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Abstract

This review focuses specifically on researches which have been conducted in relation to
technology use in the classroom. In specific, the review explores on past studies which
investigated the implementation of technology-based pedagogy in primary school science
subjects. This review revolves around the impact of internet accessibility on the use of
technology to teach science. The review aimed at exploring the extent of internet accessibility
that affects the implementation of technology-based Science pedagogy in the classroom. It
also aimed to identify the elements of internet accessibility that create effective internet
connection for schools to conduct technology-based Science pedagogy. The review also
explored the relationship between elements of internet accessibility and the actual
implementation of technology-based Science pedagogy in schools. It used a method of
reviewing the research articles based on two separate layers which justify the perspectives of
teachers and the reality of the internet and the infrastructure in the schools. A total of 42
research papers were reviewed. The review concluded that the core aspects that impact use
of technology in teaching science in the classroom are internet speed, connectivity,
maintenance of infrastructure and technical support for teachers. The implication of this
review is that there is a need to conduct more research in Malaysia that analyses the actual
bandwidth in the schools and its impact upon teaching and learning in STEM-related subjects.
Keywords: Science, Internet, Technology Based, Access, Pedagogy, Primary Schools

Introduction

Education was one of the most impacted fields in the world because it encompasses a global
transformation in major industries that required a shift in how people are educated. The 21t
century education brought an emergence of technology-based education along with
exponential changes in pedagogy designing and implementation in the classroom.
Technology-based learning is seen as a broad platform to help students achieve more
effective levels of learning (Herold, 2016). Since 21st century learning emerged along with the
growth of the internet around the world it becomes heavily dependent on internet-driven
technology too. Technology-based learning is fundamental to today's education because
today's education is a system that is shaped according to the fourth industrial revolution
(Faulkner & Latham, 2016). However, the use of technology in education did not begin since
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the development of the Internet in particular because there has been new use of technology
and innovation tools in education prior to the development of Internet technology.
Specifically, the trainee teachers in the Sultan Idris Teaching College did participate in a lot of
courses that trained them to create and design a wide range of teaching aid technologies like
flash cards and three-dimensional models and this somewhat reflects to the continuous
progress in educational technology over time (Ying & Pinang, 1981).

Nevertheless, technology-based education has taken a fresh definition with the emergence
of 21%t century education as education now encompasses planning and management of
teaching and learning. In teaching science for example, the ADDIE model (Analyze, Design,
Develop, Implement, and Evaluate) and the Dick and Carey model have detailed a complete
procedure of how pedagogy should be designed to encourage a more effective level of
learning (Gall, Gall, & Pattanasith, 2019). Serhat Kurt in Gonzalez dan Quiroz (2019) described
these models as instrumental in a more technology-based classroom. There is a clearer
definition of how technology-based pedagogy is more related to the actual provision of
infrastructure which comprises of technical aspects and skills in Smith (2018). This creates
reasonable purpose for the current discussion which seeks to understand the role of the
internet as the core of the technology-based education here in Malaysia. This article explores
further on the technical factors and elements that drive science teachers in primary schools
to design and implement technology-based pedagogy.

Internet access in schools have long been focused when discussing modern-day
educational issues around the world and the core availability of the appropriate infrastructure
for internet connection has always been a driving factor in education (Almasi, Machumu, &
Zhu, 2017; Madida, Naidoo, &Rugbeer, 2019). In a study by Pierce and Cleary (2016),
educational management was found to be related to technology management and relied
heavily on access and connection of the internet as well as training of personnel to maintain
and manage internet facilities in schools. Handayani et. al (2019) acknowledge the reality that
teaching science to primary school learners is more than just providing facts because science
pedagogy now is more related to the inculcation of skills which require learners to directly
engage with a multitude of sources which are heavily dependent on the internet (Ambotang,
2019). Therefore, there is a gap that needs to address how the internet access affects the
technology-based pedagogy in teaching and learning of science subjects. This review study
aims to explore the available literature that represents the argument that internet access is a
factor that drives technology-based education.

297



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT

Vol. 10, No. 1, 2021, E-ISSN: 2226-6348 © 2021

Einternet MFixed broadband Internet

o7 9593
100 ) npupo
W0 - 85 86 87 35
80 Bl
80
» 75
g
&
w B0 53 B : 53
k-] 43
%50 3243
! |
‘g.o
o 30
2 30 aZ 23
-8 % -~
P11
12 10
10 |3 "i s 3% 5
. LA i .mal
v = 0= = b - o ) w Vi v
320352523005 olEFR i8R0 BN ENREE
A28 I 2a0ER g =3 FelgdssEa55s8 53828882 z2E
ks TN CRIFI TS = " Sy 3dFpaEdp g 9838 S~
-] g - > < @ ki 3 z a g
& BaSF&ad 2 g4a ss"3°oIms ag =£°8 g
2 FE3vgcl B E L ““gaazs "% - g
- b o o e c ™=
x 2 =
B §§
Asia Africa

Graph 1: Statistic (UIS)

These data on school connectivity come from regional data collection initiatives led by the
UNESCO Institute for Statistics (UIS) in 2014 and done by various partners (past EduTech blog
posts have looked at results from these sorts of efforts in the Arab States, Asia, Europe and
Latin America). The UIS, which authored the section of the WSIS Targets Review that
addresses school connectivity, is careful to note that, "The indicator measures the overall
level of access to Internet in schools, not the intensity of use nor the actual amount of time
that learners spend on the Internet for educational purposes." Indeed, just because a school
is 'connected’, this does mean that this connectivity is utilized, let alone utilized well, or used
widely, or is sufficient. And: Even if all of these conditions are met, it may be the case that
connectivity outside of school is as important, or even more important, for learning as what
is available for students within schools.

Problem Statement

The major problem with internet access in the Malaysian context is the lack of awareness
among educators and administrators that internet access is an auxiliary tool that supports
teaching and learning significantly (Hashim, Ibrahim, & Mohamad, 2017). In a report in a local
daily by Saad (2017), the MoE has successfully ensured that 8185 schools in Malaysia have
internet connections but the issue of bandwidth and internet speed is still a major
challenge.Latef, Sharina, Frohlich, Calic, and Muhammad (2018) described internet access as
the prominent factor that allows successful teaching and learning of different aspects.
Tajuddin and Rohman (2018) provide a deeper enlightenment of the predicament when they
embarked on a study that explored the broadband internet services in Malaysian schools
according to states and its relationship to the performance of students in respective schools.
They admitted that a significant lack of scientific research in bandwidth speed in Malaysia
continues to challenge the robustness of studies related to internet speed in schools and its
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impact on teaching and learning. The 21° century science classroom as stated by Aziz and
Rahman (2017) is a stage that needs to guide learners to explore and experiment actively and
the internet plays a major role. The lack of researches that document the internet bandwidth
speed in schools in Malaysia is a major gap that needs to be addressed.

The emergence of technology in education in Malaysia goes back to the late 90s when
pilot projects for smart schools were first proposed and with the announcement of the
Multimedia Super Corridor (MSC), the birth of a new era in Malaysia was ushered in (Banerjee,
2018). Mirzajani and Bayekolaei (2016) described how the MSC gave birth to the concept of
smart schools and how it encouraged the Ministry of Education to draft out a proposal for
smart schools. In 1996, the smart schools project was launched as a premier application of
the MSC in Malaysia and it created a major paradigm shift in how teaching and learning was
conducted in schools. Rauf and Jabeen (2019) elaborate on how the smart school project
transformed traditional pedagogy in the classroom and created new demands in the teaching
sectors for technical skills and managers of the internet learning scenario. Although there
were conflicts in defining the roles of smart schools as schools which implement pedagogy
that supports critical thinking and creativity, there were no denials in accepting the fact that
smart schools needed the technology and internet to succeed (Lee & Thah, 2016).

Razali, Bahador, and Saidon (2017) who studied the use of the Frog Virtual Learning
Environment in schools in Malaysia found that factors that influenced the use of the virtual
learning platform included the aspects related to technicalities such as internet connectivity
and access. Although the MoE (2017) reports that all schools in Malaysia have internet access
by the year 2013, the problem about varying internet speeds, bandwidth factors and loading
times are rarely discussed (Razali et al., 2017). This review is a more intensified effort in
understanding how the internet speed factor drives accessibility which in return encourages
technology-based science pedagogy in primary schools in Malaysia. Wilson (2018) defined
internet accessibility in education as the connectivity that must comprise appropriate speed
and usability which also includes physical factors such as number of modems and
maintenance of those modems.

Specifically, this review is motivated to understand the challenges faced by science
teachers in implementing lessons which are more technologically inclined to give their
learners the ability to develop critical thinking skills. The problem with internet connection is
obvious when many schools still continue to report low engagement via Google Classroom
portals and virtual learning platforms prepared by the ministry. Cheok, Wong, Ayub, and
Mahmud (2017) argue that this situation occurs in Malaysian schools because teachers are
facing the overarching challenge of conducting lessons against a narrow time frame and the
slow internet discourages them. For example, when a science teacher needs to use an online
source to demonstrate an experiment to learners, the loading time with a slow internet
connection may deter the teacher’s intentions. The core principle of an internet-based
platform like VLE is the ease of use and when the internet is not supporting the ease of use
of the VLE, teachers have no choice but to avoid a technology-based lesson (Shen et al., 2017).
It is important to understand the elements in technology-based education to answer the
guestions about the lack of technology-based lessons in science classrooms.

The review addresses the issues as stated in numerous past researches such as Hew
and Kadir (2016) who discovered that the use of web-based learning in Malaysia is still low
because it is hampered by low quality internet connections in schools. Further explorations
by Cheok et al. (2017) indicate that there needs to be more studies in terms of bandwidth in
schools and how loading or overloading causes schools in certain areas to experience such
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bad internet connections. These studies claim that internet connections although available in
schools in Malaysia, they are not suitable for high quality 21t century education in the
classroom. In general, the higher order thinking skills which needs to be significantly
integrated through science in the 21t century context is heavily dependent on a pedagogy
that can encourage the learner to explore beyond the classroom (Sulaiman et al., 2017). The
aim of the review is to explore more literature related to the current issue and discover more
comprehensive answers to the dilemmas faced by science subject teachers in Malaysia.

Research Objectives

The aim of this review is to provide more comprehensive insights into the issues and
challenges of creating a technology-based science lesson. The review comprises overviews of
past studies which provide deeper information on the role of internet accessibility as a
determinant of technology-based pedagogy. The conceptual paper also aims to shed more
light on the core theories and concepts related to the use of internet and internet-based
education that will allow more understanding of the issue.
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Graph 2: Digital 2019 Reports

According to Digital 2019 Reports, Singapore enjoys the fastest average connections in the
world at almost 191MBPS — that’s more than 50 times faster than the average connection in
Venezuela at the other end of the spectrum. Iceland tops the mobile connection speed
rankings, which may be one of the reasons why the country holds joint-first place in this year’s
global internet penetration rankings. And the data only shows that Malaysia only has 63.5%
average fixed internet connection speeds. This reveals the issue at hand which is the stability
and speed of internet in Malaysian schools.

Research Questions

The current review is driven by the following questions:

a. To what extent does internet accessibility affect the implementation of technology-
based Science pedagogy in the classroom?
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b.  What are the elements of internet accessibility that create effective internet connection
for schools to conduct technology-based Science pedagogy?

Methodology

There are two different layers of understanding this problem which is the perspective
of teachers towards the use of technology and the actual situation in schools. This situation
comprises the actual internet connection status of these schools. This review study was
conducted by analysing past studies at two different levels. The first part is a review based on
the theoretical aspects which provides a more comprehensive understanding of the concept
of technology-based education for science subjects. The second part is grounded in the
previous studies conducted by researchers especially within the area of teaching and learning
of science in primary schools.

Research Design and Publication Source

The examination revolved around analysing various papers which have been published.
The review focused on research papers related to TPACK, STEM-education and integration of
technology in Science classrooms. Most sources were research based related to factors that
influence teachers use of technology in the classrooms. Some researches focused on the
confidence and technical skills of teachers in the different areas of organising, managing, and
conducting technology-based lessons. Meanwhile, the review also included major studies
related to the application technology acceptance theories to analyse the further influence of
elements in the usage of educational technology. In exploring past studies, most sources were
based on international studies.

Study Participants

Most of the research reviews involved teacher participants. Some papers indicated that the
participants are lecturers or educators at higher learning institutes. Several papers also
indicated the use of students as participants. A total of 19 papers indicated the use of
lecturers and teachers as participants while 23 research publications showed the use of
students as participants.

Findings

The review draws closely to a proposed framework by Ali, Uppal, and Gulliver (2018).
TIPEC (Technology, Individual, Pedagogical, and Enabling Conditions) framework is a key
player in understanding technology acceptance in ensuring technology-based education. It
allows more comprehensive analysis of key aspects that affect internet accessibility in schools
in relation to pedagogical needs like constructing online lessons, web-based learning,
gamification, and teleconferencing (Pham, Kim, Walker, DeNardin & Le, 2019). For the
purpose of this review, the framework has been adopted and modified to include the
variables specifically experimented in this review. The main idea as shown in (Figure 1) is
motivated by a key factor which is known as enabling conditions.

In this model, technology is viewed in four main aspects which are internet speed,
interruptions during loading, infrastructure maintenance, and technical support for teachers.
A review of Kafyulilo, Fisser, and Voogt (2016) reveal that it is important to understand this
model in a way that provides a clearer view of the elements that affect the technology-based
pedagogy for Science lessons especially. Cetin’s (2016) study indicates that Science teachers
have a multitude of dependence on technology as science is an evolving subject and requires
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more web-based lessons which give learners a more effective learning environment. Although
there has been much emphasis about teaching science with the help of technology, there has
not been much changes in reality because teachers lack the technological support in various
areas (Jen, Yeh, Hsu, Wu, & Chen, 2016). While Cetin (2016) disapproves teachers lack of
knowledge in technology as a primary reason for the lack of use of technology in the
classroom, Jen et al. (2016) promptly elaborate that it is instrumental that teachers have skills
and knowledge in handling the tools via technology such as gamification and teleconferencing
to successfully implement a technology-based education in the classroom.

A science teacher needs to be able to access and utilise a wide variety of resources
and recreate learning via tools that encourage collaboration, communication, creativity, and
critical thinking (Jen et al., 2016). This is significant in this review as it provides ample evidence
into the role played by technology in the science teachers’ responsibility to design and
implement lessons. Harris and Hofer (2016) add that project-based learning and experimental
learning are vital in creating lessons that are in line with the 21st century education principles.
In discussing technological pedagogical and content knowledge (TPACK), Agustin, Sinaga, and
Rochintaniawati (2018) reaffirm that technological integration among teachers is dependent
on multiple factors which also include the teacher’sperspectives towards the many functions
of technology in education. This sheds light on the perspectives of the teachers when it comes
to implementing technology-based lessons in their classrooms.

On the contrary, the review revolves around the reality, the true situation faced by
science teachers in their respective schools and how the situation influences the perspectives
and the actual usage of technology. This stems from the problem as stated above which is
accompanied by a number of factors as projected in the framework in figure 1. It is important
to understand that the internet accessibility plays a prominent role in affecting how teachers
utilize technologies for educational purpose. It draws closer to the ideas of the theory of
technology acceptance model as it projects the emphasis of other factors that can influence
the use of technology. According to Hassan, Muthusamy, Tahir, Talib, Yusof, and Atan (2018)
it is very important to understand the technology acceptance model to create a more
consolidated argument that can justify the challenges teachers face in implementing 21st
century education in reality. In accepting technology, one must understand what makes
technology appealing and one of it is the internet accessibility which according to Latef et al.
(2018) plays a crucial role in impacting how teachers use technology in the classroom.

Anderson and Gronlund (2009) describe the internet speed as the core in the
challenges of implementing technology-based education in schools. Internet connection and
how stable the internet is in a school determines the direction of implementing Science,
Technology, Engineering, and Mathematics (STEM) based education in that school (Owusu,
Conner, &Astall, 2018). A study by Anderson and Grénlund (2009) conclude that teachers find
technology integration challenging especially when schools lack technical support in
organizing and managing the technological aspects in their schools. This is very important in
understanding the reality in schools when discussing the integration of technology as the
basis of 21st century education in Malaysia. In reviewing the reality layer, this review also
looks into two of the core aspects in the technological acceptance model which are “Perceived
Usefulness (PU)” and “Perceived Ease of Use(PEQU)”.

According to Lucas and Spitler (1999) the two cores of the technology acceptance
model are the “Perceived Usefulness(PU)” and “Perceived Ease of Use(PEOQU)” which refer to
the use of a certain technology and the convenience of applying a technology for a certain
purpose. This provides a solid argument in this review as it provides a perspective to further
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understand how teachers view the use of technology and it proves that teachers use
technology when the technology is functional and convenient to use. If a science teacher
takes twenty minutes to load a video for a lesson, then it would be irrelevant to use the
internet in the classroom as it will take away too much of the time. Tarhini, Hone, Liu and
Tarhini (2016) continue to stress that both the elements “Perceived Usefulness(PU)” and
“Perceived Ease of Use(PEOU)” determine the usability of certain technologies like
videoconferencing, web-based learning, collaborative learning and Flipped learning.
Therefore, the review sums up these two perspectives as a challenge in implementing the
technology-based education in schools.

Managing online games-

Management of Web-
based learning for

based science

pedagogy science Managing experimental
learning for science
Management of science pedagogy

edagogy via virtual ..
pecagosy <« Individual

environment
/ \ Management of

project-based
Management of learning for science

Collaborative learning in pedagogy
science lessons
Figure Enabling model
Conditions
Technology
Technical Speed Interruptions Maintenance

Support

303



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT

Vol. 10, No. 1, 2021, E-ISSN: 2226-6348 © 2021

Discussion

Ahmad, Yoke, Yunos and Amin (2019) conducted a research in higher learning institute in
Malaysia to identify the understanding of technology-based pedagogy among lecturers and
to investigate the techniques used by the lecherous in their lesson. It is relevant to understand
the relationship between elements of internet accessibility and the actual implementation of
technology-based Science pedagogy in schools. This research is significant in identifying how
higher learning in Malaysia is constructed in line with the needs and the demands of the 21st
century by utilizing available technology. 142 from a public University were selected to be
respondents in this study and participated in a survey. The researchers used an instrument
adapted from Hixson, Ravitz and Whisman (2012) whereby the instrument contained items
which explored the use of technology in their pedagogy. In this study, an important aspect
related to the digital natives in Malaysia was highlighted and the researchers found that
respondents lacked the knowledge in managing and utilizing infrastructure related to
educational technology. It goes back to the basis of the current review and the problem in
the Malaysian educational contexts where educators are finding it increasingly challenging to
organize technology-based lessons because of the lack of technical support whether in
schools or in higher institutions. Ahmad et al. (2019) found that the use of technology such as
videoconferencing or sourcing from the internet in the higher learning institutes are low
mainly because lecturers are often challenged by the low quality of the internet and the
infrastructure.

Shanmugam and Balakrishnan (2019) offer a more relatable perspective in this review
as they studied the application and integration of technology in the teaching and learning in
a vernacular school in Perak, Malaysia. This study drew a closer look towards TPACK among
the teachers and explored the use of computers by the teachers. It is very important to the
current review as it provides a precise direction to understand technology integration in
primary school in Malaysia. The mixed method study used a combination quantitative and
qualitative methods to provide a more solid argument for the research. In the study, a more
relevant picture of this issue is discussed as they explored the influence of internet speed and
availability which affected the integration of technology among the teachers. The researchers
stated the use of technology and computers in specific, will be increased tremendously with
the proper provision and maintenance of internet infrastructure. The connectivity factor
drives the use of instructional technology which can increase the efficiency of science lessons
in the school. Shanmugam and Balakrishnan (2019) also hold true to the ideas of the TIPEC
model and call for more emphasis in improving the quality of the internet service in schools
in Malaysia. It supports the questions of the current study which are the extent of internet
accessibility that affects the implementation of technology-based Science pedagogy in the
classroom and the elements of internet accessibility that create effective internet connection
for schools to conduct technology-based Science pedagogy.

In a more intensified study, Razali, Bahador and Saidon (2017) established the
relationship between the elements of internet accessibility and the integration of technology
in lessons in primary schools. This study in used the Frog VLE platform as a primary data base
to explore the usage of different online platforms among teachers in Malaysia. This study
used a survey questionnaire as its main instrument and used 66 teachers as respondents. It
reports that internet accessibility which comprises of internet speed, maintenance of internet
infrastructure and technical support all play primal roles in determining the use of technology
in constructing lessons. It helps the current review in a way that it provides more suggestions
to improve the internet services in schools in Malaysia. One major concern is technical
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support when teachers are not equipped to troubleshoot and manage issues such as
connectivity and overloading. Bandwidth is a very complicated aspect and it requires
professional and trained personnel who can work with the problems. Hence, Razali et al.
(2017) stresses the need for more scientific researches that document the actual internet
speed in schools in Malaysia and come up with more strategies to solve the challenges faced
by teachers.

The review also finds Wilson (2018) supportive to the rising needs in studies actually
exploring bandwidth in schools to provide a clearer explanation of the issues surrounding the
integration of technology in schools. Wilson (2018) who conducted studies across Australia
states that the connectivity and availability of internet connections in Australia is still a major
challenge in education. It is equivalent to Latefet al. (2018) who also mentioned how Malaysia
still has schools in areas which barely have internet connections. Park, Freeman and
Middleton (2019) attest to Wilson (2018) as they also find that there needs to be more critical
experiments in the internet connectivity in schools to understand the problems of technology
integration in education. This is something that goes back to the initial argument in the review
that the use of technology in science lessons in primary schools are directly affected by the
internet access in schools. It is the primary basis of the current review and these researches
have been able to carry a more evidence-based discussion regarding the matter.

Conclusion

The discussions sum up the core questions in this review and provides a deeper
understanding of the main issue. The summary of the review concludes that there needs to
be systematic analysis of bandwidth speed in the schools in Malaysia in order to answer the
guestions in the challenges faced by science teachers. This is because the review discovered
that most researches depend on data provided by users and do not always reflect the actual
condition of internet-related aspects in the respective schools. Understanding the dilemmas
faced by science teachers in primary schools in Malaysia will require more deeper analysis
that can project the actual internet speed, loading time, wait time and the problems that stem
from lack of technical support and knowledge.
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