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Abstract. One of the latest teaching strategies is smart classroom teaching. Teaching is carried out with the assistance of smart
teaching technologies to improve teacher-student contact, increase students’ learning autonomy, and give fresh ideas for the
fulfillment of students’ deep learning. Computer-based technology has improved students’ language learning and significantly
motivating them to continue learning while also stimulating their creativity and enthusiasm. However, the difficulties and
barriers that many EFL instructors are faced on seeking to integrate information and communication technology (ICT) into their
instruction have raised discussions and concerns regarding ICT’s real worth in the language classroom. This is a case study that
includes observations in the classroom, field notes, interviews, and written materials. In EFL classrooms, both computer-based
and non-computer-based activities were recorded and analyzed. The main instrument in this study was a survey questionnaire
comprising 43 items, which was used to examine the efficiency of ICT integration in teaching and learning in public schools in
Kuala Lumpur. A total of 101 questionnaires were delivered, while each responder being requested to read the statements
provided. The total number of respondents for this study was 101 teachers from Kuala Lumpur’s public secondary schools. The
questionnaire was randomly distributed to respondents with a teaching background. This study indicated the accuracy of
utilizing Teaching-Learning-Based Optimization (TLBO) in analyzing the survey results and potential for students to learn
English as a foreign language using computers. Also, the usage of foreign language may be improved if real computer-based
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activities are introduced into the lesson.
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1. Introduction

In the 21 century, the phrase “technology” is an essential
topic in many disciplines as education. This is because
technology has replaced paper as the principal medium of
information delivery in many countries. Nowadays,
technology integration has been conducted by advancements
and changed our society, which has completely affected our
thinking, working, and living (Grabe and Grabe 2008,
Moghadam et al. 2010, Zhou et al. 2022). Accordingly,
schools and other educational centers that are designed to
bring the learners to live in a “knowledge society” must
regard the combination of ICT into their curricula (Arnseth
and Hatlevik 2010, Ghavifekr et al. 2012, Kazerani et al.
2017, Ghanbari-Ghazijahani et al. 2020). While the aim of
ICT is to enhance and raise the quality, accessibility, and
low cost instruction convey to students, it also refers to the
benefits of networking learning communities to provide the
problems of present globalization (Cao et al. 2021a,
Albirini 2006, Jahandari et al. 2021a, Li et al. 2021, Qi et
al. 2021). ICT application is not a one-time event, but rather
a set of ongoing and ongoing procedures that fully improve
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teaching - learning beside the information resources (Young
2003, Jahandari ef al. 2021b, Miraki et al. 2021, Sadeghian
et al. 2021a). ICT combination in education normally refers
to a technology-based instruction and learning procedure
that is closely linked to the usage of learning apparatus in
schools (Li et al. 2019, Yan et al. 2021). ICT combination
in schools, especially in a class is crucial since children are
comfortable with technology and learn better in a
technology-based setting. This is due to the fact that the use
of technology adds significantly to the teaching aspects
where ICT could result in a successful learning with the aid
and support of ICT elements and components (Jamieson-
Proctor et al. 2012, Majedi et al. 2020, Afrazi and Yazdani
2021, Mehdizadeh et al. 2021, Sadeghian et al. 2021b).
Thus, ICT assist the teachers and learners while a successful
learning occurs using computers as learning aids (Jorge et
al. 2003). This is not the case to replace the computer and
technology to good teachers, rather it is considered as an aid
to improve teaching - learning (Cao et al. 2020, Aldrees et
al. 2021). Whilst ICT is not a one-time learning process,
rather it is a continuous learning process that provides a
proactive teaching-learning environment (Young 2003).
ICT may be used in different models to assist both
instructors and learners in learning about their respective
topic areas. This technology offers various exciting
techniques as stimulation, instructional movies, data
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storage, mind-mapping, brainstorming, music, database use,
and guided discovery to provide the learning experience
more meaningful (Finger and Trinidad 2002, Nowroozi et
al. 2021, Rouhanifar et al. 2021). Learners take the
advantageous of ICT since they won’t be constrained by a
restricted resources and curriculum; however, hands-on
activities in a technology-based course are prepared to assist
learners improve their comprehension of the subject
(Soman et al. 2014, Nam et al. 2015, Li et al. 2019). It also
assists instructors in designing their lesson plan in an
innovative and proper manner, resulting in the learners’
active learning. Previous research has demonstrated that
incorporating ICT in the classroom enhances the learning
procedures and raise the learners’ active learning skills
(Finger and Trinidad 2002, Jorge et al. 2003, Young 2003,
Jamieson-Proctor ef al. 2012). Some researchers highlighted
three major stages in which ICT might be highly
appreciated and respected by teachers: integration,
enhancement, and complimentary. The integrating of
technique encompasses implementing suitable ICT use in a
given subject area with difficult notions and abilities to
promote the learners’ performance and attainment. Further,
a curriculum review is necessary to ensure that only related
ICT materials and relevant software are installed to achieve
the curriculum’s key goals and objectives. The technique
for improvement comprises employing ICT to place a
significant emphasis on the issue provided. Microsoft
Power Point e.g., might be applied to offer the topic in a
highly innovative and creative manner, resulting in
discussion and the exchange of ideas and perspectives
(Wang et al. 2009, Ye and Ni 2012, Taj et al. 2020). Finally,
a complementary method is one that uses ICT to improve
and encourage student learning. This strategy enables
students to be more disciplined and successful by taking
notes on the computer, submitting assignments through
email till deadline, and look for material from various
internet sources to finish the assignment allocated to them
(Hermans et al. 2008). Technology-enhanced teaching and
learning may result in multiple classroom benefits, but
proper planning and policy formulation are essential.
According to recent research, national ICT policy may
perform a number of key functions. They provide a
rationale, a set of objectives, and a perspective of how
education could function if ICT was integrated into the
teaching - learning procedure, and they help learners,
teachers, parents, and the general population of a certain
nation (Chan 2002). Infrastructure and ICT facilities, on the
other hand, are necessary to supply schools across the
country. The availability of computer laboratories and ICT
facilities is a critical component in the use of ICT. This is
done to ensure that topic instructors have ready access to
ICT tools anytime needed. One of the main challenges that
schools face, especially in rural areas, is the lack of
appropriate Technology and internet access. Instructors
cannot use the computer if there is a lack of technical
support and no repair is available (Jamieson-Proctor et al.
2012). Due to the obvious risk of equipment failure,
instructors would be discouraged from using computers if
they did not receive any training on the issue. According to
this research, technical concerns are a significant barrier for

instructors. These problems include a lack of connectivity, a
virus assault, and a faulty printer. Nonetheless, there are a
few examples, such as the Netherlands, the United
Kingdom, and Malta, who recognized the need for
technology to aid instructors in using ICT in the classroom
(Yang and Wang 2012). Furthermore, the desire and ability
of instructors to use ICT play an essential role in the use of
ICT in education. Instructors must have strong ICT skills
and a high level of confidence to utilize the method in the
classroom. In addition, in order to properly employ ICT in
the classroom, educators should first comprehend its
pedagogical objective. Instructors who have finished an ICT
course are more successful than those who have not
received such courses in using technical methods in their
class. A similar example occurred in Canada, where several
teachers acknowledged to being reluctant ICT users because
they were afraid of being embarrassed since their students
understood more about the technology than they did.
Schools have used a range of techniques to provide extra
training for instructors beside their basic skill training
(Meng et al. 2021). Teachers need to know the relevance
and advantageous of ICT, based on Warwick and Kershner
(2008), to conduct a good class with ICT. As prior
mentioned, there are various factors that allow ICT to be
used in a class. Likewise, frequent technical help and
continuous professional growth in ICT should be offered.
To summarize, all parties must collaborate to advance the
nation’s technical condition.

Undoubtedly, ICTs have altered our perceptions of time
and place, opening us new ways for accessing information
and influencing knowledge generation (Collis 1996). The
usage of mobile devices has raised the notion that the
location and context of learning are unimportant. However,
places (both physical and virtual) are not meaningless; in
contrast, they are becoming increasingly significant and
learning environment design must coordinate many
locations in which a person might learn and integrate formal
and informal scenarios. It is also worth noting that location
is a key part of adaptability and personalization in mobile
devices. The usage of mobile devices allows users to
construct and manage additional features of real-world
location-based scenarios or contexts (Cook et al. 2011).
Burbules (2012) observes that for learning to be really
ubiquitous, it must be disseminated over time and place. It
is commonly established that a ubiquitous learning
environment is one in which the learner may be learning
without even realizing it (Xie et al. 2020). Along these
lines, the boundaries between “work/play, learning/
entertainment, accessing/ creating information, public/
private, formal/informal are distinctions that have
previously been theoretically apparent but are now
becoming ambiguous” (Burbules 2018), p. 2]. When (Chatti
et al. 2010) said that learning is inherently personal, social,
dispersed, ubiquitous, adaptable, dynamic, and complex in
character, they summed up the future difficulties in
education quite effectively. “A fundamental change is
required toward a more customized, social, open, dynamic,
emergent, and knowledge-pull model for learning, as
opposed to conventional learning solutions’ one-size-fits-
all, centralized, static, top-down, and knowledge-push
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Fig. 1 Smart learning using ICT

models” Chatti and colleagues (2010, p.67). While they are
desirable educational results, achieving them will need new
learning designs on the basis of new teaching methods as
well as a more efficient use of technology capable of
supporting and directing individual learners. The notion of
smart learning (Fig. 1) highlights the significance of
technical design in improving learning. It is, in some ways,
connected to the phrase “technology-enhanced learning”
(TEL) which is popular in Europe. TEL, unlike other
terminologies, includes a value judgment: ‘enhanced’
means that something has been improved or is superior in
some manner, but what exactly would be improved when
technology is utilized, how would improvement be attained,
and how can an improvement be defined? (Ma et al. 2021)
Is the upgrade aimed at expanding the use of technology or
at enhancing the environment in which educational
activities are carried out? When discussing smart learning,
similar questions arise. In smart learning, the student’s
position in real time is critical data that systems need to
adjust the material and scenario to the learner. The purpose
of this article is to examine the major problems that must be
solved while developing smart educational learning
environments. According to the authors, one of the most
significant aspects of smart learning is that the data acts as
feedback to the student in order to facilitate tailored
learning (Lv et al. 2021). According to the personal
experience, the authors feel that using participatory design
approaches aids in the development of smart learning
environments that are suited to the demands and socio-
cultural context of the students. The primary aspects of
smart learning include smart education and smart learning
environments as well as the major obstacles that face the
creation of smart learning environments besides examining
the characteristics of smart learning (Yan et al. 2020).

1.1 Smart learning

The advancement of new technology has made learning
more effective, adaptable, and easy for pupils (Zhou et al.
2021). The goal of smart schools is to enhance the
educational system in order to advance knowledge and
skills required in the twenty-first century while also keeping
up with the difficulties and needs of current society (Mou et
al. 2022). Generally, smart education has got a lot of
attention. In 1999, Malaysia saw the introduction of the first
smart education programs. The goal of Malaysian smart
schools is to prepare the country’s workforce for the

twenty-first century by equipping schools with cutting-edge
technology. Smart schools focus not just on developing
students’ thinking and creativity, but also on individual
needs and learning techniques. Australia, in collaboration
with IBM, developed a student-centered, multidisciplinary
education system that integrates schools, higher education
institutes, and labor education. Smart education initiatives
established in New York emphasize the integrated use of
technology in the classroom, and its primary goal is to
improve student performance while also increasing skills
required in the twenty-first century. Technology plays a
critical role in smart schools, both in the teaching-learning
process and in school management (Luo ef al. 2018). On the
one hand, it is a tool for information processing; on the
other, it is used for professional development and
computerized education. It may be claimed that the future
of global education is based on smart learning and its
development. From e-learning to intelligent learning in the
last several decades, there has been substantial advancement
in information technology and the learning environment
(Cao et al. 2021b). Network communication subfields
emerged as a result of digitalization (Zhao et al. 2020b).
When studying the evolution of technology-directed
learning, it is clear that electronic learning (e-learning) is
the beginning point, implying that teaching-learning
techniques are accessible via computer networks (Zhao et
al. 2020c, Ilma 2011). With the advancement of mobile and
cordless technology, mobile learning (learning) has taken
center stage. Compared to conventional educational
approaches, it promotes the use of mobile devices and
concentrates on the learner’s mobility (Zheng ef al. 2021a).
Learning refers to any technology-based learning
approaches (Cao et al. 2021c) that apply when learners are
not in a certain area and take advantage of the capabilities
of mobile technology (Andras 2007). The so-called u-
learning emerged as a new learning paradigm (ubiquitous
learning). The advancement of computer and wireless
communication technology has considerably aided in the
spread of u-learning. Several computer and communication
technologies have been developed in recent years, including
RFID tags and cards, cordless communication devices,
mobile phones, PDAs, and portable PCs. Mobile, cordless,
and sensor technologies are employed in u-learning (Liu e?
al. 2021a, Yahya ef al. 2010). Smart learning is the modern
era’s notion of global education, and its goal is to give
contextual, customized, and seamless learning. So far, there
hasn’t been a widely agreed definition of smart learning.
According to some, smart learning is simply context-aware
learning that is available everywhere (Hwang 2014).
Another viewpoint contends that, while smart learning is
built on sophisticated IT infrastructure, the emphasis is not
on the use of smart gadgets, but rather on focusing on the
students and the curriculum. Others believe that smart
learning is a student-centered and service-oriented
educational paradigm (Kim et al. 2012). Smart learning is
built on smart gadgets and technologies, such as cloud-
based computer technology, data analysis, big data, IoT
(Cao et al. 2021d), and portable technologies. The cloud
computing technology, research analyses, and big data
focus on how to capture learning data, analyze it (Luo et al.
2020), how much learning and teaching can be produced,
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and how it helps the creation of customized and adaptable
learning. Furthermore, IoT and portable technologies can
aid in the development of contextual learning (Zhu et al.
2016). Smart technology and software may be utilized to
assist and develop learning. These objectives are served by
hardware, such as an interactive blackboard, smart table, e-
bag, mobile phones, and portable gadgets as well as
software, such as computer teaching games, virtual reality,
and learning analysis (Luo et al. 2021e). In addition to
traditional  educational activities, information and
communication technologies enable many virtual programs
and assist groups with special needs in learning and
developing abilities. Fig. 2 shows the Smart Education as a
science education program in which students can learn
scientific principles quickly and easily through cutting-edge
IT technology-based two-way experiences.

1.2 The structure of smart learning

There is no uniform definition of smart learning in the
literature; nonetheless, it can be concluded that it includes
three essential components: smart environment, smart
learning methodologies, and smart learners. Smart learning
practices have a significant impact on smart environments,
both of which contribute to the development of smart

learners. Fig. 3 indicates the diagram of training including
the sub skills.
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1.3 Smart learners

The process of obtaining and digesting knowledge is
referred to as learning. The twenty-first century requires
skills and professional knowledge in order for individuals to
use their job and leisure time efficiently, and preparing for
this is the responsibility of education. There are four levels
of abilities that students should acquire in order to meet the
demands of modern society, according to smart education.
These abilities include fundamental and main capabilities,
comprehensive attributes, personalized abilities, and
collective intelligence. Fundamental and primary skills
related to information and abilities are obtained through so-
called basic topics, such as writing, reading, art, STEM and
so on, which are required for success. Critical thinking and
the capacity to handle real-world problems are examples of
complete abilities that prepare students to argue and think
critically in difficult settings (Fig. 5). Individualized talents
need extensive information and technology expertise as
well as the acquisition of creativity and inventive skills.
Information and technology knowledge need the acquisition
of ICT-skills from students (Fig. 3), including the usage of
various ICT programs and the capacity to combine them
with cognitive or higher level of thinking. Creativity and
innovation need creative thought and collaboration with
others (Guo et al. 2021). Collective intelligence is a
knowledge generated by the communication and
cooperation of a group of individuals (Fig. 4). Students
must be able to communicate efficiently, and effective
communication necessitates that they work effectively and
respectfully in various work groups (Zhou et al. 2021).
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1.4 Smart learning techniques

The following teaching strategies can be highlighted to
increase learners’ performance: individual studying,
differentiated teaching in the classroom, cooperative group
work, and generative mass based learning (Maria 2010,
Spector 2014). Differentiated educations are a procedure in
which learners with varying abilities study together, but
teaching and learning are tailored (Maria 2010). In group
learning based on collaboration, learners study in groups,
organize and divide tasks collaboratively, and each student
is accountable for the task’s accomplishment. The teacher’s
role is just to supervise and assist as required (Kong et al.
2021, Agnes 2004). Because of the advancement of
computers and ICT, a new paradigm of education
technology has emerged as computer-assisted cooperative
learning (CSCL) (Koschmann 1996) CSCL focuses on the
role of ICT in cooperative learning. Individualized learning
necessitates a student-specific learning approach and
assignments. In contrast to external motivation, pupils’
particular interests are more essential since they are
motivated by their enthusiasm. During this procedure,
students succeed via their own inner motivation, then find
their interest. Students who study online may link old and
new material, gain basic knowledge, and apply
metacognitive abilities. Online learning also leads in the
elimination of time and space limitations.

1.5 Smart learning environments

Traditional learning strategies have been criticized for
being excessively unnatural, inflexible, and unresponsive to
current social conditions. Using ICT has become a common
occurrence in the digital era. Children nowadays may be
referred to as digital indigenous, as they are able to utilize
mobile devices and digital sources on a daily basis, so the
learning environment was altered. There is no generally
agreed concept of a smart learning environment (SLE). The
key aspect of the smart learning environment, according to
Jonathan Michael Spector, is the employment of innovative
techniques that give students more adaptability, flexibility,
feedback, efficiency, and incentive (Zhao et al. 2021b,
Natividad et al. 2015). According to Zhi-Thing Zhu, Ming
Hua Yu, and Peter Riezebos, the goal of smart education is
to provide lifelong learning that aim at improving learners’
intelligence and problem-solving skills through contextual,
individualized, and adaptive learning (Zhu et al. 2016).
According to Ronghuai Huang, Junfeng Yang, and Lanquin
Zheng, smart environment is a type of space for learning or
activities that realizes learning scenarios, defines the
learners’ personalities, provides appropriate learning
sources and interactive devices, and automatically records
and assess the learning process. The SLE is a high-level
digital learning environment that has been resulted from the
advancement of educational technology (Liu et al. 2021Db).

1.6 Objective of study

The initial objective of this research is to assess the
efficiency of ICT integration. This research seeks to
investigate (I) the efficiency of ICT from teaching - learning

perspectives, and (II) the successful features of ICT
integration in teaching in Kuala Lumpur public schools. In
order to make digital remodeling available, the user-friendly
look of current tool systems and IT education apps is
unavoidable. However, it appears that incorporating ICT
technologies into educational practice is not as
straightforward as we may think. Several issues can limit
integration into the educational process, and discouraging
many people from considering ICT. New expectations need
the acquisition of new abilities, which results in the
restructuring of the educator’s position. According to our
observations, some instructors in this profession still believe
in conventional means to assist education, making the
incorporation of ICT tools into the educational process
more challenging. The paper investigates the reasons for
utilizing the potential provided by smart instruments in
education to a greater extent, hence to increase its efficiency
(Zhao et al. 2021f). TLBO (Zhao et al. 2020a) would also
assess the findings of questionnaires and surveys
administered to instructors and students in order to
appropriately depict the impact of computer-based
technology in smart learning.

2. Methodology
2.1 Research design

In this study, quantitative approach was employed to
gather and evaluate data from all respondents. The
questionnaire was made and completed by the researchers
prior being distributed to the intended group of respondents.
A few sections of the questionnaire were especially
constructed to meet study goals pertaining to the efficacy of
ICT for learners in learning and effective features of ICT
integration in public schools in Kuala Lumpur. As a result,
the questionnaire was set in order to collect data from the
respondents.

2.1.1 Population and Sampling

The total number of participants for this study was
90 instructors from Kuala Lumpur’s public elementary
schools. The questionnaire was sent at random to
respondents with a teaching background, despite the
ethnicity, experience or gender. Since the intended
respondents for this research have teaching experience, the
researchers attempted to recruit instructors from public
primary schools in Kuala Lumpur in particular.

2.2 Instrument

The main instrument in this study was a survey
questionnaire comprising 43 items which was used to
examine the efficiency of ICT integration in teaching and
learning in public schools in Kuala Lumpur. A total of
90 questionnaires were provided, with all respondents being
asked to read the statements and select their replies using a
4-Likert scale ranging from 4 = Strongly Disagree, 3 =
Disagree, 2 = Agree, and 1 = Strongly Agree. The questions
were divided into four pieces. Section A is about the
respondents’ demographic background and comprises 8
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Table 1 Mann-Whitney U-test between teacher’s perception of ICT integration and school’s type

Type of school N Median Range Mean rank ~ Mann-Whitney U p
Score B Primary 40 2.36 2.20-2.43 49.87 655.00 0.02**
Secondary 50 2.10 1.95-2.44 35.85

Table 2 Mann-Whitney U-test between the effectiveness of ICT integration for students in learning

with school area

School area N Median Range Mean rank Mann-Whitney U P
Urban 80 1.65 1.31-2.00 54.92 237.00 0.01**
Rural 40 1.56 1.43-2.35 56.64
elements, such as gender, race, teaching experience, kind of Xmean = [ %1, X3, X3, vy X
school, school location, preferred teaching style, highest . N, X j )
academic qualification, and capacity to handle ICT in where xj = N

teaching (Fig. 6). The questionnaire’s other three sections
are mainly concerned with teachers’ perceptions and the
aspects of efficacy of ICT usage in schools (Table 1). Part B
includes 15 items that examine their view of ICT in
instruction, part C includes 10 items that examine the
efficacy of ICT integration for students in learning (Table
2), and part D includes 10 items that examine the effectual
features of ICT integration in teaching. The questionnaire
utilized for this quantitative investigation was adapted and
change following the Gulbahar and Guven (2008) model
deemed appropriate for this study (Fang et al. 2021).

2.3 Teaching—Learning based Optimization (TLBO)

TLBO is an interaction between the teacher and learner
in a teacher-learner or among learners in a class to test all
the feasible solutions for an optimization problem as
Learners. The knowledge obtained by a learner in a given
subject is the value of design variables. TLBO is going to
strength this knowledge to advance the value of design
variables, which led to the optimum solution (Wu et al.
2021a). TLBO works in two phases as follows (Cao et al.
2021a):

(1) Initializing learners in which N number learner
learn D number subjects, and learners show the
possible resolutions, whilst the subjects are the
decision values that need to be optimized in
problem (Wu et al. 2021b). Students are initialized
by the values between 0 and 1 for each learned
subject. i; learner is shown by the row vector x; .

X = [xi,lﬂxi,Z'xiS,....,]
i =123..,N (1)
j=123,..D

(2) Teacher Phase in which the fitness for each learner
x is computed through fitness function fx. Learner
with an optimal fitness variable is taken as Teacher
(Xteach). Later, the mean knowledge of a student is
computed for each subject as Eq. (2)

Xteacher shows the teacher that improves the
knowledge of all learners (Xi) by

Xnew = Xi + (rand ()

* (Xteacher — (TF = Xmean))) (3)
i=123...,N

TF = round (I + rand ()) influencing the of Xmean value
rand () = random value between 0 and 1

It is not considered as a TLBO parameter because the
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v
Keep the elitist solution
v
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value is calculated arbitrarily using the Eq. (9). If the fitness
of revised solution Xx,., is better than the prior solution
X;, then it is updated as the new learner variable or is
rejected. 3) Learner Phase in which there is an interaction
among learners to enhance their knowledge (Chen et al.
2021). Based on this algorithm, learner A learns from
learner B, if learner B is more knowledgeable. Thus, if the
fitness of B is better than the fitness of A, knowledge is
transferred. Two students Xi and Xj are randomly chosen
as i =/j. If the fitness of Xi (f Xi) is better than, then
Xiis updated to Xnew as follows

Xnew = Xi+rand() * Xi — Xj 4
Therefore, it is updated as
Xnew = Xi+rand() * Xj — Xi (5)

If the fitness of Xnew is better than Xi, then Xi =
Xnew else Xnew is rejected.

Step 2 and 3 are iterated up to the end of criteria, if the
highest number of generations is gained or the average
fitness variable for all students is not improved. Regarding
that Xi has the best fitness value, fXi is deemed as the
final resolution to the optimized problem (Fig. 6).

3. Result and discussion
3.1 Model performance indicators

According to the available data derived for comparing
the results of the model (TLBO), statistical model
performance indicators of determination coefficient (R?),
root mean square (RMSE), and Pearson correlation
coefficient (r) were used in MATLAB.

[XX,(0; = 0).(P; — P)]?

P = predicted values

P = predicted values

O = observed values

0; = observed values in sample i

0 = mean of observed variables

N = number of training or testing samples
P; = predicted values in sample i

3.2 Result and discussion

The initial objective of this research is to assess the
efficiency of ICT integration in smart learning - teaching.
This research seeks to investigate (I) the efficiency of ICT
from teaching - learning perspectives, and (II) the
successful features of ICT integration in teaching. The
paper investigates the reasons for utilizing the potential
provided by smart instruments in education to a greater
extent, hence to increase its efficiency. TLBO was used to
assess the findings of questionnaire and survey administered
to instructors and students in order to appropriately depict
the impact of computer-based technology in smart learning.
In this case, Fig. 7 shows demographic background results
of teachers in responding the questionnaire. In this figure
the three parameters of race, gender and teaching
experience have been taken, in which teaching experience
has been shown as a major parameter in teachers’ responses
than gender and race. It means that the teachers’ experience
played greater role in their view toward using ICT than their
gender and race. Fig. 8 shows the view of participants in the
integration of ICT in Teaching —Learning process. There is
a raising in the mean value of respondents, showing the
agreement of the participants in using ICT in smart
learning- teaching. Figs. 9 and 10 show the efficiency of
ICT in Learning and teaching. In both figures, there is an
obvious increment in the mean value of the respondents. It
shows the satisfactory effect of ICT in smart learning and
teaching. Going through the diagrams of TLBO in

NGEY,0:.P) - (ZL,10). L P)

\/(N Zliv=1 0i2 - (Z?]=1 01’)2) ' (N Z{V=1 Piz - (Z{V=1 Pi)z)
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?I=1(0i - 0) -Z?I:1(Pi - P)
& 1
RMSE = Z ¥ (0; — P)? 3
i=1
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.‘é’ 25
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analyzing the results gained from the survey and
questionnaire, Figs. 11-16 have been built. At first, all data
were normalized to reduce their noise (Fig. 15). Meanwhile,
Fig. 11 depicts the distribution of predicted and observed
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Fig. 7 Demographic background results of teachers in responding the questionnaire
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Fig. 11 Distribution of predicted and observed data using

TLBO in test phase

data using TLBO in test phase. There is a good overlap
between the regression line and noises (grey dots), showing
the accuracy of our model. Fig. 12 shows the error plot of
TLBO in test phase and Fig. 15 indicates the histogram of
predicted values in test phase, in which the horizontal axis
is the predicted values and the vertical line is the observed
value. The maximum error is seen in 0-100 with 87 data and
the least error is occurred in 400-500 with roughly 10 data.
Fig. 14 shows the RMSE of TLBO in test phase in
analyzing of the questionnaire results, showing a good
overlap between two values and accuracy of TLBO in this
analysis (close overlap between grey and blue waves). Fig.
15 shows the 3D plot of TLBO in its best performance in
test phase. This model has shown an accurate analyze over
the survey and questionnaire results in a minimal time in
test phase than the train one.

Going through Table 1, the RMSE value of TLBO is
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0.6786 in test phase and 0.7436 in train one, respectively.
Therefore, the best RMSE of the model is closer to 0 in test
phase, showing its better performance in test phase.
Meanwhile, the RSQR value of the model is closer to 1 in
its ideal case, then looking at the R? value of test phase with
0.9965, TLBO showed its best performance in this analysis.
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Fig. 16 3D plot of TLBO in its best performance

Table 3 Train and test phase of TLBO

Testing phase Train phase
Al model RMSE R? RMSE R?
TLBO 0.6786 0.9965 0.7436 0.9654
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4. Conclusions

Smart learning environments highlight the need of
adaptability and personalization based on atmosphere
of learning, in addition to the notion of boosting learning.
As a result, smart learning presents significant assessment
issues since the material might not be fixed and the activity
might be extended beyond formal and informal settings.
Traditional design approach limits the student engagement
to a consultative role. Traditional development employs a
methodical research, design, and testing that does not
necessitate the adoption of a specific user model. Users, on
the other hand, are a valuable resource and may be involved
in the design process to guarantee that technology is helpful
and useable. The authors believe that the potential for smart
learning is dependent on the architecture of the learning
environment, and that it is critical to construct learning
ecosystems through participatory procedures. Smart
learning must promote the concept of ‘smart learners’ in
contrast to the notion of the quantified student as a data
item performed by algorithmic procedures. Feedback has
long been seen as an important technique for assisting
pupils in improving their performance. Traditional feedback
is often related to the learners’ communication strategies
with their professors and peers. As indicated in the
preceding section, the use of technology opens new
opportunities for tracking learners’ activities and providing
them with more rapid feedback on their learning
performance. Nevertheless, the majority of initiatives to
apply learning analytics are focused on delivering
information to teachers in order to improve their
pedagogical approaches. Learners are rarely regarded as the
primary recipients of learning analytics data, nor are they
given the chance to utilize the data to reflect on their
learning activity and self-regulate their learning more
effectively. In response to the employment of learning
analytics as a tool at the service of the institution, a growing
number of experts have begun to push for student-centered
analytics. In agreement with the literature, we believe that
learning analytics may and should be utilized as a technique
for reflecting and recognizing to enhance self-regulated
learning. It is critical to identify the major problems in the
design of learning environments that employ learning
analytics to promote reflection. Transforming data into
knowledge is a cognitive processing that could be aided by
the manner in which data is made available. Information
visualization has been acknowledged as a technique for
sense-making since it aids in the synthesis of complicated
information and promotes comparisons and conclusions
(Zheng et al. 2021b). As a result, in order to really employ
analytics to help learners in becoming independent learners,
a student-centered strategy is required. Students in a smart
learning environment would have multiple service options
at various learning levels, where these services are supplied
by different educational provisions either online or
physically. Finally, substantial consideration should be
given to the incorporation of ICT in the classroom to
improve the competency of the country’s education system.
This would help the raise of national education’s global
ranking and develop a better future workforce. To promote
the use of ICT in the classroom, the government must

develop and modify teachers’ beliefs about the integration
of ICT in the classroom. Teachers play a critical role in
ensuring that every new policy is applied quickly and
successfully. The changes thatare driven by improved
technology and communication devices should be available
to students at school or at home. Furthermore, instructors
must be literate and have strong abilities and expertise in
using ICT to enhance their teaching techniques and
approach in order to implement good learning and satisfy
the requirement for 21st century teaching skills.
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