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INTRODUCTION

The continuous development of information and communication technology has led to great changes in
the educational environment. Face-to-face interaction under traditional education is replaced by online
educational interactions. The traditional whiteboard and printed materials have been replaced by various
digital sources available through various electronic platforms. Therefore, teachers are not only required to
possess a full understanding of educational theories and their educational applications but rather they are
expected to possess the appropriate technical skills to use and employ various e-learning tools and
environments in education (Duman & Karagoz,2016; Eyong, Ugada & Aminu,2020; Tschida, Hodge &
Schmidt, 2016). Ghavifekr and Rosdy (2015) explained that there is a significant impact of teachers' use of
technologies on learners. Technology does not limit teachers to curricula and resources, but rather provide
them with electronic motivational activities that increase their motivation to learn, arouse their attention,
integrate them positively in the educational process and make them in a state of permanent activity.
Augmented reality applications are technologies that allow the integration of real and virtual reality and
provide real-time support to the learner. This technology provides visual support for the learner, kinetic and
visual learning, real learning, and individual learning experiences (Matcha & Rambli, 2013). The augmented
reality applications support the learning process and develop the learners' skills visually. Learners can
achieve better academic results, improve their knowledge and increase their performance skills (Gémez &
Paredes, 2019). These applications embody and depict abstract concepts according to the levels of
understanding of learners and enable them to observe existing phenomena, which are impossible to sees in
real life (Arici, Yildirim, Caliklar & Yilmaz, 2019). Because of the educational characteristics, advantages, and
efficacy of augmented reality applications, teachers’ acquisition of these skills during service to be used in
teaching is a necessity and imperative in light of their widespread use. Other studies indicated the need to
develop teachers ’skills to use augmented reality applications as basic skills to support the educational
process (Al-Zein, 2018; Al-Shami & Al-Qadi, 2017). The micro-learning strategy is suitable for implementing
e-training programs, especially for teachers, as this strategy focuses on practical activities and exercises
rather than on theoretical aspects, which is consistent with the training characteristics and standards (Faraj,
2019). The micro-learning training strategy is defined as an educational system that includes a set of planned
and structured experiences presented in short educational videos with activities, short exercises, and
simultaneous and asynchronous interactions using mobile devices. This strategy aims to develop the
knowledge, skills, and attitudes required by a group of individuals in a specific field according to their needs
(Abu Khotwa, 2020). This strategy also aims to provide the knowledge that the trainee needs to apply in
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practical or real-life situations, and which is re-used in other training contexts and available upon request
(Kavrestad & Nohlberg, 2019). The micro-learning strategy facilitates knowledge acquisition in the
workplace by engaging and motivating trainees to communicate and apply what they have learned
(Emerson & Berge, 2018). It also helps improve motivation (Shail, 2019), improves the trainees” involvement
in the training process (Nikou, 2019), and helps to increase feelings of confidence and accuracy in
performances (Hesse, Ospina, Wieland, Yepes, Nguyen & Heuwieser, 2019).

As part of the results of the COVID-19 pandemic, thousands of schools were closed, and online learning
was the main inevitable and only option for teaching. This shift led to great challenges facing teachers in
adapting to teaching through e-learning tools and applications, maintaining a minimum level of
communication with learners, and supporting them (Konig, Jager-Biela & Glutsch, 2020). Augmented reality
applications are effective e-learning applications in education in general and in science education in
particular. Yildirim (2020) confirmed its effectiveness in developing academic achievement in science.
Wahyu, Suastra, Sadia and Suarni (2020) concluded that combining this strategy with the stem approach
leads to the development of scientific literacy and achievement. Azi and Gemseddin (2020) found its
effectiveness in developing trends. Other several studies emphasized the need to develop skills in using
augmented reality applications among teachers (Al-Zein, 2018; Al-Shami & Al-Qadi, 2017). The micro-
learning strategy is also one of the modern and advanced training strategies. In teaching science, many
studies have emphasized the necessity of using it in teacher training, and its effectiveness in training science
teachers before and during service (Wali, 2020; Farag, 2019; Bakir, 2014).

The roots of micro-learning go back to the sixties, but they were not further embodied and clear until
the emergence of the term second generation of the web. This technology, including its tools and
applications, formed the fertile ground for the spread of the term micro-learning, as it relied on the different
forms of micro-content, which depended on the use of a certain number of words such as Twitter, or the
presence of podcasts through Facebook (Diaz, Caeiro, Lopez & Vilas, 2021). The micro-learning strategy
relies on designing relatively small focused educational units that include intensive educational activities
(from one to ten minutes), and are available across multiple devices (Shail, 2019). The micro-learning
strategy is based on seven dimensions. Firstly, time should be presented in small periods. Secondly, the
content, which is presented in short units with specific topics. Thirdly, the curriculum, which includes brief
educational elements. Fourthly, the form, which presents varied formats. Fifthly, the treatment, which shows
that the activities as independent or integrated. Sixthly, the media, which presents varied multiple media.
Seventhly, education models, which are constructive and communicative and achieve learning objectives
(Hug, 2006). The advantage of the micro-learning strategy is that it can be presented in short periods and
requires little effort. It can include simple topics funnily and attractively and can be updated easily. It is also
a way to solve educational or training problems interactively and available at any time and place (Jomah,
Masoud, Kishore & Aurelia, 2016; Mahmud & Rawshon, 2013).

The term augmented reality first appeared in the 1950s when Morton Heilig, a cinematographer,
believed that cinema as art should be able to draw the viewer into screen activity. The prototypes of
augmented reality were made in the 1960s and the use of 3D graphics was created by Ivan Sutherland and
his students at Harvard University and the University of Utah (Alkhamisi & Monowar, 2013). Augmented
reality is an environment that includes both elements of virtual reality and the real world, as it allows the
user to see the real world by creating virtual objects that merge with the real world (Chen, 2014). The term
augmented reality differs from the term virtual reality, and the essential point of this difference is due to
immersion. Virtual reality uses masks and special glasses that immerse the learner in learning and try to
convince them that they are inside a real reality, so it becomes a reasonably convincing illusion. Augmented
reality, on the contrary, does not dispense with the real world, but uses computers to improve it in different
ways (Kulkarni & Takawale, 2016). Despite the many reasons for using augmented reality applications, one
of the most important is that it no longer requires expensive devices and advanced equipment, such as the
head-mounted device (HMD). This technology can be used with computers or mobile devices, and so on.
Augmented reality technology is not as difficult as it was in the past, to the point that it can be used today at
every level of education, from kindergartens to the university level (Akcayir & Akcayir, 2017).

Designing a scene in augmented reality applications is an attractive creative experience that can
demonstrate practical design skills in three-dimensional form and help in developing the design and
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problem-solving skills of learners (Billinghurst & Diinser, 2012). It allows the inclusion of educational
experiences in the real world environment and by bringing the real world to the classroom (Chen & Tsai,
2012). Akgayir & Akgayir (2017) analyzed studies that dealt with augmented reality from the period (2011-
2017) to identify the advantages and challenges of augmented reality in education. Their study concluded
that the advantages of augmented reality are enhancing educational attainment and motivation to Learning,
helping learners to understand, and providing a positive attitude. Many studies have dealt with the
variables of the current study. Wali (2020) designed a portable micro-learning program based on
synchronous and asynchronous interactive video and measured its effectiveness in developing the
achievement and self-directed learning skills of students of the Faculty of Education. The study sample
consisted of (168) students, who were divided into three groups one control and two experimental groups.
The first experimental group learned through the micro-learning program based on simultaneous interactive
video. The second experimental group learned through the micro-learning program based on asynchronous
interactive video. The study found differences between the three groups in the post-application of the
achievement test for the benefit of students of the first experimental group, which learned through the
micro-learning based on simultaneous interactive videos. The study also found differences between the three
study groups in the post-application of the self-directed learning skills scale in favor of students of the
second experimental group that used the asynchronous interactive video-based micro-learning program.
Ahmad (2019) identified the effect of using WhatsApp as a tool for a micro-learning strategy for developing
achievement and revealing learners’ opinions about its use in education. The study sample consisted of (30)
students who were divided into two groups, an experimental group of (15), which used WhatsApp as a tool
for the micro-learning strategy, and a control group (15), which used the traditional method. The study
found that the performance of the experimental group exceeded the control group in the achievement test as
a result of their use of WhatsApp as a tool for the micro-learning strategy and that the learners’ opinions
about its use in education were positive. Faraj (2019) explored the impact of electronic micro-training
technology via the web on developing the cognitive and performance aspect of the competencies of
designing e-learning strategies among secondary education teachers. The study sample consisted of (20)
teachers as one experimental group. The study found a significant technological impact of micro-electronic
training via the web on developing the knowledge and performance dimensions of the competencies of
designing e-learning strategies for secondary education teachers. Nikou and Economides (2018) identified
the impact of the mobile micro-learning strategy on developing achievement and motivation among high
school students. The study sample consisted of (108) students who were divided into two groups, an
experimental group using the mobile micro-learning strategy, and a control group using the traditional
method. The study revealed the superiority of the experimental group over the control group in the
achievement test and the measure of motivation as a result of their use of the mobile micro-learning strategy.
Bakir (2014) investigated the impact of the micro-learning strategy on developing the teaching skills of pre-
service science teachers. The study sample consisted of (97) teachers as one experimental group. The study
found a significant impact of the micro-learning strategy on teaching skills in the dimensions of classroom
management implementation skills, time management, effective planning, communication, and lesson
evaluation skills. The teachers' attitudes as found in the questionnaire were positive towards the micro-
learning strategy. Yildirim (2020) identified the effect of applying augmented reality on developing
achievement in science. The study sample consisted of (63) students from the seventh grade of secondary
school, who were divided into two groups, an experimental group using the augmented reality application,
and a control group that used traditional education. The study found the superiority of the experimental
group that used the application of augmented reality over the control group that used traditional education
in the post-application of the achievement test. Azi and Gemseddin (2020) explored the impact of applying
augmented reality on developing achievement and attitudes in social studies. The study sample consisted of
(60) fifth-grade students, who were divided into two groups, an experimental group that uses the
augmented reality application, and a control group that uses traditional education. The study found that the
experimental group that used the application of augmented reality scored better than the control group that
used traditional education in the post-application of the achievement test. The results also revealed that the
attitudes of the experimental group students were positive towards using the application of augmented
reality in education. Wahyu, Suastra, Sadia and Suarni, (2020) investigated the impact of a mobile-based
augmented reality application supported by the stem entrance on the development of scientific literacy and
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achievement among elementary school students. The study sample consisted of (516) students, who were
divided into two groups, an experimental group that used the augmented reality application, and a control
group that used traditional education. The study found that the experimental group that used a mobile-
based augmented reality application supported by the stem entrance had a better performance than the
control group that used traditional education in the post-application for scientific literacy questionnaire and
achievement test. Saez-Lopez, Cézar-Gutiérrez, Gonzalez-Calero and Gémez Carrasco (2020) identified the
impact of applying augmented reality on developing the practices of future teachers for the elementary
stage. The study sample consisted of (87) teachers, as one experimental group. The study concluded through
the questionnaires that were distributed to the study sample that the application of augmented reality
helped in developing the practices of future primary school teachers in terms of increasing their enthusiasm
towards employing augmented reality applications in teaching.

These previous studies dealt with various variables related to the micro-learning strategy and
augmented reality. The current study is distinguished by its focus on uncovering the effectiveness of a
training program based on the micro-learning strategy in developing the skills of using augmented reality
applications among science teachers in Jeddah. Therefore, the current study aims to show the importance of
the micro-learning training strategy and its multiple characteristics and advantages in developing the skills
of using augmented reality applications for science teachers during service.

The study attempts to answer the following questions:

1. What is the effectiveness of a micro-learning strategy-based instructional program in developing the
cognitive dimension of the skills of using augmented reality applications among science teachers in
Jeddah?

2. What is the effectiveness of a micro-learning strategy-based instructional program in developing the
performance dimension of the skills of using augmented reality applications among science teachers
in Jeddah?

Methodology
Design

The study used the semi-experimental approach to identify the effectiveness of the independent
variable (a micro-learning strategy-based instructional program) on the dependent variable represented by
(skills of using augmented reality applications) among science teachers in Jeddah. The study sample
consisted of (42) male teachers, who were randomly selected from middle school science teachers from
schools in the Education Office in North Jeddah, Kingdom of Saudi Arabia. The study was based on the
semi-experimental approach based on the one experimental group (pre/post application). The two study
tools (the achievement test - the observation card) were applied to the study group, then the experimental
treatment was applied (a micro-learning strategy-based instructional program). The tools (achievement test -
observation card) were also reapplied after conducting the treatment.

Instruments
Achievement test

The achievement test was designed to measure the level of the study sample in the cognitive dimension
of the skills of using augmented reality applications. It was designed as a multiple-choice test, and it was
built in light of Bloom's cognitive levels. Its validity was verified by presenting it to a list of judges. The
coefficient of stability according to the Cronbach alpha equation was (0.828), which was a high value. The
achievement test became in its final form consisting of (36) items distributed on the scientific content of the
training program based on the micro-learning strategy.

The Observation Card

The observation card targeted the skillful performance of the Eyejack Augmented Reality application
skills for middle school science teachers. The items of the observation card were formulated in light of the
Eyejack Augmented Reality application skills. The total score on the card was 84. The validity was verified
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by presenting it to a list of judges, who presented their comments. The reliability coefficient was calculated
using the Cooper equation (Cooper, 1974). The average agreement of the observers on the teachers’
performance was (93.33%), and the reliability coefficient was high, thus proving that the card was usable and
applicable to the study sample as a measuring tool.

Results
Results of the First Question

What is the effectiveness of a micro-learning strategy-based instructional program in developing the
cognitive dimension of the skills of using augmented reality applications among science teachers in Jeddah?

To answer the first question of the study, the first hypothesis of the study was tested, which states,
“There is no statistically significant difference at (0.05) between the mean scores of the study group in the pre
and post-application of the achievement test related to the skills of using augmented reality applications.”

To test this hypothesis, the (T) test was used for the paired sample t-test, and the results are shown in
Table (1).

Table 1. The difference between the mean scores of the study group in the pre and post-application of
the achievement test for the skills of using augmented reality applications

Applicati Mean Standard N Freedom

. T val ig.

on score deviation © value value  Sig

Pre. 14.05 2378 a2 M o
Application 41.780 Significant
Post 33.40 2001 42 at (0.05)
Application

Table 1 shows that the cognitive dimension has increased in the post-application of the achievement
test for the skills of using augmented reality applications. The mean score of the pre-application was (14.05)
and for the post-application was (33.40). Therefore, there was a statistically significant difference at (0.05)
between the mean scores of the study group in the pre and post-application of the achievement test related
to the skills of using augmented reality applications.
Results of the Second Question

What is the effectiveness of a micro-learning strategy-based instructional program in developing the

performance dimension of the skills of using augmented reality applications among science teachers in
Jeddah?

To answer the second question of the study, the second hypothesis of the study was tested, which
states, "There is no statistically significant difference at (0.05) between the mean scores of the study group in
the pre and post-application of the observation card related to the skills of using augmented reality
applications.”

To test this hypothesis, a T-test was used for the paired sample t-test, and the results are shown in Table
2).

Table 2. The difference between the mean scores of the study group in the pre and post-application of
the observation card for the skills of using augmented reality applications

Mean Standard Freedom

Application score deviation No. value T value Sig.
bre 25.33 ss11 42 -
Application Significant at
Post 86.635 0.05)
> 79.40 2678 42 '
Application

Table 2 reveals that the performance aspect is high in the post-application of the observation card for
the skills of using augmented reality applications. The mean score of the pre-application was (25.33) and for
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the post-application was (79.40). Therefore, there was a statistically significant difference at (0.05) between
the mean scores of the study group in the pre and post-application of the observation card related to the
skills of using augmented reality applications.

DISCUSSION

The current study found that there is a statistically significant difference at (0.05) between the mean
scores of the study group in the pre and post-application of the achievement test and the observation card
related to the skills of using augmented reality applications. The differences were in favor of the post-
application. These results are due to the importance of the micro-learning strategy in conveying the training
message through various digital media to convey ideas and information. These digital media act as multiple
stimuli linking the trainee's memory with the material presented and make the trainee focus attention on the
training content, leading to better training and development of the cognitive and performance side of the
skills of using augmented reality applications. The micro-learning strategy also provided an active and rich
training environment in various training resources that raise the cognitive structure of the trainee, increase
his motivation for training, and achieve better training for practical skills. Therefore, displaying the skill and
its details through the micro-learning strategy achieved better training than displaying it traditionally. The
micro-learning strategy contributed to preventing distraction and increasing the element of excitement,
which led to the development of skills of using augmented reality applications among middle school science
teachers.

The results of the current study agree with Wali (2020), which confirmed the effectiveness of the micro-
learning strategy in developing achievement and self-directed learning skills. The results are also consistent
with Ahmad (2019), which concluded that there is a significant impact of using WhatsApp as a tool for the
micro-learning strategy for the development of achievement and the attitudes of learners towards its use in
education. These findings are also consistent with other studies (Faraj, 2019; Nikou & Economides, 2018;
Bakir, 2014). All of these studies showed the impact of the electronic micro-training technology via the web
on the development of the knowledge and performance aspect of the competencies of designing e-learning
strategies among secondary education teachers. These studies also showed the effectiveness of the micro-
learning strategy in developing teaching skills among science teachers before service.

Recommendations
In light of the findings of the current study, the study recommends the following:

1. Using the micro-learning strategy to provide practical solutions to training and education problems
in line with modern technological development.

2. Directing the attention of decision-makers in charge of preparing training programs at the Ministry
of Education in the Kingdom of Saudi Arabia to use the micro-learning strategy as one of the
training methods due to the ability of this strategy to take into account individual differences among
trainees and its effectiveness in developing various performance skills.

3. Using the training program based on the micro-learning strategy that was designed and produced to
develop the skills of using augmented reality applications among science teachers in the Kingdom of
Saudi Arabia.

There are specific limitations to this study, which can be summarized as the following;:

1. Thematic limitations: The study is limited to the skills to using augmented reality applications using
the EyeJack Augmented Reality app.

2. Time limitations: This study was conducted in the first semester of the academic year 2020-2021.

3. Spatial limitations: The study was applied to middle schools - the Education Office in North Jeddah.

4. Human limitations: The study was restricted to a group of science teachers at the intermediate level -
the Education Office in North Jeddah, Kingdom of Saudi Arabia.
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