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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 ale@ch 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
classroom@andfew studieexamnes t udent sdé use of digital devi
reflectsadominance of the reductionist approach in studying classroom enviragémie

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, @etdrs that shaped these uses, and how the
uses contributed to the purposes of learning activilipproaches used to study phenomena
in open recursive systems, such as classrooms, should be different from approaches used to
study phenomena in closed sysis under controlled conditions. Therefore, Complexity
Theoryprovided a frameworto understand the soemateriality of digital devices in
classrooms learning. In addition, Actdetwork Theory was used to study the phenomenon
i n act i on (2@09) fdm&vork o theafinstions of education to understand the

contribution of the uses to educational purposes.

This multiple casestudy was conducted in New Zealamithin two schools where
two teachers and seven upjpeimary students participated in thidy.Data were collected
across six months through observations, s&nictured interviews, group interviews,
informal conversationsstudenthink-aloudinterviews andartefactdrom learning including
video screeftaptures. Data were coded and analysgng the thematic analysis aad

abductive strategy.

From a synthesis of tHeadingsa dJsing Devices for Classroom Learnémodel
was developeth which seven patterns of use were identified. The children used their devices
as a source of informain, meas of communication, production medium, external personal
memory, collective memory coordinator, trehd-error learning space, aad aresearch
tool. Interconnected factors shaped these whash were related to the educational system,
school ad classroom environment, teachers, students, and digital technologies. The findings

showed how the seven uses contributed to the educational purposes of classroom learning



which were classified into studendensdé qualifi

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

This study provides theoretical and practical contributions to é¢ffcedf using digital
technologies in educatio@omplexity thinking, as a holistic approach, shedhtlion blind
spots of the educational processlacknowledges the complexity and uncertainty when
using devices for learning in social complex systems such as classiWbatsmerges in
classrooms does not result from separate factors but from a netiretiationships 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

I ntroduction

This studyseeks to understdmow primary students use their digital devigeslassrooms
and how thevays ofusecontribute to the purpose$ thelearningactivities This qualitative
study was und@inned by Complexity Theorp understand thgocio-materialityof the
devices The findings ledo developinga model thatlefinestheways of useidentifies the
factorsshaping the useandidentifies how the uses could contribtiee¢he educational
purpose®f classroom learnindn this introductory chgter, | first provide aackground of
the topig followed byclarifying the motivesof the studyandthe gapn theliterature Then |
statethe research aims and questidhs approach and context of the stualyd the
significarce of the studyIn the last section of this chaptébriefly outline the following

chapters of théhesis.

Background

The influence ofligital technologeson modern societies iwoadand deepDigital

technologiexan be defined astliee |l ect r oni ¢ t ool s, systems, de

gener at e, st o(tmmng&Herhen, 8048 B $)hedeadctmdogigaclude
hardware componenssich agnobile devicessoftware componentuch agprograms and
applicationsand practicesuch agprogrammingEach of theseomponentgan be
considered a&ingulabtechnologyon its owneven thoughhey depend on each other to
function (Arthur, 2009) for examplewe needorogrammingexpertisgo create applications
that function orspecificdevices and vice versa.

While digital technologies are being continuously and ragiélelopedy humans,

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

contemporary societig€Starkey, 2012)The way digital technologies facilitate access to
information, instant interactions, and
consequently chamrgl educational objectives, policies, and practitas can be seess
digital competeng and digital literacyhave beomepart of theeducationabbjectivesin
differenteducational systenmich as New Zealand aAdistralia(Starkey & Finger, 2018)

Thathasled to profound changes @ducational policies all over the world

Many projects and initiativekave beemaunched to integratigital technologies in
formal educatiorfAle et al., 2017; Heinrich et al., 2020; Kennedy et al., 20h&rnational

commu
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comparison studies showed that rggsvernmenpolicieshad beenset upto integrate digital
technologies in the educational systems in both develapkdeveloping counies(Tan et
al., 2017) Theintegration took differentorms for exampleijn secondary educatioi,is
prevalento tead computing skills such aprogrammingoasicsandalgorithms as a discrete
subject In primary educatiorthe commonapproach iso teachdigital skills combined with
other subjectsuch ageaching how to usimeInternet and presentatiapplicationgor
science projectéSturman & Sizmur, 2011By integrating digital technologiegeaching and
learning approachehat areassociated witlor depending omsingdigital technologiesre

evolvingsuch as blended learniagpdmobile leaning (Crompbn et al., 2019)

Recently, ging digital technologies hd&®comeacommon practice in margrimary
classroomgSung et al., 2016 Manyschools provide digital devices for students or allow
themto bring their own technologies to schools after Bring Your Own Device (BYOD)
policies were encouraged in manyotries such as New Zeala(fstarkey & Finger, 2018)
Europe(Ottestad & Gudmundsdottir, 201&ndthe United State§Scholz, 2016)Thereis a
wide range of digital devicethatare used in diverse ways in classroogsugh asnteractive
whiteboardslaptops, tablets, argimartphoneg§Armstrong, 2014)Concurrentlythereare
variousapplications that can besed for educational purposas wellas numerous
specialised softwanypesdeveloped for specifieducational purposel addition Internet
acces®nablas students tonteractwith others inside and outside their schogdgdreach
different resources while they are in their classradrhe presencef digital technologietn
classroom$iasevoked researehs anceducatorgo questiongexplore and understanthe

implications for learning and teaching

The Motivesand Gap

It is my personal experiena® working asa computer teacher for primary studethist has
driven this researcWhile working as a teachet,was able tgecognisdifferent elenents
affectingthe learning procesacluding but not limited tome as deacher, curriculum,
instruction, studentgnddevices There was always a high chancesofprising or
unexpected outcomgshich increasedny curiosity to understand how the outcorha@ppen
and why Understanding é&w young children use their devicasd how that contribusg¢o

their learningwas acrucialtopic to explore for my teaching practicebecame more
interestedn research about learning and teaching in the digitahagkere appeared to be a

gap in what is known.
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Although exensive research has bemrried outelated tausingdigital devicesn
classroms | was not able to find sufficient answeisouthow children use their devices for
classroom learningrhe gap, discussed at length in the literature review chapter, can be
summarised by arguing thigany studies havicused orthe effectiveness of using digital
devices in classroon{€hauhan, 2017; Tingir et al., 201 However, there is still much
unknown about what exactly happens when the learners use them for I¢bani2§18)
Evenin the contex@ where integratingligital technologybegan earlier than other countries
sucha€urope r esear ch does wapstofuseefl |t eucsh moulcarg ya bioru t
(Ottestad & Gudmundsdottir, 281p. 1347)

In general, there iafblindness toward the question of how educational practice is
affected by materia@s(Sgrensen, 2009, p. ahd digital devices are not an exceptidn
reason for th gapcanbe attributedo theapproach used to explore tiplsenomenonThe
predominant approach in scientific research adopts the reductionist paradigm, which means,
for example, when studying the learning process each component tends to be analysed
separatelfEnnis, 1992)This led toafocus on somésnapshoi®of the learning process such
as learning outcomes without investigating wélamentsand dynamics influenced their
emergencé¢Hurford, 2010) This explains théendency othestudiesto measure or examen
theeffectiveness andutames ofusing devicespot the use itselfThereforetoo little
attention has been paid ¢onceptualising the usadentifying thefactors that shapeaasing

digital devices in classroonand how thatmight contribute to thelesiredoutcomes

Theoretical Position, Aims, and Questions

To address the gap in the literatutes studyadops Complexity Theoryy considering
classrooms as complex adaptive systermile focusing e thedynamics related to using
digital devices by studentBifferent scholars considered classrooms as complex system
where many elements interact in different wéiyavis & 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 @&wslel992)Digital
devices are one of these elemeanéssified as materiginteracing with the social actors
Fenwick (2010kuggest that Compexity Theory is one of thapproaches suitable to study
the sociematerialityof thedhingin the learning environmesitShe outlined that socio
material approacheme the approaches that investigate the critical role of the material in
reshaping the components, relasibips, and interactions in different phenomena in the social

world such asearning. She presented three reasons to justify the importance of focusing on
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the sociemateriaity that can be applied to digital devices. First, digital devices are becoming
an integral part of many classrooms today. Second, these devices are ngevahtbther
elementscomprising learning processes in different ways in different contexts. Third,
studyingthe sociomateriality ofdigital devices helps to eliminate theificial distinctions in
social research (e.g. formal/informal, individual/collective) that obstruct the understanding of
entangled phenomena. Therefore, usdognplexity Theorycangive a holistic view of

dynamics andhefactorsinteracting in the classroontisat affect the success or failure of
integrating digital devices.

The other approach adopted in this study lwaking at the contribution of the
devices to the educational purposes insteadeazfsuringheimpact ofusing device¢Biesta,
2015) The rationad behind this approacwasthatwha emergsin the complex systems
such as classroom®suls from entangled factorthatareconstantlyshaping eacbther
(Davis & Sumara, 2006)

Themainpurpose of this studyas todevelop arunderstanding aheuse of digital
devicesby primary studentsvhat factorshape the useandhow that contribues to the
educational purposes classroom learning activitieB particular, thighesis seeks to
address th&llowing question How do students use digital devices for educational purposes

in primary classrooms? To answer this question, threggabtions were addressed:

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

2. What factors shape thlveays of use in classrooms?

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

activities?

Context and M ethodology

This study took place in New Zealanghichis one of the leading countriest@erms ofthe

quality of primary educatiofSchwab, 201§) In anendeavour t@btain better performance,
teaching, and learningchools in New Zealand were givehigh level of autonomy

compared to other educational systems in the wettehd, 2019)Schools are selihanaged
andadministrated by elected Boards of Trusteesst ofwhom are parentsThe New

Zealand CurriculunfMinistry of Education, 2007provides a frameworthatoutlinesthe
direction and objectives of the educational process, but each school has to develop its own

curriculum The <hool curriculum shouléhcludea detaled plan resourcesandmodelsthat
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align with the national cuiculum. Teachersn every schoohave the agencgs well aghe

responsibility tadevelop andmplementinstructional strategietgearning activitiesand

materialsto achieve the objectives tfie school and national curriculumSchools are also

required tadevelop their plans timtegrae digital technologieguided by the national
curriculumandbased on their contextual ned&sarkey & Finger, 2018)Jsing digital

devices ivecominga commonpracticein primaryclassroomgLips et al., 2017)Still, some

schools strive to providadevice foreachstudenteither byproviding options tdeaseor

purchae throughrusts establishetd servdow sociceconomiccontexts(Starkey & Finger,

2018) For thepurposes of thisstudyheéd i ver si ty of school sd inter
curriculumandthe diversityof learning activitiesntegraing digital technologieprovide a

unigue opportunityanda variety of choices to studifferentlearning experiences

Thisthesiswas conducted itwo classroomsn two schoolseach wastudiedas a
complex systemThe @ase stdy design was adoptdd develop a thick description of the
dynamics that happened during learning adgsiiBlaikie, 2009) Datais gathered visemi
structured interviewsggroup interviewspbservations, video screen captures, #aldud
interviewsanda al y si s o fartefaetgintdepthianalgsis ivas @onductefter data
transcription an@¢oding. The findinggeneratec conceptualiation ofseven ways of lisg
devices classification othe factors shapg the usesandlinking the uses with possible
educatonal purposes. The syntlessof the findingsesulted indeveloping anodelthat

provides an understanding of tthgnamics of the uses in classrot@arning

Study Significance andScope

This studyprovides an important opportunity to advanttee understandingf deviceuse
through the lenses @omplexity Theory,which isan evolving yet promisingholistic
theoretical perspectivia educatioal researchThis study aims to contribute to the growing
area dresearch that exploréise sociomateriality of digital devices in classroom learning
activities(Fenwick et al., 2015)here are several important areas wherggtudy makes an
original contributionincluding conceptualising the uses and developing a mibae|
illustrates the dynaros of the uses herefoe, this study offersesearcheralternative

theoretical ananethodological insightsito studyingthis phenomenon.

On the practical side, this study prouwidedetailed description of how students use

digital devicesduring learning activitiesThatcan help teachers and educators to reconsider
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thefactors that may affect theawn context and enhance making decisions, planning, and

utilising these devices in thetontexts

The reader should bear in mind that tbcus of thistudy is the use afevicesfor
learning activiesin formal educatiorsettings particularlyclassroomswhere teachergead
the learning procesH.is beyond the scope of this study to explore thamusainformal
setting or in online learningettings.The study wasimited to primary educatigmnmainly
upperprimary students from yeasgven and eighfChe study was not an interventjovhich

means that did not have any control amtervention related to the learnipgocess.

ThesisOutline

This study isorganised into seven chapters. The first chapter intredbestudy in general.
The second chapteresents a systemic revi@f/recent studies addressing using devices in
primary classrooms to identify the gdpen itlays outthetheoretical dimensions and the
frameworks of the study. The third chapdescribes the methodology and methods used to
collect and analyse datéhe fourth and fifth chapters report the fingiof the case studies
followed by a summary and synthesistod findings inChapter6. The final chapter
discusssthe findingin light of the theoretical framework and literatareddiscusseshe

contributiors and the limitations of the study

Glossary
The following words are ifeRe o M Whichtheindigenous language of New Zealand

andone of official languageis the country.

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

Kawa Protocol

K @wh a i paihtediscroll ornamentatiercommonly used on meeting house rafters.
P U k eNewWZealander of European descent

Te ReoMMUOoii Language

T 1: An endemic bird of New Zealand

Wh U n Bxtended family, family group
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Chapter 2 Literature Review

Introduction

This chapter reviews empirical and theoretical studies related socdipe and purpose of this
study.First, | present asystematised review astudiespublished in the mostited and highly
ranked journals in educational technoldgyaddress the current state of knowledge
contextualse my researchThen | demonstrat¢he gapthatthis studyaims to address
combined with a atique of the reviewd literature angustification oftheadoptedapproach
After that the chapter provides a background of the theoretical positida synthesis of the
theoretical frameworkhat underpinghe study.

Digital Devices and Classroom Learning

Digital technologies can be def i dresburcess t he
that gener at e, (lsobng & debertr2018,rp.olf feese sechdadoyies O
includehardware 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 @ingulabtechnology on its owfArthur, 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 anfispgevices and vice versa.

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

the three components.

Learning, which happenn different contexts with various ways and tools, has been
one of the most intereaty phenomena to be examined and understdochan and non
human elements, such as teachers, students, pens, and books, interact together and shape the
learning proces@enwick, 2010)In the digital age, digital devices have become new
elements that are widely used in formal and informal learning conBykissing devices, the
three components of digital technologies become part of the learning prfocessmple,
students need tearndifferent practices and skills tteal with and utilise the software and
hardware components for learniagtivities Questions have been raised about how learning
and teaching might be influenced by digital deviGsholars 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 teaflirsy& Goodyear,
2013)
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A large and growing body of literature has investigated using digital devices for
classroomearning. Different terminologies are used to address the phenomenon of using
digital technologies in education, such as compassisted learning and Information
Communication Technology (ICT) in educati@?unie et al., 2006 0Over the past decade,
more types of digital devices are being used in classrooms beside PCs, such as tablets,
smartphones, and laptop&ludingnotebooks and Chromebooks. A consideralnt®unt of
literature has focused on 1:1 computing programmes where each studaminoadual
laptop for use in classroonidarper & Milman, 2016; Zheng et al., 2018)ore recent
literature has focused on mobile learnimpich emphasisethe mobility of learneswhen
using mobile deviceflraxler & 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 studieBavereviewedtheliterature on using digital devices in classrooms.
Chee et al. (201 Honducted a systematic metaalysis review to examine the trends of
mobile learniig research in the top six major educational technology journals based on
Google Scholar metrics. Their analysis included 144 studies published betweeRQ®BLO
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
neutraloutcomesHowever, nost of the studies were carried out in the highecation
context. Cromptomet al(2017) reviewed 113 studies involving mobile learning in thE2K
settings published between 202015in 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 questionnairedldaved by pre/postests. Most of the learning activities (40%) in
these studies were aligned with behaviourist learning theory. For the purpogstoily, |
systematically reviewed studies published in the last five ygatse next sectia) | first
describe the literature thémpresent my critiquand argument related to tgap and

framework adopte in the current study.

Systematised Review: Rationale, Aims, and Strategy

A considerable amount of reseatds explored using digiteéchndogiesin classrooms
however different schéarshaveargued thabur understanding ahis phenomenoremairs
lacking (Lai, 2018; Ottestad & Gudmundsdottir, 2018; Serdyukov, 2@1fhersclaim that
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theeducational researcbnds to more valueexperimentamethodqBiesta, 2015andthe
reductionst approact{Hurford, 2010) which overlook influential factorsn the learning
procesgEnnis, 1992; Sgrensen, 2008herefoe, | conducted & s y s iseebmarteof i e w
studies published ithemostcited and highly ranked journals in educational technotogy
identify the trend®f educational researchndpinpointthe focus of the literatur¢he
methodologies usedndthe major findingsThis approach enabled mewuerify the claims,

identify agap andadoptaresearch desigthatis suitable to address the gap

For the purposef this study] used systematised reviewhich is a type of systematic
revi ew t hsptd inclide bnie er mpré glements of the systematic review process
whil e stopping short of claiming (Grant& t he r e
Booth, 2009, p. 102)n general, he systematic review method has sevexrdVantagessuch
as clear searcétrategy and sources, clear focus and outcomes, and can be repichted
minimise biagPerry & Hammond, 2002)t was also foundte nhance postgraduat
understanding of their resea topics(Armitage & KeebleAllen, 2008) However,
researchersuggest usingystematised revievor postgraduate studeniSrant & Booth,
2009)becauseaypical systematic review requirasore than one researci{@&aigneault et al.,
2014) In addition,the scope of sources in systematic reviews is usually avidecan be time
consuming and overwhelming for oresearcher; henceusinigg e ss demandi ng but
neverthel ess syst e méerryé&Hameond, @3, p. @/Mjovideayv i e wi n g
suitable approach to restrict the scoplee systeratisedreview of my studyincluded thdive
mostcited anchighly ranked journalto explore théendency othe prevalent researdm
educational technologyurthermore, lsoosingleading peereviewed journalss one of the
methods tovalidate the quality of the studiflsevy & Ellis, 2006) which is parfof the
systematic reviewrocessl argue that exploring the trends of the mastd articles in

educational technology provides an indicatidipossible gapthat exist in tlefield.

Selection of Resources

To determinghe mostcited and highly ranked journals in educational techngloggst: |
followed the Crompton et al. (2017@pproach by using Google Scholar kiteg to identify
the top 10 journals in educational technology which have high impact factorsl Then
excluded journals that did not focus on primary education and classettorgss such as
Internet and Higher EducatioandThe International Review of Bearch in Open and
Distributed Learning Second, | selected the top five journals that were ranked within

guartiles Qlwhich refers to journals with the highest values. This rankingasesrding to
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SClimago Journal & Country Raii®Clmago, n.d,which includes the journaiscientific
indicators developed from the information contained inSbepus®databaseTlhe rankings
in both Google Scholavlietricsand the SCimago Journal & Country Rank were retrieret
updatedn December 2019The selected journals are listedTiable 2.1 below

Table 2.1

Selected Journals for tHgystematedReview

Google ScholaM etrics Scopus
Journal h5-index  h5-median  Cite Score >R

1. Computers & Education 94 135 7.72 Q1
2. British Journal of 56 86 4.07 Q1

Educational Technology '
3.

Journal of Computer

Assisted Learning 35 >1 4 o
4, i i

Education _and Information 34 63 2.19 Q1

Technologies
5. i

Educational Technology 60 3.29 Q1

Research and Developmen

Inclusion/Exclusion Criteria and Analysis

The review wasinaggregativdGough et al., 2012jvhich means iincluded quantitative
qualitative andmixedstudies The Boolean used for searching was (device* OR
Chromebook OR laptop) AND (use* OR usage) AND (classrodim term retrieved all the
studies thatised the tersilaptops, Chromebookievicesincludingdnobile devicedand

digital deviceé which usually come igonjunction. Althoughthe Boolearretrieved a
considerableumber of articleshat included other types of devices such as tablets
smartphonesomputersand othersit did not retrieve all the studies that only used the terms
tablets, iPads, or computdcsrefer to the devicassed This is a limitation of this
systemasedreview. The search included studies published between January 2015 to
December 2019. The tml numbers of articles retrieved are listed able 22, below | read
theabstract of each articend saved the selected articlésen a deeper read of the articles
was conducted to ensure that the inclusion criteria list@ale 2.3 below,weremet.|
developedhese 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 uppeprimary classroomsuch asChromebooks, laptops,iiets, and computers
This process resulted in a total of 64 arti¢lese AppendiA).

Table 2.2

Retrieved an@®electedNumbers oStudies

SelectedJournals Retrieved Selected articles Selected articles after
after reading scanning the article
abstracts

Computers & Education 234 65 13

British Journal of 265 38 14

Educational Technology

Journal of Computer 133 39 19

Assisted Learning

Education and Information 333 5 4

Technologies

Educational Technology 124 22 14

Research and Developmer

Table 2.3

Inclusion andExclusionCriteria

Inclusion Exclusion
1 Empirical studies. Viewpoint, theoretical, policy, articles were
excluded.
2 Primary Education between Year 3t Early childhood, special education secondal
Year 8 or equivalent. higher & adult education were excluded.
3 Classroormsetting. Informal settings, distance learning, online,

after school settings were excluded

4 Devices included (tablets, laptops, Devices such as smartphones, clickers, iPo
PCs). multi-touch tables, etc.

5 The focus was on using digitdévices Studies about polies, designing research
by students for classroom learning. instruments, gaming for needucational
purposes, teacher sa
testing tool or an instrument were excluded.

Analysis andSynthesis
| developedasummary 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 aiheliterature | classifiedthe designof the stidiesinto experimental
and norexperimental; methods were classified into qualitative, quantitative, and mixed.
Then each article was given a symbol based on Tadlé&ow,as in the example iRigure
2.1, below That made it easy for me to distingufsbm onelook the features oéach study

when organised in a summary tableadigure.
Table 2.4

LegendforAr t i cl es 6 Symbol s

Researcl Definition Journal  Definition Subject Definition
Design Name Area
:l Quantitative El Education gnd Informatio L  Language
Technologies M  Maths
:] Qualitative CE Computers & Education S S(.:itlance.
D Digital Literacy
[: Mixed BJ  British \_]ournal of H  Social studies
Educational Technology G Generic
——  Experimental ET  Educational Technology T STEM
Research and Developm U Music
Non JC  Journal of Computer E Media
experimental Assisted Learning
Figure 2.1
lllustration ofthe Studgs Symbol
Bold two letters and number EFlI2 L _—w Shape refesto methods

refer tojournal name and article

number(sorted alphabetically Colour refessto study

This letterrefersto design

subject area

For the focus, it was inductive(8raun & Clarke, 2006¢lassified into two

categories

(a) Interventionfocusedstudies 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
intervenedlandthes udy i s fAspecifically tailored to ev
(Thiese, 2014, p. 199)includednon-experimental studighataimed to &plore the
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influence of a specific interventioihis category was further analyseductivelyto classify
the interventions. Five themes emerged: pedagogical approaches, initiatives, applications,

educational games, arcdmparisorof use conditions.

(b) Non-interventionstudies include studies that did not investigate a particular
intervention but f oc EHigue.2below,ilsdtrates thenanalydis e x per |

andsynthesisof thereviewed studies.

My strategyto report thdindings of thisreviewis to first describehe findings then
combinemy critiques an@rgumentsvith thegapdiscussionThis strategy enabled me to
first pinpointthe gapclearlythenclarify my agumentthatjustifiestheapproach adopteid
address that gap.
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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 numbesgidfeson using devices in
classrooms as iRigure 2.3 below,which reflects the increase of interest in studying the
phenomenon. That increase can be attributed to the wide adoption of integeatoes @l

over the world as shown 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 moredbatry.
Figure 2.3

Number oReviewedXudiesPublishedPer Year

Number of studies

0—o-

2015 2016 2017 2018 2019
Year

Note: Some studies published in 20d&re issued in 2020
Figure 2.4
GeographidDistribution of theStudies
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The review showed that digital devices were used for different subject Bigae(
2.5, belov. Much of thereviewed 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 expred using digital devices across different subject areas and did not focus on
specific onesthis category was called generic. Among the included devices in this review
(Figure 2.6, beloyy most of the studies reported the use of tablets and iPads,ddlloy
computers and PCs. Fewer studies reported the use of laptpding notebooks,

Chromebook, and netbooks.
Figure 2.5

Number of Stud&lInvestigated Using Devices for Subject Areas

Language: mmm i i i i i 20
Science M - 20
Maths  m - 15

Digital Literacy mmmmmmummmmmmm 4
Generic | mmmmummmmmmm 4
Social Studies mummmmmmmm 4
STEM |umummimmmm 3
Media jmmmmm 2
Music mm 1

Number of Studies

Figure 2.6

Number of Studies Reporttat each Type of Included Device

Mobile & Digital Deviceslfill 2

Laptops MHHMHMHHAHAImmmimmmmmmm 18
Computers & PCs I mmmimmm - 23

Tablets & iPads [ 3o

Number of studies

Most of the studies, abo88%, were interventiofiocused studies. Regarding

research design, 67% of the studies were experimental. A variety of methods wereasted
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of the studies were quantitative and mixed and niesferwere qualitative. The detade

numbers are summarisedrigure 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 stithfocus on the traditional subjeateas compared to integrasabject
areas such as STENhere are moretgdiesthatreported using tablets than thakat
reported using other devices. Studies examining interveritidhg top journalsvere
dominant with an apparent tendency to adopt experimental designs. Kib&t methods

used were quantitative and mixed methods and, to a much lesser extent, qualitative methods.
Figure 2.7

Numbers of Studies iferms of Their Focus, Design, and Methods

57

Using Devices for Educational Interventions

Most of the studies in this review aimed to examine the influence of interventighe next
sections, | report the major findings of the studedated to the followingnterventions
projects and initiatives, pedagogical approaches, educational gaming, comparison to
traditional approaches, and applications.

Initiatives to | ntegrate Digital Devices inClassrooms

Studiesfrom different contextseported initiativeselated tantegrating digital devicem
classroomsThese studiescluded developed and developing couninesich indicats the

expansion of the phenomenon globaliyplementing such initiatives in low soeszonomic
communities can mit i g aandredutchedigtal dividd Kepnedyf or ma n
et al . (2016) compared st udedldas inscemnceihtwda vy t o
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states in the USA. One state implemented atorame 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 performapased assessments in digital literacy.

The pedagogicabpproachasbeenidentified asa major contributing factofor the
success of these initiatives.study reported the influence of a project that took place in five
schools in five European countries: Croatia, Denmark, Poland, Sweden, and (éaltibh
et al., 2019) The students were expected to create digitaflaats 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. Stud
efficacy were improved as creatinmitial artefacts allowed students to demonstrate different

competencies beyond academic capabilities.

Other studies reported timaportance of adopting pedagogical approachesateat
sensitive to the cultural and contextual aspdeats.example, atudyabout acontextualised
OLPC educatiomrojectrelated to the One Laptop per Child (OLPC) initiative in India
showed that contextualising the integratiorigfital devices resulted in positive learning
outcomegAle et al., 2017)Another studyfrom Kenya thaexamineda oneto-one tablet
initiative emphasised taking cultural aspects into account when usingedenmiclassrooms
as they influence the pedagogical and technological app(biedhrich et al., 2020)It also
found that the contextual factors of the foggource countries require creative ways of using
the devices for learning in classroorishowed thatin some cases, shared use of the
devices had a positive impact cooperative learning and positive learning outcomes on
language learning he findings related to the shared acdesgevicesalign with astudythat
was conducteth New Zealandn schoolghatparticipated in a netbook purchasing scheme
for children ina low socieeconomic communityStarkey & Zhong, 2019)t compared
acadent achievement in reading, writing, and maths for children wheatustlicated
netbook for us 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 sign
However the study reported th#tte pedagogical approach can decrease theeaement gap
between students who can access their devices at home and school and those who are limited

to shared access at school.



34

The outcomes dhtegrating digital devices in classrooms are also influenced by
factors relatetb social actors irthe classroom environmerthat is teachers and students
Regarding teachersmn-experimental study examined the influence of a professional
development initiative on studedtsarning experiensan four classrooms in the USA
(Mouza & BarrettGreenly, 2015) The study found that teacher
using mobile devices and applications were enhanced. That was reifftestedentS8use and
achievement; students used the devices to locate information from the Internet and create
digitalarteact s. A positive i mpact on sanddentsd co
academic growth was evideftat supports the findings of a previous study that shpated
the same timehatthe findings draw attention to the role of pedagogical approachesathat c
decrease the achievement gap between students who can access their devices at home and
school and those who are limited to shared access at sé¥idolegards to studés) a
tabletbased interactive classroom programme was implemented in rural schSolgth
Koregusi ng devices was explored in terms of daf
use, satisfaction, the desire to learn, andesdlff i c acy f{Kor& Jang,201% p.n g o
12). The study found that the desire to learn in a tetdsed environment is the key factor
that predickss t ud e nt s & thefatlre. Ehé positagieeptions bthe use, such as
usefulness and ease of use, pthefutureiandsdfy | nf | u

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

The findings extracted from this groopstudies shoedthatgoad intentions behind
providing devices for all studentsuch aseducingthedigital dvide, werenot enougho
guarantee pasve outcomesFactors relang to the pedagogical approach, contextual factors,
teachers, and studerase critical. However,while these factors uslly exist together in
classpboms, eachstudy focused ora specific factowhich did not illustrate theollective

influence of theséactorson using devicem classroom learning

PedagogicaApproaclesto Interventions

This categoryncludad studies that focused on te#ectivenes®f pedagogical approaches
thatrequired using digital devicegithout designing a padular software This meanshe
software used in these stegsiwasavailable online The discussion of these studies willibe
terms of the subject areas the influencef the interventiorwas usally measuredhn relation

tostudent sd achievements in each subject.
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Language learning Most of the studies in this category explored using devices for
language learning?edagogical approaches tiveegrated digital devicesould positively
influence studentdanguage learning when theyorked cooperatively to perform digital
storytelling tasksthestudentshowedower levels of anxietyas well(Liu et al., 2018)In
addition, wing devies can influence feedback in classrooms.dxamplein essay writing
a study compared receiving teacheroéos feedbac
system available online called PEGGWgleti ng,
Docs(Wilson & Czik, 2016) The findings showed thalthough the teachers gave the same
amount of feedback in the same conditions, their feedback focused more oAéagher
writing skills in the combined f matichtioack cond
increasegwhile there were no statistically significant differences between conditions on the
quality of the final draftAnotherpedagogical approachat was designealsatouchtyping
courseand delivered by the teachenhancdprimaryst udent sé6 speladdi ng, ¢ty
narrativewriting skills (van Weerdenburg et al., 2018)owever, not all pedagogical
approaches that utilisnline software had the same impaastudy showed that faffective
and deep learning, usimigital knowledge graphas an approador language learningas

better tharthe common digital concept mgui & Yu, 2019)

Science For science leaing, some studies showed effectipedagogies that benefit
from availablesoftwareonline An example was self-regulated science inquiry approach
whichwas created using student engagement platform, Neat@idpproach improved
student s6 a eshekimgyselfffiearyt, gnd dif-eedjufation(Lai et al., 2018)
Another approach thembedded goroductive failure instructional desigim projectbased
learning was found to improve deep conceptual knowledge comprehension, positive attitudes
towards challenges, and autonomous | earning;
problem solving and the quality of their digital produ@eng, 2018)On the dber 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 ehlaacning; additionally, the
entertainment caused by animated multimedia ldes® mental effort in learnin@zun &
Yelderéem, 2018)

Socialstudies one study explored how studentsé
shaped by using mobile technologies; the findings showed that when physical activities and

digital information were integratealith learning activities to create digl artefacts, the
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students were able to develapew sense and understanding of placeiasdpported

students6é i magination a(Pdceetnl.e2®26) on of narr at

This category showed how availalsieftware could be usexs part opedagogical
approachem different subject area$hereplication of such studieould be easian other
contexs as no parcular software was dégnedto undertake the study. Howeyérne focus of
these studiewasmostly on theeffectiveness of the pedagogical approach under controlled

conditions, whichgnores the multiple factors that migtécepractitioners in othecontexts

Using Devices for Educational Gaming

Special educational games were designed to support stoidantsng in different subject

areas. Il nterestingly, the enjoyment was not
pl ay educational games; other factors were n
clear learning tasks and instructs of the gam@ten & Petko, 2016)Other studies

highlighted tte positive impact of using educatiordli gi t al games on studen
Gamebased writing elevated studentsd interest
(Liao et al., 2018)In sciencea collaborative mobile game that uses augmented reality
enhanced student sd ac Isofa girlks, espatially when dgsgmee to a | bu
align with social communicatiofBressler et al., 2019)T'he nquiry-based ubiquitous gaming
approach positively impacted studentsd engag
perceptions btheir problemsolving and critical thinking skillHwang & Chen, 2017)in

maths, three studies found that using digital educationatgam i mpr oved st udent s
mathematical knowledge, performance, and enjoyment in classroom le@nasalfi et al.,

2018; Ke, 2019; Masek et al., 2017) However, a study found that
not affected by gaming approach kthiattheir engagementasenhancedGarneli et al.,

2017)

All the studies within this category were experiméritee experimentatesignis
considered a robusvidencebasedapproacho inform policies and decision makir{&lavin,
2002) However,in this casedifficulties arisewhen an attempt is made to implement
replicate these studigthese gameweredesigned for specific contextsurriculuns, or
educational systemwhich limitsthe bemfits of these gamasmless thg were
commercalised orcustomisedAdditionally, as in the previous category, the foclishe
studieswason the effetiveness of these gamesynot muchwas reported b out t he st ud
experiencewhen using thee devices and the factors tirdtuenced 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 examimadsic learning. Althougthe students found it easy to
useaninteractive mobile application for learning solfeg@music theory)the app had a

minor impact on their singing and tappjyzget it enhanced studentsoéo o
rhythmic accuracyDebevc et al., 2020Dther studies were related to the following subject

areas

Language learning.For language learningsing deviceslid not guarantee
outstanding outcomes. digital tool was developed to enhance syntactic structure learning
whereastudent used the visugyntactic text format to read English and social studies topics
(Park et al., 2019)he findings showed that the significant gainthieEnglish language
werelimited to sixth gradershot theyounger students. Additionally, students who used the
digital tool achieved better e English language test than students who used printed or
digital traditional textbooks. For reading, although students preferred reading from devices,
their performane and confidence were significantly better when reading from §Bpéian
Golan et al., 2018)Another study explained that the dependency on digital media materials
is causing fragmented reading. That leads to lower levels of ebmpsion and attentipn
especially when combined withedistraction caused by online multitasking such as
checking emails, chattingnd browsing the wefb.iu & Gu, 2020)

Maths and STEM. Unlike the previous categarysing deviceseemed to be
promising formaths and STEM subjeatempared to traditional wayA study showed that
for solving arithmetic exercises, the students who received instant feedback through their
personal or interpersonal computers achieved better than Swdemused peandpaper
and received delayed feedbdélcohola et al., 2016)Anothers t udy f ound t hat
orchestration between digital and rdigital resources combined withe appropriate school
infrastructure to support digital learning improvet udent s6 | éDdaaretalng i N me
2015) Additionally, students who wsla computerbased story fomaths problem solving
achieved better than students who uspdperbased story or did not use a st@Bunbas,
2015) For STEM subjectstgdents who used 3D compuided design i STEM-
integrated approach performed significantly better in maths and devdlefiecspatial skills
than students who used traditional methadpaperg{Ng & Chan, 2019)However,not all
desired leaning outcomesould be achieved by using devicakhoughstudents who used

mobile technologies in learning maths achieved better and showed more enjoyment compared
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to students who used paper and,pendifference in attitude towards mathasiound

(Fabian et al., 2018}-or learning fractios) mathematical discourse using blogs led to better
conceptual knowledge compared to faadace conversatigrhoweverthere was no
difference in procedural knowledg8toyle & Morris, 2017)

Science For science learning, using devigesulted in better outcomes compated
traditional methodsSt udent sé scientific knowledge and
significantly better when using a graphented computeassisted application in a project
based learning environment compared to students who used tralditiols 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 edgegl accurate in answering
guestions antlad more@mproved diagrammatic reasonirftah students who used printed
workbooks(Miller et al., 2016)

As in the previous categoryl] the studieswithin this categoryvere experimental
except for ongin this casethe comparisorould beuseful to inform practiceHowever and
basedn what haveenmentioned earlier, focusing on measuring and comparing the
outcomeffers no further extanationof the interactions and factors that led to these

outcomes.

Examining Applicationsfor Classroom Learning

This subcategory includes thargest number of studies with the interventiooused

category. The common focus of these studies was examining the impact of an application
designed for a specific interventioks in the previous sectionstudies were grouped based

on subject areas.

Language learning Reseachers developednd tested various applications for
language learningrhich showed positive learning outcom8sme of these applications
facilitated collaborative learning mobile learning system designed in familiar authentic
environments was beneficial and the best performance happened during the tightly
collaborative learning taskShadiev et al., 2018Another study attributed the positive
results ofacollaborative digital strytelling platform to the classroom environment that gave
the student the freedom to form grouwhich encouraged collaboration and engagement
(Liuvetal.,2019) The study found that studentsdé part
proficiency were enhanceAdditionally, the features of the apgpation andthet e ac her s 0

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 stud&Ehiencyfrom low-resource communities

especially those who were shy or unconfidéatinge, 2019)Some featuresuch asan

interactive touchscreen tqaverefoundtoi ncr ease studentsd engageme
reading and writingCordero et al., 2018However,not all dgital product features affesd

st ude minginthesaenaeway For exampl e, no difference w
achievement when using animated graphics or using static graphics in a celnageter

English achievement assessm@indar et al., 2015)Alternatively, the quality of the

graphics was the crucial factor.

ScienceUnlike literacy,studentggaineda deeper understandinfchemical
reactionsvhenanimations wer@sed compared tgtatic graphicg¢Stebner et al., 2017y hat
could bedue to the abstract natud scientific knowledgefor which digital tehnolayies
could provide representatiofor examplearemote laboratory system to conduct online
scientific experiments was efficient for science learning inside and outside clasgfdmms
& Yeung, 2018)s the students were able to experiendaal interactions instead ohly
dealing with equationdrimary students who usedligital Electricity Exploration Tool
developed a better conceptuaberstanding of electric circuits when learning with
constantly concrete simulation elements rather than combining concrete and abstract elements
(Jaakkola & Veermans, 2015ecently, agmented reality is gaining attention for science
learning.An augmented reality systemwithatwoi er t est strategy | mprc
motivation, conceptual knowledge, and achievement in sci@fwmng et al., 2020)-urther,
students prefer using augmented reality applications individually rather than collaboratively
(Baran et al., 2020Another system developed that combiaagmented reality with flipped
learning was compared tbe conventional lipped-learning approach; the findings showed
that students who used the combined liea@raystem had better learning achievement,
motivation, student group sedfficacy, and critical thinking orientatiq€hang & Hwang,
2018)

Digital applicationcouldenhancestudentélearningskills in scienceWhen
comparing using stagedependent argumentatiassistance tool with a generic tddsed
interface, it was found that studentsd scien
scientific processvasenhanced when using the tgbin etal., 2018) Usingatechnology
enhanced learning environment for collaborative knowldulgkling activities enhanced

studentsdé6 comprehensi on, c olewhldleamiagtaboatn, cr e a
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energy(Hong & Lin, 2019) Another mobile experiential learning g was developed for
environmental sciencejitmp r ov ed st usolany skilsh colfective efficacy

attitudes, and achievement compared to students whausedentional situated mobile
learning approacfCheng et al., 20197t the same timeglrner characteristics were found

to impact the effectiveness of digital learning environments. A study found that students with
low prior knowledge benefit from visual signalling aadanimated pedagogical agent for
science learning bubeydid not benefit high prieknowledge studeni{gdohnson et al.,

2015) This presergan example of the mutuaifiuence that could happen between the

learner and the devicesiring learning.

Maths and STEM. What appliego abstract knowledgacquisitionin sciencecan
also be applied tmaths.A computeraided design tool, called Energy3D, was effective in
devel oping studentsdé6 knowledge and use of ma
integrated STEM learning environmdiasgupta et al., 2019 or spatial task solving,
students who used an app that enables physically rotating 3D figures on their tablets gained
higher scores compared tindents who did it mentally without the rotating feat(Wéetzel
et al., 2020)However, h a multitouch collaborative learning environment, an iPad
application with prompts impacted learners differently; vesatibn prompts increased off
task behaviour and negative emotiommsde n hanced the qual ibuty of st
had no impact on learning gai(schmitt & Weinberger, 2019)

Social science In thesocial sciencegositive outcomes resulted from using
applicationgdesigned for learnindn this category, @ osi ti ve i mpact on st u.
argumentative writing in science and sosigiences happened when using a comghased
graphic orgarser with embedded setegulated learning strategié®oykin et al., 2019)

Anot her study showed that studentsdé perfor ma
significantly better when using augmeshteality anda mobile pedestrian navigation app
compared to using desktop devi¢dscNagata et al., 2017)

Digital Literacy. For learning the logic of programming, providing digital units that
includal rich explicit instructions led ta significant increase in learning gains, transfer of
knowledge, and motivation for learn€i¥itherspoon et al.,@.8). Additionally, addinga
summary of the main points for the digital instructions incré#se effectiveness of these

resources;at udy found that video tutorials for so
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motivation, seHefficacy,andperformanceespecially when the task demonstrations included

the reviews or the summari@gan der Meij & van der Meij, 2016)

As in the gaming category, special applications were designeertain
interventions. These studipsovide souncevidenceelated to theffectiveness of these
interventionshowever in order to benefit from the results of these studiesapipiicatons
should beavailableand used in the same conditiafghe interventionwhich isdiscussed

further in the gap sectiahortly.

Summary

The prevalent literature explored in the systesealieview focused on examining
interventions using digital devices in classrooms. fliidingsregarding theexamined
interventions variednitiativescould be implemented teducethe digital divideand
enhance studer@karning however, the effectiveness of these initiatiwes influenced by
the pedagogi cal a pgharactaristics. Fomstlidies that examinedatlhet or s 6
interventions related tpedagogical approachaslising online softwaremost of the studies
repated positive outcomeand some reported no impact. Regardidgcational digital
gaming,almostall studies reported positive outcoméghencomparing digital tools with
traditional toolsthe findings variedlepending on subject are#isere were mixed outcomes
related tdanguage learningvhile the outcomes were positive in science and méihslly,
most of the studieseported the effectiveness afplicationdesigned for special
interventions. Inheinterventionfocused categorynostof the studiepublished in top
journals tenddto use experimental designseresubjectareaoriented andrepored

successful trialsThis will be futher discussedh the gap sectioof this chapter

Student s6 Exper Digital DewiceYhen Usi ng

Unli ke the studies in the previous category,
experiences when using devices in {iimervention settings. The other diffecewas that

this category was less subjesta oriented than thpgevious one; most of the studies

explored the uses for gerc or more than one subject area. All of the studies were non
experimentaltwo used quantitative methods, three used mixed methods, and two used

gualitative methods. One study explored rgtudents estimate their digital capabilities

while the other six studies reported how students use the devices. In this section, | present the
most relevant findings of each study, then syntledhis findings of the six studies that align

with the focusof the currentstudy.
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A study addressed t he ¢ afpheifrdigitalwapabititest udent
and their digital literacyPorat et al., 2018)The study examined six skills that comprise
digital literacy: (1) Photevisual thinking: understanding visual and graphic information; (2)
Reproduction skills: eating new meaning from existing digital content; (3) Branching skills:
managing and constructing knowledgenfrnonlinear digital resources; (4) Information:
critically evaluaing the quality and the credibility of digital resources; (5) Seembtion&
skills: benefiting from online social communication safelyd(6) Reattime thinking:
processing tasks and information effectively and simultaneously. The findings showed that
students oveestimated their digital skills when compared to their actagbpmance related
to thesix skills. That meant that digital natives who spatahg time in the digital
environment might exhibit digital overconfidence that does not necessarily reflect their actual

competencies.

The findings of the next studies weetated to the uses, factors, and influence of
using devices in classrooms, which meansrtiastudy can be contextualised within this
category. After presenting the findings of each study, | summarise the findings to show in

later chapters how ¢hcurraat 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 ag@&atystrom, 2019)The
study found four affordances of the digital totilati nf | uence studentsd age
ability, which allows students to write readabletexth i ch i nfl uenced stude
development and communicatiq®) Editability, which influences t udent s6 i ndeper
writing andmaking iteasy to correct mistake@) Storytelling-ability, which allows
students to independently make decisions about imagining and creating their stol{d}s
Accessibility, which allows students to participatere 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 mainlgt pge and paper for writing at
school. They reportedhat 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 agasgiven to students

wereother factors that influenced using the devices for writing.

Zilka (2020)surveyed Israeli teenagers about using devices inside schools and outside
schoolswhich makes the latter outside the scopegfstudy. The findings related the
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school envionment showed that students used the devices to scan documents, take pictures,
record classroom lessons, and search for information. Mdisé sfudents considered digital
devices helpful for their learning and for doing their homework. The majority reported that
thelearning environment at schoassfriendly and suggested expanding the use of devices
to more subject areas. They reported thatftaquency 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 environmentedtieeir
preferences of using the desgcin schools. Studeispinions 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 kinabf learning because of the crowdedness and noise. Although most of the
students considered thée digital environment at school was outdated, they still preder

integrating digital technologies in their learning.

Varier et al. (2017¢xamined the integration of digital devices in 18 elementary
middle-, and highschool classrooms in the USA. They explibthe factors influencing the
integration, the impact of using the devices on developingcdtry skills, and the impact
on student engagement and motivation. They classified factors impacted integrating devices
into six factors: learning curve anthg-up issues for teachers and students, district control
and teachersd agency, internet access and
and school level. The study found that using devices offered opportunities to develop 21st
century leaming, move towardalearnercentred environment, and provide instant formative
feedback. The study provided examplésising devices based &ei and Zhao (2008)
framework which suggests that students use devices for expression,satgani
communication, and exploration. Finally,
self-direction but there were mixed opinions about motivation. Primary students were
motivated to use devices for learnimghile some students reported that they were not

engaged when using the devices.

p a

usi

Theeachersé6 role in utili sGeergetad@0)1)hey | devi

usedthe SAMR model, which refers to four levels of integratingitl devices in
classrooms: Substitution, Augmentation, Modificatiand Redefinitior(Puentedura, 2009)

to examine teachersé pedagogi cal approaches

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

challenging to decide which phase the teachers wendah was considered adimitation
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of the model. They suggested that professional development could etteincea c her 6 s
integration of digital devices in classroariowever, they found that students used the
devices for searching, communicating, @ndducing artefacts. Bse useked 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 devigesoltaborative learning activities.
Cerratto Pargman et al. (201&8)gued that to understand collaborative mobile leammage
deeply it is not enough to study the impact of using the deyitésalso important to study
how learning is mediated by digital devices. fieenducted a study in natural settings in
classrooms with no researcher intervention to study the emergence of collaborative activities
in the tabletmediated classrooms. They observed students in maths, science, and English as a
foreign language classasfour 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 pr¢atpistemic: to understand
and canprehend their learning task8) reflexive: to manage and regulate their learning
tasks (4) emotional: to emotionally experieswwhat they dpand(5) spatial: to create
common virtual spaces to collaborate. The researchers concluded that in the¢aldétd
classrooms collaborative learning is a complex activity which emerges from different factors.
They argued that how students use the devscas important as the design of the technical
features of the digital environment. They en

instructions on utilising the devices by the students.

The need for models that help to understand the classrooamilys when using
digital devices was emphasised iyado-Morueta et al. (2020)he researchers argued that
to promote st udent sabnetooreervimnnmentieee gsgchotogi@mint i n
needs should be satisfied: relatedness, autonomy, and competence. Based on that assumption
they devel oped a model to understand the mec
with regards to behaviour, emotional, cognitive, and saovalvement in ongo-one mobile
programs. Then they tested their model using quantitative data collectehignage and
maths courses. The findings emphasised the mediation rateaoithentic learning
pedagogical approach. The authentic learniniyiies in aoneto-one mobile environment
wer e what s appsyckofogical deegespaecihley the activities that were

collaborative with formative teacher feedback. In addition, the type of activity and the course
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affect st udenmashs§ lessntgraugcetmuernetd. alct i vi ti es with

scaffolding, and modelling improved students

The relevant findings of the studies within this category are synthesised according to
the three focof the currentstudy, which are the uses, the factors shaping the, aselsthe
contribution of t he Table2sbheldwdn sam,sontkestadies 6 | ear ni
reported the observed uses without conceptualisé@enr et al., 2017; Zilka, 2020thers
reported the usefor specific functions such as writif@ahlstrom, 2019and mediation
(Cerratto Pargman et al., 2018)ne study clssified the uses based on a constructivist point
of view (Varier et al., 2017)The studies reported some factors ezlab the use and the
outcomes as welDespite the rich knowledge provided by this type of rese#ene is a
needfor amodel that conceptlises s t uudeefrdigigldevices and answeguestions
related to the factsthat shape thenand how they contribute to the educational progess

classroomgsaswill be arguedn the next section.
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Summary oResearch orgtudent®Use ofDigital Devices
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Study Findings related to Findings related to Findings related tothe
uses factors influencing using contribution of using
digital devices digital devices
Dahlstrom For writing: *Access to digital devices *Language development
(2019) *Write-ability *Teaching design and and communication
*Edit-ability giving agency to students *Agency and autonomy
*Story-telling- *Independent decisien
ability making
*Accessibility *Participation and
independent judgement
Zilka *Scanning *Teachers *Useful for doing
(2020) *Taking pictures *Subject area homework and facilitatg
*Recording *The quality of thedevice learning
*Searching *Classroom environment *Conflicting views on
collaborative use
Varier et  *Expression *Learningcurve *Ef ficiency
al. (2017) *Organisation *District control self-direction
*Communication  *Internet access *Motivation
*Exploration *Device features
*Content area
*School level
Geer et al. *Browsing *Teacher 6s p *Collaboration
(2017) *Using educational implementation *Communcation
apps *Professional programme *Authentic learning
*Photo and video  for teachers *Student so
taking and editing *Features of the devices *Self-reliance/
*Reading autonomy and
*Emailing authenticity
*Watching
*Social networking
*Playing
Cerratto  *Pragmatic Collaborative learning
Pargman *Epistemic
et al. *Reflexive
(2018) *Emotional
*Spatial
Tirado *Authentic learning *Academic engagement
Morueta activity design *Student sé6
et al. *Type of activity needs for autonomy and
(2020) (structured/open) competence (self

*Type of course
(maths/language)

efficacy)




47

The Gap: A Critique of the ReviewedL iterature

The review showed that the majority of research published in theamestand highly

ranked journals in educational technology has focused on the effectiveness of interventions
utilising devices in experimental or quasiperimental settingsnd most othem reported
successfutrials. 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 top{8esta, 2015)Biesta (20073iscusssthetendencyof

educational researc¢h conductexperimental trials to offer evident@ased practices. He

explairs that this idea originated from tlieausal model of professional actianshich seeks

to answer the question dhat work®by looking at thentervention as a cause and the

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

medical researchvhich granted a privilege to randomised controlled treatments; that can
explain the predominance of the approacth@top journals in educational technology. He

argues that this model does not fit with the educationalconfexts fAbei ng a st uden
il Il ness just as(Biesea@20607,ip.rbgrhe tendency to foaus an the e 0
experimental settings led to ignoring the open and recursive nature of the educational systems
(Biesta, 201Q)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
elementsassuming that each element has inherited, ljeal constant effects on the
learning procesgEnnis, 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 interectiat happen
between elementiatconstantly chargeach otherwhich make these interventions, despite
their merits, succeed in some contexts and fail in otAelditionally, most of thepublished
trials, as in this reviewtend tobethe successful ongahich limit our knowledge about the

factors that might cause their failures.

The eductionist approach generated what can be catatidlearning models
which focus on soménapshoiBof the learning process such as grades, @ations, or
learning outcomes without investigating what elements and dynamics influenced their

emergencé¢Hurford, 2010) This is common in researtat explores the use digital
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devices for learninge.g., Cavus & Ibrahim, 2017; Zacharia et al., 20k6}he review, lhe

few studies that reportedduden s 6 e X |pcked coaceptualisaticand modding,

perhaps because it wast the focus of the researdfurthermore this approach holds
individualisticperspectives about learning by focusing on the leaneéthe learning system

(Hurford, 2010) Davis and Sumara (2018)r gue t hat it i s mmplte ast t
but also fAicompl ex sy®.t886NTHisa@nbe undezstoodras notpnlys y st e
the learner who changes during the learning process but also the whole learning®yistem.
approach marginad the role of the material (e.g. toolsMiges, building, furniture) in

shaping human learnirgsFenwick (2010xlaims. Shesuggestshat learning environments

are overstuffed with materials which creatmutual influence between human and

nonhuman entities. She argues that these interactions are not studied sufaci@ntly

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

limited literature has addressed and describet®pth how materials influence classroom

learning, and what type of mutual interactions happen in a detailefevgayRoth, 1996)

Furthermore,tte focus orexperimentatrials hasled to less focus oexploring the
everyday experiences of the social actBenwick and Edwards (2018jgue that learning is
understood and valued in different contexts in different wagtmur (1999Yyefutesthe idea
of neglecting how people conceptsaland construct their definitions about there& This
is supported by notable social scholars who assert that social theories should be derived from
soci al a c t(Raikis, 20038 Cowmdarsiandthe role of digital devices in classroom
learning processes it is crucial to acknowledges learning is perceivealy social atorsin

each contexbecause that will affe¢che learning goaland how thewill be achieved.

In conclusionthereareunarguable benefits of using the predominant approach to
study the role of digital devices in classroom learnihgrovided rich knowledge abotlte
effectiveness of interventions that utilisgelvices in classroomblowever my study argues
that theras a need for irdepth investigations of using devices by students that consider the
open nature of the classroom contewtisat factorsshape themand how they could
contribute to classom learningobjectives| argue that one of the reasons for this gapot
studying the phenomenorom a holistic pespective Next, | introduce the theoretical
framework ofmy study and the main assumptsadopted taindertake the research
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Studying the Sociemateriality of Digital Devices in Classroom Learning
Sociomateriality is an emerging approach to study how masara humans interact
together and what emerges from these interactions to constitute educational phenomena such
as learning and teachirjgenwick et al., 2015}t is argued that by tracking huniamaterial
interactions in educational contextdind spots about the role of materials, such as digital
devices, ireforming and reshaping educational phenomena could be highli¢eeensen,
2009) Fenwick et al. (2015)ropose four approaches that can be used to study socio
materiality in educational contextSomplexity Theory,Actor-Network Theory (ANT),
culturathistorical activity theory (CHAT), and spatiality theorid$y study adopted
Complexity Theory to underpin the theoretical stance efébearch that moves from
focusing on causality and effectiveness towards complexity and puiieséa, 2015)
Assumptions from ANT were also used to support how the phenomendrewsiiidied and

understoodas discussed in the next sections.

Complexity Theory

Different scholarhaveconsidered Complexity Theory as a separate paradigpnch
has its distinct ontological and epistemological stafB&skie, 2007; Cohen et al., 2017;
Patton, 2015)Prominent theories that challenged doeninantparadigm of the scientific
enquiry such as Evolution Theory, Chaos Theand Systems Theory interacted together
shaping the emergence of Complexity The@gulton et al., 2015pr what some scholars
prefer to name Complexity science or Complexity thinKidgvis & Simmt, 2003; Davis &
Sumara, 2006)Some scholars consider that Complexity Tiiedigns with postmodernism
(Cilliers, 2002) andothers argue that it aligns with critical realigBochranSmith et al.,
2014) My position in this research is that it hasawsn point of view about reality.

Kuhn (2007)identifies the ontological and epistemological assumptions of
Compl exity Theory. Wi th regard to the ontol o
t hat 0 Real isdlfgrganisngahg emargentclt,is both singular and npldtiat the
same time and althougliémay be studied from various perspectives the act of study will
affect thedrealitydo b s e r(Kulend2607, p. 172)hisis reflectedn the epistemological
position which addresses the questiordadw do we know what we knowBy considering
thatthe knower, the known, and the relationship between #dreaynamic,self-organising,
and emerging as well. The concefitgnamid ¢self-organising andé&mergeniwill be

clarified shortly
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Complexity Theory focuses on studying complex phenomena or complex systems
(Cohenetal.,2017) A compl ex system ficomprises many
multiple ways. The elements themselves can change, Eratradapt. The connections can
change, | oosen, reform, and the b (Boultahatr i es
al., 2015, p. 35)Scholars from different disciplines discuss the characteristics of complex
systems. The characteristics suggested by scholars of complex sggénfisienced by the
nature of the natural and socs&iences, although the fundamentasconvergentFor
examplePatton (2011yiews were influenced by evaluation studiekile 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 stadyagional
phenomeng§Wang, 2019as what appliet natural complex systems e®not necessarily
appl to social complex systems. Yétis required to illustrate how the theoretical

framework applieso a phenomeno(Patton, 2015)

In this study, classroonare studiecs complex systemmestedwithin other complex
systems such dakeschool system and educational system. Thisionwas positedy some
scholars such d@senwick et & (2015)andDavis and Sumara (2006ut without detailed
verifications.Hurford (2010)applied Complexity Theory perspectives and characteristics
classroom learnmusingperspectivesoming from genetic algorithms and computer science
(Holland, 1995) mathematical modellin@Casti, 1995)and biological sstemg(Camazine,
2001) Recent work developed Boulton et al. (2015posits seven characterisgthat
encompass thieasicfeatures of any complex system that baraplied to myriad
phenomena including educational onesthe next sectior,apply the seven characteristics
to theclassroom context to establish my arguntkat ComplexityTheoryprovides a
relevant and beneficial lens to understand the educationabples@happenng in

classrooms.

1. AComplexSystem isiSystemic andSynergistid

Systemid not to be confused with systematiceans that the elements in a complex system
are interconnecteslynergistically The synergistic nature of the relationships means that the
elementsnteractwith respect teach other; as a result, what happens toetempentwill
somehowaffect the whole system. It implies that chanlgasperas a result of synergistic
causesnot meely a singlecausgBoulton et al., 2015)This nonlinear view challenges the

linear assumption that attributelsanges tsimple, direct causeffect relationswhich can be

u

o



51

predicted and controlled; it rather asserts that unpredictpteficantchangesan also

happen as a result of small synergistic act{®=ton, 2011)

In theclassroommany different elments interactogethersynergistically When
these elemenisteracttogether to achieve common goals or achievements, any change or
simple event can influence the outcornrean unpredictable wayA simple linear cause
effect explanation cannot predibtietchanges that might happerttteteaching, learning, or
other aspects whemnew 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 exdnt they are synergistic and interconnectéds feature can explain why
someinnovationsor interventions that were evidentéexperimental researédid not give
the same good results when implemented in a different context. When this ieature
consicered researchers amublicymakerswill be more realistic about the expectations and
more cautious about the claims promotimgovationsand will be more ready to expect

unpredictable outcomes.

2. TheComplex Systers dVulti -Scalard

A complex system is influenced by mudttalar factor¢Boulton et al., 2015)A new
curriculum or a policy thas imposed nationwide is a largeale factor, where a teaching
strategy in a rural classroom is a snsalhle factorYet, these two multscalar factors affect
learning inclassroom&ndarealso subject to change due to negative or positive feedback. In
geneal, smallscalefactorscanbe modifiedfaster andnoreeasly than largescale factors.
Complex systems are nested systérenwick et al., 2015which means that classrooms are
nested within other systems suchlasschoolsystem, or intersects with other systems such
asthelInternet.This can be a critical challenge when studying a specific phenomenon and
making decisions about the boundaries of the researokhén wordswhat scales to include
and whamnotto. Researcluestions aranportantfor drawing the boundaries around the
research{Boulton et al., 2015and usinga casestudy methodis another usefudpproactio
determine what scales to inclu@@aikie, 2009) In general, it is not required, or possibte, t
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 Divigys Variation, and Fluctuations

In classroonsettings there is macraliversity which means there areariety of elements

that compose the classroofor 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 teachedifferentdevices Fluctuationsaremore relevant to théliffuse

average factofsuch as the changing number of students every week or the changing budget
of the classroom every term. The absence of diversity, variation, and fluctuatanshere

will be minimal options, elements, or interactions and will create rigid laws that gtivern
complexheterogeneousystem. The resuis a weakness dhe systerés ability to fae

challenges, or emerge, and may lead to its collaptbe endBoulton et al., 2015)

Applying these feature® classrooms could be controversialcan be argued that
many educational systems, like the one | came fi@n Palesting)are very rigid with a
tendency to curb diversityhisis not the caswith respect tdhe educational system in New
Zealand, where schools have the autononsetborganisehemselvesanddevelop their
own policies and curriculum to meet the needsheir local communitie§Starkey & Finger,
2018) | had the chance to visit manyhsols and classrooms in New Zealamtiwas able to
address the diversity, variaticsnd fluctuationata | | |l evel s starting froi
and backgrounds, teaching strategies, school polameglassroom curriculum, to the
outcomes. That mais studying the educational system in New Zealand using Complexity
Theory of much value. It is wortlotingthat the impact of these qualities on the resilience
and adaptability of the educational system awNLealands a gap worth studying in future

resarch.

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 togetheras said before, but also the context where all the events happen and the
order of these entsi the historyi are key factors thahapehe future(Boulton et al.,

2015) The outcomes of learning activity in a classroom are not guaratibeecorder of the
dynamic and where ftappensn the classroom can help us understand why even when all the
elements are present and interact together we djffeeentresult. Many teehers and

educators assert the importance of classroom managerganjsingthe sequence of the

flow of the classroom activities and the circumstances surrounding the clagEmmomner &
Staugh, 2001)
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5. Change in Complex SystemEgpisodic

As mentioned in a previous point, complex systems are resilient becausie divirsity

and fluctuationsbut there arépping pointsthat can shift and change the whole system into a
differentnew system that have different characterstioe to the changes in the patterns of
interactionsGenerally|t is hard to predict whether the situation is going through tipping
point or not; adequate time is needed before grasping that a tipping dirippened and
changed the dynamics and the norms of the complex syStemmpact and the changes that
happen due to tipping points are unpredictadohelthe outcomes are ambiguous. A
widespread commaosense implies that changes happen becausensfanincremental

efforts; interestingly, in most casekis type of constant change kedipe system stable and
able tohold itsown overall features unchanged. The radical change is epjsodither
words,a @evolutionarytipping point is what malga significant change in the system
(Boulton et al., 2015)

In classroom settings,reew teacher might make changes withsigmificantchanges
in the school system as a whole. But a tipping point might happen when a new teacher,
having arevolutionary appmach, makes significant efforts that change teaching styles,
relationships withothe t eachers and students, or student
could be integrating interactive whiteboards ttengehe teaching patterns, the interactions
between the students and the teacher, or the learning outcomes. Tipping points ceuld be n
policies, innovations, accidents, or initiatives. On the other hand, integrating new technology
or pedagogys unlikely tobe developed into a tipping point because the revolutionary
conditionsare not ready yet in the educational contéxthisreseach, | did not expect to
capture a tipping point because the impact of tipping points usually takes time. However, |
included in data collection methods some questions to encourage participants tevesrt

thatcould betipping points.

6. More than Ond~uture

To explain this pointBoulton et al. (2015liscuss an example dext messagindy

technology in the UK. The social shiftsat happened as a result of the popularity of this
technology among adolescents were unpredictable and unplannedtefastingpart was

that the new patterns of communications, parenting, and marketing that appeared in the UK
were not transferable tdleer contextsThiswas because the elements and their interactions

in the UK context were different from otheettings 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 digitl technologies in New Zealand classro@amsnot just unguaranteed larealso
not necessarily replicable in other educational systems or settings. Here iQahmgriexity
Theory contributes to our understanding of any phenomenon; it draws atterthen to
conditions, interactions, and elements that create what emerges in a@Js2aniel etal.,
2003)

7. SeltOrganisation, Selfregulation, and Emergence in Complex System
Self-organisationis the process théappensfter a chaos phase or after a tipping point that
changes the system radicalbpthe elements or the agemmiganisehemselves and create
stable patterns of relationships depending on synergistic efforts and continuous feedback.
These resulting pattesrare not always beneficial or effectigmetimsthe selt
organisatiorprocess leads to fruitless patterns and sometimesnado(Boulton et al., 2015)
A source of confusion can arise from the idea setftorganisatiorshould not happen as a
result of external force@vlitchell, 2009) Boulton et & (2015)clarify that in human systems
there are usually leadership elensghtat can benisunderstoods external forces. They
argue that these controlling elements are parts ddli@rganisatiorprocess which
contribute to pattern developmenttrbducing innovative instruction with new technology
into a classroonfpr example, can be a tipping point that requires fromehehey students,
and parents synergistic effortsremrganiser establish new teachinigarning,or

assessment patterdis might change the whole classroom dynamics radjcatating

what carbe calleda digital learning environmeatThese efforts are not always efficiemiyt
the process of trying to create the new patterns andiagapthenewsituationis called

self-organisatiorregardless of the effectiveness or usefulness of the outcomes.

After self-organisatiorefforts createnew patternsof interactions, theffortsand the
attempts to keep these patterns stable for a while are calleegalition. During theelf
regulationprocesseghere will be diversity, variety, and fluctuations that keep the system
resilient and adaptive but will not change thajorfeatules of the systerfBoulton et al.,

2015) For example, all the efforts to keep teaturesf the digital learninggnvironment 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 staiigites a

learning environmenft

Emergence seems to be thest challenging concefatton (2015¥efines

emergenca s 0 P at selearganisdtiormmo ng i nt er ad47).Bug agent so
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Boulton et al. (2015arguet hat emer gence i s when fAthe fi
gualitatively diff gp 4nIynthesisindnese tivoeperspecivest i n g
emergence is the reswolt selforganisatiorprocesses that lead tloe creation of a system
holdingnew features and characteristics. Fromrewew,there is still a gap in
conceptualisingmergence in the social systems compared to the advances in the biological
systemsfor example. Some scholars consider learning asraergenc&and provide a
theoreticalconceptualisatiofor that(Davis & Sumara, 2006; Fenwick et al., 2015; Jacobson
et al., 2016)Butstill, there are many unanswered questions related to learning as an

emergehprocesghatneed more empirical efforts from researchers.

Cilliers (1998)clarifiest hat A A compl ex system is not

of its compments, but also by the intricate relationships between these components. In

nal

st

c

6cutting updé a system, the analytical met hod

Therefoe, this study adoptethis holistic approachp extend our knoveldge, which was

dominated by the reductionist approaichynderstand using devices in classroom learning.

Actor-Network Theory

Themaintheorists of ActoiNetwork Theory (ANT) have considered ANT an approach,
toolkit, sensibility, way, or method of how to study and describe phenofhatwar, 2005;
Law, 2009) ANT emphasisethe howquestion (Law, 2009Which means ifocuseson
describinghow a phenomenodevelops, emerges, succeedfads. ANT avoids
predefinitions predistinctions, or judgments, leaving this task to thhenomenomo express
itself (Latour, 1999)which also gives importance to sdaatordaccounts. Being a
descriptive method rather than an explanatory thebig crucial to keep in mind when
planningresearclbecause this means or explains the importance of comgbdNT with

other theoretical frameworks if the focus of thearchgoes beyond theescriptivegoal.

ANT assumes that everything (e.g., learning, book, building, theory) is a result of
relations between heterogeneous actors in a netfiuavk, 2002) Actors are different types
of entities that could be human or Rleaman and &ve the agency to establish relations with
each other to form a netwo(€allon, 2001; Latour, 2005 he accumulation of these
relations keeps theetworkstable and able to extend, gives each actor in the network special
features and qualities, and creates or generates an effect or a ffedwitk & Edwards,
2010) Hence, ANTG6s focus i s tgdunaonfLawlo®) and

de s



56

The rext sectiongliscuss three principles, eliciteabin ANT, thatwereemployed in
my researchwhen to study the phenomena, the relationship between actors and networks,
and how tostudythe actors. | explain each principle, give examples of ihtvas been
employed by other researcheasd how it serves my research.

1. StudyingPhenomaa in Action

I n ANTO6s sensibility, knowl edg &herefongitaimes t hr o
at describinga phenomenoduring the formation process ndescribinga welldone

innovation, oyi n L a(l98Mworlsh We st udy science-made acti on
science or(p.2¥9%chhhilo®gyriient ati on(12s i nfl uenc
argumentation that practical activities performed within an efficient paradigm, not theoretical
knowledge per se, are whatually produce andegitimisethe scientific knowledge. Thus,

Law (2009)consides ANT to bea methodology that relies @axemplary case studi@s

Hence, investigating the process will not just reveal how amtworks succeed but also

how they fail.

Actor-networks that were investigated by ANT researchers/hddd greatlyIn her
doctoral studyLuck (2008)investigatedhe installation process of interactive video
conferencing (IVC)n Central Queensland Universifpcusing 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 ofVC in teaching practices. A different uptake to ANT vi&enlide® s
(2014)doctoral researchvhich aimed to explain the adaptation process of visual storytelling
technquesin a Swedish primary school from the socigdtural perspective of the human
action.Also, it aimedto explore how social and materadtions simultaneously, affect the
emergence of learning conditions relying on ANT perspectives. Here, although the researcher
did not adopan ANT rationak completely ANT was considered and used as a suitable
approach to investigate and depict the tangleatiogls between humans and technology in

shaping learning.

This principle was used imy research to decide whabsto be observedhat is
students using digital devices during learning activities. In addition, it was used to decide data
collection metlvds 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, andResults arel nseparable

Inseparableneans that relationships imatworkare what give eactceor within thenetwork

its identity, features, and uniqueness; at the same timaethrkwill not be establishedr
durable without its actor€allon, 1987)Thisis why thee is ahyphen {) positioned

between the word&ctobandetworlo(i.e., actornetwork) to emphasise tilsemultaneous
mutualeffects between the network and its actors (Latour, 19983.entails that anything
resuling from this actometwork is alse@haracterisedly it, andany change in these relations
would cause a change in actors, networks, and outcomes. This primagiespiredy a
semiotic stancéhatstates that the meaning of any sign is a result of its relations with other

signs, which urgeusto consider ANT amartiaksemiotic method(Law, 2009).

This principle was illustrateldy Nespor(1994) as cited inJsher and Edwards (2007)
that although students physics programmesand students imanagement programesare
both identified aglearner§in the same university, their identities as learasgsignificantly
differentiated The influence and enactment of the learnéh@énnmanagement actaretwork
are much stronger and effective in shaping learning thatetirner of thehysics actor
network. In another studyqabib and Wittek (2007 oticed that the implementation of
portfolios inlearningvaried significantly from the role was originally desigedfor. They
suggest that ANT combined with another two seamitiural approaches provide an empirical
framework that enables profound insight into iibke of portfoliosandtheir potential as

actosin higher education.

This principle aligns with tharst characteristic of a complex systemhich states
that a complex system systemic and synergisti€his princige influenced the analysis
process and the understanding of soci al acto

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 networkre consideredctors. There should not be distinction or
discrimination in the analytical sense betweengiample, human/nenuman,

social/naturglas all shall be treatad a symmetric mannesince all the actors have agency
(Latour, 205)and impose an act on each other and shape thereattoork asa whole

(Callon, 2001) Thisis why some researchers avoid using the hurekated terntactord ,
preferring the unbiased ter@actant(Luck, 2008) which gradually dissolved in favour of
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the actordterm to represent both human and +moman actors (Fenwick & Edwards, 2010).
Furthermorel.aw and Callon (1988rgue that dualisms and features used to classify things
(e.g. social/technical) are artifadly based on their workvhich shows how these features are
entangled and intertwined an immanentvay. Moreover, there should not be predetermined
judgements or rankings about the actors and their roles, for example, trudéageésmall,
strong/weaksince these labels are a result of the relations in the netmairk,cause and are
expected tde uncovereduring the research processt before it. Based on the previous
principle, there are no inherited features or talmuisted from the actemetwork that reveal
them and any change in the relations may dramatically change these featualetiteasl

(Law, 1999).

Emphasisindhe role and agency of nédrumans actors did not pass without
objections and critiqugSayes, 2014)Researchers who adoptibeé ANT position provided
empirical evidence to support this assumptlaw (1984)showed that not onlgtid trained
humans enable Portalgo control the very faraway lar@hdiad but also the role of nen
humans such as ships, winds, documents, guns, and currents were crucial for the success of
that endeavour. In the educational contéaltz (2006)illustrated how history textbosk
couldaffect learning, teaching, and policies related to students, teachers, and schools. In his
critical article,Sayes 2014)classified actors as humans, Aummans (e.g. animals, devices,
natural phenomena, texts), and other types (e.g. symbolic and supernatural éitiee).
argues that the agency of Rbnmans may affect building human societies (e.g. computers,
invoices, air pumpsplay the role of mediators, not justa tool be a part of moral and
political associationsand act as a gathering of experiences, efforts, and other actors. But
ANT still lacks a strong definition of agency, suggesting thattdnredsird measure of agency
is supposed to be the capability of influence not human. On the otherLhakd2013)
mentiors that some researchers have clarified that the agency of humans is driven by
dntention®) while the agency of nehumans does nobr whatBiesta (2015¢allsfir ef | e x i v e
i nt ent i on.207). Shgagwthat taking fhe unintentionalndnu mans 6 agency
into account provides a promising framework to study the roles of innovative technologies in

education.

This principle asserts thele of the material in shaping the whole network or system.
It justifiesthe focus on the relationship between students and their digital déMices.
principle helped me to maintain this focus whenever a distractionreddue to the many

intertwined actors that compakthe context.
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The Functions of Education

This study adoptB i e s t a &rameywdkdastudy the educational purposes of classroom

learning activities and how using devices contribtiieachieving these purposes. The

framework classifies the functions of education into three domains. FirspatiGcation
functionswhicharet o provi de | earners with Aknowl edge,
al so with the dispositions and f or nfBesta,f | udg
2009, p. 39)Secondis the socialisation functigiwhich 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 indeperaéice learner when they

think or act. Biesta argues that $kethree 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. &trefore, Biest§2009)suggest represenhg the three functions as a
Venndiagram Figure 2.8 below) to distinguish them and to emphadise overlapping

nature of their influence at the same time.

Figure 2.8

TheFunctions ofEducationBa s e d 0 n (2@9)FEaneveok s

Qubjectification

Socialisation

Quialification

This framework was found to classify the educational objectives of classroom
learning activities and provides common ground to discuss themphasissthe

importance of educational purpos@&hlerefore the focus ahy study is on the process, not
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the outcomesmeasuring the i mpact of wusing the devi

outside the scope of this study.

Synthesising the Theorettal Framework of this Study

There are common basic assumptions embedded in Complexity Theory andlétork
Theory that make them work togethBoth are norreductionist approaches that focus on the
interactions and relations between heterogeneouseatspbesides acknowledging the
uncertain outcomes of what emerges from these interactions which make them suitable for
tracing sociemateriality (Fenwick et al., 2015). Even some terms and concepbecan

understoodn a closemanner such as element/act®ystem/network.

ComplexityTheory, as discussed, is more tlzatheory it is a paradigm that
encompasses ontological, epistemological, and methodological assumptions. While ANT is
less thara theory it is a method of how to describe and study a phenomenon. ANT moves
more towards postmodernism while Complexity Theory isignrhiddle between realism and
postmodernism. Anothenajordifference 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 thessarg, | use€€ComplexityTheory as the main
theoretical framework to understand the phenomgwbile | used ANT as anethodthat
describes thehenomenoin a way that fits with Complexity Theory afocuseson digital
devices as a focal point in my studyowever combining the two theories can be achieved in
different ways depending on the nature and the objective of the ingamgxampleAli
(2017)used Complexity Theory ammplementargupport toan ANT-based approach that
aimed to describe and explain how saEtainability of the Learning Exchange school
clusters can be successful in New Zealand.

Complexity Theory is alsoonsistent witlBiesta (2009frameworkof educational
purposesHe urged researchers to focuspumposesnstead okffectivenesandcomplexity
instead ottausalitywhen studying educational phenoméBeesta, 2015)His argument was
based on thComplexity Theory thakeducational settingagrefiopen recursive systemmthat
involvefi r e f i enxt ievne i o (ppa 2B-284ysach asdeachers and studemtss
impliesthatthe deterministic casal mind-set thaisuits studying close systems does not

provide a realistiexplanation of the dynami@gcurring incomplexeducationakystems.

The assumptions of the thrapproachesnabled me to creaseconsistentheoretical
framework to study the socimateriality of the devices in clasem learning.
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Summary

This chaptepresented a systemsgidreview of recent research on using digital devices in
primary classrooms. The findings showed tihabnsiderable amount of research was
conducted in relation to interventioasd most of them usethexperimental approackew
studies explored t u d eseof devices in nattal settingsThere was a gap itheliterature
about identifyings t u d e nirt cendectiorste the factors that shape their asekstheir
possible contributions to educational fuoos or purposedMy studysynthesise@
theoretical framework thadoped Complexity Theory as a pargd thatcorsidered
classrooms as complex systems. It adoped to studyusing devicesn actionand adopted
Bi e s(20@9fframeworkof the functions of educatidn understand the corution of
using deviceso theeducational purposes of classroom learning activitiee.rext chapter
will present the methodology of this study.
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Chapter 3 Methodology

This chaptedescribegprocesses and procedufeowed tounderstand how primary
students use their devices in classroom leartimyovidesjustificatiors of the methods
chosen to collect and anagéydatal first outlinethereseach design and sttegy in general
Then, Idescribe in detathedata collection processthical consideratios) data analysisand

trustworthiness of ik study.

Research Desigrand Strategy

| used the model suggested by Blaikie (2009) to describe the dédsignresearci{Table

3.1, below); however the chaces adoptedn this studyfor each componentere not limited

to thatmodel This study is basic researehhich meanstisi concer ned wi th adv.
fundament al knowl ed g(Blake,®2@09, p. 49)Theemamtwo i al wor | d
objectives of the study were to provide a thickadiggion of the ways ofisealongsidean

understanding ahe factors that shape these useshawd the uses contribute to classroom

learning objectivesThe study adopted holistic research strategyhich consides the
phenomenominderstudyaspart ofa complex systepnt h e i focuses anrand captures

complex interdependenciaad system dynamics that cannot meaningfully be rediocad

few discrete variables and linear, cagsé f e ct r gPRatioh,200% 8. B7) p s 0

The esearch paradigm embodies the ontological and the epistemological assumptions
of the research and the methodology of collecting and interpreting the (Bsuitgan,
2012) The paradigm of this researas discussed in the previous chapseGomplexity
Theay and the ontological and epistemologicadumsptionsstate thathe realityand
knowledyed process andomponentsiredynamic, seHorganising and emergir{gcuhn,
2007) In addtion, Complexty Theoryprovides a conceptual framewotk capture,
illuminate and understand the nonlindgnamics(Patton, 2015)Principles fromANT were
engaged in this researtintrace the socimateriality of devicegFenwick et al., 2015)
B i e s(20@0)ramework ofeducational functionswvhich is consistent with Complexity

Theory, was employed to understand the contributions of thetasgassroom learning.



Table 3.1

ResearctDesign

Component

Research choice

Explanation

Research topic

Basic research

Advancing knowledge about

and problem using devices by students for
classroom learning

Research How do students use digital To provide adescriptionand

guestions and devices for educational purpost anunderstandingf how

purposes in primary classrooms? students use devices for
Subquestions: classroom learning, the factor
1. In what ways do primary that shape the uses, and the
students use their digital contributions of the uses to
devices in classroom learnir educational purposes.
activities?
2. What factors shape the way
of use in classrooms?
3. How do the ways of use
contribute to the educationa
purposes o€lassroom
learning activities?

Researclstrategy Holistic perspetive Using digital devices is one of
the dynamics occurring in
classroomswhich are complex
systems.

Research Complexity TheoryReality, Blaikie (2009)

paradigm knowledge, and knower are Patton (2015)

ontology & dynamic, seHorganising, and

epistemology emerging

Concepts, Complexity Theory (Boulton et al., 2015)

theories, and Actor-Network Theory (Fenwick et al., 2015)

models Educational functions (Biesta, 2009)

Data types, forms

and sources

Primary qualitative data

Collected from natural, semi
natural settings, and social
artefacts

Selection from
datasources

Case study method

Case 1: one teacher and thret
students.
Case 2: one teacher and four
students

Data collection
and timing

Qualitative methods collected
acrosssix months

Observations, senstructured
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 dataype of this research was primawhich means that, as a PhD researcher, |
collected and analysed the dégdaikie, 2009) The datawhich were collected from different
settings, were qualitativ@laikie, 2009)to provide thorough and detailed information to
describe and understand the phenomenon occurring in a complex gyaten, 2015)I
adopted the case study meth{ath, 2009)and chose to consider each classroom as a case to
study the usem relation to systems instead of case stuigslation to individuals.

Collecting data from two schools took 10 weeks in each and the methods used were
observations, senstructured iterviews, group interviews, informal interviews, thialoud
interviews, artefact@ndvideo screertaptures. Data were analysed using thematic analysis
(Braun & Clarke, 2006)nd abductive saitegywas employed, which is a combination of
inductive and deductive strategi@&atton, 2015)The following sections describe, in detall,
how each component of the research was conducted.

Selection fromData Sources

The case study method welsosen in this research to draw the boundaries around the units of
analysis without isolating the phenomenon from its contelxich is one of the main

challenges when adopting Complexity Theory and ANT in reseArchse studysii a n
empirical inquiry tlat investigates a contemporary phenomenondiasé) in depth and

within its realworld context, especially when the boundaries between phenomenon and
context may not belearlye v i d(¥im 2009, p. 16)Blurred boundarieare associated

with most of thesocialcomplex systemgCilliers, 2001) andclassrooms are no exception.

Thecasestudy method gives the researcher the flexibility needed to deal with many and

various variables from different data source

theoretical propositions (Yo 209 p.d®AThatist a col | e
consistent with théogic of inquiry in complex systems by not limiting itadew variabgs
interacting in a liear casal way.

Complexsystens ampl i ng Ainvolves selecting cases

processes can be tracked, (Pattoy20l5m293)and docun

Thereforethe employment athe case study method oomplexity research needs the
researcher to give attention to aspects related to Complex sysiemasiynamics,
organisationand emergenc@nderson et al., 2005Froman ANT perspectivethe
researcher shouktudythe phenomenoén actiorb(Latour, 1987)i.e., studythe momentn
which social relationBipsoccur and develouring such micresocial relatbns, many

interactions between different interdependent agents who share history and membership are
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likely to happencreatingpatterns and structuréBlaikie, 2009) With consideration to the
focus of my study, which is to describe and understand the-swtiriality of digital

devicesin classroomsthat is complex systeis) each classroomwas treateds a case.

The school year in New Zeld is divided into four terms; each term is
approximatelylO weeks.Thereforethe number of cases wagrucial decisionMy planwas
to immerse myself and focus on one systemrantthat wago understand the context deeply
and tomana@ and organis¢éhe data collectiorprocessStudyingoneclassroonmand
spending the time allocatéadr data collectionwhich wadive to sixmonths,n one system
can give a deep understandinfithe dynamics ofhe systemNonethelesd wanted to study
more than one complex system, not for the comparison pleutte,develop aleeper
understandingf the phenomenoThereforg | chose to studywo classrooms from two
different school$or one termeach That suitedny timeframe and mfinancialresources as a
PhD studenon a scholarshig-urthermorethis choiceenabled méo learn and reflect on my

experience in the first school before collecting diatdie second one.

To achieve studyinthe phenomenon in actiohstudied twdearning activitiesn
each classLearning activity is defied in this research agclassroon activity designed by
the teacher to achiewatended learning objective$heactivitiesshould meet two criteria
(1) to beimplemented over a sustained period of time in the teema sequence that
involved weeksto capture as much as possible the dynamics or patterns that happen in the
classroomand(2) usingdigital devicess anessential component ofdlactivity as using
devcies washe focal point of this researda.-om my investigations ilNew Zealand schoals
it wasrare to find primary classro@ihat implemenmanylearning activities with the
aforementioned criteria, since ndigital activitieswerestill dominantat primary level.
Thereforefour learning actiities in two classroomsvith theaforementioned criteria were
suitable to achieve the objectives of the studditionally, | askedfor adata collection
extension from the University and Sch&os one of théearning activites wasextended to

termthree

Due to the objectives of this research and the focus on studying learning activity from
Complexity Theory perspectivesthe criteria for choosing participants were flexible. | aimed
to studyeveryday classroom learning in natural settings without intervention. Macro and
micro diversityare expected in complex syste(Bsulton et al., 20153nd classrooms
indicating that any learner will enrich my research. Therefore, the main criteria for choosing
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participantsvereteacherand primay studentsvho were willing to participatehestudents
shouldhave diverselearning and digital skillsapabilities Choosingstudens dependedn
teacher sdoAstubgeghi dpacdfpartigpantsouldbgapasdsibieo n s
source of bias, their recommendatiovexe importantThey krew their students bettéinan
meand, as | have mentioned beforethe bias was to happetinat wouldnot affect the
flexible criteria Ihadalready adopted.estimatedhat Iwould be able ® observeahreé four
students deeply for eatérm Thus, | recrugdfour studentdrom each classroonn case
someonavithdrew. Two teachers andegen students out of eight participated in the study

until the end.

Preparations for Data Collection
Three steps were undertaken simultaneously to prepare for data collestioiting
participants from the first school, recruiting participants froengcond school, and the pilot

testing of data collection instruments.

Once my researclas approvetby the Victoria University of Wellington Human
EthicsCommittee(See AppenidesB & C), | started contacting schodistest data collection
methods. Since | came fronddferentcontext,an expert who kew the context weltould
help in choosing and finding a purposive sanfBlaikie, 2009) Thus, | had guidance from
my supervisors about appropriate schools to approach for the research as thvegdave
knowledge, relationships, amédconducted research about digital devices in New Zealand
(McRae et al., 2010; Starkey et al., 2QIH)is was successfuh approacing the first
school. In parallel, during my stay in N&&ealand) was able to develop connections and
communications with teachers from different schpetsich enabled me to approach the
second schooln order topreserve confidentiality, #first schoolis referredto as School A
and the second schaslreferredto as School Bbesidesall the names used in the research

arepseudayms chosen by the participants

Recruiting Participants from School A

| visited School A a year before starting my research with my supervisor. | noticed the active
integrationofdigi al devices in classrooms and the pri
research. At the beginning of term one, | contacted the principal by, @haiin turn invited

me to discuss my research project, objectives, data collection process, and the peospectiv
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 researcheis¢hool. She put me in
touch withateacherKathy, who was willing to participate in myesearchl sent her an

email to schedule a meeting and provided the information sheet for teacher

My first meeting withKathy took around an hour to introduce myself and explain my
research projecthisis was not the first tim&athy hadparticipatel in researchwhich made
her aware of the educational research process and profits. We then discussed the learning
activities tobe observed and the criteriszvaslooking 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 maynteresteth participating in the study
and hal different backgrounddearningstrengths, and levels dfgital skills. At the end of
termone | met each student individually and explained my research topic and how their
participation in researclould help in increasing our knowledge about using digital devices
in classrooms. Then, | clarified how the datauld be collectedand their rights as
participantsThe first three studentgyreed to participat¢he fourth studerdpologisedand
the fifth aceptedresultingin four students out of fivesho were interested in participating in
the researcH gave them the consent forms and the information sheets to discuss their
participation with their parents. At the beginning of tewn, three students pvided the
consent forms signed by them and their parentsitedfor the fourth student to bring back
the consent forms, but he had to be absent for several weeks during thentiimare was
not enough time to recruit another student. The total nuoflstudents who participated in

School A was three studenthe wadrom Year 7 and'wo werefrom Year 8

Recruiting Participants from School B

Gettinganopportunity to undertake my research in School B was different. Through my
contact with soméeachers who woddin School B, Irecognisedhat the leadership and the

staff actively encourage educational research in their school. Accordingly, | sent an email to
the school asking their permission to do a pilot studynie oftheir classrooms. As«pected,

two teachers volunteered to host my pilot study in their classrooms, so | chose the times that
suited my schedule and thanked the other. During the testing of data collection methods, |
had a chat witffess the teacher of the classroom, who wasyinterested in the topic of my
research. | agdher if she would like to participate in ngsearchn termthreeand she

welcomedthis after getting the necessary consents from the principal.
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In the midlle of termtwo, | contacted therincipal of School Bwho invited me to
discuss my research project. | shared all the information about my research with the principal
who thankfullygave me permissiaio start collecting data in terthree At that point, |
contactedlessand discussethe learning activities tbe observedTwo learning activities

met the criteria of my researdhenwe discusgdrecruitingstudentparticipants.

Tessprepared a list of provisional students whd Heverse characteristics. | chose
two students fronYear 7 and two students froriear8 because one of the learning activities
would be implemented differentlyn each year level followed the same invitation
procedures done with School A studetite first four studentshoseto participate and
returned their consent forms signed by them and their paarghts beginning of terrthree

In sum, this researclias conducteth two primary schools, with the participation of two

teachers and seven students fidears 7 and 8.

Pilot Testing
Pil ot testing is a fiprocedure in which a res
feedback from a small number of individuals

(Creswell, 2012, p. 390y his procedure was crucial for my research. Althoughdl ha
reasonable experience of doing interviews, classroom observattotleer qualitative data
collection methods, doing this in a new context was a challenge. | needed teetatzi
collection in its natural setting and increase my confidence and awarerlesslasroom
environment in New Zealand before starting my research. Furthermpilotagesting helps
researchers to modify and adjust their protocols to be more effaneneffectivgCreswell,
2012) For example, | had to check that the questions used in the intewere/s
understandable for the participants, the time estimated fontdr@iewswasaccurate, the
observatiorprotocolwasmanageable, and the methods usedld capturewhatwas
intended tdoe captured

| first testedthet eacher 6s i ntervewwusedtaworkasaPhD col
primary teacher in New Zealand. | used her feedback to modify the questions and adjust the
length of the interview. &lsotried data collection methods with students (focus group
interview, thinkal oud i ntervi ews) werdinhyeafsr7iamrelB8idbBedv c hi | d
Zealand schools in their homes. | was then confident enough to visit School B to test data
collection instuments in an authentic classroom environment. No data were collected or

recordeg¢lonly my notes, my reflection, and the feedback from the teacher and chidren



69

recorded After that, | discussed with my supervisors the changes and the modificati@ns to b

made so that the data collection protocols were revised and ready to be used for the research.

It is worth mentioning here, that although | used the same data collection methods
during the research period, my experience in observing classroom dynaskiicg, a
guestionsandrecording notesvereenhanced over time. This procesanifesedthe
epistemological position taken in this reseatet theknower, the known, and the
relationship between them are dynamiglforganisingand emergingKuhn, 2007) It will
be contrary to the logic of the research paradigm, and reality, claimintpéhfatstinterview
was conducted the same as the last tireesame applies to the rest of the methods. What |
can confirm is that | was committedrmaintairing the trustworthnessof the inquiry during

the whole period ofhedata collection process.

Data Sourcesand Data Collection Methods

Data collection startedtthe end of April 2018 and endéedthe middle of October 2018. |
spent term two (10 weeks) in School A observing two learning activitesdaolassrooml
thenspent term three (10 weeks) in School B observing another two learning activities in
classroomCollecting data in complex systems slioloe responsive, adaptivend flexible
(Patton, 2015)especiallyas! aimed to capture the dynamics as they hapggmithout
intervention. Observations happened weeklgegixfor one week in each school due to
changes in teaching plans. Datare collectedrom three sources: natural settings, semi

natural settings, and social artefacts

Collecting Datafrom Natural Settings

Collecting data from naturakttingsmeans colleatg datadirectly from the context while
thephenomenois in action(Blaikie, 2009) This type of data was esgial to study the
phenomenom action(Latour, 1987)andto capturdactorsinfluencing using devicethat
might not be repaed by participantsThree methoda/ere usedobservation, recording

parti ci paand tkirkalosicimesviewss

Observation. This method was used to collect primary data by observing the
phenomenon systematically (Cohen et2017). Observatiorservel the purpose of my study
because it provided thickdescription of the contexts, actors, interactions, and mundane
events whib are usually overlookefPatton, 2015)My role as a researcher was a
onpatrticipant observe(Creswell,2012) That wago observe using devices as it ocedlr

in the normal and usual conditignghich meas thatdatawas collected without research
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intervention During learning activities, | sat behind the participant in a position that enabled

me to oberve their screens and their interactions with others.

Whatandhowto observe can be challenging in a complex system, theitbiene
must be a focu@Patton, 2015)Research questions addllowing the actor8strategy
(Latour, 1987guided what to observe and how. Once the learning activity started, | followed
one of the participants attime; | documented how the student used their devices and what
interactions accompanied the uses. | followed the learning activities from the beginning of the
term until it ended. &imed to attend all the s#ons of these learning activities attendsd
the participants, thus,clonducted 14 observationsthre firstclassroom, and 13 observations

in the secona@lassroom rarigg from 30 minutes to an hour and a half each

Think -aloud interviews. This methods to invite the participants to talk about what
they are thinking while doing an activity and recordingithespons€Young, 2005) | was
concerneabout using this method with the children because when | tried this meitiod
adultsit was challenging toinderstanavhatdalking about your thinkingmeans. For this
reason] used a strategy implemented ipraviousstudy(Starkey, 201Q)which wasto
preparesome shortdirect questions aprompt€ That made it easy for the student to
manifest their thinking while they wetesing their devices. These questions wkre
example: what are you doing? How are you doing it? Why are you doing that? Is it

easy/har@ Why? Is it newAnd what have you learn{&ee Appendix E).

This method aligned with the objective of the study tdewstand the phenomenon in
action. | t e x h i dedountgYbung, 200%)which isciasdédimgl d e n
understanding of the observed events. This method was useful because some incidents were
better investigated directly rather than waiting untilgheticipants repoeid about them in
the interviews. A point to be made is that the nature of the classrooms that | observed allowed
this method to be successful. The classroom environment enabled the students to move, talk,
and interact with each othevhich made this kind of communication between the researcher

and the students possible and usual.

Using this method required taking different factors into acgauah as timing,
length, and the characteristics of the student. Some of the participargeewogaéckly and
gave detailed explanations and information. Others spoke briefly with short answers and were
not ready tdalk sometimes. Therefore, the length of these interviews varied significantly. In

general, the participants were cooperative raésgondedmost of the time to the thirloud
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interviews. | recorded these interviews usingadiorecorder and sometimes used
Screencastify recordeas explained nexhenthey were transcribedhe audio files and

tranription fileswereuploaded to the qualitative analysisfitware

Video screen capturesln some events when participants were using digeaices,
| asked them to video record their screens and then share these recordings with me to analyse.
For this purpos&v e  u Sceeehcastif§ which isopensourcesoftware that cabe installed
on web browsers and recor ds s(sraetletaht2@ld scr een
This technique providedaluabledata 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 documemtgre producednd shared. It was used sometimes to record
think-aloudinterviewssimultaneously Five participants out of seven used Screencastify and
shared their recordings with rtevo students were not familiar with it and did not feel
comfortable umg it. Another issue was that Screencasiifythe free modeonly recods 10
minutes, so the students sometimes had to record their activity intermittently. This method
enhanced the reliability aratcuracyof the observations. It shed more light on the factors

that influence using the devices.

CollectingDatafrom SemiNatural Settings

Collecting data from sermmaturalsettingme ans t hat Aindi vidual s are
activities that @kikiey2009jpnl63)Thdt requieed colkeaingt i ngs o
demographic data about the participants and interviewing participants to give an account of

their opinions, understandings, activities, and behaviours. Three types of intemé@esvs

usedin this study two were with the teacheand includedemistructured interviewand

informal conversational interviews with the teach&soup interviewsvereconductedvith

the students.

Semitstructured interviews with teachers.Asking participants opeanded
questions is a useful method tpéore their understandingf phenomena without being
limited tother e s e a r ¢ h e ragssmptiongBrgmae, 2012)Thik method allowed
participans to clarify the factors that influence the use of digital devices and how using
devices might contribute to their educational purposes. It added tmdeystandingf the
phenomenon by linking my observations with how teactepsrtedandevaluatedhe

events.
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To preserveconsistency across the participants and to capture the uniqueness of each

context, | adopte@attord €015) suggestion to use a strategy timabrporatesi s pe c i f

certain key questions exactly as they nmbesaiskedvhile leaving other items as topics te b

ying

explored at the interviewerdds discretiono (p

Theoryd spistemological stance about the dynamic nature of knowledgke at the same

time presering the focus of the research.

| conducted two interviews witbachteacher. The first one was at the beginning of
the termandthe other one was after ttermhad ended. In the first interviethe questions
were about demographic informatidghet e ac her 6 s e x p e routéearming in
general, using digital devices in classrooms, factors that impact using them, hglatttey
use them for the learning activitiesd theobjectives of the learning activitiet the end of
the term, the questigiocused on how teachehadorganisedand implemented the learning
activities, what factors influenced using devices by the students, how they evaluated the
learning activities and studettearningin light of learning objectiveghe pros and cons of
using digitaldevices, expected and unexpected outcoareschanges they would make in
the future(See AppendiD).

The questions, as mentioned, were modified to fitwtecbntexts. Foexample,
there were some questions about specific events that happened keti@grtguestions
about some decisions taken by the teaded about their students akearner Each

interview was audiwecorded then transcribed and lasted for about 60 minutes.

Informal, conversational interviews with teachers.This method means dhthe
researcher [thatlesnefi@ee $trioomn ¢ h e (Patomn2015| pa438)

perce

cont e

to clarify questionableituatons The mai n advantages of this n

spontaneity, and responsiveness t ¢Pattomdi vi dua

2015, p. 437)On the other hand, it is less systematic and can be proliemtale 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 suitsied
the teachers abouaertainevents that needed cladgéition. These questions were sometimes

sent by email but most of the time were asketie end of the dayfhee ac her s 6 answer

were recordedn my noteboolkon separate pages or next to theestionableituations to

reduce the expected difficulty duriagalysis.
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Group interviews with students.Gr oup i nterview fAi s the pro
t hrough i nter vi ews(Creswdlll2012, p.@I8dterauresiggeptetioap | e 0
group interviews encourage children to express themselves and feel more comfortable
especially if the questiorae direct andclear(Cohen et al., 2013). Other reasons for
choosing this method were the advantages mention@atbgn (2015)such asffectiveness
especiallyasl did not wantto takeps t udent sé valuable | earning t
from classroom routinedn addition,the method can manifest the different perspectives, the
evaded issues, and the interactions among the participants. Hradthyn (20155uggested

that participants are likely to enjoy thige ofinterview.

Thesame questioning strategy used with tea
guestios to bothgroups and othequestionghatemerged from their context. The general
guestions includedvhat did they learn from the learning activitié¥Bat obstacles have
they faced? How did they overcome them? How did digital devicesdnaiptin doing their
tasks?And what other factors helped or can help them to learn bé&ee?Appendix E).
conducted one group interview in each schAblSchool A, allthreestudents participated in
theinterview. At School B, three out of four participants joined itterviewbecause the
fourth student was abseBoth interviews were audivecorded then transcribed and lasted

for about 45 minutes.

Managdng and facilitating the focus group interview, which ax&orlimitations of
this methodwereeasierthan expected. The pilot testing waeneficialfor me to practe
adjusting the time and distributing the questions. Also, my experience as a peacrgrt
wasnecessaryor building my confidence in front of children, empathy, and consideration
while dealing with them. Anothesignificantfactor was that both groups of students were
used to engang in groupdiscussiosin their classrooms and to shioyy respect to otheés
turns and opinions. As confidentiality not guaranteeith group interviewgPatton, 2015)I
explained the meaning of confidentiality to the participants before starting.

Collecting Social Artefactsand Documents

Artefactsusuallyrefer tothreedimensionabbjects while documens refer tofia wide range

of written, visual, digital, and phieal materialrelevant to the study (including visual

images) (Merriam & Tisdell, 2015, p. 162However, inmy study, these terms anesed
interchangeablyas botharefit r aces of soci al act i (Blaikiefi es | ef 1
2009, p. 17Q)A considerablenumberof artefactswere collectedArtefacts collectedrom
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studentsncludeddigital and nordigital productgKrajcik & Shin, 2014) | took photos of

the nondigital productsThe digital artefactscludeddigital assignments, desigras)d
documentsandthe non-digital includedtheir notebooksdisplay boardsandprinted work
Digital artefactsvere subject to change and updgtby participants during the term
therefore | used all versions for anaiswhen needed.iterature suggests that exploring the
process of producing artefacts $tydentsan illustrate how learning emerges individually
and collectively, through various negotiations, feedbacks, and relatiohgisigdeshe fact
that these artefacts are evidence of learning outc{imagik & Shin, 2014) Artefactswere
also collected from teachers, schools, and\ibe Zealand Nhistry of Educationwebsite

and includedligital and nordigital documentsas they offewvaluable sources of qualitative
data(Patton, 2002)Theyincludedlessonsand slide created byeachersclassroom
timetables and posters;hool curriculurg;s c hool s6 documeanttteNewm t he

Zealand CurriculumAll the artefacts were organised and analysed UdiA QDA .

Summaryof the Data sources and Collection Methods
The amount of datirom different resourceschieved data saturati¢@reswell, 2012)Table

3.2, below,summarses all the dataollected for this study.
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Summary o€ollectedData

75

Sources Methods

Collected Data

Natural Classroom observation 14+13=27

settings c. 3090 minutes each
Screen captures of 9+4=13
student s6 ¢c.930 minutes each
Think-aloud interviews 14+12=26
with students c. 3 10 minutes each

Semt Semistructured 2+2=4

natural interviews with teacher. 60 minutes each

settings Group interviews with  1+1=2

students

Informal interviews
with teachers

45 minutes each

Occasional questions, at the end of learning
activities or via email

Social Studentdartefacts
artefacts

Teacher sbéb

Other
Documents

[4

Products (digital and printed) that required using
digital devices such dexts, graphics, spreadshee

¢ Instructions on classroom walls

Documents shared with students such as slides,
assignments, instructions, timetables

School curriculum

School newsletters
Information on Schoalebsites
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). | followed Human Ethics

Committee policies and guidelines from Victoria University of WellingEarticipation in

this study was voluntary at all stages of the research. Informed covessotitainedrom

schoolprincipals t eacher s, and parent s sapserd.ihvea n s

ensured confidentiality, so all the names used in this study aregps@usi eachchild chose

their own pseudonypand all datavere kepin a University-owned passworeprotected

cloud drive

My experience as a primary teacher helped nensure the four rights embedded in

the United Nations Convention on the Rights of the Child (UNCRC) (i.e. weifevtection
provision and choice and participatio(ffowell et al., 20123s follows First, the finding of

the study will add to childréswelfareby increasing our knowledge about using digital

al

0]
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devices for learningsecond, | chose data collection methods itiaimiseharm to children

for example, | used thinkloud interviews to collect data without interrupting studi@nts
learning Additionally, | chose group interviesito reducestress and anxiety and save
students time in scho¢Cohen et al., 2017Yhird, in the information shegl 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
weregiven a choicé¢o participate in the study by consent @sdentl took into

consideration children who did not participate in the studgtened to them, gave attention,
and respected any chitho shared his/her notes with red the same time, dateere only
collectedfrom those whahoseto participateln addition in consideation forthe busy

nature of the teaching professjdmlid my best not to increase the workload of the

participating teachers dar as possible.

Data Analysis

AQualitative anal ysi s (Pattona20i5fpoSelfite fuddameatali nt o f
inquiry of this studywas how primary students use their digital devices for classroom

learning. To find answers for this overarching question | outlined three focuses: the uses, the
interacting factors, and the contribution. Each of these focuses evolved into the three sub
guestiong(Braun & Clarke, 2006and became more focused during the analysis process.
Thatreflectsthe ontological and epistemological assumptions adoptery nesearchwhich

see reaty asdynamic, selorganising, and emergent. Therefore, the ditallframework 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 whasthematic analysis suggestedBsaun and
Clarke (2006)it i s fia met hod for identifying, anal y:
within data. It mainly organizes and describesyb&t a set s in (rich) det
application of the six phases of thematic analigsssimmarised iTable 33, below The
thematic analysis reflects the dynapgmergent nature of knowledge. Writing the cases
started at phase oyes writing isa vital analytical activity that should accompany the whole
analysis process. The phases were intertwiagthe process was nonlinear and recursive. |
considered each classroom as a case that reasamplex system. | first analysed the
data collead 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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approachwhich was applied to the second case study. The analytical approach was revised

againand modified and then appli¢olboth cases for consistency.

The nature of the findings of each question requaréififerent coding strategyA
purely inductive or deductive strategy did not fit with the purposes of the inquiry. Therefore,
| usedanabductive strategyvhich is a combination of inductive and deductive strategies. It
means fAworking from conseque hsewerieardskthet o caus
occurrence of a particular event, and then works back in time in an effort to reconstruct the
events (causes) that produc éenzih, A998, govl@nt (con
110) To identifytheuses of digital device#hat is,the first research question, | mainly used
theinductive strateggwhi ch means ficodi ng t he dexisingwi t hou
coding frame, or the r es BraucéCGarké 8006am&3) yt i c al
That resultedn sevenuses of digital devicesvhich became basic themes when coding the

other two questions.

When coding the second question, | read the data many times, as @eetadt
created a matrigPatton, 2015)o find evidence of the factors that most likely shaped the
uses. The factors were classifiadelation to different elements interacting in the classroom.
The classification took the contextual factors into account.

For the third gestion, linitially coded the contribution of the uses based on
objectives chosen by the teachéng objectivesn the first caseverebased orthe five key
compeenciesof theNew Zealand CurriculunfMinistry of Education, 2007)That made it a
more deductiveriented analysis atata were coded based on-présting coding frames
(Braun & Clarke, 2006)or the second caskhad toinductively extract thebjectivesfrom
the data beforeoding the contribution of the es After that,the objectivesveredeductively
classifiedbased orBiesta (2009jramework

When identifyng the themes in the final phases, literature n@aewed This step is
recommended for abductive analysigtest could assist in ordering the data aimdinding
ficoncepts that can capture fundamental differences between social actors/\aeavg¢ or o n s 0

(Ong, 2010, p. 5A summary ofthe analysis approach is presented in Tablgli&@w
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Table 3.3

AnalysisApproach
Thematic RQ1: focuses on RQ2: focuses on RQ3: focuses a use®
analysis Phases identifying the uses factors shaping the contributionsto

of digital devices uses educationalfunctions

1. Familiarising Audio and video files were transcribed. Files were organised into a
with the data database for each case on MAXQDA 2018 (updated to 2020) softw

*Inductive strategy  *Investigated data to *Deductiveand
code factors related inductive srategy

2. Generatin *Initial codes

initial codes J extracted from data to each use *Coding contributions
. then collated into *Coded factors were based on learning

3. Searching for themes classifiedin relation  objectives chosen by

themes to five themes teachers

*Seven themes
L elemens
4. Reviewing represented seven ( )

the themes considering
uses contextual aspects

*Classifying learning
objectives

5. Defining and  «[ jterature was contribution based on

> oo . , *Relationships Bi e s(2089) s
themeg re\gewed to de?ne between factors wer framework
and conceptualise  gjicited and outlined

the seven uses from the data

6. Producing the Organised the findings chapter around the research questions, ext
report samples from the coded data to add to the tepmriewed several time
by researcher and supervisors

Trustworthiness

Scholars argue that validity and reliability criteria used to evaluate quantitative
research cannot be appliedqualitative researcfCohen et al., 2017)incoln and Guba
(1985)suggest four criteria to evaluate qualitative research: credibility, transferability,

dependability, and confirmability.

Credibility replaces thé@nternal validitypconcept used to validate quantitative
researci{Cohen et al., 2017)hich refers to the trutblness of the findings. For this stydy
used several techniques suggestedibgoln and Guba (1985br establishing credibility.
First, @& prolonged engagemeiyrovides the scop@a which the researcheanidentify the
factors that influence and shape the phenomenon. | wasoat@ieve this by spending 10
weeks collecting data from each classroom. That enabled me to better understand the context
and the culture of each claslongsided e vel opi ng r el ationships wit
communities. Seconda persistent observatioprovides the depth essential to understand
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theobserveduses and factors and how they interact with each oftherefore] 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. Tdvir@hgulatiordis
understood in this study as a technique that offers lw#stl rich data instead of a method

for inconsistency settleme(®atton, 2015)Therefore, | used seven data collection methods
from three different settings to acquire rich information about the phenomenon. Fourth,
dmember checl&areconsidered byincoln and Guba (1985 bethe most crucial method

for qualitative research credibility. That was achieved by sending the findings chapters that
included the dta, my analysis and interpretations, and conclusions to the participant teachers.
Both teachers confirmed the accuracy of the findings and that theyedtieeir experience.

The teacher who participated in the first celseified some points by givingxtra
information,corrected some informatidhatwas reported ithe interviewsand 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 contexisincoln & Guba, 1985)This method is the qualitative version
of theexternal validitycriterionused in quantitative resear@@ohen et al., 2017)
Providingathick description of the contexts was not jashethod for trustworthiness but
also a main objective of the study. The findings chapters provide rich details of how students
used the devices and the consdkat surrounded these uses.tAsresearcher came from
different educational context, tisenall details of classroom dynamics were as important for
me to describe as the majiatails, because that will help educators from other comstext
reflect on the similarities, differences, and possibilities.

Dependability is a method used to evaluate gtative researchwhich replaces the
concept of reliability. A reason for not using reliability for qualitative research is that
qualitative inquiry is based on uniquenes®t replicability(Cohen et al., 2017)
Dependability can be achieved by external audiich refers to examining the process of
producing quatetive researcliLincoln & Guba, 1985)Ilt was achieved by the consistent

feedback received from my supervisors and the examination prodbsestusis.

Confirmability can be achieved when all the three aforermoeeti criteria are met
(Lincoln & Guba, 1985)whichincludes member checks, external aualid triangulation. In
addition, rationales underpin the theoretical framevesrttmethodology, and analysis should
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be clarified for the readers to show how findings and conclusion have been dovesl

et al., 2017)This aspectequired using sound and effinitools to manage the datehich

was achieved by using MAXQDA 2020 for qualitative data analysis. The study demonstrates
the reasons behind the theoretical and methodological decrgiocisled to the final

conclusionsthatis, to enable the reader éwaluate the confirmability of the study.

Summary

This chapter described detailthe research design and stratefpyo teachers and seven
students from two classrooms in two sdisqaaticipated in this study. They were observed
while undetakingfour learning activities that required using digital deviddse case study
method was usedhe sources of the data includemllecting data from atural and semi
natural settings alongside sociat@sdartefactsThe methods used weobservations, sei-
structured interviews, group interviews, informal interviews, tlatdud interviews,
artefactsandvideo screeftaptures. Data were analysed using thematic anagdis
abductive strategyl heethical consideratiaand thetrustworthiness of the stydvere
addressed. The next two chapters report the findbhtfee casesfollowed by finding®

synthesisandthen discussion.
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Chapter 4 CaseStudy One
This chapter reports the findings of the first case study. First, | provide background
information about the context, the participants, and the observed learning activities. Then |
report the findings related to the ways of use and the factors that shaped-inally, |
report how the ways of use contributed to educational functions based on the objectives of the

learning activities.

The Context: The Schooland the Classroom

School A was a full primary school from Years 1 to 8 in alogome urban area in New

Zealandlt had nearly 340 students drawn from a culturally diverse commjnitiz

approxi mately 27% MUori students and 66% Pac
medium education systeffhex hool 6 s main priorities, as st a
to help students to be proud of their cultures and communities and toédeoanfidentand

skilled for the future as lifdong learners. The school curriculum reflected these priorities
through emphasising culturally responsive pr
learning activities. In addition, the school was aagpvariouslearning approaches such as

STEAM workshops PlayBased Learning, and Inquiased Learning, as key pedagogical
approaches in the curriculum of the schdtle students were requirsiyn an agreement

namedXawa of caréto organise using dital devices in the schadleachers explained this
agreement to studentben the students haddemonstrate their understandingtahrough

an interview Finally, theyand their parentsad tosignit before bringing their devices to

school

The classrooms were desigresinnovative Learning Environments (ILE). The
classroom, in which the learning activities were observed, had a communal space, three
breakout spaces, a book corner, a projetiioeeiMacs, two whiteboards, storage places for
students6 digital devices and stationery, a
different sizes and shapes. At this space, there were three classes of Ye@isiudadts
with their three teachers leamg 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 j@gettiner
schooladopted 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 occasiompmtly, for e
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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 Teacherand Three Students

When | visited School A, Kathy, a teacher of Year 7 and 8 students, volunteered to
participate. | asked her to suggest four students who had different learning capabilities to
participate in the study. | invited five students; four accepted. At the beginning of the third
week, the fourth student stopped coming to schobtould not ollect data related to him.

The other three students, Mark, Peach, and, articipated in the study until the end of the

term.
Kathy
Kathyhadgr aduated from a teachersd coll ege in
started her career as an itindrant eacher of Te Reo MUOor i, t h

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 schéiol g o tse thabsomeeahdois wepkaces where

you feel likeyou belonged, and you were valued, and you were supported, and it was quite
interestinge¢ | really enjoyed the staffo. Kathy
children and her interactions with the community where the school was sittidtegart of

the community, inaway,ldén | i ve i n the community, but
Kathy was an active teacher who participlatedifferent educational and professional
development initiatives. Duringpy visits to theschool,l saw her catributing in several

areas such as selecting inspirational quotes about education to place on the staffroom wall,

playing theguitarwith the students at school Hui, and participatingfterschoolactivities.

Sam

Sam was a student in Year 7. He wagiget boy who like music and always smille Sam
believed that learning is about problawlving. 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. Kattuggested him as he had moderate digital skills compared to
other students. When using his device, he needed time. He sometimes asked his friends
qguestions or shared his work with them to get feedback, but most of the time, he likeadl to s

a corner aloe or under the table to work on his device to focus on his learning.

N ¢

en

me |
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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 agproache
her to ask questions anddether opinion about their work. She believed that learning was

Adi scovering new thingso. She was digitally

applications easily. When she worked on device,she was focused and tob&r work

seriously.

Mark

Mark was a Year 8 student. He liked basketball and digital technologies. Kathy and other
teachers praised hmaths and writing skills. He had advanced digital skills compared to the
other students, which allowed him to work die tomputer of the school library. He was the
AprokBloémer o for his peers when twhiehynadeac e d
him very popular among them. He preferred working with his peers and was always helpful

and cooperative, which wadviousduring thel0weeks of the observations. Mark believed

a

that | earning was #dAlike filling up your brai

The Observed Learning Activities
Kathy suggested two learning activities that requihedstudents to uskgital devicesThe
first one wasSTEAM workshop@& The second one wadsiteracyd The next section

provides a general description of the activities.

STEAM Workshops
ANho can | be in the futudevas 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 base®&adiEAM framework. The
purpose of thevorkshopwas outlined ira document shared by the teacher with students:

Purpose:We will continue to develop our identity with a futdficcus. We will

develop our voice and agency througimfident clear communication, taking risks,
trying new things andharing our learning in a variety of ways. We will be exploring
new ideas and concepts wdatSTEAM Science,Technology Engineering, thérts,

andM aths and future focus.

Kat hy explained, fAthe purpose was skillsandi v e
ways of working togethero. She added that

of work in the future but also the options within these arg@s gave the following example:

t
t

h
h
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A | n futurk,lecould be a musiciaé@ but within that musician, | could be a creator of
musiclcoul d be a player of musico. Another obj
next learning activity inermfour that requird makingt hei r fAown i nquiry abc

passiono.

The workshopgovered different topics that integrated the different subject areas of
the STEAM framework. For example, there were: Sign Language Workshop, Making a
SweetSmelling Natural Hand Sanitiser, 3D Images, Music TechnologyKa@idvh a i wh a i
Printmaking. These whkshopswere runby teachers and volunteers from the community,

such as a science teacher, a rugby player, and a social Wwoakiey said

Forme whenl ran workshops, themgasa lot about the Artsjou know, the music
and visual language and drama beestls my strength And so maybe for Sara
[another teachdr hers were a little bit more about science or technology because
therds her strength, and | know we did haawéot 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
describingnineto 13 workshops the students could chdosm. The table, as ikigure 4.1

below, provided information about each workshmeludingthe time andlate, the title and

the description, the resources needed, and the names of the students who will participate in
theworkshop Out of these weekly workshops, there were usually one or two workshops that

required using Chromebooks.
Figure 4.1

Sample of th&VeeklyTable of STEAMAorkshops

TERM 2 WEEK 5: 28th- 1st June
DATE!/ TIME WORKSHOP TITLE & DESCRIPTION | STUDENTS RESOURCES: Please

bring these resources to the
workshop if you have them

Tuesday 3D Modelling 24 students (who haven't already done | chromebooks
11.30-12.30 Being 3D modellers to create some emoticons for | this workshop)

AND Sia to help her teach Samoan Language. |
Wednesday
11.30-12.30

In the first two weeks of the term, Kathy discussed with her students the upcoming
workshops and the concept of STEAM. During this timeas able to familiarisenyself

with the context; Kathy introduced me to the students and explained my role agehersea
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in the classroom. | talked with the participants to let them get to know me and to answer their

guestions. | usually sat behind the students to make them feel comfortable.

The workshops started in week three and ended in weekterek eight, th
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 worledbiogsidea Play-Based
Learningactivity 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 workshopsldbe divided into three phases:
induction, implementation, and evaluation. In théuction phase, the topic and the
objectives of the workshopere discussedith the students. The basic concepts related to
the topic the success criteriand what makes the project successful were explained. Kathy
explained one of the main objectives of this
constructed with the studeni®., what do we already know that will make uscessful at
solving this problem/answering this question? Then more success criteria are added as we
complete the |l earning t aghowtoddthd gajectwasnal |y, a
provided with online resources and links shared with the stuttehtdp them while working
on their tasks. The basic rule in this phase
until you knowexactywh at you have to doo. Thus, the us:

limited and supervised by the teacher.

The mplementation 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 experiencestadid dcd
thingsor to give feedback and opinions about ea
preferred working alone. Kathy said that teachers might do some netiw@nbgs observing
studentduring learningt o eval uate studentsdé6 | earning whi
phase was the evaluation phase; the studests giverthe opportunity to present and share
their work with their teacher and peers. Kat

erd, so we all share ourideasydt hen we analyse thato

Kat hy used another strategy to evaluate s

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 ehoosing 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 sommoticing as well.And we would reflect on that lesson,

but we would refl ect on the | esson based

Another strategy for evaluation was thearning storie8 Learning stories were narratives

created by the students to record theiutitds, memories, photaand reflections about their

learning experience¥hey wereused for all learning activities in the classroom including

STEAM workshops. Learning stories were saved

their blogs where teachgrpeers, and family members could access and conameéném

Beforeeachworkshop 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 otheteachers, whether the workshops, the Haged Learning activity, or

the library for acritical literacy activity.

For the purpose of this study, | only observed Mark, PeawhSam in workshops
that required using Chromebook. These workshops wer&cMeashnology, Google Logo
workshop, and two 3D Modelling workshop. Each of the four workshops ran for two

sessions.

Music Technology workshopin this workshop, | observed Samho wasexpected to
choose a video clip from a list and compose a piece of music that ¢édiggeertain feeling
such as sadness, happiness, or thrill. The students were introduced to an application called
@GoundTrap(Spotify USA Inc, 2018jo be used for their projects.

Google Logo workshopin this workshop, | observed Peadiringdesigningher
Googlelogo using&cratcldsoftware. The purpose of this workshop was that each student
createl a Google sign thabld a story about themselves.

3D Modelling workshop:l observed this workshawice; once to observe Sam and
another time to observe Markheparticipantsvere required to design 3D images of faces
with different emotional expressions such asahgryface, happy face, and sad faoénelp

a teacher aidm teaching Samoan Languagéne software used waSculptGLS(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 secoad ges$ollowing day.

There were two workshops | 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. | have included what Mark and Resath about these two workshops in
their learning stories as part of the collected data. There was also one workshop, attended by
Mark, for which| just observedhebeginning. That was because using the devices was
optional, and Mark decided nottouseshi As a researcher, | did no
choices, and | was lucky that their choices did not overlap. That helped me to focus on each
student individually when they interacted with their devices. | did not observe some
workshops that requireasing digital devices because none of the three participants were

enrolled in them.

The Literacy Learning Activity

Students used their devices @oritical literacypandd&ool quick writingd which both ran

through the whole school ye&iritical literagy was a group work learning activity thfreé

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 containedlak 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 anebat| think? what |
know? what ith albodooking at €€ing & thethg studeniscan identify
some bias in the teét [givingexamplds Al di sagree with that
thewrited only showi ng o éeonlhspredeatedmrie pdrtlofahe 6, A TF

argumentfan] and so



Figure 4.2

A SampleCiritical Literacy Assignment

Critical Literacy Term 2 Week 6 H activity and the date

The title of the learning

A link to the reading text

Radio Waves-SJ L3 Oct 2015.pdf <

Read the journal article Making Radio Waves: SJ Level 3 Oct 2015
¢ ltis easier to do this in pairs —

Who are the students choosing to be?

=How are they doing this?

Instructions

Guiding questions

A link to a resource

Skills What can they do?

Qualities What qualities

do they have? Justify.

Competencies
What key competencies do
they use? How?
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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 framewotkatincluded addressing skills, qualitiesd keycompetencies.

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 spembne-hour session to congtie and answer the documents, but

sometimes they needed more time. Once the group completed the document, they shared it

with their teacher for feedback.

@ool Quick Writéwas a literacy activity that required using the devices. Although it

was not on my schedule to be observed, | had the opportunity to observe Sam while doing it.

Kathy described the activity:

The idea of a Cool Quick Write fer 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 | provide that is linked to their inquiry, they just write

without worrying about puncaut i on and spelling.

Kathy clarified the objective of this activity:

We

c al

The objective is to share their ideas in an engaging way. They also have success

criteria available that they have developed that establishes what wrélkeg

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 thecritical literacy activity, the students were required to do cool quick writing
individually. In general, the students were given 20 minutes to do this athiregdays 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 workshopMusic workshopwhich was attended by Sam; 3D Madithg
workshop which was attended by Sam and Mark; Google Logo workskiogh was

attended by Peachndother workshops that were reported by Mark and Peach. The other
learning activity was literacy where Sam, Peach, and Mark were observed doird critic
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, asiftegan

communication, a triahnderror learnng 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, | report first
each way of use semtely in conjunction with the factors that shaped it specifically

followed by showing the connections between uses. Then | present the general factors that
shaped all the ways of use. As a nested complex system, the factors shaping using devices in
theclassroom were many and entangled. To capture these factors, | classified the factors in
relation to the educational system, school system including classrooms, digital technologies,
teachers, and students. To understand a complex system, acknowledgiabimeractions

is as important as distinguishing them. Therefore, while | am distinguishing the factors

shaping the uses, | describe how the factors influenced each other.

1. ASourceof Information

Students used their digital devices to seek informaliaring the observed learning activities.

This use took two forms; first, a passive use where resources were sent to the students by the
teachers or peerf&igure 4.3 below). Kathy shared with the students the timetable of the
classroom. For the workshepshe 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 workshopsPeach 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,

andlinks and sources to help students complete their projects such as tutorials pageseb

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 mgrideach 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
S a m@& ol Quick Writeédocument 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 @Passiv®Use

The teacher shared a link to a PDF file ™= Mark saved it to hig, Mark accessed it during

Radio Waves-SJ L3 Oct 2015 hdf

WAVES ...

L 1 IT'S RADI(
16 studer

Read the journal article]Making Radio Waves
e Itis easier to do this in pairs

[E Making Radio Waves...

hi
the students say th
Todav. Elisabet

The teacher shared a link to a video === ‘ Peach accessed the video during working
— - ‘ darnua g

A group of primary school children in Australla, belie\
tps:/faww.youtube com/watch?v=o0R@ghaxWHOM

> »l o) 0547432

Change The World In Ss - Everyday at S

~hoose TWO actions the students in the video took : | 458734 views L3

The teacher shared a document with studer== Peach accessed the file while working

their drives

Qualities
What does it look

adventurous daring you will try new things that are hard for

agile
active you join inapd play games you don't gel tired easily

LN
brave courageous "\YW“ stand up for whal you believe is righ

— caring kind you help others if they are feeling down or lefto

cheerful happy good-natured you smile atothers and youn

clever intelligent  you do lots ofwondering  you can talki
you ask and answer quesbons

/ -
D Quatiteés competitive  you challenge yoursell or others
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The second form of this use was interactive wéech happened when students
searched for resources by themsel¥egure 4.4 below). For example, in the workshops,
Sam used YouTube to look for some music vidaadlistened to them before working.

Peach used Google search to look for imagesietitzall to draw one on her sketch paper

before applying the design on her device. Whenvgas looking at Google Logo samples

about the lunar year, she wanted to know the meaniadgrdid 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 understahd toncept 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 searchdoH for adworld problendthat she and her group were

interested into make a change towards solving it. In general, most of the activities required

passive use rather than interactixge

Figure 4.4

Screenshots afnteractivééUse

Mark searched for an illustration of the key competencies to evaluate a literacy text

2. key competencies
co el il e key competencies

Q key competencies - Google Sear
Q. key competenc

t Al In%@a
Q. key competencies nz
Q key competencies rubric
Q. key competencies for the future
Q. key competencies pathway
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Peach searched for a netball picture to draw it on her sketch paper
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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 sourcgeshe gave the following example:



92

If it & something like being able to watch that video clip, which will actually give you
a really good example of a young woman @hiaking action anda better than

reading an article about her taking action, thenghaorth doing.

Kat hy predicted that her students would say,
and easily, |l can very quickly find out any
had knowledge of different digital sources and usedtfor 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 teachersouraged the students to search for answers for their
guestions. Additionally, teachers regularly shared digital sources with stuslestisas

classroom timetables, slides, links, and articles.

Kat hydos knowledge about her students was
devices were useful as a source of informat.i
accompanied by h e p a r adequoate gligital skdlD It was clear that #tudents were
able to search and deal with different types and formats of spaumdsas documest

videos, PDFs, websites, and imagasoothly and easily.

Digital technologies provided different resource and tools. Theysesadh engines
particularly Google search, to find answers to their questions, illustrations of information, or
samples of what they neadito do. In the interview, when the students were asked about
ot her sources, Mark saiod, tfmlatmonsutclhy . uPeé fYeu E
werealsouseKkat hy gave examplée ss, cifiewnec eh ande basci cteesss, te
websiteso. Other technologies enabled using
Google drivesandHyperlinks which were fequently used by the studentdital

information.

2. AMeansof Communication

Using digital devices as a mesof communication took two forms; first, digital devices were
used to communicatbroughit with others;andsecond, the participants used tle®ides as

a topic or a reason to communicatsoutit with each other while doing the learning

activities. Communicatingboutthe devicesin this case, was to learn how to use the devices
and to reflect on their usehile communicatinghroughthe devies was to get feedback or

to contact with people from outside school.
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Communicating through the devices happened after the workshop actixgties
finished for feedbackHigure 4.5 below). The students wrote learning stories and shared
them on theidrives or blogs. Kathy, other teachers, and students wrote comments and notes
to give feedback on these | earning stories.
seen on studentsd assignments. Thseathsmeudent s
and commented on their work. Kathy mentioned that Skype could be used to communicate
with people outside the school, such as scientists, which erstbi#ents to talk with experts
and ask them questions. Howewasmotlintitddéo f eedbac
using digital devices. Mark said/hile working on critical literacyfi t h e teathed |
always checking itthe assignmehby the end of the day. lufing digital devicds woul dn 6t
really make a di f f e rheckingd onlihe @@Eop srehedkihgatypydo r e ei t
hando.

Figure 4.5

CommunicatiomhroughDevices foiFeedback

Feedback on studentsdé |iteracy assignments
























































































































































































































































































































































































































































































