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ABSTRACT

There are few studies related to programs based on augmented reality in the educational field, so
measuring the effectiveness of augmented reality technology programs on the educational
environment in higher education needs to be explored. Therefore, this study aimed to know the
effectiveness of a program based on augmented reality on enhancing the skills of solving complex
problems for the students of the optimal investment diploma. The participants were 60 participants
from the Optimal Investment Diploma students at the College of Education at Najran University.
They were randomly divided into two groups (control and experimental), each group included 30
participants. So that the control group studies the course "Issues and Problems in Teaching Digital
Skills" in the traditional way, and the experimental group studies the same course through a
program based on augmented reality. And 7 tasks of the Micro-DYN test battery were used as a
tool to achieve the objective of the study. The study found the effectiveness of the program based
on augmented reality in enhancing the skills of solving complex problems, mainly the acquisition
and application of knowledge.

Keywords: augmented reality technology; solve complex problems; the acquisition of knowledge;
knowledge application, optimal investment

INTRODUCTION

Augmented reality is an emerging technology that uses mobile devices, smartphones, and tablets
that enable participants to interact with digital information embedded in the physical environment
(Ahmed, Alharbi, & Elfeky, 2022; Dunleavy, 2014). It is a new technology that can be applied in
the educational field (A. I. M. Elfeky & Elbyaly, 2021a). It enables users to enrich the real world
with virtual content (Tesolin & Tsinakos, 2018). Augmented reality technology enhances students'
experiences in real-world environments by dynamically interlacing digital materials with the real-
world environment (A. I. M. Elfeky & Elbyaly, 2019; Masada, 2017; P.-H. Wu, G.-J. Hwang, M.-
L. Yang, & C.-H. Chen, 2018); Information in virtual reality corresponds to real-world objects in
or near the current location (Sandberg, 2018). On the other hand, highly augmented reality contains
virtual information that enriches the real world and is frequently accessed (A. I. M. Elfeky &
Elbyaly, 2021b; Wu, Lee, Chang, & Liang, 2013). In contrast to virtual reality, which completely
immerses the user's senses in a virtual environment (M. Y. H. Elbyaly & Elfeky, 2022; A. 1. M.
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Elfeky, Alharbi, & Ahmed, 2022). The focus of the learning task interaction is performed in the
real world rather than in the virtual environment (McGrath et al., 2018). Real-world experiences
provide valuable learning opportunities without isolating the learner from their natural
environment (Alharbi, Elfeky, & Ahmed, 2022; Almalki & Elfeky, 2022; Rabia M Yilmaz, 2016).
In other words, augmented reality is closer to the real world and virtual reality is closer to a purely
virtual environment. Augmented reality technology should essentially combine real and virtual
objects; To be interactive in real time, and to record virtual objects within a real 3D environment
(Pidel & Ackermann, 2020). Allowing AR technology to enhance a user's perception of reality by
inserting virtual content into the real world and playing it in the same presentation and in real time
(Elbyaly & Elfeky, 2021; Tagaytayan, Kelemen, & Sik-Lanyi, 2018). Augmented reality
technology can transform 2D images into 3D virtual objects and animations, providing an
engaging and fun way to learn (Rabia Meryem Yilmaz & Goktas, 2017). In addition, augmented
reality technology is used for various purposes; Such as large-scale commercial gaming,
supporting maintenance workers with schematics of machines or buildings, communication with
virtual avatars, and medical diagnostics (Lukosch, Billinghurst, Alem, & Kiyokawa, 2015).
Augmented reality technology consists of three main components: immersion, participation and
interaction, while immersion is associated with a sense of being in the environment. Participation
correlates with the degree of motivation to engage the person in a particular activity. Interactivity
(ranked third) refers to the ability of a computer to detect user inputs and instantly modify the
virtual world and actions according to these inputs (da Silva, Klein, & Brandao, 2017; Masadeh &
Elfeky, 2016). Since AR technology is a particularly attractive technology, which is one of its
important characteristics, it is believed that AR encourages learners to make use of it (Elfeky,
2017; Rabia Meryem Yilmaz & Goktas, 2017). Several studies have explored the effectiveness of
using AR technology for complex tasks (Lukosch et al., 2015). Poelman, Akman, Lukosch, and
Jonker (2012) show that the use of AR technology supports mutual understanding, leads to
consensus, and supports hypothesis testing. A study by Wu, Hwang, Yang, and Chen (2018)
showed that AR technology can improve performance time and mental effort on collaborative
design tasks. Furthermore, augmented reality technology helps learners engage in real-world
exploration, and virtual objects such as texts, videos, and images are complementary elements for
learners to conduct investigations in real-world surroundings (Elfeky & Elbyaly, 2017; Wu et al.,
2013). This technology also enhances interpretation skills, problem-solving, creative thinking, and
motivation (Kii¢lik, Yylmaz, & Goktap, 2014). Based on the foregoing, the current study attempts
to take advantage of the increased computing power in smart phones and use the technology of
augmented reality based on images to develop a system that presents educational videos using a
printed image for some problems and issues in teaching digital skills. A new part of the psychology
of thinking and problem solving has appeared under the title of solving complex problems (Elfeky
& Elbyaly, 2016; Funke, 2010). Solving complex problems has attracted an increasing amount of
attention in recent years (Kretzschmar, Neubert, Wiistenberg, & Greiff, 2016). Complex cognition
deals with all the mental processes that an individual uses to extract new information from certain
information in order to make decisions, solve problems, and plan actions (Funke, 2010). In

© ICAS 2023 1570



Ann, For. Res. 66(1): 1569-1583, 2023 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 www.e-afr.org

addition, Problem-solving is the foundation of many undergraduate education processes and is
therefore seen as a primary educational goal. It can be said that problem solving is a self-directed
mental process that requires users to constantly acquire knowledge (Limbu, Maquil, Ras, &
Weinberger, 2015). On the other hand, a complex problem can include a number of objectives
such as controlling the fullness of the fabric by creating ensembles, and enhancing the elasticity of
the garment through the combination of stitches, pattern, fabric, and threads, which must be taken
into account in coordination and sometimes given priority to find a suitable solution. Complex
problem solving involves successfully interacting with problems that change dynamically over
time. Accordingly, solving complex problems includes a set of abilities such as: the ability to gain
knowledge about a complex system by exploring it (knowledge acquisition), and the ability to
correctly apply the acquired knowledge to reach the goal state (knowledge application) (Funke,
2001; Greiff, Niepel, Scherer, & Martin, 2016). In other words, it can be said that solving complex
problems is an individual skill that has gained importance in educational and psychological
research. Because it requires skills that go beyond routine thinking (Greiff et al., 2016). Moreover,
complex problem-solving tasks require the performance of more complex mental processes than
intelligence tests do, such as actively interacting with a problem to gain knowledge about the
problem environment (M. Stadler, Becker, Godker, Leutner, & Greiff, 2015). In general, complex
problems of reducing the barrier between a given starting state and the intended goal state are
solved with the help of cognitive activities and behavior (Seel, 2011). The results of some studies
showed that solving complex problems is affected by many other variables, for example students'
use of an exploration strategy that requires a series of multiple interventions showed better
performance in solving complex problems (Elfeky, 2019; Kretzschmar et al., 2016) (Kretzschmar
et al., 2016). The use of the Innovative Game Design course has also shown significant
improvements in learners' complex problem-solving skills, particularly in terms of system
exploration, system knowledge, and system application. There was also a statistically significant
change in learners' interest in solving complex problems after attending a game design course
program (Akcaoglu, Gutierrez, Hodges, & Sonnleitner, 2017).

RESEARCH PROBLEM

The problem of this study arose due to the noticeable decrease in the skills of solving complex
problems among students of the optimal investment diploma, which hinders the achievement of
the objectives of the course "Issues and Problems in Teaching Digital Skills". Augmented reality-
based programs have great potential in achieving educational goals (Bower, Howe, McCredie,
Robinson, & Grover, 2014; Cai, Chiang, Sun, Lin, & Lee, 2017; Plunkett, 2019). Researchers and
experts who encourage the use of augmented reality-based programs believe that it provides
students with more opportunities to be more knowledgeable and skilled (Elfeky, Masadeh, &
Elbyaly, 2020). In addition, programs based on augmented reality are attractive to students, and
attractiveness is considered the most important characteristic of augmented reality. Programs
based on augmented reality encourage students to benefit from it (Rabia Meryem Yilmaz &
Goktas, 2017). Problem solving is the foundation of many higher education processes and is
therefore seen as a primary educational goal. It can be said that solving complex problems is a
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self-directed mental process and requires users to constantly acquire knowledge (Limbu et al.,
2015). Solving complex problems is of great value in the skills of the “Issues and Problems in
Teaching Digital Skills” course, which provides many opportunities to make significant progress
in solving many issues and problems that we encounter in teaching digital skills. Hence, complex
problem solving is seen as a critical factor in making a difference in achieving the objectives of
this course (A. I. M. Elfeky & Masadeh, 2016; Hwang, Sanders, & Damhorst, 2014). However,
little is known about whether AR-based programs are effective in enhancing complex problem-
solving skills in Optimal Investment Diploma students. Based on the foregoing, the problem of
this study can be formulated in an attempt to identify the effectiveness of a program based on
augmented reality on enhancing complex problem-solving skills for students of the Optimal
Investment Diploma.

RESEARCH OBJECTIVE

The main objective of this study is to explore the effectiveness of a program based on augmented
reality on enhancing complex problem-solving skills among students of the Optimal Investment
Diploma.

RESEARCH IMPORTANCE
The following are projected benefits from the study's findings:

e Achieving educational goals by taking advantage of digital transformation in the educational
process.

e Achieving the objectives of the course "Issues and Problems in Teaching Digital Skills" by
employing a program based on augmented reality technology.

e Developing complex problem-solving skills in the "Issues and Problems in Teaching Digital
Skills" course.

RESEARCH LIMITS

Objective Determinants

The current study is limited to exploring the effectiveness of a program based on augmented reality
in enhancing the skills of solving complex problems in the course "Issues and Problems in
Teaching Digital Skills" for students of the Optimal Investment Diploma.

Human Determinants
The sample of the current study is limited to students of the optimal investment diploma in the
Department of Curricula and Teaching Methods.

Temporal Determinants
The investigation was carried out in the first semester of 2022.

Spatial Determinants
The spatial determinant of this study is the College of Education, Najran University, Saudi Arabia.
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Research Terms

Augmented Reality Technology

Technology utilizing augmented reality is brand-new, user-friendly, and intriguing. It is described
as a virtual item created by a computer using the actual world that a mobile device, such as a phone
or tablet, observes (Fazel & Izadi, 2018; Hsieh & Lee, 2018). The goal of the current project is to
increase students' hand embroidery skills and help them tackle challenging tasks in the "Hand
Embroidery" course by using procedurally augmented reality, which is defined as a means to
enrich the real environment by superimposing additional virtual information.

Solve Complex Problems

Solving complex problems is a process that involves successfully interacting with problems that
change dynamically over time. Accordingly, solving complex problems includes a set of abilities
such as: the ability to gain knowledge about a complex system by exploring it (knowledge
acquisition), and the ability to properly apply the knowledge gained to arrive at The goal state
(knowledge application) (Funke, 2001; Rudolph, Greiff, Strobel, & Preckel, 2018). Solving
complex problems procedurally in the current study is defined as a process that includes a number
of objectives such as controlling the fullness of the tissue by creating groups. The flexibility of the
garment is enhanced by the combination of stitches, pattern, fabric and threads, which must be
considered in coordination and sometimes given priority to find a suitable solution.

METHODOLOGY

The methodology of the current study was to use the semi-experimental approach, in order to find
out the effect of the independent variable (a program based on augmented reality) on the dependent
variable (complex problem-solving skills), and as a result, the design shown in Table (1) was used
using two groups (control and experimental).

Table (1): Design of the study

Treatment Post-test
Control G Traditional
on ro' roup ra 110n'a way Micro.DYN test
Experimental Augmented reality technology
battery
Group

RESEARCH TOOL (MICRO-DYN TEST BATTERY)
This study included a tool, the Micro-DYN test battery, and its description is as follows:

Using (7) tasks of the Micro-DYN test battery developed by Fischer, Greiff, and Funke (2011),
the students' skills in solving complex problems were assessed. Tasks based on the Micro-DYN
test battery have consistently demonstrated their high reliability and validity (Greiff et al., 2016;
Mainert, Niepel, Murphy, & Greiff, 2019; MeiBner, Greiff, Frischkorn, & Steinmayr, 2016; M. J.
Stadler, Becker, Greiff, & Spinath, 2016). It should be noted that the test relied entirely on the
computer, where each task consisted of two phases (the exploration phase and the control phase).
During each phase, the participants had to deal with three variables that were evaluated to measure
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each of the two dimensions to solve complex problems. That is, the acquisition of knowledge and
the application of knowledge. Then the scores of each student in both dimensions are added to
form the total score of the students. Complex problem solving was fully assessed using the
computer-based Micro-DYN test (Fischer, Greiff, & Funke, 2011). In order to familiarize the
participants (study sample) with the program for the Micro-DYN test and its tasks. Detailed
instructions, including a trial task, were provided to participants before the start of the assessment.
Afterwards, the participants’ dealt with (7) Micro-DYN tasks to assess their complex problem-
solving abilities. In general, learners had to find relationships between a variety of variables, where
at least three input variables were associated with two/three output variables. Initially, the
participants were not aware of the relationships between the variables. The output variables also
changed gradually and dynamically in some tasks without addressing the input variables, as this is
a feature of complex problems. For example, in the "Micro-DYN Wind Power Station" mission,
various technical components (X, Y, and Z) can incrementally affect plant noise and maintenance
costs (see Figure 1). Because the relationship between the input and output variables in the station
is not clear at task initiation, learners need to actively participate in the task control inputs (eg, if
the learner increases control over variable X, station noise may be reduced, but only when they
interact Learned with testing, this relationship becomes apparent). The learners' task was twofold:
first, the learners were asked to acquire knowledge of the structure of the problem (i.e. acquisition
of knowledge) to freely explore the task, recognize relationships and draw connections for three
minutes between the input and output variables (eg variable X and noise). Secondly, the control
phase whereby learners have to achieve certain goals by applying that knowledge (ie knowledge
application), after which they are required to reach specific performance thresholds within a one
and a half minute time frame (e.g. noise and cost reduction). In addition to the “wind power plant,”
participants were given six more Micro-DYN tasks with different contextual settings after
receiving detailed instructions (feeding a cat, using fertilizer to grow vegetables, logistics for
transporting goods by road, gardening, setting rules for a new board game, and farming Forests).
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Figure (1). The Micro-DYN Wind Power Station mission (Mainert et al., 2019; Wiistenberg,
Greiff, & Funke, 2012)
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Micro DYN Score: After excluding the Micro-DYN Wind Power Station mission that served as a
practical introduction. The remaining six tasks are scored in relation to the two basic phases of
knowledge acquisition and knowledge application (Mainert et al., 2019). In the first stage: a full
point (1 = true) is given for knowledge acquisition if all relationships are drawn completely and
correctly between variables (such as variable X and noise) and otherwise (0 = false) for incorrect
relationships. In the second stage: a full point (1 = true) is given for the application of knowledge
if all target values for the output variables (such as noise reduction and cost reduction to the target)
are obtained and otherwise (0 = false) for not obtaining the desired target.

RESEARCH SAMPLE

The sample of this study consisted of (60) participants from the Optimum Investment Diploma
students at the College of Education at Najran University during the first semester of the year 2022.
The average age is 19 years, and the standard deviation is 3.28. They were randomly divided into
two groups (control and experimental), so that each group consisted of 30 participants. Where the
experimental group studied the course "Issues and Problems in Teaching Digital Skills" through a
program based on augmented reality, and the control group studied the same course in the
traditional way.

RESEARCH VARIABLES
- The independent variable: Augmented reality technology.

- Dependent variable: Solve complex problems.

EXPERIMENTAL PROCESSING MATERIAL

Because they put the student in a genuine social and physical context, AR-based programs largely
align with my theory (constructivism and topical learning) (Dunleavy & Dede, 2014). Programs
that use augmented reality are also consistent with constructivist learning theories, which hold that
students may direct and oversee their own learning through active engagement in both virtual and
physical contexts. The experimental group was given an explanation of the difficult problem-
solving techniques contained in the paper book of the course "Issues and Problems in Teaching
Digital Skills" using an augmented reality software. After considering a number of instructional
design methods, a collection of suggested actions that can help this course's goals are developed.
The augmented reality-based program that teaches these skills to the participants in the
experimental group was created using the Aurasma application with educational videos, which is
also the most extensively used and well-liked of the augmented reality applications (Carmigniani
et al., 2011; Elbyaly, 2016; Elbyaly & El-Fawakhry, 2016). It utilizes a smartphone camera, has
an improved user interface, and is a free software for iOS and Android users. A program gives
students flexibility. Where a video with the same size as the image replaces the image of the
difficulties found in the paper copy of the course book for "Issues and Problems in Teaching
Digital Skills." The app had to be launched by participants in the experimental group once they
had downloaded it from the Google Play or Apple Store. Next, you click. Continue Learning This
Research-Developed Course and Share In the experimental group, each participant is required to
point their smartphone camera towards the illustration of the issue in the paper book. To understand
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how to solve complex problems like this one, a video with the solution is displayed. The
experimental group's participants can easily and affordably review the specifics of each
sophisticated problem-solving skill related to the challenges of teaching digital skills through the
software based on augmented reality. On the other hand, the control group participants'
complicated problem-solving abilities are strengthened in the classroom (by projecting them there)
with the use of instructional DVDs comparable to those given to the experimental group.

STATISTICAL PROCESSING

To analyze the data collected to answer the study question, Confirmatory Factor Analysis (CFA)
was used using AMOS software to describe indicators of two latent variables of complex problem-
solving skills, i.e. knowledge acquisition and knowledge application.

RESULTS

To answer the main study question; To prove whether the use of data analysis technology has an
impact on the development of complex problem-solving skills among female students,
Confirmatory Factor Analysis (CFA) within the Structural Equation Model (SEM) was used as a
measurement model for latent variables. Two dimensions of complex problem solving (i.e.
knowledge acquisition and application) were considered as latent factors/variables, with six scores
attached to each dimension. All the statistics for the measurement model were fit as RMSEA =
.043, PRATIO = .993, CFI = .979. Thus, the model adequately fits the extracted data (Alanzi &
Alhalafawy, 2022b; Alshammary & Alhalafawy, 2023; Alzahrani, Alshammary, & Alhalafawy,
2022; Greiff et al., 2016). Figure (2) presents these statistics:
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Figure (2). Confirmatory Factor Analysis (CFA) for the acquisition and application of
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Figure two shows that the first task of the Micro-DYN test battery for the experimental group,
knowledge acquisition was positively related to AR technology (B = .85, p < 0.01). In addition,
knowledge application was positively related to AR technology (8 = .79, p < 0.05). While
knowledge acquisition and application were less correlated in the control group (3=0.33,p=0.17;
B =0.34, p = 0.26), respectively. In the second task, both knowledge acquisition and knowledge
application were also positively associated with AR technology in the experimental group (B =
0.92, p <0.001; B = 0.84, p < 0.05), respectively; While knowledge acquisition and application
was less correlated in the control group (B = 0.30, p = 0.09; B = 0.25, p = 0.11), respectively.
Moreover, in the third task, both knowledge acquisition and knowledge application were positively
associated with AR technology in the experimental group (3 =0.90, p <0.001; 3=0.90, p <0.001),
respectively; While knowledge acquisition and application was less correlated in the control group
(B=0.36,p=0.15;3=0.35,p=0.19), respectively. Figure two also shows that for the fourth task,
the acquisition and application of knowledge were positively related to AR technology in the
experimental group (B = 0.95, p < 0.001; 8 = 0.83, p < 0.05), respectively; While knowledge
acquisition and application was less correlated in the control group (8 =0.36, p = 0.21; B =0.29,
p=0.16), respectively. Besides, in the fifth task, both the acquisition and application of knowledge
were positively associated with AR technology in the experimental group (8 = 0.88, p <0.001; B
=0.82, p <0.05) respectively; While knowledge acquisition and application was less correlated in
the control group (B = 0.35, p = 0.25; B =0.29, p = 0.22), respectively. Finally, in the sixth task,
both the acquisition and application of knowledge were positively related to AR technology in the
experimental group (B = 0.91, p < 0.001; B = 0.88, p < 0.001), respectively; While knowledge
acquisition and application was less correlated in the control group (8 = 0.40, p = 0.32; 3 =0.31,
p = 0.26), respectively. By comparing the results of the students in the experimental and control
groups, it can be seen that the complex problem-solving skills (acquiring and applying knowledge)
of the students who learned with augmented reality technology were better than the skills of their
colleagues in the control group, and thus the study answered the main question.

DISCUSSION

This study mainly aimed to investigate the effectiveness of a program based on augmented reality
on enhancing complex problem-solving skills among students of the Optimum Investment
Diploma. The results related to the study question confirm that the program based on augmented
reality was effective in enhancing the skills and solving complex problems of optimal investment
diploma students participating in the experimental group. In addition, the average scores of the
participants in the experimental group who learned through the program based on augmented
reality technology was higher than the average scores Control group participants who were taught
in a classroom with instructional video support. That is, this study highlights the added value of
programs based on augmented reality in enhancing complex problem-solving skills of learners in
the experimental group. This is largely because well-designed AR-based programs can help
students relate the task to the real world and create new meanings for them (Alanzi & Alhalafawy,
2022a; Alzahrani & Alhalafawy, 2022; Wu et al., 2013). This result also confirms that programs
based on augmented reality are a very flexible tool that can be used to achieve different goals in
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different educational environments if applied well and integrated (Diegmann, Schmidt-Kraepelin,
Eynden, & Basten, 2015). In other words, the use of this technology had a significant impact
because it provided students with high levels of independent thinking, creativity, and critical
analysis (Bower et al., 2014). Augmented reality stimulated and excited the participants in the
experimental group by creating a distinct learning environment in which they did not feel bored.
When programs based on augmented reality are properly designed for educational purposes, this
can stimulate the authentic practice of skills (Schrier, 2006). In addition, the ability of programs
based on augmented reality to change images into moving objects once participants look at them
using their smartphone cameras. Or tablets were also interesting and attractive to learn better. In
other words, augmented reality technology has positive potential and advantages that can be
adapted in education (Saidin, Halim, & Yahaya, 2015).

RECOMMENDATIONS
Following our analysis of the study's findings, we recommend the following:

- Preparing instructors to use augmented reality-based instructional software.
- Use a variety of other technology products to improve the solving of complex issues.

- Interest in learning how to solve complex problems in various courses and at different
educational levels.

SUGGESTED RESEARCH
Given the research issue, the following recommendations might be made:

- To confirm the success of using programs based on augmented reality in other environments,
we recommend conducting similar research and studies in other educational stages.

- Conducting more research and studies to develop complex problem-solving skills using virtual
reality.

- Using the project method to conduct studies to develop complex problem-solving skills for
detection.
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