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Abstract

This paper presents the development and evaluatiarpedagogic model which integrates informatiommunication
technology (ICT) and constructivist& sociocultutabrning principles in teaching. In the model, 1&Ta tool which offers
considerable learning flexibilities. It supportseimal learning processes (creation and self-osgdioin of knowledge - cognitive
constructivism) and promotes interaction (sociakpsses of learning—sociocultural views).

The model had been developed based on these pemeipd subsequently evaluated by New Zealand &tdamese
experts in science education. The pedagogic modetmed by the experts’ views, reflected the natof learning and the role
of ICT. The strong points of this model from the entp’ perspective were (1) a reasonable pedagoayiesiwork which includes
the individual and social aspects of learning, t{@) role of ICT in the model, and (3) the pedagagiltie of the model. The
experts also advised changes to improve the mdbded on experts’ advice, one important adjustmet lheen made:
sociocultural views were employed as a foundatiritfe social aspect of learning in the model.

The revised pedagogic model has been implementec&imundergraduate physics course. A comparisdastrscores
of the experimental group and the control groupwatbthat the experimental group test score wassttally significantly
higher than the control group test score (effext sias large). It is recommended that this pedagogdel should be trialled in
a variety of educational contexts.
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1. Introduction

Human beings have never experienced the prolifegatevelopment of information communication
technology (ICT) as in the last 50 years. The impatation of ICT in education has significantly meped
teaching and learning. Since the 1960s and 1970&@ material, slides, audiotapes, videotapes ardputer-
based learning as forms of ICT have been utilizeédducation (Caladine, 2008; Ipek, lIzciler, & Baty 2008;
Nippers, 1989).These technological teaching aid®weed in the provision of learning materialshia tlassroom
and in distance education in this early stage.

In the late 1980s and 1990s, the numbers of persammaputers and access to the Internet resulted in
significant changes in the implementation of ICTeducation: ICT developed from learning resourn&stools to
facilitate interaction and collaboration (Caladirg908; Taylor, 1995). Learning management systenth @s
Blackboard and WebCT became widespread. The impigtien of online interactive multimedia, interrmsed
access to resources, computer mediated commumisattatomated response systems, and campus pocedsa
provided a highly interactive and flexible learnieigvironment for learners.
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Following the trend of applying ICT in educationietham’s Ministry of Education and Training set an
important goal for educational reform: implementimformation communication technologies (ICT) tammote
teaching and learning ("lat Gido dic [Education law] (Vietnam)," 1998; "Nglguyét 14/2005/NQ-CP & ddi méi
co ban va toan din gido dic dai hoc Viét Nam giaidoan 2006 - 2020 [The resolution no. 14/2005/NQ-CP on
fundermental and comprehensive higher educatiasrmefn Vietnam for the period of 2006 — 2020] (Viem),"
2005). ICT is becoming integrated into educatidws tntegration is top-down and is being appliedadarge scale.
Emerging from this reform, an important issue aioghat the applications of ICT have not resultethe expected
pedagogic effectiveness. Teachers seem to focus amthe use of technology itself rather than thadagogies of
implementation (using ICT to promote students’ téag) (Farrell & Wachholz, 2003; Peeraer & Van geta,
2011). It is argued by Harman and Nguyen (2010} tfiatnamese teachers are now facing the challenges
technology-driven education; the critical needtfsachers in this context is to acquire new undedsigy and skills
in using ICT to support teaching in the light o$taident-centred approach. However, there is véiy literature
which could inform Vietnamese teachers on how te T underpinned by a student-centred approadhdin
teaching context.

1.1 Seeking a Suitable Model

A range of models for using ICT in education hasrbeeviewed, and their utility has been examindte T
reviewed models generally can be categorised wbonain groups based on their utility. The firsbgp of models
focus on the implementation of ICT at an institniblevel. Examples of this group are:

e 4-E Model (Collis, Peters, & Pals, 2001)

e |CT implementation models (Mooij, 2009)

The second group focus on the implementation of & Thdividual level. The examples of models that
belong to this group include:

e TPCK Model (Mishra & Koehler, 2006)

e The generic model (Wang, 2008)

The first group of models such as the 4-E Modeld #re ICT implementation models focus on the
institutional level. The 4-E Model (Collis et a2001) presents four factors (four Es) that are idemsd to be most
influential in the educational use of new techngtogffectiveness, ease of use, environment andgemgant. The
Es can be expressed as four vectors. The highereitter sum of the four Es, the greater chancegbaple will
apply new ICT in their learning and teaching coht@ollis & Moonen, 2001). The ICT implementatiorodels,
which is suggested by Mooij (2009), include five dats. Each model focuses on intervention conditifres
dissatisfaction with status quo, knowledge, resesirtime, rewards, participation, commitment armdiézship) and
the appropriated actions relating to the condition.

These models appear to be useful for managers alicl pnakers who want to promote a network
implementation of ICT in their institutions or cdtias. However, they do not seem to meet the neEdgetnamese
teachers who are seeking a theoretical frameworguide the efficient implementation of ICT in thelaily
teaching. They need to understand the nature ofitgpand use ICT to support learning effectivlliiese models
do not explain these issues.

The second group of models focuses on individwaher level. The TPCK Model, for example,(Mishra &
Koehler, 2006) describes the inter-relationshigsvben content, pedagogy and technology, and thghasises the
importance of knowledge about the three areas weldping effective teaching. Knowledge of conte@j (n the
model is an understanding about subject matteragmgical knowledge (P) is knowledge about teactdand
learning; and technology knowledge (T) involves &éeareness of and skills aperating. Technology pedagogical
content knowledge is the knowledge of how to temslibject using technology pedagogically. The TR@Giel is
a valuable guideline for pre-service teacher trajrand teacher professional development. Nevedbfiethe model
does not provide specific and detailed guides fetnamese teachers who need a framework for agplgi.
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Another example from the second group is the genmodel which consists of three components (i.e.
technology, pedagogy and social interaction). iHeas from the model could be useful for this resfednclude
social interaction and constructivism as theorynftations. The genetic model informs teachers witidejine for
designing an interactive learning environment:

“As a practical guideline, the design of the th@mponents of the model can focus on learner—cgnten
learner—people, and learner—interface interactiomspectively. For instance, the pedagogical desijan
interactive learning environment can (1) make cohtaeaningful, authentic, and relevant to learnans!
(2) allow learners to add further resources to shar addition to those suggested by a teacher.sboal
design of a learning environment ought to (1) imeoinore authentic tasks, group work, or projectduas
learning to promote interaction with peers, teachand other experts, and (2) involve both synchusno
and asynchronous communication, which can be ingred in forms of text, verbal chat or visual
exchange.”

(Wang, 2008, p. 414)

The TPCK Model is a standard guideline for teachgrsfessional development; the 4-E Model and the
ICT implementation models of Mooij tend to be effee at institutional level. The models are fubnatil; however,
they do not meet the goal of this research.

The ideas from the above guideline of the genendehare valuable for this research. The generidaho
supports students in socially constructing theirnoknowledge through social interactions. This model
acknowledges individual differences; however, doesexplain how technology supports students taviddally
construct their knowledge.

1.2 Why constructivist learning principles shoudmployed in the pedagogic model

As mentioned earlier, there is a need for Vietnareschers to have a pedagogic model to help them
implement ICT in their teaching. Constructivist igiag principles are chosen to underpin the uséCaf in the
model for two main reasons.

The first reason is the current research from geavf countries which suggests that the application
ICT in education, based on constructivist learnimigpciples, can effectively enhance students’ leayrgenerally
(Al-Fadhli & Khalfan, 2009; Beenakfer et al., 200@hristina & Dimitrios, 2008; Driver, 1988; Drive&% Scott,
1996; Ozkal, Tekkaya, Cakiroglu, & Sungur, 2009;v&p 2004; Wang, 2009), and students’ physics legrn
specifically (Driver & Scott, 1996; Fazio, Speraneldineo, & Tarantino, 2004; lofciu, Miron, & Antoh®ctober,
2011; Rodrigues, Pearce, & Livett, 2001; Soong &dée, 2011; Tekos & Solomonidou, 2009; Wang, 2009).
addition, the integration between constructivishgples and the use of ICT is able to promote ettits! thinking
skills (Al-Fadhli & Khalfan, 2009; Wegerif, 2002).

The second reason for constructivist learning [pies to be employed in the model is that the pedgg
currently underpinning the ICT applications of Viainese tertiary teachers appears to be relateshgiractivism
(Nguyen, William, Nguyen, Nguyen, & Chantaranim®12). MS PowerPoint, MS Word and some simulation
software are very commonly and frequently usedomrses in Viethamese universities while ICT appiaces such
as learning resources and communication to sugparting (except e-mail) are not regularly usedtdgchers
(Nguyen, Williams, & Nguyen, 2012; Peeraer & Vartdgem, 2011). The purpose of using MS PowerPoidt an
other software is to simulate and help studentgdoalise natural phenomena and experiments.Ngujhams,
et al. (2012) indicate that the pedagogical viewdarpinning the ICT applications in Viethamese Ptysi
undergraduate courses seems to be associated @agméive constructivist perspective which empheasistudents
individually constructing their own knowledge.
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Constructivist learning principles appear to berapgate for a pedagogic model of integrating IGiT i
teaching and learning. Moreover, Viethamese teathpadagogy of using ICT in teaching seems to eetata
cognitive constructivist perspective. One importiutor for implementing successfully a pedagogads into a
Vietnamese university context is that the modeldlaments that are familiar to Vietnamese lectuiféos these two
main reasons, constructivist learning principlesailized in the pedagogic model.

This paper will present the development of a madakth integrates constructivist learning principsew
ICT in teaching. It begins with the development @ftheoretical foundation based on the key concepts:
constructivism and ICT, then each element of thelehavill be described. The feedback from expertgressented
and critiqued, and concludes with a revised motlieé implementation of the revised model and thduatimn on
this implementation will be then explained. Finaliyconclusion and discussion will end the paper.

2. Literature Review on Constructivism and ICT

2.1 Constructivism

Constructivism is a theory about the cognition ofrfan beings. There are two major approaches of
constructivism: cognitive constructivism and soaiahstructivism. These approaches each reflechdaimental
aspect of human cognitive processes: internal garosing of the cognitive system and meaning makiimgugh
social interaction. The following sections will dgop the notions of cognitive constructivism ini¢id by Piaget
and social constructivism originating from Vygotsky

2.2 Cognitive Constructivism

The original conception of constructivism comesfrGiambattistaVico, an Italian philosopher, humgnis
and rhetorical theorist who was born in the 1600ke fundamental idea of Vico’s is that human bgiogly know
the knowledge which they have constructed, and fien’s perspective, to know means to know how tkenor
how to create. Two centuries after Vico's time,deiasignificantly advanced constructivist theorycarding to
Piaget, knowing is constructing and reconstruckngwledge. To know also means to produce in thaughe
cognition process is the “optimizing equilibratiom’hich brings us from “equilibrium” to new “equilium”
(Bettencourt, 1993). This process may result infioming or changing existing knowledge. Piaget exlathat
schemeg(concepts, models, or patterns) were createdagsimilation and accommodation When confronting
experience, human beings tend to judge the scheigrese the differences, assimilate and bring thewer a
category. Then the schemes becamsimilations When the assimilations are made, they are uset nimes.
Three consequences of the repeated assimilationsth@ generalization and flexibility of the schemése
integration of different schemes, and problems. Whee problems appear, human beings start to nadtiee
differences and make consequent perturbationsgnitiee activities. Based on concepts, models aattems, they
generate new solutions repeatedly until the neversels encompass expected results. In this wayctwrges have
beenaccommodatedPiaget stated that assimilation and accommodatibich were vital for interaction between
human beings and their environment in learning @sses, led to a new equilibrium of knowledge.

Piaget emphasised the inner process by which a mdmaig constructs his/her own knowledge. Though
social interaction sometimes happens, the schemesanstructed mainly by personal experiences (Rofve
Kalina, 2009). The constructivist theory which feed on the individual constructing knowledge idechtognitive
constructivism. Human beings live in society, ahés tsocial environment strongly influences them dnelir
learning, therefore the social factors should alsdaken into account during the knowledge constmi@rocess.

2.3 Social Constructivism
The concept of social constructivism was developedinally by Vygotsky (Powell & Kalina, 2009). In

social constructivism, collaboration and sociakriattion play a very important role in the procegswhich
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learners actively construct knowledge. This is Hueial process of creating perturbations based »astirey
experience (Tobin & Tippins, 1993). The creationpefturbations leads to a new equilibrium state rerheew
knowledge fits with prior knowledge.

In learning processes, social interaction greaffgects learners and their learning. Teachers premot
students’ learning by providing them with opportigs to collaborate with others, to solve probleand to present
their work, knowledge and skills to others. Teashdesign learning tasks which direct learners’ king and
activities. Teachers play the roles of supportemntors or guides who foster students’ learningd&tts play the
active roles, construct their own knowledge andiskiirough social interaction, and so are the resndf learning
processes. From the social constructivist persgecsitudents collaborate, share information, natmtwith each
other and consequently make meaning.

Cognitive constructivism focuses on how human beiagl individuals construct knowledge; social fator
are acknowledged but not deeply investigated. htrest, social collaboration and interaction plageatral role in
social constructivism; understanding occurs throsghial activities. Learning is a process involvingth the
learners’ social interaction and their personatiaai thinking process. Therefore, social consiisin and
cognitive constructivism are two vital aspectsh# tearning process; they have a mutual relatipnghd cannot be
separated (Powell & Kalina, 2009).

2.4 Information and Communication Technology andrhig

Information and communication technology (ICT) &fided by UNESCO as forms of technology used for
creating, displaying, storing, manipulating, amdr@nging information (Meleisea, 2007). ICT in gl consists
of computers, networks, learning management systesmsil, internet, telephone, television and radio

ICT embraces many forms of technology. The focuCdrf in this study is the use of internet, software
multimedia resources, course management systemscamputer-based testing systems in education. The
applications of ICT are categorised into three geouepresented in Table 1: learning resourcestutginal
organisation of learning and communication.

Table .1 The application of ICT in this Study

Categories The applications of ICT
Learning resources e Educational software
o Distributed resources via the internet
e Video resources
Instructional e Software and technology tools supporting face-tef
organisation of learning lectures
e Course management system
e Computer-based testing system
Communication e E-mail system
o Websitesoffering communication options for the dirp
sending for e-mail and forms of structured commaitidr
e Software system for text-based chat

D

(Collis & Moonen, 2001)
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3.Research Questions

The research in this paper aims the developmenegalliation of a model that incorporates informatio
and communication technologies into a teachingrenwment according to constructivist principles. Teeearch
guestions therefore are:

1. What are the elements of a teaching model whigbresents the incorporation of ICT into a

constructivist framework?

2. How does the application of the teaching moahglact students’ Physics test results?

4. Methodology

The methodology involved a search of relevant dit@re to select appropriate ICT applications and to
develop a theoretical framework for the model. idltmodel was then developed and subjected togastiby a
number of experts. This critique was evaluatedamd result changes were made to the original mddelrevised
model was then implemented into a Vietnamese ctintb® impact of the revised model on students’ s/
learning was investigated. This structure is regmeed in Figure 1.

The research framework included two phases reldtinigvo research questions: Model development and
model implementation. The Model Development Phakitlwaddressed the first research question stavidda
literature review and context analysis. Curremréiture and research on constructivism, ICT, Pbysiarning and
teaching were reviewed. The context of Vietnam w@aig® considered. Based on the literature review cmdext
analysis, a pedagogical model was developed. Expescience education were invited to examingptiaagogical
model, and revision was made based on the expewafuation. The teaching model was applied into an
undergraduate Physics course in Vietnam. Abouttyisiidents participated in this intervention. Timpact of the
model was examined by comparing the Physics tassiltref the experimental group and the result ef ¢bntrol
group. The findings from this phase of the researdwer the second research question.

4.1 Theoretical Framework

Based on current literature, a pedagogic theoldti@mework has been created. The framework ig louil
two constructivist learning principles, one of whioriginates from cognitive constructivism; the eatfirom social
constructivism. The first version of the framewavks named the theoretical model which integratestcoctivist
learning principles and ICT. While 2. Literaturevi®ew on Constructivism and ICT section providedibddeas on
constructivism and ICT, this section will focus explaining relationship among the components ofrtmmework.

Knowledge, from the constructivist perspective, retnbe transferred from teachers to students but is
constructed by students as individuals in a sagi@ironment. This environment includes books, neganaterials,
learning tasks, curricula, teachers, peers andilearsupporting tools (e.g. computers, experimeatplipment,
films, software and online course management systeom Glasersfeld, 2005).

Figure presents the first version of a theoretinallel which integrates constructivist learninghpiples
and ICT. In general, the nature of learning careblgghtened by cognitive and social constructipigints of view
in the case where learning means creating andsgdfrising knowledge (cognitive constructivism)d ésarning is
a social process of interaction and making meagagial constructivism). Moreover, leaning is faatked by tools,
and ICT is one important tool which offers consat®e learning flexibilities. By providing severaptmns for
students, ICT can be considered an effective méarsipport internal learning processes (individaspect of
learning) and as a powerful tool to promote collalion and interaction (social aspect of learnifig)e following
section will explain the model in detail. Some edaits of the framework in Figure will be presentgdia in order
to specifically identify the appropriate parts e tmodel.
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Learning, which is in the centre of the diagrammaists of two aspects, individual and social. Taeire of
learning in the personal aspect is explained bynitimg constructivism; and in the social aspect dmcial
constructivism.

Research focus:
The development and
evaluation of a model

Research question 2:

How does the application of the
teaching model impact students’
Physics test results?

Research question 1:

What are the elements of a
teaching model which represents
the incorporation of ICT into a

social constructivist framework?

A 4

Research Phase 1 & Findings:
The Model Development

Research Phase 2 & Findings:
The Model Implementation

Discussion and Conclusion

Figure 1 The Research Framework
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individually

ICT: tool to support learning

Facilitating learning by
mediational tool

ICT: offering learning flexibilitie

Learning: creating & self-organising
knowledat

Cognitive constructivism ]

Individual aspect

JL

Learning

I

Social aspec

Social constructivism ]

interactior

ICT: promoting collaboration &

Learning: social process
(interaction and collaboration)

Figure 2 First Version of the Theoretical Model
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4.2 Constructivist Learning Principles in the Model

The first constructivist principle is that learniig development which requires learners to creatkta
self-organise their knowledge(Fosnot & Perry, 2008)e first principle, illustrated in Figure 3 camos human
internal processes of constructing knowledge (dogntconstructivism). Learning normally starts byserving or
experiencing, continues with making meaning andtirej current experiences to cognitive systems lwlgarners
have already developed. Learners then integratedifferentiate the new knowledge; a new balance
(accommodation) in their cognitive system is formBased on this nature of learning, educators eailithte
students’ learning by offering them as many opputies to observe and to experience as possibke learning
context. The teaching content should be based amdes’ prior knowledge. Teachers need to provide t
appropriate help so that learners can relate ngmitton to prior cognitive systems, then make tbeacanmodation
change and so enrich their understanding.

Learning: creating & self-organising
knowledge

Cognitive constructivism

Figure 3 Constructivist Principle One

The second constructivist learning principle isttle@rning is a social process (Tobin & Tippins93p
Individuals construct their understandings in sbskttings. While the first principle focuses ore thersonal
cognition component of the learning process, tteos@ principle is directed at the social compor&niearning
(social constructivism). Social interaction betwdearner-learner and between learner-teacher @ayisnportant
role in the learning process (Figure 4). Studemtsukl be provided with a supportive, open and atgve
environment which helps them discover knowledges Téarning environment facilitates learners to egate as
many of their own hypotheses, models and ideas assilge, including both affirmative and contradigto
possibilities. Moreover, the learning environment@urages students to present, discuss, negdiieitepoints of
view with the community, test their hypotheses, pisdr their possibilities, and find out the vidtilof their ideas
(viable knowledge).

Learning, from a cognitive constructivist pointwaéw, is a process of creating a new balance ohitivg
system and re-organising knowledge; and, from dabgonstructivist perspective, a social processntdraction
and meaning making. Learning is the process inughdoth learners’ social interaction and their peas thinking
process; as a result, the two elements in the aiadrave a mutual relationship, exist together aamhot be
separated from each other.

Social constructivism

Learning: social process
(interaction and collaboration)

Figure 4Constructivist Principle Two
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4.3 ICT Facilitating Learning

Learning is facilitated by mediational tools (Figus), such as signs, diagrams, language, expenent
equipment, technical tools and technology (Dani2B08). The tools are powerful means to enhanamileg
processes by directing thinking and shaping actidhe mediational tools can stimulate learnersatastruct their
own knowledge in a social context if teachers usemt effectively. For the purpose of the study, tbel
“information communication technology” will be adas.

A flexible learning environment usually means disg& learning in common ways of thinking, yet fld&ib

learning relates to the provision of choice fordstots related to time, topics and learning materidlaces where
learners contact teachers and other learners strerje dimension of flexibility.

Facilitating learning by
mediational tools

ICT: offering learning flexibilities

Figure 5 Mediational Tools

Collis and Moonen(2001) state that flexibility iarning concerns a variety of options for learnerthe
learning environment. In the current research, IE€Tised to diversify options for students in terofidearning
resources, instructional organisation of learnind eommunication. In addition, ICT is applied tgpart learners’
choices in social organisations of learning angjleges.

First, learners are provided with a wide rangeeaifrhing resources, including traditional resour@eg.
textbook, library resources) and ICT resources. (@dyicational software, rich internet based ressuend video
resources). The flexibility in learning resourcesigects with three dimensions: topics, key learmirajerials and
learning resources.

Second, the instructional organisation of learnii@gomes more flexible since face-to-face lectuees,
course management system and a computer-basewytegtitem are integrated. Software and technologlg &are
implemented in face-to-face lectures. The integratf face-to-face lectures, a course managemestersyand a
computer-based testing system provides learnersmétny alternatives for submitting assignments iatetacting
within a course. This integration permits them tecide on the pace of study, to choose the instmoaki
organisation of learning (i.e. face-to-face andr@)| and the time and place to contact teachatsotirer learners
(i.e. in classes at fix time or off campus duringekdays). Moreover, the application of ICT givagienhts choices
of methods and technology for obtaining support muadting contact.

Third, the implementation of ICT offers differenethods of communication such as face-to-face, é-mai

chat, forum and social networking websites. It erdes flexibility of social organisation of learnira;d time,
location and methods of interacting.
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Last, students explore various alternatives ofedamiganisations of learning and languages. ICivelgt
promotes communication; therefore, it effectivebsters different kinds of social organisations edrhing (e.g.
working in groups, working individually and in comhtion). Rich learning resources, including ICTe also in
different languages so students can choose langwdgeh are appropriate for them.

By providing several options of learning resourcisstructional organisation, communication, social
organisation of learning and language, ICT haspthiential to effectively facilitate learning. It tdbe a tool for
individuals to create and self-organise knowledgd also a tool for learning by promoting collabamatand
interaction.

ICT, from a cognitive constructivist point of view, a tool for learners to construct knowledge vidtlially
(see Figure 6). As discussed above, learning frooognitive constructivist perspective is the prace$ self-
organising knowledge. Learners experience, makémdaBon and accommodation, and then gain a new
equilibrium of cognition. ICT is a means for intatising knowledge. For example, ICT offers richrléag material
and resources including texts, photos, audio, vigle software; hence, learners can observe newoptesra and
experience in a supportive environment. Furthermsoware that is used to draw mind maps (e.g. DNMP,
SmartDraw and FreeMind) can be an effective tool dmdents to organise ideas and refine their sysié
cognition.

ICT: tool to support Learning: creating & self-
learning individually — E=—> organising knowledge
Cognitive
constructivism

Individual aspect

_ . — Learning
ICT: offering learning flexibilities }

Figure 6 ICT Supporting the Individual Aspect adrning




Nguyen et.al. / International Science Educators @mdchers

4.4 ICT and Collaboration and Interaction

ICT stimulates interaction by providing a suppaetiand encouraging communication environment (see
Figure 7). That ICT offers different and convenierays of interaction has been mentioned above. fjes of
interaction will be examined: students-teacheradgon and interaction between students.

Interaction between the teacher and the learngispacrucial role in learning processes. That teech
design curricula, content knowledge, lesson pld@arning materials and learning activities creaekarning
environment for students to interact with and makeaning. ICT is a powerful tool for teachers toigieshe
interactive learning environment, to facilitate ridag by answering questions, mentoring, scaff@digiving
feedback and so on. Learners can interact andupgtost from educators in different ways, such az-fm-face,
email, chat and forums.

ICT provides flexibility in methods of communicatioand so collaboration among learners is also
enhanced. More flexible communication can fosterenwollaboration. The application of ICT may pravidn
interactive learning environment in which studeexplain and share ideas or hypotheses, justify tregue or
negotiate, and consequently build new knowledge.

ICT: offering learning _
flexibilities

Social aspect

Social constructivism

Learning: social process

ICT: promoting : ;
. |:> interaction and
collaboration & (Collaboration)

interactior

Figure 7 ICT Supporting the Social Aspect of Léagn
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In general, the internal re-organising of knowledgel construction of understanding in a social exirits
assisted by mediational tools (e.g. equipment gqfedrents and ICT). ICT that is considered as e tgp
mediational tool provides learning flexibilities dearning resources, instructional organisation ledrning,
communication, social organisation of learning &amjuage. By offering flexibility, ICT promotes @raction and
individuals’ learning activities. That ICT is used a tool to support individuals’ learning connecisiotions of
cognitive constructivism, while ICT which fostergeraction and collaboration relates to social trogtivism.

5. Research Phase 1: The Model Development

Experts in science education were invited to exantie pedagogic model and its underlying principles

The objectives of the expert-evaluation were: @ljleétermine to what extent the model is suitabtedaching, and
(2) to ensure it is valid in its representation tbé theoretical framework. Two New Zealand expents a
Vietnamese expert evaluated and gave feedbackeomdidel. The New Zealand experts were renownediémse
education and have significant expertise in teagtdnd learning science, and integrating ICT in eax: The
Vietnamese expert, who understand the study cqnieag an experienced Physics senior lecturer ssulalice-
head of the School of Education at a universityVietnam. The aim of inviting the experts from ditfat
backgrounds to evaluate the model was to help enthe validity of the model through a form of intrgator
triangulation. The experts noted the strengthshefrhodel and suggested some changes in order toumphe
pedagogic model. This section will analyse the espéeedback on advantages of the model and thajgestion
for the revision.

5.1 Findings on Expert Evaluation of the Model

The pedagogic model, from the experts’ views, otflehe nature of learning and the role of ICT. A
synthesis of the experts’ feedback suggests tkahttdel has main strengths.

First, the model provides a reasonable pedagogimdwork which includes the individual and social
aspects of learning. It was commented thiat[the model] does provide a reasonable frameworkwhich to
proceed’ and ‘strong points are around the attempt to includedbgnitive as well as the sociallhis evaluation
is also supported by other research (Bell, 20050C%994; Powell & Kalina, 2009).

The role of ICT in the model was considered a séatrong point by the experts, who stated:

A remarkable point in this model is that the restahas exploited the role and effectiveness of ICT.
has actively supported learning processes of stisdemd the value of the model has been proveréy t
use of ICT in learning and teaching in the curregntext.... [The model] has efficiently exploitéub t
strong points of ICT in teaching and learning. T8teng points are around the attempt to includehe.
role that ICT might play.

Third, the pedagogic value of the model seems tappeeciated; for example:

[The pedagogic model] promotes the role of learnirgarding the student-centred approach, and iy ve
appropriate for the current educational context wenmformation is proliferating.

[The model encourages] the acquisition of selfiéag, problem-solving and cooperation skills for
learners.

The idea, reflected in the pedagogic model, thati@g involves both the social and personal cactittn
of knowledge, was appreciated by the New Zealammbres. Whilst the Vietnamese expert was more irdlito
value its appropriateness to the education congegtiferation of information and a student-centeggproach. The
role of ICT in the model was considered worthwlileexperts from both cultures. Apart from the sgtbs of the
model, the experts also pointed out its limitatidhsvas commented that the use of the phrasehiegris a social
process” might imply that thinking and language evéire same thing from a discursive view. It wasened in the
model that language as a meditational tool diffese thinking itself. It was recommended that thiwase should
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be changed to make its meaning clearer. Accordinthé¢ experts, the rationale for the social aspédearning
could be improved. It was advised that the socpkat of the model should regard students’ agendyidentity:
The section on the social aspects could be stremgtth to include the background of the studentsrimg
of identity and agency.
The model can be applied if the following conditissatisfied: learners’ attitude; learners deeranging
as their own responsibility, and they learn actyvahd spontaneously under the guide of teachers.

Moreover, on the social aspect, the model seemeébdos on collaboration, rather than cognition
processes. “The weaknesses are that the sociattaspklearning are underplayed and tend to betewldo
collaboration rather than ways of knowing and cagrtmknow”, stated one of the experts.

On the individual aspect, it was explained thaafféng normally starts by observing or experientimgd
“educators can facilitate student learning by affgrthem as many opportunities to observe and pe®ence in a
learning context”. One expert argued that the engtlan concentrated on physical stimuli and disrégd social
stimuli. It was suggested that the model couldnygroved by including sociocultural views.

The Vietnamese expert commented that the modelesb¢arignore the teachers’ role. Although the afle
students was the centre of learning processesinthertant role of teachers should be taken intooant The
researcher also considered that the role of thehézavas essential, and that this view was not sebe adequately
emphasized.

One expert mentioned that, besides students’ @dtutwo other conditions for applying the modeteave
the development of ICT and teachers’ competendieachers’ competencies included subject matter ledye,
pedagogic knowledge, and abilities to organise @mutrol students’ learning activities. The expddiroed that
competencies could be developed by teachers’ tigiprogrammes which were designed in the lighteafrier-
centred approach. The programmes should focus @ruesiging active learning, fostering self-learnamgl problem
solving skills. To improve the competencies of thuerent teachers, workshops and conferences oriraotigism
could be organised.

In summary, from the experts’ views, the pedagagoziel could be improved in five aspects. The phrase
“learning is a social process” should be revisdtk $ocial aspect should be strengthened. In additie rationale
on the individual aspect appeared to emphasiséhgsiqal stimuli. Teachers’ role seemed to be negtbcand the
conditions for implementing ICT in teaching such iafrastructure and teachers’ competencies needebet
mentioned. The following sections will share aiqtie on the comments and will present the revigibrihe
pedagogic model based on experts’ comments.

5.2 Critique of Model Evaluation by Experts

On the individual aspects of the model, it was akm@d that “learning normally starts by observing o
experiencing” and “educators can facilitate studdmnt offering them as many opportunities as posdiblobserve
and to experience in a learning context”. One expegued that the explanation concentrated on palystimuli
and disregarded social stimuli. Nevertheless, tloelehhad included the role of “meditational too(g.g. signs,
diagrams, language, experimental equipment, teahrticols and technology) in the process of the aoci
construction of knowledge. Language and other tomése important for promoting cognition and sogiall
constructing knowledge as well as individually domsting knowledge, which normally began with expecing
and observing. However, the foci of the model wesethe use of language and other tools to fatdlitearning, but
the use of ICT.

One expert suggested focussing on teachers’ competeas a condition for implementing the pedagogic
model. Teachers’ subject matter and pedagogicapetancies were significant in the use and apptioatif ICT.
The importance and inter-relationships of subjechtent knowledge, pedagogy knowledge and technology

32



Nguyen et.al. / International Science Educators @mdchers

knowledge, which were mentioned in the expert contsjehad been interpreted in the Technological §egiaal
Content Knowledge (TPCK)research(Mishra & KoehB®06). The conditions stated in the comment alkieé to
the infrastructure or the development of ICT. IGifrastructure was certainly important for the ugd@Tr in
teaching. The factors influencing the applicatidn@T at an institutional level were carefully antd by Collis
and Moonen (2001)

This comment might be useful at the institutioraldl for leaders, managers, heads of institutians,
deans of faculties who wanted to set up a systenmaplementation of ICT in their institutions. Hove, the goal
of the pedagogic model was to propose a theorgimdhgogic framework for teachers to implement &fficiently
and effectively. The model was in the form of peatfig booklet which recommended educational stratefpr
teachers. It did not aim at the implementation@T lat an institutional level but at the teacheevel. When the
infrastructure, policy, support and other factoasl lveen available in some extent, teachers wowd agedagogic
model for their integration of ICT in teaching. Tlearrent model would provide insights about theureatof
learning and the way of using ICT to support leagreffectively.

5.3 The Model Revision

After the evaluation and comments from experts wenalysed, it was concluded that the model's
enhancements will focus on three issues: (1) theofiterms, (2) the social aspect of learning @)dHe discussion
on the teachers’ role.

First, the phrase “learning is a social process’s waprecise. It was recommended to change it into
“learning occurs in social context”. This implicldat language and thinking were not the same. Aesaltrof the
revision, the two learning principles would be: {&arning requires learners to create and to sgHuse their
knowledge, and (2) learning occurs in social contdxurthermore, the model described “ICT: promoting
collaboration & interaction”; and the term “collafation” was not obviously mentioned in the desaoiptof the
model. For the clarification and simplicity of theedagogic model, the term “interaction” replaceé thrm
“collaboration & interaction” (see Figure 8). Indetion in this context contained interaction betwstudents —
learning materials and learning tasks, betweenresiisd- teachers and between students - studerdfabGration”
was implied in “interaction” between students.

ICT: offering learning
flexibilities

ICT: promoting Learning: social process
collaboration & —> (interaction and
interaction collaboration)

Figure 8 Social Aspect of Learning
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The second adjustment was related to the sociacasplearning. Students were considered as agerey
social and cultural context. “They are partiallytetenining and partially determined” (Bell, 2005, 42). In
addition, the model did not explain explicitly homteraction and collaboration support the sociaistauction of
knowledge. It was because of not only the resedschationale about how social constructivism canelmployed
in explaining learning, but also social construstiv itself. Social constructivism emphasised thie @f social
factors in learning; yet not on how the meditatidoals facilitated learning socially.

In contrast, sociocultural views presented in di¢taw ICT as tools or artefacts and how interactam
enhance learning on social aspect. Bell (2005)udsed three sociocultural views: learning as sthiatctivity,
learning as distributed cognition and learning &slisted action. The usefulness of these viewshiemtodel was
that learning occurs in a social and cultural cetft&ave & Wenger, 1991); and knowledge or cognitibstributes
over the social context, both inside and outsiddividuals(Pea, 1997; Salomon & Perkins, 1996; Salor&
Perkins, 1998). By employing the artefacts (e.gnsi diagrams, language, experimental equipmettinteal tools
and ICT), students interacted with the social sg#tiand co-construct their knowledge. The sociacallttheories
were more appropriate for the pedagogic model,aslbein terms of the use of ICT as artefactsttsy should be
used as a foundation for the social aspect of legrim the model. As a result, the name of the rhatieuld be
modified as “The Pedagogic Model of Integrating Stouctivist & Sociocultural Learning Principles al@T” (the
CSI Model in abbreviation).

The third enrichment of the pedagogic model assalteof the critique was describing more about the
teachers’ role. Teachers had quite an importantiposn many Asian cultures, and if it was intedde implement
the model in an Asian country, the role of teadteruld be taken into consideration.

In conclusion, the feedback of experts was valuablé resulted in clarifications and improvementse T
most significant improvement was that sociocultth@ories were emphasized in the model. The revisedel is
presented in Figure 9. Another improvement is thefications of teachers’ role. Teachers playedeasential role
in students’ learning processes. Teachers desigmeitulum, courses and learning tasks. They decitle body of
knowledge and skills, organised learning activiteesl guided students to learn. Teachers’ encouragesand
support were important not only for students’ Iéagnbut also for motivating students in the processneaning-
making. The pedagogic model described the roleGif In learning, but did not imply that teachers everot
important in the model. The role of teachers wasldand cannot be displaced by ICT or any pedagowmidels.
Teachers were the persons who used the pedagogielrand ICT; and the effectiveness of the modeinstiy
depended on teachers’ professional competency.
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ICT: tool to support learning
individually

Learning: creating & self-organising
knowledgt

Cognitive constructivism ]

Facilitating learning by Individual aspect
mediational tool JL

ICT: offering learninc Learning

I

Soacial asnec

Sociocultural theories ]

ICT- artefacts: —————_ '  Learning occurs in social contexts
promotina interactio

Figure 9 The Pedagogic Theoretical Model of InteéggaConstructivist, Sociocultural Learning Prineip with ICT (the CSI Model)
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Although the role of teachers was very importaagchers cannot learn for students or cannot upload
knowledge to their brains like to computers. Stusldrad to construct knowledge themselves. This mpagkenot
discuss teachers’ role in general but only focushenrole of teachers as facilitators or mediatans help learners
construct knowledge. Educational knowledge generafid Physics knowledge particularly have been ldpee
over a long period of time, and its volume is huGeachers need to guide students to discover tbelkdge and
make it meaningful and useful at personal levels.

6.Research Phase 2: The Model Implementation

The CSI Model was implemented by a lecturer in ptice course of a Physics department within a Schoo
of Education of a university in Vietnam. The prage$finding and inviting a lecturer to be involviedthis research
included: (1) administering questionnaires to leetsi of the physics department, interview 9 stusleantd 4
lecturers (who were most likely to use ICT in thi&gaching), (2) identifying lecturers who usuallgeulCT in
teaching and their willingness to implement a nedaggogical framework into teaching practice. Assult of this
process, a lecturer was invited to implement theNI&lel.

The lecturer participating in this research hadiaggsome ICT in his teaching. He had required estiisl to
use ICT to make PowerPoint presentations for optipgs. The objective of the research is to inges¢ impacts
of the CSI Model on learning. Thus, it was apprafgrito invite a lecturer who had utilised ICT iruedtion so that
the lecturer can fully concentrate on implementing model rather than becoming familiar with applyiCT in
teaching practice.

The course was delivered over 16 weeks, Semestéithke 2011-2012school year, including one week fo
orientation and one week for the examination. Anjtative data collection method (Optics tests) haen
employed in this research.

To identify if the implementation of the CSI Mod®d any influence on the students’ Optics perfoigaan
comparison of test scores of two groups of studemse conducted. One group of studer@soup |, did not
experience the intervention of the CSI Model impdaation. This group studied the Optics Courseeimé&ster | of
school year 2011-2012. The other groGpoup II, who attended the course in Semester Il of theessrhool year,
experienced the implementation of the model. Griowps not disadvantaged in comparison with Groupeldause
this group studied the optics course which was atiynprovided by the university.

The Optics tests were used to evaluate studentrpgance at the end of each semester. The Otats t
papers included 40 items and were designed byetttairer. The content of the tests were aimed agtia of
measuring students’ understanding on Optics knoydeat the end of semester. The test results ofitbegroups
will be presented in the next section; and suitakd¢istical test will be then performed to compiuetest scores of
the students in Group | and Group Il

6.1 Findings on Model Implementation
6.1.1 Optics Test Results of Group | and Group |l
Table 2 describes the test results of Group | stisdand Group Il students. There were 58 students i
Group | who sat the optics test. The minimum seeas 5 (out of 40), maximum score 17. The averag@rotip |

was 11.02 (Standard Deviation (SD) = 2.626).
The number of Group Il students, who had experiglhe CSI Model implementation and sat the test wa

88. Their scores ranged from 8 to 38 (out of 4B &verage score was 23.98 (SD = 7.867).
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Table 1 Optics Test Results of Group | and Group I

Group N Minimum Maximum Mean SD
Group | 58 5 17 11.02 2.626
Group II* 88 8 38 23.98 7.867

* Group Il experienced the CSI Model implementation

The optics test result indicated clearly that theam ofGroup 1l (the experimental group) — 23.98 was
higher than the mean &roup 1- 11.02. However, it was not sure that this défere is statistically significant. To
identify if the difference between the means of gheups test scores was statistically significanfiyrther statistic
test was been employed.

There were two types of statistical tests thataddnd used for comparing the test scores of thegiwaps:
(1) independent samples t-test for normal distitisuidata or (2) Mann Whitney U test for data did moeet
normality assumption(Heiman, 2000). A normalitytteas performed to examine the distribution of tdst scores.

If students’ test scores meet the assumption ahality, a t-test will be used; if the data fromith&cores violated
this assumption, we will use Mann Whitney U Tesgtratively.

6.1.2 Normality Test

The normality of the distribution of the studentgitics scores was assessed by using the Kolmogorov-
Smirnov Test (K-S Test). Table 3 presents the tedithe Kolmogorov-Smirnov statistic. If the sifjpance value
(Sig.) is above 0.05 in the K-S test it will indieanormality (Pallant, 2001). It is shown in thbl&athat significance
values of the test scores of both groups are hess@.05; the assumption of normality has beeratgédl Therefore,
Mann Whitney U test should be used to comparedsiescores of the two groups.

Table 2 Tests of Normality (Kolmogorov-Smirnov Tjest

Group Statistic df Sig.
Group | 116 58 .049*
Group Il .105 88 .019*

* Significance value (Sig.) above 0.05 indicatesmality

6.1.3 Comparison on Test Scores of Group | StudgerdsGroup Il Students

Table 4 displays the Mann Whitney U Test. Bignificance valuén the Mann Whitney U test presented if
the test score difference between the two groups significant while the calculation of thedfect sizehelped to
identify how large the difference was. A popularasgre of effect size was the Glass rank biserialetation
which was computed as (Gray & Kinnear, 2000):

2(my —my)

my + Ny
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Table 3 Mann Whitney U Test Result

Group N Mean Rank Sum of Ranks
Group I 58 36.09 2093.50
Group IT* 88 98.15 8637.50

* Group Il experienced the CSI Model implementation

Mann-Whitney U 382.500
Total N 146
Sig. (2-tailed) 0.000

Wherem; was the mean rank of Groupmh; was the mean rank of Group #; and n; were the number

of students in Group | and Group Il respectivelyovgat the test.
_2(36.09-198.15)

= = —0.850
s 58 + 88

According to Cohen (1988), the size of effect cduddnterpreted frorg, as below:
|1';, | = 0.1: Trivial effect

0.1 = |5 | = 0.30: Small effect
0.30 < |,| < 0.50: Medium effect
0.30 = |’-'§:| |: Large effect
In this case|:|;:I | =0.850 was larger than 0.50, which constituted a ‘largfégct.

In summary, the mean of Group Il Optics test sc{esan = 23.98, SD = 7.867) was higher than thenrmea
of Group | Optics test scores (Mean = 11.02, SD.62@). The Mann-Whitney U test result indicatedt tthas
difference was statistically significant (U = 3820 Sig. = 0.000); and the effect size was ‘Ial(gk@’| =(0.830).

7. Conclusion

As mentioned above, this paper focused on the dpment and evaluation of the CSI Model. The
development process began with reviewing literaturehe research area and designing a pedagogiel mdaith
consideration of Vietnamese educational contextw Nl=aland and Vietnamese experts, who had establish
reputations in the field, evaluated the model arghsested some revision. The revised model wasithpiemented
into an Optics course of a Viethamese undergraduagram; and the impact of the model was accessed.

In the context of this study, the implementatiortted CSI Model has positive effect on students’ dids/
performance. The findings above show that thedestes of the experimental group (Mean = 23.98,~SD867)
were significantly higher than the test scoreshefdontrol groups (Mean = 11.02, SD = 2.626); dnedeffect size
was large h_a | =0.850). This result is consistent with current liter&urThe incorporation of ICT into
constructivist and sociocultural framework has aifpee effect on enhancing students’ Physics leayriAl-Fadhli
& Khalfan, 2009; Bell, 2005; Christina & Dimitrio2008; Wang, 2009).

The application of the model was in a social saetmntext where not all the independent variabdeshe
controlled for, and so it cannot be stated withaialy that that all the variance between the twaugs is solely due
to the application of the model. However, the dffgze is large enough for it to be acceptably taied that that
the application of the model did have a positiiectf
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In the Introductionsection, this paper addressed the need of a peidagmglel of integrating ICT into
Vietnamese teaching practices. The CSI Model séerbs a suitable teaching model for the Vietnantesgext.

In fact, the CSI Model has cognitive constructivdietmponents which are familiar to Viethamese teeche
(Nguyen, William, et al., 2012; Peeraer & Van Petag2011). To encourage change, ones commonly lvatin
the familiar. Change in education is similar. Wheachers want to adopt a new teaching model inistieg
practice, a model with some familiar component$ elp them apply it into daily teaching more contddly and it
will more likely be their choice.

The CSI Model is a pedagogic model integrating troitivist & sociocultural learning principles ai@T.
The result of this research reveals that the CSlehis an effective pedagogic model in this stugtgunstance.
Besides the positive result, a limitation of thereat research is that, the research was condircedt one course
in a university. It is recommended to apply thisd@lointo variety of educational context such aseotsubjects,
other cultures, different age groups and diffecenntries.
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