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Abstract. The dramatic impact of Information and Communications Technology (ICT) on society
suggests the potential for an analogous effect on education. The prospects for some benefit from the
affordances offered by ICT are appealing but not entirely understood by many educators. The
challenges of design, implementation, assessment, and analysis of ICT supported education are
considerable. These challenges include how ICT can support traditional learning approaches, add new
educational opportunities, and reduce resistance to introducing disruptive technologies such as
smartphones. The affordances of ICT in education open many possibilities to integrate with and support
existing curriculums. However, many educational institutions have not fully embraced these
opportunities. This paper will explore some barriers to ICT adoption in the educational context. The
first section is a brief introduction followed by a section on the history of educational theory to illustrate
the considerable body of knowledge available on this topic. The third section introduces a type of case
study of the challenges faced by a nation in providing the infrastructure needed to implement many of
these technologies. Section four gives a summary of many, but not all, barriers to technology adoption
faced by educational administrators, instructional designers, educators, and learners. And the final
section is a brief conclusion.

often overlooked. Theories always change more rapidly than

1. Introduction practice, so when a new cognitive theory is developed to

compensate for a previous one's inadequacy, there is an
The dramatic impact of ICT on society suggests the potential inevitable lag in adoption by instructional designers [1]. This
for an analogous effect on education. The prospects for some may be one reason that, rather than transforming pedagogy
benefit from the affordances offered by ICT are appealing through the affordances of new technologies, it is a common
but not entirely understood by many educators. The tendency of educators to merely integrate technology into
challenges of design, implementation, assessment, and traditional behaviorist ways of teaching. For example, many
analysis of ICT supported education are considerable. These institutions' learner management systems (LMS) are mainly
challenges include how ICT can support traditional learning used for standard administrative purposes, to distribute
approaches, add new educational opportunities, and reduce resources or information, and to complement or replicate
resistance to introducing disruptive technologies such as traditional educational practices. This paper will discuss
smartphones. The affordances of ICT in education open some factors that inhibit educators from exploiting the broad
many possibilities to integrate with and support existing range of affordances offered by ICT.

curriculums. However, many educational institutions have
not fully embraced these opportunities. The educational field
is characterized by training teachers to use specific online
tools, but a clear understanding of the theory informing the
use of these tools to transform our educational practice is

2. Educational theory and ICT

At the level of theory, education can be divided into three
major theoretical frameworks: behaviorism, cognitivism,
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Constructivism, Connectivism. In the early 20" century,
behaviorism developed from the work of several researchers
as a counterargument to the Freudian emphasis on the
unconscious mind within an environment dominated by
positivism and the rise of the scientific method. As
positivists, they viewed the mind as inaccessible and
therefore irrelevant, a black box, for study. In simple terms,
behaviorist learning theory emphasizes two major types of
conditioning relationships between environmental stimulus
and observed response. First, Pavlov’s classical conditioning
[2], learning is a visible change in one’s behavior manifested
in a reflex reaction on an associated environmental stimulus.
The second, Skinner’s operant conditioning [3], in which
there is reinforced learning of new behaviors, not just
reflexes. Also, complex behaviors are learned through more
simple ones, and different reinforcement intervals have
different effects. The rise of behaviorism coincided with
mechanization in the labor force and demands for an
increasingly educated population through compulsory
education. Industrialization required workers who could
read, write, and perform tasks repeatedly and reliably. This
theory fits well to instructional design based on specific and
discrete learning steps and mechanization of this process
through new forms of learning technologies. Behaviorist
learning technology started as teaching machines [4] that
resembled typewriters and used paper slips to record
answers. Skinner expanded on these ideas to develop
programmed instruction [5], where self-instruction of the
content was linked with self-testing.

Both technologies were mainly focused on hardware
rather than on content. In the 1950s, computer-assisted
instruction (CAI) was developed using a drill-and-practice
approach to learning. Due to the complexity and high cost of
computers at that time, the programmer had most control
over the content and there was initially a lack of quality
software. The US Department of Defense became a major
funder of CAI and developed two of the early systems [6]:
Programmed Logic for Automated Teaching Operations
(PLATO) with the University of Illinois and Time-shared
Interactive Computer-controlled Television (TICCIT) with
the University of Texas. The military reported a reduction in
learning time from 24% to 54%. Many techniques developed
from these programs influenced K-12 and university
education. Also, as the personal computer became more
common in the 1980s, CAI flourished. However,
behaviorism does not explain all learning since it ignores
internal factors such as emotion, motivation, and learner’s
subjective environment and learning history. Today,
behaviorism has lost much influence and was replaced by
cognitivism as the dominant learning paradigm.

Cognitivism emerged as a reaction to behaviorist theory,
but it did not reject behaviorist science altogether, so aspects
of the older theory survive in newer theory. Cognitivist
learning theory was a response to behaviorism’s rigid
emphasis on the direct link between stimulus and response.

Cognitivist psychologists argued that the link between
stimulus and response was not straightforward and that there
were several other factors involved [1]. The emphasis was
shifted from external behavior to internal mental processes
with the goal of understanding how cognitive processes
could promote effective learning. The learner was no longer
seen as a passive participant, and the black box was opened
to explain complex cognitive processes and architecture. The
learner’s prior knowledge was now considered, the concepts
of stimulus and response were reshaped into input and
output, and learning was now associated with information
processing, memory, perception. Since memory has a crucial
role in acquiring and retaining knowledge, it was an essential
part of many cognitivist learning theories. The cognitivism
paradigm led to several influential learning theories,
including cognitive information processing [7], which views
the brain as a type of computer. Other influential work
included Schema Theory [8] and Gagne's conditions of
learning [9], which bridged the gap between behaviorism
and cognitivism. Social Cognitive Learning Theory [10],
unlike behaviorism, emphasizes that the environment and
cognitive factors influence behavior. These learning theories
and others led to many changes in instructional design that
included Concept Mapping [11], Component Display
Theory [12], and Structural Learning Theory [13].

However, throughout its history, critics of cognitivism
have questioned its assumption that mental functions can be
compared to an information processing model [14]. In CAI,
the computer evaluates the learner’s response with
appropriate feedback and then branches the learner into
either moving ahead or to a review. This branching action is
designed by the programmer and is a behaviorist form of
instructional design. As computer technology advanced,
these branching programs became more complex and
eventually led to the development of Intelligent Tutoring
Systems (ITS). Whereas CAI is content-free, ITS are much
more complex and based on specific knowledge domains
taught to the individual students by the computerized tutor.
Since relatively few ITS systems have been introduced to
schools, they have been criticized for promising too much
and being too restrictive [15].

The term Constructivism refers both to a learning theory
and to an epistemology of learning, and the term
Constructivist refers to only the learning theory. Both are
generally distinct from behaviorism and cognitivist theories
of learning. In the 20th century, the major theorists
associated with Constructivist approaches were Jean Piaget
and Lev Semyonovich Vygotsky. There are two major
perspectives associated with Constructivism: Cognitive
Constructivism and Social Constructivism. Piaget’s
Cognitive Constructivism [16] says that a learner’s
understanding of the world grows by going through linear
biological developmental stages, so there is a focus on the
individual learner. Vygotsky’s Social Constructivism [17]
says that meanings and understandings grow out of social
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encounters, so it is focused on the social essence of
knowledge construction.

Constructivist theory suggests that people construct their
own understanding and knowledge of the world through
experiencing the world and then reflecting on those
experiences. When people encounter new ideas, new things,
and new perspectives, they must reconcile the new with prior
understanding. If the new does not fit with previous
understanding, the person must decide to discard it, integrate
it with existing views, or change existing beliefs. This is an
active process of asking questions, exploring, engaging in
dialogue with others, and reassessing what we know, so this
is what is meant by actively creating and constructing one’s
knowledge. In this approach, knowledge cannot be
transferred directly to the learner, but instead is constructed
by the learner by constructing a subjective interpretation and
subjective meaning of the objective reality. So, learning
occurs through the interaction of the learner's prior
knowledge, ideas, and experience while in social, cultural,
and linguistic settings. Some influential learning theories
that emerged from this paradigm include Communities of
Practice [18], Discovery Learning [19], Case-Based
Learning [20], and Simulation-Based Learning [21].

The  learning  technologies  associated  with
Constructivism are often called learning environments or
microworlds, and they are usually computer-based software
that is open-ended to enable and require active user input.
These learning environments try to represent the natural
complexity of the real world, emphasize knowledge
construction instead of knowledge reproduction, emphasize
authentic tasks in a meaningful context, avoid predetermined
sequences of instruction, and support collaborative
construction of knowledge through non-competitive social
negotiation [22]. Computers are an efficient medium for
applying Constructivist principles to educational practice
because computer software can support various strategies
and approaches more efficiently and effectively than other
media. Technological implementations of this theory have
succeeded and include educational programming language
Logo [23], Apple Hyper-Card software [24], and York
University’s  computer-supported intentional learning
environment (CSILE) [25].

Introduced in 2004 by George Siemens, Connectivism
[26] is a learning paradigm that considers the technological
developments during the last few decades, such as chaos
theory, self-organization, and networks. Connectivism was
initially based on a concept of self-organized learning but
evolved to emphasize network-organized learning. The idea
is that a networked environment without instructors and
course structure can facilitate learning. So, learning is based
on the notion of network intelligence, in which the computer
network independent of humans controls the links for each
learner. Even though Connectivism is a theory, little
empirical evidence has accumulated to confirm it. Learning
is defined as actionable knowledge that can reside in a

person or outside one in a database or organization. The
learning process is focused on connecting information
sources and maintaining those connections because the body
of knowledge is rapidly changing, so knowledge transferred
to students becomes less efficient over time. It is criticized
for being more a pedagogical approach or a model rather
than a learning theory because it does not attempt to explain
processes of learning. It also describes learning as actionable
knowledge emphasizing only the result, not the process of
learning [27].

3. ICT in Japan

These issues are not unique to any one country, but a closer
look at Japan’s approach to ICT in education may be
informative. In 1985 the First Report of the National Council
on Educational Reform [28] noted the increasing
significance of ICT in Japanese Education. In this report, this
“informatization of education” consisted of three elements:
children’s information literacy, utilization of ICT in course
instruction, and utilization of ICT in school administrative
works. In the 1986 Second Report of the National Council
on FEducational Reform [29], the qualities that enable
individuals to utilize information and information media
were added to the existing core subjects of reading, writing,
and arithmetic. In 1987, the Report of the Curriculum
Council led to the introduction of the 1989 introduction of a
new elective subject “basic information” into technology
and home economics classes at lower secondary schools.
Then the 1998 Report on the curriculum Council led to
designating the subject “information and computer” in
technology and home economics classes at lower secondary
schools as a compulsory subject and established a new
compulsory subject “information” for general education
courses at upper secondary schools.

The 2001 Basic Act on the Formation of an Advanced
Information and Telecommunications Network Society
[30]included consideration of the urgent need to keep pace
with the rapid and drastic changes on a global scale arising
from ICT through introducing measures for the formation of
an advanced information and telecommunications network
society. Towards this goal, the act called for developing
strategies, determining local and  governmental
responsibilities, the establishment of a strategic headquarters
for the promotion of an advanced information and
telecommunications network society, and developing a
priority policy program. The 2001 act helped to establish
several national strategies about ICT in education. The first
was the 2001 e-Japan strategy I [31], which was focused on
network infrastructure and aimed for Japan to become the
most developed country in the world in ICT. By the end of
2003, high-speed internet access was available to 60.6% of
the population. The second strategy came in 2003, the e-
Japan strategy II [32] focused on socio-economic structures
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with an emphasis on the use and applications. By the end of
2003, e-Government Electric filing of Government of Japan
was 96%, and e-Commerce Internet Trade (Stock Market)
was 23% of all exchanges. The final strategy from the 2001
act was the 2004 u-Japan Initiative [33], which focused on
developing a ubiquitous network society. The 4 U’s of this
strategy included, ubiquitous (anywhere, anytime, anyone,
anything), universal (networks are comfortable to use by
people), user-oriented (needs of the user), and unique
(vitalizing society and business).

In 2008, the Report of the Central Council for Education
called for cross-curricular improvements for coping with
social conditions concerning the ICT environment and the
importance of information education. However, this ICT
development did not filter down to the life of the average
citizen. The cause for this was identified as a past emphasis
on the use of digital technologies, a prioritization of
technology, and an excessive emphasis on the perspective of
manufacturers and service providers [34]. Then, in 2009, i-
Japan Strategy 2015: Towards Digital inclusion &
innovation [34] was launched and shifted the focus from
technology to create a digital society where all citizens can
accept human-centric digital technologies developed from
the perspective of citizens. This strategy's goals included
developing easy-to-use digital technologies, breaking down
barriers to using digital technology, ensuring security when
using digital technologies, and creating a ‘“New Japan”
where Digital Technologies and Information are diffused
throughout the economy and society. Many of the goals
leveraged ICT's well-known affordances, including rapid
feedback, active knowledge-making, differentiated learning,
and ubiquitous learning. The 2011 report entitled The Vision
for ICT in Education [35] went even further to focus on the
affordances and stated that ICT is very important but nothing
more than a tool with potential limitations. The report lists
many potential uses and affordances of ICT in education.

Despite these initiatives, in 2009, Japan was still seen as
lagging behind other peer countries in the transition to an
information-based society[36, 37]. Japanese universities
have received the majority of the blame for these results for
several reasons, including a low adoption rate for ICT tools
such as learning management systems and a reported lack of
staff to produce digital content [38]. Funamori [38] detailed
several possible reasons for this lag. First, Japan failed to
understand that computers were becoming communication
tools rather than computational tools. Then, in general,
teachers avoid using ICT tools to share information with and
communicate with students. Third, a widespread belief that
prolonged usage of ICT will harm students' human nature
led to the widespread banning of mobile phones in the
classroom. Finally, even though most people now appreciate
the benefits of ICT tools, they are still viewed as being in the
same category as basic infrastructure utilities.

4. Barriers to ICT

When we consider the considerable theoretical work
completed, it may surprise some as to how little has changed
in most educational institutions. The main learning activities
on the LMS are posting content-based resources such as web
pages and lecture notes, collecting assessments from
students through digital versions of traditional assessment
methods [38]. While these activities aid instructors in the
administration of classes, activities that demand student
collaboration or reflection are used less frequently than those
that replicate face-to-face teaching modes [38, 39].

The relatively stable traditional classroom learning
context includes common resources, consistent schedule and
location, and a single instructor with an agreed curriculum
[40]. So, when technology is incorporated, it is essential that
it does not create a completely separate space but adds to the
continuum of learning [41] and bridges the moments of
learning [42]. Here a key factor is how well the design of the
system allows for quick integration with a minimal learning
curve. In terms of Human Computer Interface (HCI) design,
Distributed Cognition (DCog) is an influential framework
which attempts to describe knowledge as being distributed
across objects individuals, artifacts, and tools in the
environment[43]. DCog analyses the interactions between
these distributed units to better understand how they are
coordinated and to examine the cognitive properties of HCI
design.

Learning analytics provides feedback based on the
analysis of learner data, which are believed to have
beneficial effects on both learning and the learning
environment [44]. However, there is the added concern of
the laws controlling information used on these systems [45].
Applying learning analytics interventions in practice on the
different actors, processes, and outcomes involved is a
complex task requiring expertise in data collection, data
analysis, and relevant course content knowledge [46]. For
example, testing on mobile devices is a similar issue since,
without on-site supervision, teachers have little reason to
trust that the student will participate honestly. Also, learning
outcomes, such as Constructivist self-regulated learning
skills, are challenging to measure, so learning analytics
should move away from mere performance-based evaluation
of learning analytics projects and include measurements
related to learning processes and learning environment [47].
The effects of learning analytics on learning must be defined
[47] as often the measured learning proxies, such as grades
and LMS activity, can be overly narrow and miss much like
student activity outside of school [48]. Instead, an approach
including assessment from multiple perspectives, such as a
peers, self, teacher, parents, invited experts, and machine
feedback can help provide a clearer picture of student
learning.

Stakeholder confidence with technology was linked to
better computer-integration [49], but teachers that lack this
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confidence [50-55] have had the opposite effect. An issue
that frequently appears in the literature is lack of skilled
personnel [38, 52, 56-59], technology support, and material
development available in the educational institution, which
can have broad-ranging effects on decisions to adopt ICT.
There is also a widespread lack of awareness [52, 54] of the
educational affordances offered by ICT. Also, there is there
are always some administrators or teachers that lack of
motivation [56, 60, 61] to invest the considerable effort
required to integrate ICT. Some teachers hold strong
negative attitudes [50, 51] to including ICT because the
devices are not immediately associated with education [62].
A frequently cited issue is that the mobile context afforded
by ICT increases the chance for distraction [63] while
making it more difficult for teachers to follow up on learning
achievements. Also, educators mention the lack of class time
[57, 64] outside of regular responsibilities needed to
integrate technology into the existing curriculum [58, 65,
66].

At the administrative level, a lack of funding [53, 57, 67-
69] often leads to poor ICT infrastructure [52, 55, 58, 66, 70-
74] which is another barrier teachers cannot overcome on
their own. This can also cause low connectivity rates that
make many of the ICT approaches [52, 57, 66, 70]
impractical. Even if there is a robust infrastructure in place,
the lack of software tools [67] or the lack of devices [59] to
run those tools are more barriers to adoption. It is important
to remember that the adoption of mobile technology is no
guarantee of the adoption of mobile services [75] and vice
versa. Administration is also aware of risk involved with the
adoption of any new educational system, such as security
risks. In a 2014 study, Japan ranked 12" on relative risk
aversion out of 25 developed countries [76]. For this the
institution must develop a risk profile of the most likely risks
it will face and how much is acceptable. This assessment
should include both the risk of adopting the new technology
and the risk of not adopting it [77].

5. Conclusion

This paper has attempted to provide an overview of ICT in
education. It is not meant to be an exhaustive discussion on
all issues related to this topic. A brief history of the theory
driving ICT adoption in education was provided because
many educators and administrators making decisions on the
adoption of technologies in schools may be unfamiliar with
the key paradigms. Also included are the major steps taken
by Japan to rapidly build its infrastructure and educate its
citizens to use it. This may help clarify the challenges faced
by countries all over the world. The considerable variety of
factors that act as barriers to the adoption of ICT in schools
included here make it clear that this is a multivariate issue
that requires powerful analysis methods to measure and
understand. Future research will attempt to better understand

the interrelationship between these factors to better inform
the stakeholders' decisions.
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