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CHER PING LIM & GRACE OAKLEY  

INFORMATION AND COMMUNICATION 
TECHNOLOGIES (ICT) IN PRIMARY EDUCATION: 
OPPORTUNITIES AND SUPPORTING CONDITIONS 

INTRODUCTION 

It is increasingly recognised by researchers, governments and educators around the 
world that ICT presents many opportunities for teaching and learning in primary 
(elementary) education. A lack of ICT in the classroom may be seen as 
disadvantageous for children because without access to this, they are denied 
opportunities to acquire some of the skills and attributes they need to become full 
participants in an increasingly ICT mediated and globalised world (UNESCO, 
2008). Even so, it needs to be acknowledged that having ICT in the primary 
curriculum and classroom does not guarantee enhanced learning, and may represent 
little more than new means of reaching pre-existing, and perhaps inappropriate or 
outdated, ends (Adams, 2011). Furthermore, ICT in education needs to be supported 
by appropriate policies (Tondeur, van Keer, van Braak & Valcke, 2008) at all levels 
and effective professional development for teachers (Lim, 2007). 

In this chapter we will review what existing research says about ICT in primary 
education. The chapter is organised into two main sections: 
1. Opportunities provided by ICT for teaching and learning in primary schools in 

21st century competencies, literacy, numeracy, and science; 
2. Necessary and sufficient conditions to support ICT-enhanced teaching and 

learning practices in primary schools. 

OPPORTUNITIES PROVIDED BY ICT FOR TEACHING AND LEARNING IN 
PRIMARY SCHOOL 

It is clear that the integration of ICT in schools and classrooms must take into 
account many factors, including the pedagogical practices, prior experiences and 
attitudes of teachers and students, and the interpersonal processes (Law & Chow, 
2010). The introduction of ICT invariably means that teachers must change their 
practices and even their philosophies, and it is not unusual for resistance to change 
(Guskey, 2002). Depending on all of these factors, and on the learning activities and 
expected learning outcomes, ICT can play various mediating and transformative 
roles in the learning environment. In this section, we examine the opportunities ICT 
provides teaching and learning in primary schools with respect to (1) 21st century 
competencies, (2) literacy, (3) numeracy, and (4) science. 

Depending on how ICT tools are used in classroom, Lim and Tay (2003) 
suggested that they can be categorised as: 
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Information tools These are applications that provide information in various 
formats (for example, text, sound, graphics and video). Examples of informative 
tools include multimedia encyclopaedias and resources available in the 
World-Wide-Web (WWW).  

Situating tools These are systems that situate students in an environment where 
they may ‘experience’ the context and happenings. Such systems include 
simulation, games and virtual reality.  

Construction tools These are usually tools that can be used for manipulating 
information, organizing one’s ideas or interpretations. For instance, mind mapping 
or social networking applications that allow students to organize their ideas or 
reflections and communicate with others.  

Communication tools They are applications which facilitate communication 
among teachers and students, such as e-mail, blogs, e-conferencing and e-discussion 
boards. 

In addition to these four categories, ICT may also serve as tutorial and diagnostic 
tools. In real classroom practices, perhaps especially in primary school classrooms 
where integrated curriculum is commonplace, ICT often serves more than one role 
simultaneously. Furthermore, it is likely that developments in technology will lead 
to pedagogies that are unrealized and unimagined as yet, which may alter and extend 
the above list of roles in the future.  

21st Century Generic Competencies 

In many countries it is recognised that there are ‘generic competencies’, necessary 
for living, learning and working in the 21st century. One such generic competency is 
the ability to use ICT for a variety of purposes, like accessing information, 
communicating, building knowledge, representing ideas, problem solving, creating 
and developing ideas and products, collaborating, and learning how to learn. The 
place of ICT as a generic competency is now enshrined in policy and curriculum 
documents in many countries. For example, in Australia, the use of ICT has been 
identified as ‘general capability’, needed by all students to succeed in life and work 
in the 21st century (Australian Curriculum, Assessment and Reporting Authority, 
2011).  

Because ICT is constantly developing, opportunities for teaching and learning  
are also continually evolving. For example, the use of computers and the Internet  
no longer need to be positioned in fixed places; mobile technologies allow 
interaction via text messaging and access to the Internet wherever and whenever  
one wants. A significant development of ICT in primary classrooms is            
the introduction of tablet computers such as the Apple iPad. These mobile      
tablet devices are being introduced into primary classrooms around the world    
and teachers and children are finding new ways of using them to fulfil a variety    
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of learning goals beyond the school curriculum (Pegrum, Oakley & Faulkner, in 
press).   

ICT as Construction Tools In primary schools, children are often encouraged to 
construct knowledge and understandings through hands-on investigation, inquiry, 
and discussion. This is consistent with constructivist pedagogy, which underpins 
much teaching and learning in primary schools. It is also consistent with the ways of 
learning, communicating and working that are deemed to be generic 21st century 
competencies. ICT can play an important role in enabling new ways of doing this. 
Yang (2009) described a case in which web resources and technology are integrated 
as instructional and learning tools in an oral history project involving interviews 
with elders in the community. The researcher found that the students perceived 
benefits including learning the importance of teamwork, knowing how to design a 
homepage, having a unique experience, learning more about history, obtaining 
interviewing techniques, and learning how to undertake a research project. The 
project also provided an opportunity for students to sharpen their skills in problem 
solving and enhance their historical thinking to varying degrees. The most obvious 
outcome of this project was the students’ sense of accomplishment and pride along 
with self-growth (for example, confidence, self-esteem, responsibility), and 
empathy for the elders. Students also reported that they had learnt that historical 
issues can be viewed from a variety of standpoints, and that the standard history they 
were exposed to reflects the views of the dominant culture of the time. 

ICT as Situating Tools and Communication Tools Lim’s (2008) study in a primary 
school in Singapore provides a case of situating traditional curricular subjects in the 
context of global citizenship, utilizing a computer game environment called Atlantis. 
Set against the story of Atlantis facing ecological, social and cultural decay due to 
the blind pursuit of its rulers of prosperity and modernization, each student in the 
two classes involved in the study became the central character, who was confronted 
with the mission of saving Atlantis. This case study provides an account of how two 
classes of grade five students engaged in learning English, mathematics and science 
by playing the role of global citizens and solving problems as individuals or in 
collaboration with their fellow questers. Results indicated that this approach had 
positive effect on enhancing students’ learning engagement, academic motivation 
and social commitments.  

Literacy  

ICT has changed the nature of literacy and how it is taught, and changing the nature 
of literacy has, in turn, driven developments in ICT (Leu, 2000). Whereas literacy 
used to be about reading, writing, speaking and listening, and while the teaching and 
learning of literacy used to revolve around pencils, paper and books, there has in 
recent years been a shift to ‘multimodal literacy’ or ‘new literacies’, which involve 
the comprehension and creation of texts composed of multiple modes of 
communication, including text, audio, static and moving images (Jewitt, 2008; 
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Mills, 2010). Policy and curriculum documents around the world have 
acknowledged that, in the 21st century, texts are multimodal and that children need 
to be taught how to construct and comprehend such texts from the early years of 
school (e.g. Commonwealth of Australia, 2009).  

Notwithstanding the debates that have been raging about what literacy is and how 
it should be defined, there has been much research and discussion in recent years 
about how literacy is ‘best’ taught. Although there is no consensus in many areas, 
there is little doubt that much effective literacy learning takes place within a context 
of authentic communication, problem solving and analysis of texts (e.g. Fisher, 
Frey, & Lapp, 2009). The use of ICT can facilitate this, although more research 
evidence is needed to help teachers sharpen their practice in this area. 

Empirical evidence about the efficacy of ICT in literacy teaching and learning is 
still patchy and contradictory. Brooks, Miles, Torgerson, and Torgerson (2006) 
stated that there is little evidence from controlled, randomized studies that ICT can 
improve reading or spelling in the context of traditional printed texts. Yet, other 
types of research (qualitative) have suggested that there are many ways in which the 
use of ICT can enhance the teaching and learning of literacy (Mills, 2010). For 
example, several studies have indicated that the use of ICT in literacy teaching and 
learning may be highly motivational (Gambrell, 2006). For example, Oakley and Jay 
(2008) found that teaching primary literacy in the form of digital storybooks can 
encourage reluctant readers to read more.  

In recent years, interactive whiteboards (IWBs) have become widespread in 
primary classroom and there are numerous ways in which these can be effectively 
used to teach literacy where they can facilitate modelling, explanation and 
demonstration, as well as classroom discussion. IWBs can also be used by small 
groups of children to practice and apply their learning. Lewin, Somekh and 
Steadman (2008) have written about the process of change in pedagogic practice that 
necessarily accompanies the effective use of IWBs in the classroom. They found 
that there was an increase in literacy performance of moderate and high achieving 
students who have been taught using the IWB, but lower achieving children did not 
seem to benefit. The benefits to average and high achieving students seem to 
increase with length of exposure to IWBs. Dillenbourg and Evans (2011) suggested 
that IWBs can be used to enhance face-to-face interactions. For example, small 
groups of children can gather around an IWB to discuss and build concept maps, 
which supports their reading comprehension and planning for writing. 

ICT as Information Tools In Alfassi’s (2000) study of language classrooms, the 
teachers developed different assignment tasks to engage their students in meaningful 
inquiries while using ICT as information tools. The students applied research skills 
as they used the Internet and CD-ROMs to search for information and apply critical 
judgment to determine if the information was accurate, relevant, and useful. The 
students also prepared electronic presentations in which texts were written, read and 
animated with accompanying music or sound effects. Through these electronic 
presentations, they improved literacy and communication skills because such 
presentations required them to interact with each other while using various forms of 
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speech, symbols and logic. The study found that, by using ICT-enabled information 
tools, the students had significantly improved in reading and writing. 

Coiro and Dobler (2007) studied the strategies used by upper primary school 
children to locate and understand information on the Internet. They found that for 
students to read Internet texts effectively, they had to be able to make connections 
with their prior knowledge sources; had effective inferential reasoning strategies; 
and were able to self regulate their reading processes. All these skills require a high 
degree of metacognitive activity, which is also demonstrated by good readers of 
traditional printed texts. Therefore, despite claims that Internet texts can be easier to 
comprehend due to supportive features like links to video clips and further 
explanations, it seems that the comprehension of Internet texts is highly complex 
and teachers’ support is needed for primary students to make sense of information 
on the Internet. 

ICT as Tutorial Tools In the literacy area, ICT used as tutorial tools have often 
been limited to lower level skills, such as learning phonics, sight words and spelling. 
Research has shown that ICT can play a part in helping children learn to spell, at 
least as effectively as traditional methods can (Torgeson & Elbourne, 2002). Many 
spelling programs are in a game format, which can encourage children to practise 
and analyse the graphophonic and morphological components of words in an 
engaging way. In a study conducted by Brooks et al. (2006), a computer program 
was designed to enhance students’ reading and spelling through the improvement of 
phonological awareness. Research has also shown that students with reading 
difficulties can learn to decode words more effectively when given speech feedback 
from computers. Wise, Ring, and Olson (2000) found that computerized 
phonological training supports accurate decoding in reading, for example. For 
children with visual tracking difficulties, applications are available that can help 
them track print and minimise accidental skipping by highlighting words or lines 
(Fasting & Lyster, 2005). 

Some tutorial programs can facilitate the learning of more complex literacy skills 
and understandings. Several studies have examined use of ICT as tutorial tools in 
English as Second Language (ESL) classrooms. Lirola and Cuevas (2008) found 
that by using a combination of computer programs, students improved their writing; 
Edwards, Monaghan and Knight (2000) argued that bilingual stories in interactive 
software provided a basis for activities and discussion and could increase students’ 
language awareness and foster their positive attitudes towards language learning. 

ICT as Situating Tools The virtual world, Barnsborough, described in Merchant’s 
(2010) study, was specifically designed for literacy learning and problem-solving. 
Most of the participating students in the study expressed a sense of enjoyment, 
motivation, and engagement when talking about their experience. Participating 
teachers tended to agree that Barnsborough was a useful situating tool for real-world 
literacy learning and teaching.  

In the area of writing, Watts and Lloyd (2004) studied the impact of a web-based 
multimedia package called Espresso for Schools. This package has over 250 
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modules on a wide range of topics; each module contains video clips, interactive 
challenges with pictures, and optional worksheets. The interactive nature of the 
materials encouraged collaborative work, and the authentic and up-to-date nature of 
the materials provided motivation for the grade six students who participated in the 
study. The materials also have audio-visual effects that could be selected, rewound 
and fast-forwarded, allowing students some control of their own learning. The 
researchers believed that learning with the package allowed students to use their 
creativity and be active, exploratory learners.  

ICT as Construction Tools Digital storytelling entails telling stories with a variety 
of digital multimedia such as images, audio, and video – it provides a good example 
of ICT as construction tools. Halsey (2007), a New Zealand primary school teacher, 
reported how she encouraged her students to use podcasts and online publishing as 
new ways to learn and use literacy. She observed her students’ excitement in 
learning in these new ways. Publishing students’ works online also provided 
students with an audience and therefore an authentic purpose for learning. Halsey 
believed that learning with new technologies supported a constructivist approach to 
learning, which is generally most effective when students are allowed autonomy 
over their own learning process. Oakley (2003, 2005) has also provided insight into 
how ICT can be used to improve primary students’ reading fluency, by having small 
groups of children create digital stories with text highlighting – this can encourage 
them to think about phrasing. Creating these stories also encouraged children to 
analyse their narrations to check for appropriate pace, volume, intonation and 
accuracy.  

Goldberg, Russell and Cook (2003) carried out a meta-analysis of 35 studies on 
the use of computers (word processors) in writing instruction and found that the 
writing process was ‘more collaborative, iterative, and social in computer 
classrooms as compared with paper-and-pencil environments’. They concluded that 
K-12 students who used computers to write were not only more engaged, but their 
written texts also tended to be longer and of superior quality.  

Web 2.0 offers rich opportunities for improving the literacy skills of primary 
school children because it helps students construct texts and understanding 
collaboratively, and allows them to engage in online discussions (Handsfield, Dean 
& Cielocha, 2009). The researchers found that fourth grade children showed a 
different attitude towards writing and used different practices writing in a blog:  

… they asked and responded to one another’s questions, and because they 
were writing for a larger audience …, they became more careful writers. 
Students who previously did not proofread their writing soon began adding 
conventional punctuation. (Handsfield et al., 2009, p. 45) 

ICT as Communication Tools Studies have found that ICT communication tools 
may provide support to students’ improvement of writing skills. For example, Shang 
(2007) found that students who were regular users of emails showed improvement in 
their writing and independent thinking. Biesenbach-Lucas, Meloni and Weasenforth 
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(2000) found that emails were effective for students to practice cohesive devices 
such as demonstrative pronouns, sentence connectors, and summative expressions. 
Communication tools may also be used in conjunction with other multimedia 
packages such as e-books with the function of chat rooms. With reference to online 
chat, Lai and Zhao (2006) found that ESL students in a text-based online chat room 
noticed more language usage errors than in face-to-face conversations. Another 
advantage of using ICT to write is that it can relieve problems associated with 
handwriting – like letter formation and alignment – and hence facilitate spelling and 
editing (Hartley, 2007).  

Weblogging, or blogging, has also been tapped into for the purposes of literacy 
instruction. In Halsey’s (2007) study in a New Zealand primary school, the teacher 
and students built a blog which allowed children to publish and share their works 
with parents and children from other schools as well as the public. In his paper 
advocating use of weblogs to promote literacy in the classroom, Huffaker (2005, p. 
96) argued that the characteristics of weblogs such as ‘personal space and linkages 
with an online community’ allowed individual expressions and collaborative 
interactions in the form of storytelling and dialogue. Importantly, like many other 
ICT tools, blogs allow learning to take place outside the confines of the classroom 
walls. 

It has been shown above that there are numerous opportunities for using ICT in 
the teaching and learning of literacy, and there are many more that we are unable to 
discuss in the confines of this chapter. In the case of mathematics, there are also 
many exciting opportunities for the fruitful use of ICT, and these are outlined below. 

Mathematics (Numeracy) 

The purposes and pedagogies associated with mathematics have changed in recent 
decades:  

The traditional view of mathematics which focused on memorisation, rote 
learning and knowing facts devoid of context and application has been 
replaced with one in which mathematics has purpose and application. (Yelland 
& Kilderry, 2010, p. 93) 

In the primary school years, especially the early years, much use is made of physical 
manipulatives, since this strategy is deemed to help children build solid mental 
representations of mathematical concepts and promote learning through hands-on 
play. Investigation and construction of understanding through collaboration are also 
common in mathematics pedagogy. ICT is changing the ways people use 
mathematics in everyday life and work, and this has triggered further changes in 
mathematics curricula and pedagogies. It is in this context that we discuss the use of 
ICT in primary mathematics education.  

ICT as Construction Tools  One way in which ICT can facilitate teaching and 
learning of mathematics is through inquiry-based learning such as WebQuest 
activities, in which students practise using data and information they find from the 



LIM & OAKLEY 

8 

Internet. Halat and Peker (2011) found in their study of WebQuest that the students 
were able to do more mathematical activities in a game or in a story than in 
decontextualised practices of mathematical rules. Given that WebQuest-based 
applications for mathematics instruction also had a positive effect on the motivation 
of the pre-service elementary school teachers who participated in the study, the 
researchers believed that developing WebQuest-based activities would be beneficial 
for both teachers and students.  

Tangram is a software for teaching primary geometry. Lin, Shao, Wong, Li & 
Niramtranon (2011) conducted a study to examine how this collaborative and 
manipulative virtual Tangram puzzle could assist children in learning geometry in a 
computer-supported collaborative learning environment, using tablet computers. 
Many advantages of using the puzzle were identified: (1) it enhanced the shapes 
rotation and spatial ability of students; (2) it improved students’ competency in 
spatial reasoning; (3) it increased face-to-face discussions as well as online 
communications among students; and (4) it boosted students’ critical thinking, 
confidence, and willingness to learn. In addition, teachers found it easy to 
summarize and explain geometrical concepts using the puzzle. 

ICT as Information Tools, Tutorial Tools and Simulation Tools There are several 
other ways in which ICT can facilitate mathematics teaching in primary schools. For 
example, robots as instructional assistants or ‘learning companions’ may enhance 
students’ learning motivation and performance (Barker & Ansorge, 2007). Wei, 
Hung, Lee and Chen (2011) demonstrated the design of a Joyful Classroom 
Learning System (JCLS) with flexible, mobile and joyful features. The system 
consisted of a robot learning companion (RLC), sensing input device, mobile 
computation unit, mobile display device, wireless local network and operating 
software. The authors found that JCLS could provide learners with more 
opportunities for hands-on exercises and deepen their understanding. Learning with 
the system also allowed students more thinking time for elaborate knowledge 
construction. As an assessment tool, the researchers found that JCLS supported 
instructors in immediately acquiring the learning status of every student and 
enabling them to adjust their instructional strategies and provide additional support, 
where needed.  

Games can also be used to assist teaching primary mathematics. Chang, Wu, 
Weng, and Sung (2011) conducted a research in Taiwan on using games to 
encourage problem posing and problem solving among fifth graders (n=92). They 
found that students in the experimental group posed more sophisticated problems in 
the post-test than did the control group, who did not show as much enthusiasm for 
the learning activities.  

Moyer, Bolyard, and Spikell (2001) discussed the possible role of ‘virtual 
manipulatives’. Some possible advantages include the ease of digitally recording 
students’ use of the manipulatives for assessment, review and discussion; the ability 
to provide computerised prompts and feedback; the ability to vary properties such as 
size, colour and shape; practicalities of not needing a variety of bulky materials such 
as blocks in the classroom; the ability to control or constrain children’s actions; and 
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the possibility of working in larger groups, around an IWB. It should be noted, 
however, that virtual manipulatives cannot be used as an equivalent of physical 
manipulatives as they foster different kinds of manipulation (and thus thinking) in 
children (Manches, O’Malley, & Benford, 2010). It is possible that as more tactile 
and sophisticated interfaces (such as touch screens) are further developed, this 
finding may no longer apply. 

ICT may also assist children who have difficulties in mathematics. Gürbüz and 
Birgin (2012) carried out an experiment with 7th grade students (n=37) and 
concluded that computer-assisted teaching was significantly more effective than 
traditional methods as a means of remedying students’ misconceptions in 
probability concepts. This is important because students’ misconceptions are at the 
root of many difficulties in mathematics learning. Two kinds of software were used 
in the study: (1) software featuring animation and simulation to explain the 
probability concepts; and (2) tutorial and practice materials which provide examples 
and allow students to apply the knowledge and receive feedback to verify their 
answers.  

With reference to the effectiveness of ICT in increasing students’ mathematics 
test scores, the research evidence is not convincing. In the USA, Wenglinsky (1998, 
cited in O’Dwyer, Russell, Bebel, & Seeley, 2008) found that both 4th and 8th grade 
students who used simulation and higher order thinking software had statistically 
significant better scores in high stakes standardised mathematics tests, but this 
association did not hold true for all software tools. Other studies have found weak or 
negative correlations between ICT use and mathematics achievement in tests. 
O’Dwyer et al., (2008) suggested that this may be explained by psychometric issues. 
The tests may not be capable of measuring the kinds of learning developed by the 
use of ICT in mathematics.  

Science 

Science teachers are encouraged to design learning activities that can give students 
opportunities to use ICT to search and analyse information from multimedia 
resources; synthesise, create, report, collaborate, and communicate results with 
peers and their communities; and investigate problems using simulations 
(McFarlane & Sakellariou, 2002). Luu and Freeman (2011) found that the scientific 
literacy of primary school students is determined by various ICT-related variables. 
Students with prior experience using ICT, who browse the Internet frequently and 
who are confident with basic ICT tasks, tend to earn higher scientific literacy scores. 
Therefore, it seems that appropriate use of ICT can be beneficial to students’ 
acquisition of science knowledge. 

ICT as Information Tools ICT can be valuable in primary science in that students 
can carry out research on the Internet on a variety of science topics. Murphy (2006) 
found that the Internet was being used in the primary classroom to gather science 
information and also as a means of communication. It must be noted that, for 
students who have reading comprehension difficulties, using the Internet to gather 
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information can present many difficulties, although some aspects of the Internet 
(such as video) may be supportive. 

ICT as Situating Tools ICT can facilitate the teaching and learning of science in 
the form of a virtual world created by multimedia. For instance, Campbell, Wang, 
Hsu, Duffy and Wolf (2010) discussed a case in which an Opensimulator 3D 
Application Server was used to highlight the vision for learning with technology in 
classrooms, focusing on life and earth science. The server is an open source, 
modular, extendable platform which can be used to create simulated 
three-dimensional spaces with customizable terrain, weather, and physics, for 
building plant populations in a virtual environment. In this environment, students 
are able to conveniently explore the interaction between particular traits in 
organisms, the genes that control those traits, and the effects of changes in the 
environment. They can also test hypotheses with virtual experiments and see the 
result within a short period of time – this is difficult, if not impossible, in traditional 
science classrooms. 

ICT educational games provide another tool for the teaching and learning of 
science. Research studies indicate that a game-based learning approach might 
stimulate children’s abstract thinking during science activities and foster their higher 
order thinking ability (e.g., Carbonaro, Szafron, Cutumisu, & Schaeffer, 2010). In 
Yien, Hung, Hwang, and Lin’s (2011) study, a game-based learning approach to 
study nutrition was used in a primary classroom. Results confirmed the positive 
influence of computer games on various aspects of students’ knowledge about 
nutrition. The students also expressed hope that game-based learning could be 
applied to other subjects. Similarly, Lim, Nonis, and Hedberg (2006) explored the 
use of a 3D multiuser virtual environment, known as Quest Atlantis (QA), in a series 
of primary science lessons in a Singapore school. This study provided useful lessons 
regarding the incorporation of QA into the primary science curriculum, such as 
students’ language and computer skills, classroom management issues and support 
from school and parents.   

NECESSARY AND SUFFICIENT CONDITIONS TO SUPPORT ICT FOR TEACHING 
AND LEARNING IN PRIMARY SCHOOLS 

The introduction of new technologies into any learning situation requires careful 
thought and planning, and a good deal of developmental testing. This process 
requires multidisciplinary approaches involving teachers, researchers, technologists, 
developers and students (Hartley, 2007). Among them, teachers play a pivotal role 
in creating ICT-mediated learning environments (Lim, 2007). These roles include 
evaluating ICT tools, assessing ICT competencies of students, setting clear 
expectations, negotiating objectives with students, preparing students for lessons 
by adopting various scaffolding strategies, and so on. For teachers to carry out 
these roles effectively, they need support from different elements of the context 
and the learning environment. 
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In a study of ICT integration in Singaporean schools, Lim (2007) analyzed the 
necessary and sufficient conditions for effective integration of ICT in the classroom 
and the supporting context of the school. These conditions include classroom 
management issues, availability of ICT tools, establishment of disciplinary and 
educational rules, division of labour among teachers, teacher assistants and students, 
and supporting school policies. In this section, we will focus on presenting these 
conditions in terms of policy and school leadership, physical and technological 
infrastructure, curriculum and assessment, and professional development.  

Policy and School Leadership 

Policy makers and school administrators need to apply strategies to address the 
various barriers to successful integration of ICT in the classroom and support the 
creation of necessary and sufficient conditions for that purpose (Lim, 2007). 
Tondeur et al. (2008) pointed out that school-related policies, such as an ICT plan, 
ICT support and ICT training have a significant effect on the use of ICT in 
classrooms. National policies are also needed to address various issues from creating 
a shared vision among school practitioners to building good physical and 
technological infrastructure, initiating industry-school partnerships, and providing 
training to teachers (Lim, 2007; Vallance, 2008). Lim (2007) proposed three policy 
recommendations on the national level to promote ICT integration in teaching and 
learning: 1) develop strategies for student ICT competency development in selected 
schools; 2) set ICT competency standards for teachers and students; and 3) redesign 
the mode of assessment and de-emphasize examination grades in order to optimize 
the potential of ICT for teaching and learning.  

To execute national plans and government policies, school-based ICT plans and 
policies for learning and teaching with ICT is necessary (Gülbahar, 2007; Tondeur, 
van Braak, & Valcke, 2007; Vanderlinde & van Braak, 2011). Tondeur et al. (2008) 
revealed five areas of school level ICT policy that are key to the integration of ICT 
in the classroom: 1) ICT policy plan; 2) school leadership represented by the 
principals; 3) supporting conditions such as sufficient access to ICT facilities, 
skilled staff and ICT coordinators; 4) evaluation of ICT integration practices; and 5) 
cooperation with other schools. Lim’s (2007) recommendations for school policy 
stressed the importance of a shared vision by all members of the school community; 
learning and sharing among teachers and staff; and setting up an incentive 
mechanism to encourage innovative practices. Throughout the process, school 
leadership is a key factor that impacts ICT integration in the classroom (Tondeur et 
al., 2008). Yuen, Law and Wong (2003) found in their case study of ICT integration 
in Hong Kong schools that the leadership of schools plays a crucial part in shaping 
their response to ICT innovations and the degree of ICT integration in schools. 
School principals are especially important as they are often the one who initiate ICT 
plans on both strategic and action level (Tondeur et al., 2008). 
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Physical and Technological Infrastructure 

Physical and technological infrastructure of ICT is a fundamental condition for 
implementing changes to using ICT in education. Setting up the necessary 
infrastructure requires consideration of the availability of physical infrastructure (for 
example, rooms for servers, computer rooms, placing of cables and network points, 
electricity supply points), ICT hardware and software, and human resources to set up 
and maintain the infrastructure and support the everyday running (Lim, Chai, & 
Churchill, 2010). After ensuring sufficient ICT infrastructure for both teachers and 
students, schools need to employ technical assistants for maintenance work and to 
ensure that the infrastructure adheres to the software as well as the implementation 
procedures (Divaharan & Lim, 2010). ICT coordinators are needed to keep schools 
up-to-date with new developments of ICT, decide the direction of ICT use, and 
organize training for teachers. Through planning, allocating resources and budget, 
and giving technical and curriculum support, such coordinators guide communities 
of teachers in the implementation of ICT-based teaching and learning (Lai & Pratt, 
2004). 

Both hardware and software need to be designed according to appropriate 
learning theories and pedagogical practices. Since different forms of ICT serve and 
augment different teaching and learning experiences, practitioners need to make 
informed judgments about which hardware and software are best for enhancing 
student learning in the context of the learning environment. Software needs to be 
chosen or developed after considering the instructional strategy. For example, 
CD-ROM and DVD-ROM can provide individualized instructions on using ICT, as 
can some drill and practice programmes. Classrooms which undergo the transition 
stage from being traditional to being ICT-facilitated may face many pedagogical 
problems, such as lack of appropriate visual examples, insufficient in-class practice, 
overloaded content and disordered learning sequence (Lee, 2001). Therefore, 
well-developed software that is motivating, organized, and interactive can help 
structure ICT-facilitated learning activities and allow students to learn individually 
outside of class.  

Curriculum and Assessment 

Governments, schools and teachers all play a role in facilitating the development 
and execution of ICT integration in the curriculum. Many countries have official 
policies on the use of ICT to improve the quality of education. Such policies need to 
be implemented through concerted plans and actions at the school level, involving 
school leaders, administrators and teachers. As noted by Vanderlinde and van Braak 
(2011), an essential condition for ICT policy implementation to be successful is 
good communication between educational policy officials, schools and teachers. 
Consistent information to schools and teachers can link broader ICT policy to local 
school level ICT policy (Jones, 2003). Especially when rapid changes are brought 
about by ICT integration in the curriculum, encouragement and support at the school 
level, for teaching staff, are indispensable (Divaharan & Lim, 2010). One potential 
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problem in the process of implementation is that a proposed national ICT policy and 
curriculum can become inconsistent with those implemented at the school level. 
Tondeur et al. (2007) suggested that schools should pay attention to a few key issues 
to avoid this problem: a) the planning of the ICT curriculum across the school; b) 
strategies to change or redirect educational practices; c) access to courseware for 
ICT integration within the curriculum; and d) opportunities for professional 
development of teachers and staff. Moreover, curriculum reform related to ICT is 
unlikely to succeed unless teachers’ personal perspectives and educational practices 
are understood (Niederhauser & Stoddart, 2001).  

Effective use of ICT-based assessment may also play a positive role in enhancing 
general practices of ICT integration in the classroom. In this regard, the experiences 
of both teachers and students matter. A good way for implementing ICT can be 
based on the use of computer-based assessment tools under a specific assessment 
framework, agreed and practiced by teachers. The reason is that if formal assessment 
is carried out via computers, teachers will need to incorporate some elements of 
similar tasks in their teaching to prepare students adequately (McFarlane, 2001). 
Moreover, when students are stimulated to think about their learning process while 
using the assessment tools, ICT becomes learning-oriented and it becomes possible 
to examine students’ action and thinking process. Thus, ICT-based assessment tools 
can support student learning by directing them to useful resources, rephrasing 
important questions, and providing additional information and answers to their 
questions (Miller, 2009). 

Professional Development 

As indicated above, professional development is needed for all school staff who play 
a role in the process of ICT integration, but the competency of teachers is most 
important. Littlejohn (2002) suggested several strategies for professional 
development to help teachers incorporate new teaching methods with the use of ICT. 
Such professional development programmes 1) focus on professional development 
outcomes that can be evaluated; 2) provide training on educational theories with 
reference to ICT; 3) involve academics to assist teachers’ in planning learning 
activities; and 4) offer enhanced ICT skills. However, although professional 
development programmes are usually designed by academics, actual change starts 
from teachers, thus consideration of teachers’ point of view is important (Rodrigues, 
Marks, & Steel, 2003). Moreover, innovation in education that is not directed at 
actual school practices tends to fail (Fullan & Hargreaves, 1992). Thus professional 
development needs to be local- and context-based on specific subjects in particular 
schools so that the professional development offered is of intrinsic value to 
individual teachers (Rodrigues et al., 2003).  

Research studies (e.g., Loveless, 2003; O’Rourke, 2001) suggest the importance 
of focusing on pedagogy rather than on technology itself, and on the need to 
innovate teaching styles when building teachers’ ICT in education competences. 
One example of such innovative teaching practice is to have teachers engage in 
online forums during professional development (Prestridge, 2010). This can 
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facilitate the development of ICT teaching communities, which can foster both 
critical discussion and collegiality. Teachers’ beliefs about ICT and education and 
their understanding of the value and purpose of ICT also play crucial roles in 
determining if and how teachers will use ICT in classrooms (Rodrigues et al., 2003).  

CONCLUSION 

ICT is finding a place in more classrooms and there is a perception among educators 
and policy makers that it is now a necessity in primary education if children are to 
become successful in the 21st century. In recent years, the uses of ICT have 
expanded so that they can be used as information, situating, construction and 
communication tools, among others. Furthermore, software, hardware and 
connectivity have become more sophisticated so as to allow more integration of ICT 
to better suit the ways in which most primary teachers teach, incorporated into 
subject content and collaborative work among children. In this chapter we discussed 
how ICT can be used in several aspects of primary education, and outlined some 
important and illustrative research. Although ICT can be used in powerful ways, 
practices in schools do not always reflect this. Educational systems and 
bureaucracies are often unable to adopt and execute ICT-facilitated teaching and 
learning; they may also lack access to the expertise necessary to set in place 
appropriate infrastructure and processes. To overcome this, partnerships with 
academics and the building of professional networks are essential. We have also 
pointed out that professional development should be tailored to the needs of the 
teacher and classroom concerned. Otherwise, teachers may use technology without 
changing their underlying pedagogies, and thus miss valuable opportunities to 
enhance children’s learning. 

REFERENCES 

Adams, P. (2011). ICT and pedagogy: Opportunities missed. Education 3-13: International Journal of 
Primary, Elementary and Early Years Education, 39(1), 21-33. 

Alfassi, M. (2000). Using information and communication technology to foster literacy and facilitate 
discourse within the classroom. Education Media International, 37(3), 137-148.  

Australian Curriculum, Assessment and Reporting Authority. (2011). Australia Curriculum: General 
Capabilities. http://www.acara.edu.au/curriculum/general_capabilities.html. 
Barker, B. S., & Ansorge, J. (2007). Robotics as means to increase achievement scores in an informal 

learning environment. Journal of Research on Technology in Education, 39(3), 229-243. 
Biesenbach-Lucas, S., Meloni, C., & Weasenforth, D. (2000). Use of cohesive features in ESL students’ 

e-mail and word-processed texts: A comparative study. Computer Assisted Language Learning, 13(3), 
1-17. 

Brooks, G., Miles, J., Torgerson, C., & Torgerson, D. (2006). Is an intervention using computer software 
effective in literacy learning? A randomized controlled trial. Educational Studies, 32(1), 133-143.  

Campbell, T., Wang, S. K., Hsu, H. Y., Duffy, A. M., & Wolf, P. G. (2010). Learning with web tools, 
simulations, and other technologies in science classrooms. Journal of Science Educational 
Technology, 19, 505-511. 

Carbonaro, M., Szafron, D., Cutumisu, M., & Schaeffer, J. (2010). Computer-game construction: A 
gender-neutral attractor to Computing Science. Computers & Education, 55(3), 1098-1111. 

http://www.acara.edu.au/curriculum/general_capabilities.html


ICT IN PRIMARY EDUCATION 

15 

Chang, K., Wu, L., Weng, S., & Sung, Y. (2011). Embedding game-based problem-solving phase into 
problem-posing system for mathematics learning. Computers & Education, 58, 775-786. 

Coiro, J., & Dobler, E. (2007). Exploring the online reading comprehension strategies used by sixth-grade 
skilled readers to search for and locate information on the Internet. Reading Research Quarterly, 
42(2), 214-257. 

Commonwealth of Australia. (2009). Belonging, being and becoming: The Early Years Learning 
Framework for Australia. http://www.earlychildhoodaustralia.org.au/resource_themes/eylf_early_ 
years_learning_framework.html. 

Dillenbourg, P., & Evans, M. (2011). Interactive tabletops in education. Computer-Supported 
Collaborative Learning, 6, 491-514. 

Divaharan, S., & Lim, C. P. (2010). Secondary school socio-cultural context influencing ICT integration: 
A case study approach. Australasian Journal of Educational Technology, 26(6), 741-763. 

Edwards, V., Monaghan, F., & Knight, J. (2000). Books, pictures and conversations: Using bilingual 
multimedia storybooks to develop language awareness. Language Awareness, 9(3), 135-146. 

Fasting, R. B., & Lyster, S. H. (2005). The effects of computer technology in assisting the development of 
literacy in young struggling readers and spellers. European Journal of Special Needs Education, 
20(1), 21-40. 

Fisher, D., Frey, N., & Lapp, D. (2009). In a reading state of mind: Brain research, teacher modelling , 
and comprehension instruction. Newark, DE: International Reading Association. 

Fullan, M., & Hargreaves, A. (Eds.). (1992). Understanding teacher development. New York: College 
Press. 

Gambrell, L. B. (2006). Technology and the engaged literacy learner. In M. C. McKenna, L. Labbo, R. D. 
Kieffer, & D. Reinking (Eds.), International handbook of literacy and technology (Vol. 2, pp. 
289-294). Mahwah, NJ: Lawrence Erlbaum and Associates Publishers. 

Goldberg, A., Russell, M., & Cook, A. (2003). The effect of computers on student writing: A 
meta-analysis of studies from 1992-2002. Journal of Technology, Learning, and Assessment, 2(1). 
https://ejournals.bc.edu/ojs/index.php/jtla/article/view/1661/1503. 

Gülbahar, Y. (2007). Technology planning: A roadmap to successful technology integration in schools. 
Computers & Education, 49(4), 943-956. 

Gürbüz, R., & Bergin, O. (2012). The effect of computer-assisted teaching on remedying misconceptions: 
The case of the subject “probability”. Computers & Education, 58, 931-941. 

Guskey, T. R. (2002). Professional development and teacher change. Teachers and Teaching: Theory and 
Practice, 8(3/4), 381-391. 

Halat, E., & Peker, M. (2011). The impacts of mathematical representations developed through webquest 
and spreadsheet activities on the motivation of pre-service elementary school teachers. The Turkish 
Online Journal of Educational Technology, 10(2), 259-267. 

Halsey, S. (2007). Embracing emergent technologies and envisioning new ways of using them for literacy 
learning in the primary classroom. English Teaching: Practice and Critique, 6(2), 88-107. 

Handsfield, L. J., Dean, T. R., & Cielocha, C. M. (2009). Becoming critical consumers and producers of 
text: Teaching literacy with Web 1.0 and Web 2.0. The Reading Teacher, 63(1), 40-50. 

Hartley, J. (2007). Teaching, learning and new technology: A review for teachers. British Journal of 
Educational Technology, 38(1), 42-62. 

Huffaker, D. (2005). The educated blogger: Using weblogs to promote literacy in the classroom. AACE 
Journal, 13(2), 91-98. 

Jewitt, C. (2008). Multimodality and literacy in school classrooms. Review of Research in Education, 
32(1), 241-267. 

Jones, R. M. (2003). Local and national ICT policies. In R. B. Kozma (Ed.), Technology, innovation, and 
educational change: A global perspective (pp.163-94). Eugene: International Society for Technology 
in Education. 

Lai, C. & Zhao, Y. (2006). Noticing in text-based online chat. Language Learning and Technology, 10(3), 
102-120. 

Lai, K. W., & Pratt, K. (2004). Information and communication technology (ICT) in secondary schools: 

http://www.earlychildhoodaustralia.org.au/resource_themes/eylf_early_years_learning_framework.html
http://www.earlychildhoodaustralia.org.au/resource_themes/eylf_early_years_learning_framework.html
https://ejournals.bc.edu/ojs/index.php/jtla/article/view/1661/1503


LIM & OAKLEY 

16 

The role of the computer coordinator. British Journal of Educational Technology, 35(4), 461-475. 
Law, N., & Chow, A. (2010). Teacher characteristics, contextual factors, and how these affect the 

pedagogical use of ICT. In N. Law, W. J. Pelgrum, & T. Plomp (Eds.), Pedagogy and ICT use in 
schools around the world: Findings from the IEA SITES 2006 study (pp. 181-219). ICT: Springer. 

Lee, S. C. (2001). Development of instructional strategy of computer application software for group 
instruction. Computers and Education, 37, 1-9. 

Leu, D. (2000). Literacy and technology: Deictic consequences for literacy education in an information 
age. In M. L. Kamil, P. Mosenthal, P. D. Pearson, & R. Barr (Eds.), Handbook of reading research, 
Volume III. Mahwah, NJ: Erlbaum. 

Lewin, C., Somekh, B., & Steadman, S. (2008). Embedding interactive whiteboards in teaching and 
learning: The process of change in pedagogic practice. Education and Information Technologies, 
13(4), 291-303.  

Lim, C. P. (2007). Effective integration of ICT in Singapore school: pedagogical and policy implications. 
Educational Technology Research and Development, 55, 83-116.   

Lim, C. P. (2008). Global citizenship education, school curriculum and games: Learning mathematics, 
English and science as a global citizen. Computers & Education, 51, 1073-1093. 

Lim, C. P., Chai, C. S., & Churchill, D. (2010). A capacity-building toolkit for teacher education 
institutions in the Asia-Pacific. Singapore: Microsoft. 

Lim, C. P., Nonis, D. & Hedberg, J. (2006). Gaming in a 3D multiuser virtual environment: Engaging 
students in science lessons. British Journal of Educational Technology, 37(2), 211-231.  

Lim, C. P., & Tay, Y. (2003). Information and communication technologies (ICT) in an elementary 
school: Students’ engagement in higher-order thinking. Journal of Educational Multimedia and 
Hypermedia, 12(4), 425–451. 

Lin, C. P., Shao, Y. J., Wong, L. H., Li, Y. J., & Niramtranon, J. (2011). The impact of using synchronous 
collaborative virtual tangram in children’s geometric. The Turkish Online Journal of Educational 
Technology, 10(2), 250-258. 

Lirola, M. M, & Cuevas, M, T. (2008). Integrating CALL and Genre Theory: A proposal to increase 
students’ literacy. ReCALL, 20(1), 67-81.  

Littlejohn, A. H. (2002). Improving continuing professional development in the use of ICT. Journal of 
Computer Assisted Learning, 18, 166-174. 

Loveless, A. (2003). The interaction between primary teachers’ perceptions of ICT and their pedagogy. 
Education and Information Technologies, 8(4), 313-326. 

Luu, K., & Freeman, J. G. (2011). An analysis of the relationship between information and 
communication technology (ICT) and scientific literacy in Canada and Australia. Computer and 
Education, 56, 1072-1082. 

Manches, A., O’Malley, C., & Benford, S. (2010). The role of physical representations in solving number 
problems: A comparison of young children’s use of physical and virtual materials. Computers & 
Education, 54, 622-640. 

McFarlane, A. (2001). Perspectives on the relationships between ICT and assessment. Journal of 
Computer Assisted Learning, 17, 227-234. 

McFarlane, A., & Sakellariou, S. (2002). The role of ICT in science education. Cambridge Journal of 
Education, 32(22), 219-232. 

Merchant, G. (2010). 3D virtual worlds as environments for literacy learning. Educational Research, 
52(2), 135-150. 

Miller, T. (2009). Formative computer-based assessment in higher education: The effectiveness of 
feedback in supporting student learning. Assessment and Evaluation in Higher Education, 34(2), 
181-192. 

Mills, K. A. (2010). A review of the “digital turn'” in the new literacy studies. Review of Educational 
Research, 80(2), 246-271. 

Moyer, P., Bolyard, J., & Spikell, M. (2001). What are virtual manipulatives? Teaching Children 
Mathematics, 8(6), 373-377. 



ICT IN PRIMARY EDUCATION 

17 

Murphy, C. (2006). The impact of ICT on primary science. In P. Warwick, E. Wilson, & M. 
Winterbottom (Eds.), Teaching and Learning Primary Science with ICT. Berkshire, England: Open 
University Press. 

Niederhauser, D. S., & Stoddart, T. (2001). Teachers’ instructional perspectives and use of educational 
software. Teaching and Teacher Education, 17, 15-31. 

Oakley, G. (2003). Improving oral reading fluency (and comprehension) through the creation of 
electronic talking books. http://www.readingonline.org/articles/Oakley/. 

Oakley, G. (2005). Reading fluency as an outcome of a repertoire of interactive reading competencies: 
How to teach it to different types of dysfluent readers (and how ICT can help). New England Reading 
Association Journal, 41(1), 13-21. 

Oakley, G., & Jay, J. (2008). Making time for reading: Factors that influence the success of multimedia 
reading in the home. The Reading Teacher, 62(3), 246-255. 

O’Dwyer, L. M., Russell, M., Bebell, D., & Seeley, K. (2008). Examining the relationship between 
students’ mathematics test scores and computer use at home and at school. The Journal of 
Technology, Learning, and Assessment, 6(5). http://www.projectred.org/uploads/Examining_the_ 
Relationship_between_Students_Mathematics_Test_Sco.pdf. 

O’Rourke, M. (2001). Engaging students through ICT: A multiliteracies approach. Teacher Learning 
Network Journal: Change, Growth, Innovation, 8(3), 12-13. 

Pegrum, M., Oakley, G., & Faulkner, R. (in press). Schools going mobile: A study of the adoption of 
mobile handheld technologies in Western Australian independent schools. Australian Journal of 
Educational Technology. 

Prestridge, S. (2010). ICT professional development for teachers in online forums: Analyzing the role of 
discussion. Teaching and Teacher Education, 26, 252-258. 

Rodrigues, S., Marks, A., & Steel, P. (2003). Developing science and ICT pedagogical content 
knowledge: A model of continuing professional development. Innovations in Education and 
Teaching International, 40(4), 386-394. 

Schacter, J., & Fagnano, C. (1999). Does computer technology improve student learning and 
achievement? How, when, and under what conditions? Journal of Educational Computing Research, 
20(4), 329-343. 

Shang, H. (2007). An exploratory study of e-mail application on FL writing performance. Computer 
Assisted Language Learning, 20(1),79-96. 

Tondeur, J., van Braak, J., & Valcke, M. (2007). Towards a typology of computer use in primary 
education. Journal of Computer Assisted Learning, 23, 197-206. 

Tondeur, J., van Keer, H., & van Braak, J., & Valcke, M. (2008). ICT integration in the classroom: 
Challenging the potential of a school policy. Computers & Education, 51, 212-223. 

Torgesen, J. K., & Elbourne, D. (2002). A systematic review and meta-analysis of the effectiveness of 
information and communication technology (ICT) on the teaching of spelling. Journal of Research in 
Reading, 25, 129-143. 

UNESCO. (2008). Strategy framework for promoting ICT literacy in the Asia-Pacific region. Bangkok: 
UNESCO. 

Vallance, M. (2008). Beyond policy: Strategic actions to support ICT integration in Japanese schools. 
Australasian Journal of Educational Technology, 24(3), 275-293. 

Vanderlinde, R., & van Braak, J. (2011). A new ICT curriculum for primary education in Flanders: 
Defining and predicting teachers’ perceptions of innovation attributes. Educational Technology and 
Society, 14(2), 124-35. 

Watts, M., & Lloyd, C. (2004). The use of innovative ICT in the active pursuit of literacy. Journal of 
Computer Assisted Learning, 20, 50-58. 

Wei, C. W., Hung, I. C., Lee, L., & Chen, N. S. (2011). A joyful classroom learning system with robot 
learning companion for children to learn mathematics multiplication. The Turkish Online Journal of 
Educational Technology, 10(2), 11-24. 

Wise, B., Ring, J., & Olson, R. K. (2000). Individual differences in gains from computer-assisted 
remedial reading. Journal of Experimental Child Psychology,77, 197-235. 

http://www.projectred.org/uploads/Examining_the_Relationship_between_Students_Mathematics_Test_Sco.pdf
http://www.projectred.org/uploads/Examining_the_Relationship_between_Students_Mathematics_Test_Sco.pdf
http://www.readingonline.org/articles/Oakley/


LIM & OAKLEY 

18 

Yang, S. C. (2009). A case study of technology-enhanced historical inquiry. Innovations in Education 
and Teaching International, 46(2), 237-248. 

Yelland, N., & Kilderry, A. (2010). Becoming numerate with information and communications 
technologies in the twenty-first century. International Journal of Early Years Education, 18(2), 
91-106. 

Yien, J. M., Hung, C. M., Hwang, G. J., & Lin, Y. C. (2011). A game-based learning approach to 
improving students’ learning achievements in a nutrition course. The Turkish Online Journal of 
Educational Technology, 10(2), 1-9. 

Yuen, H. K., Law, N., & Wong, K. C. (2003). ICT implementation and school leadership. Case studies of 
ICT integration in teaching and learning. Journal of Educational Administration, 41(2), 158-170.  

AFFILIATIONS 

Cher Ping Lim 
Centre for Learning, Teaching and Technology  
Hong Kong Institute of Education 
 
Grace Oakley  
Graduate School of Education 
University of Western Australia 


	INFORMATION AND COMMUNICATIONTECHNOLOGIES (ICT) IN PRIMARY EDUCATION:OPPORTUNITIES AND SUPPORTING CONDITIONS
	INTRODUCTION
	OPPORTUNITIES PROVIDED BY ICT FOR TEACHING AND LEARNING INPRIMARY SCHOOL
	21st Century Generic Competencies
	Literacy
	Mathematics (Numeracy)
	Science

	NECESSARY AND SUFFICIENT CONDITIONS TO SUPPORT ICT FOR TEACHINGAND LEARNING IN PRIMARY SCHOOLS
	Policy and School Leadership
	Physical and Technological Infrastructure
	Curriculum and Assessment
	Professional Development

	CONCLUSION
	REFERENCES
	AFFILIATIONS


