. 

Kathy used another strategy to evaluate studentsô learning alongside teachersô 

noticing: 
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That would be the kids talking and sharing their success in terms of success criteria. 

They say we were good at choosing the best website, that we could understand, to be 

able to find out the information, and we were good at persevering when we got stuck 

with how to make the shapes fit together. So that would very much come from the 

children. We might do some noticing as well. And we would reflect on that lesson, 

but we would reflect on the lesson based on kidsô success criteria.  

Another strategy for evaluation was the ólearning storiesô. Learning stories were narratives 

created by the students to record their thoughts, memories, photos, and reflections about their 

learning experiences. They were used for all learning activities in the classroom including 

STEAM workshops. Learning stories were saved on studentsô Google drives and posted on 

their blogs where teachers, peers, and family members could access and comment on them. 

Before each workshop started, Kathy and the other teachers gathered the students 

from the three classrooms to give instructions. The students were then distributed to their 

positions with other teachers, whether the workshops, the Play-Based Learning activity, or 

the library for a critical literacy activity.   

For the purpose of this study, I only observed Mark, Peach, and Sam in workshops 

that required using Chromebook. These workshops were Music Technology, Google Logo 

workshop, and two 3D Modelling workshop. Each of the four workshops ran for two 

sessions.  

Music Technology workshop: In this workshop, I observed Sam who was expected to 

choose a video clip from a list and compose a piece of music that triggered a certain feeling 

such as sadness, happiness, or thrill. The students were introduced to an application called 

óSoundTrapô (Spotify USA Inc, 2018) to be used for their projects.  

Google Logo workshop: In this workshop, I observed Peach during designing her 

Google logo using óScratchô software. The purpose of this workshop was that each student 

created a Google sign that told a story about themselves. 

3D Modelling workshop: I observed this workshop twice; once to observe Sam and 

another time to observe Mark. The participants were required to design 3D images of faces 

with different emotional expressions such as the angry face, happy face, and sad face to help 

a teacher aide in teaching Samoan Language. The software used was óSculptGLô (Ginier, 
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2018), which the students had used before in another learning activity. Mark was absent in 

the first session because he was sick but attended the second session the following day. 

There were two workshops I did not observe; one was held in another school about 

robotic programming and was attended by Mark. The other one was about graphic design and 

attended by Peach. I have included what Mark and Peach wrote about these two workshops in 

their learning stories as part of the collected data. There was also one workshop, attended by 

Mark, for which I just observed the beginning. That was because using the devices was 

optional, and Mark decided not to use his. As a researcher, I did not intervene with studentsô 

choices, and I was lucky that their choices did not overlap. That helped me to focus on each 

student individually when they interacted with their devices. I did not observe some 

workshops that required using digital devices because none of the three participants were 

enrolled in them. 

The Literacy Learning Activity 

Students used their devices for ócritical literacyô and ócool quick writingô, which both ran 

through the whole school year. Critical literacy was a group work learning activity of threeï

four students per group. Every week, the teacher used Google drive to share a document 

(Figure 4.2, below) including the title of the activity, the date, and the instructions to do the 

task. It also contained a link to a specific piece that could be a journal story, an article, or a 

clip. These pieces were selected from educational websites or books. Kathy pointed out the 

objective of this activity: 

We really wanted some evaluative thinking, and so it was around what I think? what I 

know? what I believe? é itôs also looking at seeing if they [the students] can identify 

some bias in the text é [giving examples] ñI disagree with that becauseò and ñI think 

the writerôs only showing one side of thatò, ñTheyôve only presented one part of the 

argumentò, and so [on]. 
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Figure 4.2 A Sample of Critical Literacy Assignment 

A Sample Critical Literacy Assignment 

 

 

To evaluate and analyse the piece, the shared document included guiding questions 

and a link to a resource of definitions to help the students in answering the questions. They 

were also given a framework that included addressing skills, qualities, and key competencies. 

The questions varied based on the topic of the literacy piece, but the evaluative framework 

remained the same. The students usually worked on critical literacy in the library using their 

devices. They usually spent a one-hour session to complete and answer the documents, but 

sometimes they needed more time. Once the group completed the document, they shared it 

with their teacher for feedback. 

óCool Quick Writeô was a literacy activity that required using the devices. Although it 

was not on my schedule to be observed, I had the opportunity to observe Sam while doing it. 

Kathy described the activity:  

The idea of a Cool Quick Write is for the students to choose any text type they like. 

They do have access to examples of a range of text types. Using a prompt, sometimes 

a photo that they choose or one I provide that is linked to their inquiry, they just write 

without worrying about punctuation and spelling. We call it a ódam burstô of ideas.  

Kathy clarified the objective of this activity: 

The objective is to share their ideas in an engaging way. They also have success 

criteria available that they have developed that establishes what makes writing 

engaging. They are given feedback about their writing from their peers about what 
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makes it interesting and engaging and what they need to work on. They are required 

to choose one each term and craft it to go onto their learning blog. 

Unlike the critical literacy activity, the students were required to do cool quick writing 

individually. In general, the students were given 20 minutes to do this activity three days a 

week before the time allocated to the workshops and the critical literacy. 

Summary 

In this classroom, three participants were observed from two year levels: Sam from Year 7, 

and Peach and Mark from Year 8. They were observed doing two learning activities: the first 

one was STEAM workshops; Music workshop, which was attended by Sam; 3D Modelling 

workshop, which was attended by Sam and Mark; Google Logo workshop, which was 

attended by Peach; and other workshops that were reported by Mark and Peach. The other 

learning activity was literacy where Sam, Peach, and Mark were observed doing critical 

literacy with their groups, and Sam was observed doing quick writing individually.  

Using Digital Devices During Learning Activities 

Six ways of use were inductively extracted: a source of information, a means for 

communication, a trial-and-error learning space, a production medium, an external personal 

memory, and a collective memory. There were general factors that shaped these uses and 

specific factors that shaped some uses in certain ways. In the following sections, I report first 

each way of use separately in conjunction with the factors that shaped it specifically, 

followed by showing the connections between uses. Then I present the general factors that 

shaped all the ways of use. As a nested complex system, the factors shaping using devices in 

the classroom were many and entangled. To capture these factors, I classified the factors in 

relation to the educational system, school system including classrooms, digital technologies, 

teachers, and students. To understand a complex system, acknowledging mutual interactions 

is as important as distinguishing them. Therefore, while I am distinguishing the factors 

shaping the uses, I describe how the factors influenced each other. 

1. A Source of Information  

Students used their digital devices to seek information during the observed learning activities. 

This use took two forms; first, a passive use where resources were sent to the students by the 

teachers or peers (Figure 4.3, below). Kathy shared with the students the timetable of the 

classroom. For the workshops, she shared the weekly information table about the workshops 

in Google docs. Mark and Peach were observed several times checking the timetable and 
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workshop table before the workshops started. In the induction phase of the Music and Google 

Logo workshops, Peach and Sam accessed slides shared by the other teachers. These slides 

included the objectives of the workshops, main concepts related to the topic of the workshop, 

and links and sources to help students complete their projects such as tutorials and webpages.  

In the literacy learning activity, teachers shared links to some sources such as reading 

text, videos, and information documents. During the observations, Mark was observed using 

the link to open the reading text to read with his group before working. Peach was observed 

opening the video several times to watch it with her peers. She also opened a document that 

contained definitions of the qualities sent by the teacher in an earlier time. On the top of 

Samôs óCool Quick Writesô document was a table that defined the types of writing and 

success criteria about what makes writing engaging shared by the teacher.  

Figure 4.3 Screenshots of ñPassiveò Use 

Screenshots of óPassiveô Use 

The teacher shared a link to a PDF file Mark saved it to his 

drive 

Mark accessed it during 

working 

 

 
 

The teacher shared a link to a video Peach accessed the video during working 

  

The teacher shared a document with students on 

their drives 

Peach accessed the file while working 
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The second form of this use was interactive use, which happened when students 

searched for resources by themselves (Figure 4.4, below). For example, in the workshops, 

Sam used YouTube to look for some music videos and listened to them before working. 

Peach used Google search to look for images of a netball to draw one on her sketch paper 

before applying the design on her device. When she was looking at Google Logo samples 

about the lunar year, she wanted to know the meaning of ólunarô. She asked the teacher, and 

the teacher suggested that Peach look for the meaning by herself. Peach used Google search 

to find the meaning and understand the concept behind the logo. In literacy, Mark used 

Google search to look for an image that illustrated the key competencies. He looked at 

different images then clicked on the one that was related to the New Zealand curriculum. 

Peach used Google search to look for a óworld problemô that she and her group were 

interested in, to make a change towards solving it. In general, most of the activities required 

passive use rather than interactive use.  

Figure 4.4 Screenshots of ñInteractiveò Use  

Screenshots of óInteractiveô Use 

Mark searched for an illustration of the key competencies to evaluate a literacy text 

 

 

 

Peach searched for information to answer a question 

  

Peach searched for a netball picture to draw it on her sketch paper 

 
 

 

Shaping Using Devices as a Source of Information  

Kathy mentioned that sometimes using the devices as a source of information might be more 

useful than other sources; she gave the following example: 
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If itôs something like being able to watch that video clip, which will actually give you 

a really good example of a young woman whoôs taking action and itôs better than 

reading an article about her taking action, then thatôs worth doing. 

Kathy predicted that her students would say, ñI can access information and ideas so quickly 

and easily, I can very quickly find out any knowledge or facts that I need to find outò. Kathy 

had knowledge of different digital sources and used them for different purposes. Therefore, 

using digital sources was encouraged in case the nature of the learning activities required 

searching for information, such as designing the logo, composing the music, or critical 

literacy. Kathy and the other teachers encouraged the students to search for answers for their 

questions. Additionally, teachers regularly shared digital sources with students, such as 

classroom timetables, slides, links, and articles.  

Kathyôs knowledge about her students was accurate. The students believed that digital 

devices were useful as a source of information; Sam said, ñItôs all thereò. This belief was 

accompanied by the participantsô adequate digital skills. It was clear that the students were 

able to search and deal with different types and formats of sources, such as documents, 

videos, PDFs, websites, and images, smoothly and easily.  

Digital technologies provided different resource and tools. They used search engines, 

particularly Google search, to find answers to their questions, illustrations of information, or 

samples of what they needed to do. In the interview, when the students were asked about 

other sources, Mark said, ñI mostly use YouTube, but not that muchò. Different websites 

were also used; Kathy gave examples, ñwe had access to é science websites, educational 

websitesò. Other technologies enabled using the devices as a source of information such as 

Google drives, and Hyperlinks, which were frequently used by the students to find 

information. 

2. A Means of Communication 

Using digital devices as a means of communication took two forms; first, digital devices were 

used to communicate through it with others; and second, the participants used the devices as 

a topic or a reason to communicate about it with each other while doing the learning 

activities. Communicating about the devices, in this case, was to learn how to use the devices 

and to reflect on their use, while communicating through the devices was to get feedback or 

to contact with people from outside school. 
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Communicating through the devices happened after the workshop activities were 

finished for feedback (Figure 4.5, below). The students wrote learning stories and shared 

them on their drives or blogs. Kathy, other teachers, and students wrote comments and notes 

to give feedback on these learning stories. In literacy, Kathy and other teachersô feedback was 

seen on studentsô assignments. The students said that their parents read their blogs at home 

and commented on their work. Kathy mentioned that Skype could be used to communicate 

with people outside the school, such as scientists, which enabled students to talk with experts 

and ask them questions. However, the feedback in Kathyôs classroom was not limited to 

using digital devices. Mark said, while working on critical literacy, ñtheyôre [teachers] 

always checking it [the assignment] by the end of the day. It [using digital devices] wouldnôt 

really make a difference because theyôre either checking it on the laptop or checking it by 

handò.  

Figure 4.5 Communication Through Devices for Feedback 

Communication Through Devices for Feedback 

Feedback on studentsô literacy assignments 

 

 

 

 


























































































































































































































































































































