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Abstract: Data is considered the most crucial element in open 
banking processes and services� Therefore, it is necessary to pay 
attention to various aspects of the quality of this data in order to 
provide appropriate and expected services to customers� In this 
research, various dimensions representing different aspects of 
data quality were investigated in the field of open banking� This 
research has been conducted in two main steps: The Delphi 
method and the pairwise comparisons method� In the first step, 
various dimensions of data quality in open banking were extracted 
based on the Delphi method� In the next step, the importance of 
each of these dimensions was assessed relative to each other 
using the pairwise comparisons method, and the most crucial 
dimensions were determined� Based on the results obtained 
from these two methods, the significance of eleven dimensions 
of data quality in this field was determined� The best overall 
weighted averages were related to dimensions such as accuracy, 
accessibility, relevancy, timeliness, consistency, security, 
interpretability, reputation, believability, ease of understanding, 
and value-added, respectively� Banks and fintech companies 
offering open banking services can consider these dimensions
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Abstract 
Background: The integration of artificial intelligence (AI) 
with augmented reality (AR) has significantly revolutionized 
educational practices. By blending digital content with the 
physical environment, AR enhances student engagement, 
while AI-driven tools personalize learning experiences. 
Objective: This article aims to explore the future of AI-
powered AR in education, analyzing its potential to transform 
traditional learning environments by improving student 
interaction, knowledge retention, and personalized learning. 
Methods: A comprehensive literature review was conducted, 
examining current AI-AR applications in educational settings. 
Additionally, case studies from early adopters of this 
technology in classrooms were analyzed. Interviews with 
educators and experts were conducted to gain insights into 
the challenges and opportunities associated with AI-
enhanced AR. 
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when evaluating the quality of their data to enhance the provision of superior 
services�

Keywords: Open banking, Data quality, Delphi method, Pairwise Comparisons

1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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Results: The findings indicate that AI-AR systems significantly enhance student 
engagement, promote interactive learning experiences, and offer personalized 
feedback based on individual learning styles. However, challenges such as high 
implementation costs, technical expertise requirements, and the need for curriculum 
alignment were identified. 
Conclusion: AI-AR has the potential to reshape educational practices by fostering a 
more interactive, engaging, and tailored learning experience. Future efforts should 
focus on addressing the technical and pedagogical challenges to ensure successful 
adoption across various educational contexts. 
 
Keywords: AI, Augmented Reality (AR), Educational Technology, Personalized 
Learning, Interactive Learning, Student Engagement, AI-AR Integration, Classroom 
Innovation, Knowledge Retention, Educational Tools. 
 
1. Introduction 
Artificial Intelligence (AI) combined with Augmented Reality (AR) introduces 
new approaches to learning that help students develop effective learning 
experiences. AR overlays digital content onto the real world, providing 
students with novel ways to engage with content. When integrated with AI, 
these technologies can elevate the learning experience by tailoring it to 
students’ learning profiles, increasing responsiveness and effectiveness. This 
integration has raised interest in educational technologies as educators seek 
unique strategies to address common classroom challenges, such as low 
student involvement and uniform learning models (Kharisma et al. 2023; 
Alnuaemy 2023). 

In education, AR has evolved significantly since its early developments in 
the mid-1990s. Early applications of AR included overlaying skeletal models 
to showcase the technology's visual and spatial learning benefits. Since then, 
AR has been incorporated into various educational fields, including science, 
engineering, and the arts, to enhance the learning environment and develop 
context awareness about objects in detail (Zhang et al. 2022). 

AI has also gained recognition in education through the development of 
smart learning systems that provide content tailored to young learners. AI 
systems can monitor learning outcomes, diagnose deficiencies, and suggest 
areas for improvement. When combined with AR, AI can create a more 
engaging learning environment where content reacts to students' input and 
progresses based on their performance. The convergence of these 
technologies has the potential to meet diverse learning requirements and 

keep students engaged and performing well across different fields (Gligorea 
et al. 2023). 

Scholars have elaborated on the benefits of AI-augmented AR in learning. 
One major advantage is the provision of immediate feedback during formative 
learning processes. AI algorithms can identify student performance and 
provide real-time feedback to correct or guide students. This is particularly 
beneficial in subjects related to science, technology, engineering, and 
mathematics (STEM), where learning often involves iterative cycles. For 
example, AR applications in engineering education allow students to interact 
with virtual models of machines or structures, while AI systems assess their 
knowledge and offer personalized feedback (Kim and Shim 2022; Qasim 2023). 

However, the use of AI-AR technologies in education faces several 
challenges. These include high implementation costs, the need for 
professional development for teachers, technical constraints such as device 
incompatibility and internet availability, and the challenge of integrating these 
technologies into existing curricula. Educators may face significant changes 
in their teaching methods and lesson plans due to these integrations (Kim and 
Shim 2022; Khlaponin Yu.I. 2022). Nevertheless, as technological 
development continues and costs decrease, AI-AR technologies offer 
advantages in education. 

In conclusion, AI-AR in the learning environment has great potential when 
viewed from a prospective standpoint. As hardware and software advance, 
the successful use of this technology in classrooms worldwide becomes more 
achievable. Wearable augmented reality devices, such as smart glasses, are 
already reducing technological barriers. Additionally, advances in AI 
algorithms will enhance individualized learning models, where educational 
materials are adapted based on recent analyses of students' performance 
and learning profiles (Kamalov, Santandreu Calonge, and Gurrib 2023; 
Mohialdeen et al. 2024). 

The integration of AI and AR in education represents a progressive step 
in teaching and learning methods. By being engaging, interactive, and 
personalized, these technologies have the potential to transform traditional 
methods of imparting knowledge and create more effective learning 
experiences. However, achieving such efficiency and effectiveness requires 
addressing several issues, including cost, teacher training, and curriculum 
integration. 
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Since data quality has various dimensions beyond accuracy and privacy, 
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Results: The findings indicate that AI-AR systems significantly enhance student 
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1.1. The Aim of the Article 
In this article, the author aims to identify the future role of the combination of 
AI and AR in the learning process and analyze the impact of such 
collaborative systems on both traditional and new learning paradigms. As 
virtually all aspects of human life shift to the digital domain, education can 
significantly embrace advancements in AI and AR. This article seeks to help 
readers develop a comprehensive understanding of how these technologies 
can lead to the development of rich, engaging, and student-centered learning 
environments. By examining the theoretical propositions of AI-AR integration, 
day-to-day applications of the technologies, and current trends, the research 
demonstrates how these technologies engage students, personalize learning, 
and reinforce knowledge. 

However, the article also aims to analyze the strengths and weaknesses 
that AI-AR presents to educators, students, and institutions. While AI-AR can 
enhance content delivery, provide individualized feedback, and operate in 
real time, the implementation in classrooms may face limitations such as 
technological setup, expense, and teachers' preparedness. This study 
provides educators and policymakers with guidelines for addressing these 
issues and effectively utilizing these new technologies. 

The article further aims to share practice-based findings from case 
studies, literature reviews, and interviews with early adopters of AI-AR about 
its integration into education. This includes examining how it is currently 
practiced in different educational sectors, including primary education, higher 
education, and vocational training. Additionally, the article seeks to predict 
new potential developments and advances that may enhance the integration 
of AI-AR in the future, guiding possible future research and development. 
Overall, the article serves as a comprehensive guide to understanding the 
use of AI and AR in education, emphasizing that these technologies have the 
potential to transform global learning environments. 

 
1.2. Problem Statement 
Although there is increasing interest in the integration of AI and AR in 
education, several barriers hinder their widespread implementation. The use 
of AI-AR systems to improve learning experiences by focusing on 
personalized, engaging, and realistic learning environments has been 
explored in numerous pilot projects and experimental trials. However, the 

transition from these small-scale uses to mainstream curriculum integration 
has been slow and inconsistent, raising critical questions that need to be 
addressed. 

One of the major issues is the lack of infrastructural preparedness in many 
educational institutions. Applying AI-AR technologies requires the use of 
advanced hardware and software, as well as a proper network connection, 
which most underfunded schools and universities lack. Additionally, the cost 
of procuring and maintaining AR devices and the investment needed to 
prepare instructors on how best to incorporate these devices into their 
lessons discourage widespread adoption. Many instructors remain 
uncomfortable or unaware of these new technologies, hindering their use in 
teaching practices. 

Another concern is the equity of access to AI-AR technologies and their 
effectiveness in promoting learning. There is a lack of research providing 
evidence-based approaches to enhancing long-term pedagogical returns 
through AI-AR. Positive changes in engagement and motivation have been 
reported in several primary research studies. However, questions remain 
regarding the extent of understanding achieved through these technologies 
and whether they are superior to traditional practices in the long run. 

Many AI systems gather large amounts of student information to facilitate 
individualized learning, raising important concerns about data collection, 
storage, and protection. These challenges can prevent the general 
implementation of AI-AR in education and hinder the potential of these 
transformative technologies. 

 
2. Literature Review 
In recent years, the integration of AI and AR in education has garnered 
significant attention from the academic community. Authors such as Rangel-
de Lázaro and Duart (2023) have examined specialized technologies aimed 
at enhancing academic experiences through complex and innovative 
solutions (Rangel-de Lázaro and Duart 2023). AR applications developed 
using AI can easily modify content based on learners' preferences and 
performance, offer immediate feedback, and promote engagement by 
integrating contextual learning into the process. Together, AI and AR can 
address many problems in modern educational practices, such as student 
disengagement, varying learning capabilities, and the challenge of 
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potential to transform global learning environments. 

 
1.2. Problem Statement 
Although there is increasing interest in the integration of AI and AR in 
education, several barriers hinder their widespread implementation. The use 
of AI-AR systems to improve learning experiences by focusing on 
personalized, engaging, and realistic learning environments has been 
explored in numerous pilot projects and experimental trials. However, the 

transition from these small-scale uses to mainstream curriculum integration 
has been slow and inconsistent, raising critical questions that need to be 
addressed. 

One of the major issues is the lack of infrastructural preparedness in many 
educational institutions. Applying AI-AR technologies requires the use of 
advanced hardware and software, as well as a proper network connection, 
which most underfunded schools and universities lack. Additionally, the cost 
of procuring and maintaining AR devices and the investment needed to 
prepare instructors on how best to incorporate these devices into their 
lessons discourage widespread adoption. Many instructors remain 
uncomfortable or unaware of these new technologies, hindering their use in 
teaching practices. 

Another concern is the equity of access to AI-AR technologies and their 
effectiveness in promoting learning. There is a lack of research providing 
evidence-based approaches to enhancing long-term pedagogical returns 
through AI-AR. Positive changes in engagement and motivation have been 
reported in several primary research studies. However, questions remain 
regarding the extent of understanding achieved through these technologies 
and whether they are superior to traditional practices in the long run. 

Many AI systems gather large amounts of student information to facilitate 
individualized learning, raising important concerns about data collection, 
storage, and protection. These challenges can prevent the general 
implementation of AI-AR in education and hinder the potential of these 
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2. Literature Review 
In recent years, the integration of AI and AR in education has garnered 
significant attention from the academic community. Authors such as Rangel-
de Lázaro and Duart (2023) have examined specialized technologies aimed 
at enhancing academic experiences through complex and innovative 
solutions (Rangel-de Lázaro and Duart 2023). AR applications developed 
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disengagement, varying learning capabilities, and the challenge of 
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1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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developing individualized approaches for large classes (Shankar 2023; 
Khlaponin 2021). 

Another benefit of AI-AR technology in education is its effectiveness in 
enhancing learning and retention. The human brain comprehends well 
through multiple sensory structures, and AI-AR technology orients these 
structures to depict specific concepts. For instance, AR can help paint 
pictures of historical events, present scientific content, and create vivid 
examples, providing learners with experiences that are difficult to offer in a 
traditional classroom (Mena-Guacas et al. 2023). Additionally, these 
experiences can be tailored to individual learning paths based on learners' 
activities and progress analyses (Tambuskar 2022). 

AI-AR applications also hold potential for supporting collaborative learning 
among students. AR can facilitate group activities by allowing students to 
navigate objects in a real environment and engage in communication, conflict 
resolution, and critical thinking (Mena-Guacas et al. 2023). AI can further 
support these activities by assessing interaction patterns and providing 
feedback to educators, guiding them when teams are not productive 
(Chichekian and Benteux 2022). 

However, the integration of AI-AR in education faces several challenges 
that need to be addressed. One major setback is the high cost of AR devices 
and the necessary infrastructure, which hampers the implementation of 
technology-based learning in schools (Rangel-de Lázaro and Duart 2023). 
Additionally, many educators lack formal training or experience with AI-AR 
tools, leading to underutilization. The primary challenge is the difficulty of 
learning these technologies, coupled with data security and privacy issues, 
which make the integration process challenging (Tambuskar 2022). 

Previous studies have also highlighted discrepancies in the long-term 
effectiveness of AI-AR technologies in enhancing educational outcomes. 
Although short-term investigations have shown positive outcomes in 
motivation, attendance, and knowledge absorption, the long-term benefits 
remain ambiguous (Chichekian and Benteux 2022). Further longitudinal 
studies are required to determine whether the initial positive effects of AI-AR 
methodologies persist over years of study (Rao Sangarsu 2023). 

The applicability of AI-AR raises significant ethical considerations in 
education. AI systems often track and evaluate various student data to 
develop personalized learning environments, raising issues related to data 

protection, data ownership, and bias in AI applications. As AI-AR technologies 
advance, ethical challenges and issues have emerged, necessitating 
collaboration between researchers and educators to develop these 
technologies while mitigating challenges related to student privacy and equity 
(Naveed et al. 2023). 

 
3. Methodology 
This study employed several sophisticated mathematical analysis models to 
evaluate the application of AI and AR in educational settings. The following 
equations provided methods to adapt content contextually, assess student 
engagement, evaluate learning pace, map knowledge retention, and measure 
cognitive load. These methodologies aimed to demonstrate how the 
integration of AI-AR technologies can enhance learning outcomes.  

 
Figure 1. A Comprehensive Methodological Framework for Evaluating AI-AR 

Integration in Education 

 
3.1. Research Framework 
The current study employs an integrated quantitative and qualitative 
approach to assess the implementation of AI and AR in learning 
environments. Specifically, the research examines the effects of AI-AR 
technologies on students’ involvement, performance, and knowledge 
acquisition and retention across different educational levels: elementary, 
secondary, and tertiary. 

The study was structured into three phases: 
1. Exploratory Phase: Based on a literature review and a survey of 30 

educators and administrators, major factors influencing AI-AR adoption 
were identified. This phase laid much of the groundwork for subsequent 
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the neglect and lack of attention to the various aspects of data quality in the field 
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may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
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developing individualized approaches for large classes (Shankar 2023; 
Khlaponin 2021). 

Another benefit of AI-AR technology in education is its effectiveness in 
enhancing learning and retention. The human brain comprehends well 
through multiple sensory structures, and AI-AR technology orients these 
structures to depict specific concepts. For instance, AR can help paint 
pictures of historical events, present scientific content, and create vivid 
examples, providing learners with experiences that are difficult to offer in a 
traditional classroom (Mena-Guacas et al. 2023). Additionally, these 
experiences can be tailored to individual learning paths based on learners' 
activities and progress analyses (Tambuskar 2022). 

AI-AR applications also hold potential for supporting collaborative learning 
among students. AR can facilitate group activities by allowing students to 
navigate objects in a real environment and engage in communication, conflict 
resolution, and critical thinking (Mena-Guacas et al. 2023). AI can further 
support these activities by assessing interaction patterns and providing 
feedback to educators, guiding them when teams are not productive 
(Chichekian and Benteux 2022). 

However, the integration of AI-AR in education faces several challenges 
that need to be addressed. One major setback is the high cost of AR devices 
and the necessary infrastructure, which hampers the implementation of 
technology-based learning in schools (Rangel-de Lázaro and Duart 2023). 
Additionally, many educators lack formal training or experience with AI-AR 
tools, leading to underutilization. The primary challenge is the difficulty of 
learning these technologies, coupled with data security and privacy issues, 
which make the integration process challenging (Tambuskar 2022). 

Previous studies have also highlighted discrepancies in the long-term 
effectiveness of AI-AR technologies in enhancing educational outcomes. 
Although short-term investigations have shown positive outcomes in 
motivation, attendance, and knowledge absorption, the long-term benefits 
remain ambiguous (Chichekian and Benteux 2022). Further longitudinal 
studies are required to determine whether the initial positive effects of AI-AR 
methodologies persist over years of study (Rao Sangarsu 2023). 

The applicability of AI-AR raises significant ethical considerations in 
education. AI systems often track and evaluate various student data to 
develop personalized learning environments, raising issues related to data 

protection, data ownership, and bias in AI applications. As AI-AR technologies 
advance, ethical challenges and issues have emerged, necessitating 
collaboration between researchers and educators to develop these 
technologies while mitigating challenges related to student privacy and equity 
(Naveed et al. 2023). 

 
3. Methodology 
This study employed several sophisticated mathematical analysis models to 
evaluate the application of AI and AR in educational settings. The following 
equations provided methods to adapt content contextually, assess student 
engagement, evaluate learning pace, map knowledge retention, and measure 
cognitive load. These methodologies aimed to demonstrate how the 
integration of AI-AR technologies can enhance learning outcomes.  

 
Figure 1. A Comprehensive Methodological Framework for Evaluating AI-AR 

Integration in Education 

 
3.1. Research Framework 
The current study employs an integrated quantitative and qualitative 
approach to assess the implementation of AI and AR in learning 
environments. Specifically, the research examines the effects of AI-AR 
technologies on students’ involvement, performance, and knowledge 
acquisition and retention across different educational levels: elementary, 
secondary, and tertiary. 

The study was structured into three phases: 
1. Exploratory Phase: Based on a literature review and a survey of 30 

educators and administrators, major factors influencing AI-AR adoption 
were identified. This phase laid much of the groundwork for subsequent 
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experimental and validation work, as explored by Kharisma et al. 
(2023) and Zhang et al. (2022) (Kharisma et al. 2023), (Zhang et al. 
2022). 

2. Experimental Phase: Pilot classroom studies were conducted with 
480 students from ten educational institutions. These trials utilized AI-
AR modules in STEM and humanities classes to create engaging and 
personalized content tailored to students’ abilities. 

3. Validation Phase: Long-term retention and scalability were measured 
following the intervention to assess the sustained impact of AI-AR 
technologies. This phase built upon the findings of Gligorea et al. 
(2023) and Kim and Shim (2022) (Gligorea et al. 2023), (Kim and Shim 
2022). 
 

3.2. Sample Selection and Data Collection 
The study involved a total of 600 participants, including 480 students and 120 
educators from ten different educational institutions in three countries. The 
participants were divided into two groups: the experimental group, which 
received AI-AR-based learning (240 students), and the control group, which 
received traditional teaching methods (240 students). Participants were 
selected based on their prior experience with digital tools and AR systems, 
ensuring they had sufficient familiarity with the respective technologies. 

Assessment data were collected using pre- and post-tests to determine 
the extent of knowledge gained and cognitive changes. AR application 
engagement logs were retrieved, capturing over fifty thousand student 
interactions with digital content. Additionally, surveys, interviews, and focus 
group discussions were conducted to collect qualitative data on users’ 
experiences and potential challenges in implementing AI-AR (Gligorea et al. 
2023), (Kim and Shim 2022). Pre-tests provided a baseline performance 
measure, while post-tests assessed performance after the implementation of 
AI-AR. Likert scales were used in surveys and focus groups to measure 
perceived satisfaction, interest, and the usefulness of the tools. 

 
3.3. Experimental Design 
Pre- and post-test measurements of knowledge and retention, common in 
quasi-experimental research designs, provided sound comparisons between 
the conventional and the promoted AI-AR learning settings. The L1 

experimental group engaged with AI-AR systems, treating them to adaptive 
and immersive content for six weeks. While those in the control group had to 
learn using traditional teaching techniques. Outcome found increased 
differences to the quasi-experimental group that has a post-test mean score 
of 87.6 with an improvement of 24.4 while the quasi- experimental group that 
only have increase a posttest mean score of 71.2 with an improvement of 8.4. 
These were confirmed through statistical analysis with experimental group 
getting p=0.01 and the control group p=0.003 (Kamalov, Santandreu 
Calonge, and Gurrib 2023). 
 
3.4. AI-AR System and Algorithms 
The study incorporated advanced AI-driven algorithms to adapt AR content 
dynamically and optimize learning outcomes. Each component of the system 
is described in detail below: 
Dynamic Content Personalization 
The AI system employed a weighted predictive model to adjust task difficulty 
based on previous performance and engagement metrics: 

𝑃𝑃(𝑥𝑥) = 𝛼𝛼 ∙ ∑ 𝑤𝑤𝑖𝑖∙𝑥𝑥𝑖𝑖𝑛𝑛
𝑖𝑖=1

𝑛𝑛 + 𝛽𝛽 ∙ ( 𝐸𝐸
𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚

)                                                  (1) 

Where 𝑃𝑃(𝑥𝑥) represents the predicted difficulty of the next task, 𝑤𝑤𝑖𝑖 is the 
weight assigned to prior tasks based on relevance; 𝑥𝑥𝑖𝑖 denotes student 
performance scores for completed tasks; 𝛼𝛼, 𝛽𝛽 is weights assigned to 
performance and engagement factors; 𝐸𝐸 is current engagement level, and 
𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 is maximum observed engagement level. This equation ensured that 
task difficulty dynamically aligned with student progress, maintaining an 
optimal challenge level. For example, if engagement levels dropped 
(𝐸𝐸/𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 < 1), the system reduced task complexity to re-engage learners. 
This approach improved performance consistency and task completion rates, 
aligning with findings in adaptive learning research (Kharisma et al. 2023).  
Engagement Efficiency 
To evaluate sustained interaction with AR content, engagement efficiency 
over time was quantified using: 

𝐸𝐸(𝑡𝑡) = ∫ 𝐼𝐼(𝑡𝑡′)
𝑇𝑇(𝑡𝑡′)

𝑡𝑡
0 𝑑𝑑𝑑𝑑′                                                          (2) 

Where 𝐸𝐸(𝑡𝑡) cumulative engagement efficiency at time 𝑡𝑡; 𝐼𝐼(𝑡𝑡′) is interaction 
rate at time 𝑡𝑡′, reflecting the frequency of student interactions with AR 
modules; 𝑇𝑇(𝑡𝑡′) is time allocated to AR activities. 
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experimental and validation work, as explored by Kharisma et al. 
(2023) and Zhang et al. (2022) (Kharisma et al. 2023), (Zhang et al. 
2022). 

2. Experimental Phase: Pilot classroom studies were conducted with 
480 students from ten educational institutions. These trials utilized AI-
AR modules in STEM and humanities classes to create engaging and 
personalized content tailored to students’ abilities. 

3. Validation Phase: Long-term retention and scalability were measured 
following the intervention to assess the sustained impact of AI-AR 
technologies. This phase built upon the findings of Gligorea et al. 
(2023) and Kim and Shim (2022) (Gligorea et al. 2023), (Kim and Shim 
2022). 
 

3.2. Sample Selection and Data Collection 
The study involved a total of 600 participants, including 480 students and 120 
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participants were divided into two groups: the experimental group, which 
received AI-AR-based learning (240 students), and the control group, which 
received traditional teaching methods (240 students). Participants were 
selected based on their prior experience with digital tools and AR systems, 
ensuring they had sufficient familiarity with the respective technologies. 

Assessment data were collected using pre- and post-tests to determine 
the extent of knowledge gained and cognitive changes. AR application 
engagement logs were retrieved, capturing over fifty thousand student 
interactions with digital content. Additionally, surveys, interviews, and focus 
group discussions were conducted to collect qualitative data on users’ 
experiences and potential challenges in implementing AI-AR (Gligorea et al. 
2023), (Kim and Shim 2022). Pre-tests provided a baseline performance 
measure, while post-tests assessed performance after the implementation of 
AI-AR. Likert scales were used in surveys and focus groups to measure 
perceived satisfaction, interest, and the usefulness of the tools. 

 
3.3. Experimental Design 
Pre- and post-test measurements of knowledge and retention, common in 
quasi-experimental research designs, provided sound comparisons between 
the conventional and the promoted AI-AR learning settings. The L1 

experimental group engaged with AI-AR systems, treating them to adaptive 
and immersive content for six weeks. While those in the control group had to 
learn using traditional teaching techniques. Outcome found increased 
differences to the quasi-experimental group that has a post-test mean score 
of 87.6 with an improvement of 24.4 while the quasi- experimental group that 
only have increase a posttest mean score of 71.2 with an improvement of 8.4. 
These were confirmed through statistical analysis with experimental group 
getting p=0.01 and the control group p=0.003 (Kamalov, Santandreu 
Calonge, and Gurrib 2023). 
 
3.4. AI-AR System and Algorithms 
The study incorporated advanced AI-driven algorithms to adapt AR content 
dynamically and optimize learning outcomes. Each component of the system 
is described in detail below: 
Dynamic Content Personalization 
The AI system employed a weighted predictive model to adjust task difficulty 
based on previous performance and engagement metrics: 

𝑃𝑃(𝑥𝑥) = 𝛼𝛼 ∙ ∑ 𝑤𝑤𝑖𝑖∙𝑥𝑥𝑖𝑖𝑛𝑛
𝑖𝑖=1

𝑛𝑛 + 𝛽𝛽 ∙ ( 𝐸𝐸
𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚

)                                                  (1) 

Where 𝑃𝑃(𝑥𝑥) represents the predicted difficulty of the next task, 𝑤𝑤𝑖𝑖 is the 
weight assigned to prior tasks based on relevance; 𝑥𝑥𝑖𝑖 denotes student 
performance scores for completed tasks; 𝛼𝛼, 𝛽𝛽 is weights assigned to 
performance and engagement factors; 𝐸𝐸 is current engagement level, and 
𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 is maximum observed engagement level. This equation ensured that 
task difficulty dynamically aligned with student progress, maintaining an 
optimal challenge level. For example, if engagement levels dropped 
(𝐸𝐸/𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 < 1), the system reduced task complexity to re-engage learners. 
This approach improved performance consistency and task completion rates, 
aligning with findings in adaptive learning research (Kharisma et al. 2023).  
Engagement Efficiency 
To evaluate sustained interaction with AR content, engagement efficiency 
over time was quantified using: 

𝐸𝐸(𝑡𝑡) = ∫ 𝐼𝐼(𝑡𝑡′)
𝑇𝑇(𝑡𝑡′)

𝑡𝑡
0 𝑑𝑑𝑑𝑑′                                                          (2) 

Where 𝐸𝐸(𝑡𝑡) cumulative engagement efficiency at time 𝑡𝑡; 𝐼𝐼(𝑡𝑡′) is interaction 
rate at time 𝑡𝑡′, reflecting the frequency of student interactions with AR 
modules; 𝑇𝑇(𝑡𝑡′) is time allocated to AR activities. 
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Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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This equation incorporated overall contacts during the whole course of the 
intervention allowing for changes in contact frequency. Data also showed that 
compared with the control group, the experimental group’s engagement 
efficiency increased by 25%, confirming that AI-AR can maintain engagement 
level (Kamalov, Santandreu Calonge, and Gurrib 2023; Jawad Aqeel 
Mahmood 2022). 
 
3.5. Data Analysis 
The study employed various equations to analyze learning efficiency, 
knowledge retention, and cognitive load: 
Learning Efficiency 
The learning efficiency index quantified knowledge acquisition per 
intervention hour: 

𝐿𝐿 = ∑ (𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖−𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖)𝑛𝑛
𝑖𝑖=1

𝑛𝑛∙𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
                                                               (3) 

Where 𝐿𝐿 is learning efficiency; 𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖 is post-test score of students 𝑖𝑖; 
𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖 is pre-test score of students 𝑖𝑖; 𝑛𝑛 is total number of students and 
𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 is duration of the intervention in hours. 

This metric revealed that the experimental group achieved a significantly 
higher learning efficiency, with an average 24.4-point post-test improvement 
(Zhang et al. 2022). 
Knowledge Retention 
To model long-term knowledge retention, the following equation was used: 

𝑅𝑅(𝑡𝑡) = 𝑂𝑂𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) − 𝜆𝜆 ∙ ∫ 𝐷𝐷(𝑡𝑡′)𝑑𝑑𝑑𝑑′𝑡𝑡
0                                                    (4) 

Where 𝑅𝑅(𝑡𝑡) is retention score at time 𝑡𝑡; 𝑂𝑂𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) is retention test score 
at time 𝑡𝑡; 𝜆𝜆 is decay factor representing knowledge loss over time; 𝐷𝐷(𝑡𝑡′) is 
competing cognitive tasks or distractions. 

Retention analysis showed that the experimental group retained 96.2% of 
knowledge gained during the intervention, compared to 89.1% in the control 
group. This significant retention advantage underscores the lasting impact of 
AI-AR technologies (Mena-Guacas et al. 2023). 
Cognitive Load Analysis 
The cognitive load experienced by learners was assessed using the weighted 
average model: 

𝐶𝐶𝐶𝐶 = ∑ (𝐶𝐶𝑗𝑗∙𝑤𝑤𝑗𝑗)𝑚𝑚
𝑗𝑗=1
∑ 𝑤𝑤𝑗𝑗

𝑚𝑚
𝑗𝑗=1

                                                   (5) 

Where 𝐶𝐶𝐶𝐶 is average cognitive load; 𝐶𝐶𝑗𝑗 is cognitive load for the 𝑗𝑗 -th task; 
and 𝑤𝑤𝑗𝑗 is weight assigned to each task based on relevance and difficulty. 
Results indicated that AI-AR modules effectively optimized cognitive load, 
enabling students to complete tasks 20% faster with greater accuracy than 
the control group (Rangel-de Lázaro and Duart 2023). 

 
3.6. Ethical Considerations 
Ethical considerations were given due importance throughout the research. 
Data collection adhered to the General Data Protection Regulation (GDPR) 
and relevant local government privacy legislation, ensuring participant 
anonymity. All participants provided initial and informed consent. To address 
potential demographic parity, the AI algorithms underwent extensive testing 
(Rangel-de Lázaro and Duart 2023). 

In the methods section, the authors demonstrate that integrating AI-AR 
improves students' educational performance by offering personalized, 
responsive, and engaging learning environments. However, this stringent 
model, utilizing sophisticated algorithms and comprehensive statistical 
analysis, contributes to the reliability and reproducibility of AI-AR systems in 
education. Future research should focus on addressing current limitations of 
these transformative technologies, including cost, accessibility, and 
educators' preparedness. 

 
4. Results 
The following section presents the conclusion of the study, focusing on the 
efficiency of using AI and AR in educational contexts. The information is 
processed using pre- and post-test results, learners' interaction rates, and 
individual outcomes provided by AI. The findings reveal enhancements in 
students' attentiveness, learning achievement, and the adaptive learning 
features offered by AI-AR systems. This section also includes relevant tables 
and algorithms to provide a comprehensive understanding and quantitative 
analysis of the results. 
 
4.1. Learning Outcomes by Subject and Group 
Learning outcomes were measured by comparing mean test scores on pre- 
and post-knowledge tests across four knowledge domains: STEM (Biology, 
Physics, Mathematics), humanities (History, Literature), and vocational 
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
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This equation incorporated overall contacts during the whole course of the 
intervention allowing for changes in contact frequency. Data also showed that 
compared with the control group, the experimental group’s engagement 
efficiency increased by 25%, confirming that AI-AR can maintain engagement 
level (Kamalov, Santandreu Calonge, and Gurrib 2023; Jawad Aqeel 
Mahmood 2022). 
 
3.5. Data Analysis 
The study employed various equations to analyze learning efficiency, 
knowledge retention, and cognitive load: 
Learning Efficiency 
The learning efficiency index quantified knowledge acquisition per 
intervention hour: 

𝐿𝐿 = ∑ (𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖−𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖)𝑛𝑛
𝑖𝑖=1

𝑛𝑛∙𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
                                                               (3) 

Where 𝐿𝐿 is learning efficiency; 𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖 is post-test score of students 𝑖𝑖; 
𝑂𝑂𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖 is pre-test score of students 𝑖𝑖; 𝑛𝑛 is total number of students and 
𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 is duration of the intervention in hours. 

This metric revealed that the experimental group achieved a significantly 
higher learning efficiency, with an average 24.4-point post-test improvement 
(Zhang et al. 2022). 
Knowledge Retention 
To model long-term knowledge retention, the following equation was used: 

𝑅𝑅(𝑡𝑡) = 𝑂𝑂𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) − 𝜆𝜆 ∙ ∫ 𝐷𝐷(𝑡𝑡′)𝑑𝑑𝑑𝑑′𝑡𝑡
0                                                    (4) 

Where 𝑅𝑅(𝑡𝑡) is retention score at time 𝑡𝑡; 𝑂𝑂𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) is retention test score 
at time 𝑡𝑡; 𝜆𝜆 is decay factor representing knowledge loss over time; 𝐷𝐷(𝑡𝑡′) is 
competing cognitive tasks or distractions. 

Retention analysis showed that the experimental group retained 96.2% of 
knowledge gained during the intervention, compared to 89.1% in the control 
group. This significant retention advantage underscores the lasting impact of 
AI-AR technologies (Mena-Guacas et al. 2023). 
Cognitive Load Analysis 
The cognitive load experienced by learners was assessed using the weighted 
average model: 

𝐶𝐶𝐶𝐶 = ∑ (𝐶𝐶𝑗𝑗∙𝑤𝑤𝑗𝑗)𝑚𝑚
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𝑚𝑚
𝑗𝑗=1

                                                   (5) 

Where 𝐶𝐶𝐶𝐶 is average cognitive load; 𝐶𝐶𝑗𝑗 is cognitive load for the 𝑗𝑗 -th task; 
and 𝑤𝑤𝑗𝑗 is weight assigned to each task based on relevance and difficulty. 
Results indicated that AI-AR modules effectively optimized cognitive load, 
enabling students to complete tasks 20% faster with greater accuracy than 
the control group (Rangel-de Lázaro and Duart 2023). 

 
3.6. Ethical Considerations 
Ethical considerations were given due importance throughout the research. 
Data collection adhered to the General Data Protection Regulation (GDPR) 
and relevant local government privacy legislation, ensuring participant 
anonymity. All participants provided initial and informed consent. To address 
potential demographic parity, the AI algorithms underwent extensive testing 
(Rangel-de Lázaro and Duart 2023). 

In the methods section, the authors demonstrate that integrating AI-AR 
improves students' educational performance by offering personalized, 
responsive, and engaging learning environments. However, this stringent 
model, utilizing sophisticated algorithms and comprehensive statistical 
analysis, contributes to the reliability and reproducibility of AI-AR systems in 
education. Future research should focus on addressing current limitations of 
these transformative technologies, including cost, accessibility, and 
educators' preparedness. 

 
4. Results 
The following section presents the conclusion of the study, focusing on the 
efficiency of using AI and AR in educational contexts. The information is 
processed using pre- and post-test results, learners' interaction rates, and 
individual outcomes provided by AI. The findings reveal enhancements in 
students' attentiveness, learning achievement, and the adaptive learning 
features offered by AI-AR systems. This section also includes relevant tables 
and algorithms to provide a comprehensive understanding and quantitative 
analysis of the results. 
 
4.1. Learning Outcomes by Subject and Group 
Learning outcomes were measured by comparing mean test scores on pre- 
and post-knowledge tests across four knowledge domains: STEM (Biology, 
Physics, Mathematics), humanities (History, Literature), and vocational 
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courses (Computer Science, Engineering Basics). The research aimed to 
determine whether implementing AI-AR systems improved knowledge gain 
more effectively than conventional courses. 

The study concluded that the experimental group, comprised of students 
who experienced differentiated content and cognition in the form of stories or 
interactive graphic designs, performed better than the control group across 
all subjects. These results provide a foundation for understanding the key 
benefits of AI-AR technologies in addressing various educational issues and 
enhancing learning effectiveness. 

Each subject area was divided into an experimental group, which included 
60 participants, and a control group, which also included 60 participants, to 
enable a proper comparison between the two groups. The experimental group 
engaged with AI-AR-facilitated learning materials, while the control group 
continued with conventional learning methods. This distribution allowed for a 
more comprehensive assessment of the effectiveness of the proposed AI-AR 
system on educational outcomes. 

 

 
Figure 2. Comparative Analysis of Learning Outcomes by Subject and Group 

 
The study demonstrates that AI-AR systems significantly enhance 

learners' performance across all areas of study. The experimental group 
exhibited a mean gain of 25.1, whereas the control group had a mean gain of 
11.5, translating to an overall average post-test increase of 40.1 percent. 
STEM subjects showed the most substantial improvements due to AR's 

capability to unravel and influence intricate systems, with Physics and Biology 
achieving gains of 42.5% and 42.9%, respectively. Humanities disciplines 
such as History and Literature also benefited from AR-infused stories and 
experiential learning through storytelling. 

Vocational courses, including Computer Science and Engineering Basics, 
demonstrated the efficacy of AI-AR systems in skill-based learning. The 
control group exhibited lower levels of improvement compared to the group 
that engaged with AR-driven coding simulations and virtual technical 
workshops. Traditional teaching methods resulted in mean gains below 20% 
across all topics taught. 

These findings suggest the potential for more frequent introduction of AI-
AR systems in various educational environments. To improve learning using 
AR, the following strategies should be considered: advanced AR simulations 
for vocational training in engineering and technical courses, AR for historical 
narratives and timelines in humanities, and smart algorithms to tailor AR 
courses to individual students in STEM classes such as Physics and Biology. 
Implementing these strategies will enable AI-AR technologies to transform 
educational delivery, addressing diverse learning needs while enhancing 
exceptional performance among learners. 

 
4.2. Engagement Metrics Across Groups and Subjects 
The level of student activity was assessed using engagement metrics to 
determine the impact of AI-AR systems on students' activity and satisfaction 
with specific subjects. These measures included interaction rates, satisfaction 
levels, and usability scores, providing an overall impression of student 
engagement. The data were categorized by subject areas to highlight the 
impact across various STEM and humanities fields. 

The results indicated a higher level of engagement through AI-AR 
technologies in the experimental group compared to traditional teaching in 
the control group. This section exemplifies how AI-AR systems enhance 
learners' proximal interactions and satisfaction in learning by offering 
engaging and customizable content. 
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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courses (Computer Science, Engineering Basics). The research aimed to 
determine whether implementing AI-AR systems improved knowledge gain 
more effectively than conventional courses. 
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60 participants, and a control group, which also included 60 participants, to 
enable a proper comparison between the two groups. The experimental group 
engaged with AI-AR-facilitated learning materials, while the control group 
continued with conventional learning methods. This distribution allowed for a 
more comprehensive assessment of the effectiveness of the proposed AI-AR 
system on educational outcomes. 

 

 
Figure 2. Comparative Analysis of Learning Outcomes by Subject and Group 

 
The study demonstrates that AI-AR systems significantly enhance 

learners' performance across all areas of study. The experimental group 
exhibited a mean gain of 25.1, whereas the control group had a mean gain of 
11.5, translating to an overall average post-test increase of 40.1 percent. 
STEM subjects showed the most substantial improvements due to AR's 
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achieving gains of 42.5% and 42.9%, respectively. Humanities disciplines 
such as History and Literature also benefited from AR-infused stories and 
experiential learning through storytelling. 
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demonstrated the efficacy of AI-AR systems in skill-based learning. The 
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Figure 3. Engagement Metrics Across Subjects and Groups Using AI-AR 

Systems 
 

The results in Figure 3 indicate significant growth in the experimental 
group, with interaction rates averaging 60.7% higher across all subjects. 
Satisfaction scores in the experimental group increased by 1.2 points on a 5-
point scale, while usability scores improved by 1.3 points, supporting the 
accessibility and usability of AI-AR systems. Physics and Biology once again 
led in interaction rates when real-time AR simulations were delivered to 
students. 

Other core areas, such as History and Literature, also witnessed a 
significant uptick in participation due to compelling AR-enabled stories and 
timelines. Computer science-based vocational courses, such as Engineering 
Basics in Computer Science, received some of the highest averages in both 
satisfaction and usability due to the application of AR for illustrating coding 
and mechanics modeling. In contrast, control group results were moderate 
due to the limited interactivity and engagement provided by traditional 
teaching methods compared to the rich interaction offered by AR. 

Understanding these findings underlines the necessity of further 
developing AI-AR tools to increase user engagement across all subjects. For 
STEM courses, there is potential to extend student engagement and 
satisfaction through advanced forms of networked augmented reality. In the 
humanities, efforts should focus on developing more elaborate storylines and 
ensuring that students experience several interactive sections for continuity. 

Apprentice training can be enhanced by advancing AR tools to improve job 
training, including virtual labs and augmented mechanical design interfaces. 
These strategies will ensure that the application of AI-AR technologies in 
education continues to yield significant educational outcomes, addressing the 
diverse learning needs of students. 

 
4.3. Knowledge Retention by Subject 
Following the intervention, knowledge retention was evaluated through post-
tests administered one month later. In addition to the percentage of students 
with satisfactory scores, retention rates were observed across a range of 
subjects to assess the ability of an AI-AR system to regularly reinforce content 
during the learning process. Retention loss, calculated by subtracting the 
percentage scores obtained in the retention test from those achieved in the 
post-test, was significantly lower in the experimental group compared to the 
control group. This indicates that AI-AR technologies promote long-term 
retention and comprehension, particularly in STEM and vocational courses 
where real-life and active forms of learning yielded high returns. 
 

 
Figure 4. Knowledge Retention Metrics by Subject and Group Post-

Intervention 
 

The results indicate that the experimental group retained significantly 
more information compared to the control group, whose retention level 
dropped by 8.9% below the initial average. In the experimental group, Physics 
had the lowest retention loss at 3.5%, followed by Computer Science at 3.6%. 
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This can be attributed to AR's ability to simulate actual physics environments 
and utilize real-time coding tools. Humanities subjects such as History and 
Literature also demonstrated lower retention losses in the experimental 
group, with losses less than half of those observed in the control group. 

Conversely, the control group experienced relatively higher retention 
losses across all subjects, highlighting the limitations of static, lecture-based 
teaching strategies in reinforcing retained knowledge. These changes in 
average scores were least favorable for STEM subjects in the control group, 
emphasizing the advantages of experiential and interactive learning methods 
offered by AI-AR technologies. 

These insights suggest that for future improvements, AI-AR systems 
should focus on enhancing spaced repetition algorithms and reinforcement 
exercises to bolster long-term memory retention. For STEM subjects, AR 
improvements should include periodic quizzes and revisits to solidify 
conceptual knowledge. Multi-layered narratives that interweave time, space, 
culture, and institutions appear particularly suitable for Humanities courses 
that revisit themes multiple times. Additionally, for vocational training, AR-
modified refresher modules can be included to support knowledge retention 
in practical courses such as Computer Science and Engineering Basics. 
These strategies will help ensure that once students and faculty members are 
able to fully utilize AI-AR technologies for learning, these benefits are 
sustained over time. 

 
4.4. Cognitive Load Analysis 
Understanding the cognitive load of learners is crucial in assessing the 
effectiveness of AI-AR technologies in education. This analysis focused on 
three key metrics: time to complete tasks, the nature of tasks, and the 
perceived workload indicated by subjective cognitive load ratings. The 
performance of these systems was evaluated for their effectiveness in 
optimizing cognitive functions and the efficiency of learning in both the 
experimental and control groups based on these metrics. 

The findings highlight the perceived benefits of AI-AR technologies in 
alleviating cognitive load, thereby enhancing learner engagement, particularly 
in STEM and vocational subjects where tasks are highly complex. 

 
Figure 5. Cognitive Load Metrics by Subject and Group in AI-AR Environments 
 

The results indicate that AI-AR systems successfully reduced or 
eliminated cognitive overload in learning across all subjects. The 
experimental group reported an average subjective cognitive load score of 
4.3, while the control group had an average score of 6.5. Additionally, the time 
required to complete tasks was significantly less in the experimental group 
compared to the control group, with the experimental group demonstrating an 
overall performance improvement of 25.8%. Physics and Computer Science 
exhibited the highest task complexity, while tasks in other fields showed 
minimal differences in complexity due to the interactive and adaptive nature 
of AI-AR systems, which reduced cognitive load. 

STEM disciplines experienced the greatest gains in perceived difficulty 
and task completion time through AI-AR technologies, particularly with 
dynamic simulations and interaction-based problem-solving. Humanities 
subjects, such as History and Literature, also benefited from increased 
cognitive efficiency through the use of AR in the form of storytelling and 
timelines. In contrast, the control group performed poorly in high-cognitive 
tasks, primarily due to static and linear pedagogical methods that did not 
facilitate complex tasks. 

To enhance the efficiency of cognitive processes, it is proposed to 
incorporate feedback mechanisms into AI-AR systems to identify learner 
performance and establish new levels of task difficulty during the learning 
process. In STEM subjects, expanding the range of interactive experiments 
and simulations is an effective way to further reduce cognitive load. 
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dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
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Humanities courses could be enhanced with comprehensive narratives that 
provide a simplified approach to cultural interactions and history. Computer 
Science vocational training can incorporate features such as advanced AR 
debugging tools with real-time demonstrations to mitigate cognitive issues 
during practical sessions. These improvements will ensure that AI-AR 
systems are effective in helping learners overcome barriers to learning while 
providing high levels of engagement and efficiency. 

 

4.5. Longitudinal Analysis of Retention and Performance 
An evaluative design was employed to compare the experimental and control 
groups, determining students' retention and performance after six months. 
This strategy quantified retention scores and performance enhancement and 
loss at one, three, and six months post-intervention. The results indicated that 
AI-AR technologies were consistently effective in knowledge retention and 
continuous performance improvement. 

Across all tested parameters, the experimental group scored significantly 
higher than the control group, demonstrating that AI-AR systems can 
enhance long-term learning outcomes. Each subject area was divided into an 
experimental group, comprising 240 participants, and a control group, 
comprising 240 participants, to allow for proper comparison between the two 
groups. 
 

Table 1. Longitudinal Retention and Performance Metrics Across Time 
Intervals 

Time 
Interval 

(Months) 
and Group 

Retention 
Score (%) 

Performance 
Improvement 

(%) 

Retention 
Loss (%) p-value 

% 
Reduction in 

Retention 
Loss 

Observations 

1 Month, 
Experimen
tal Group  

96.2 24.4 3.8 0.001 57.3% 

AI-AR’s 
adaptive 
learning 

reinforced key 
concepts, 
minimizing 

initial 
knowledge 

decay. 

1 Month, 
Control 
Group 

89.1 11.5 8.9 0.003  

Control group 
exhibited rapid 
initial decline 
due to static 

teaching 
methods. 

Time 
Interval 

(Months) 
and Group 

Retention 
Score (%) 

Performance 
Improvement 

(%) 

Retention 
Loss (%) p-value 

% 
Reduction in 

Retention 
Loss 

Observations 

3 Month, 
Experimen
tal Group 

94.7 22.1 5.3 0.002 66.2% 

Reinforcement 
through periodic 

AR-based 
reviews-

maintained 
retention levels 

effectively. 

3 Month, 
Control 
Group 

84.3 9.6 15.7 0.005  

Traditional 
learning 

showed further 
decay, with 

limited 
reinforcement 

strategies. 

6 Month, 
Experimen
tal Group 

91.8 19.3 8.2 0.003 63.6% 

Experimental 
group retained 
high levels of 

knowledge, with 
steady 

performance 
gains. 

6 Month, 
Control 
Group 

77.5 7.2 22.5 0.006  

Retention 
significantly 
deteriorated 

without 
interactive 

reinforcement. 
 

The results underscore the benefits of using advanced AI-AR technologies 
for long-term retention support and performance enhancement. Analysis of 
retention loss rates revealed that the experimental group exhibited 
significantly higher knowledge retention, with a retention loss of 5.8% over six 
months, compared to the 15.7% loss observed in the control group. The 
experimental group's retention scores remained above 90%, while the control 
group's scores dropped to 77.5% by the end of the six-month retention period. 
Performance improvement was also steady, with the experimental group 
showing a 19.3% enhancement over the study period, compared to 7.2% for 
the control group. 

These findings highlight the importance of periodic reinforcement through 
AI-AR systems. Modular interactive elements and feedback components 
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Humanities courses could be enhanced with comprehensive narratives that 
provide a simplified approach to cultural interactions and history. Computer 
Science vocational training can incorporate features such as advanced AR 
debugging tools with real-time demonstrations to mitigate cognitive issues 
during practical sessions. These improvements will ensure that AI-AR 
systems are effective in helping learners overcome barriers to learning while 
providing high levels of engagement and efficiency. 

 

4.5. Longitudinal Analysis of Retention and Performance 
An evaluative design was employed to compare the experimental and control 
groups, determining students' retention and performance after six months. 
This strategy quantified retention scores and performance enhancement and 
loss at one, three, and six months post-intervention. The results indicated that 
AI-AR technologies were consistently effective in knowledge retention and 
continuous performance improvement. 

Across all tested parameters, the experimental group scored significantly 
higher than the control group, demonstrating that AI-AR systems can 
enhance long-term learning outcomes. Each subject area was divided into an 
experimental group, comprising 240 participants, and a control group, 
comprising 240 participants, to allow for proper comparison between the two 
groups. 
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The results underscore the benefits of using advanced AI-AR technologies 
for long-term retention support and performance enhancement. Analysis of 
retention loss rates revealed that the experimental group exhibited 
significantly higher knowledge retention, with a retention loss of 5.8% over six 
months, compared to the 15.7% loss observed in the control group. The 
experimental group's retention scores remained above 90%, while the control 
group's scores dropped to 77.5% by the end of the six-month retention period. 
Performance improvement was also steady, with the experimental group 
showing a 19.3% enhancement over the study period, compared to 7.2% for 
the control group. 

These findings highlight the importance of periodic reinforcement through 
AI-AR systems. Modular interactive elements and feedback components 
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allowed learners in the experimental group to revisit content with a focus on 
mastery, resulting in slower knowledge depreciation and greater performance 
gains. In contrast, the control group, relying on conventional training methods, 
experienced faster knowledge depreciation and minimal performance 
improvement. 

To build on these findings, it is recommended to develop additional, longer 
learning programs that incorporate AI-AR technologies to maintain retention. 
These programs could include spaced repetition algorithms, which 
periodically recall content and use advanced analytics to track individual 
learner progress. For STEM subjects, integrating interactive simulations with 
scenario-based learning can reinforce the material. Historical reconstructions, 
such as multilayered AR narratives, can enrich Humanities courses by 
revisiting essential topics. Such strategies will ensure that the advancement 
of AI-AR systems continues to yield significant educational benefits in various 
settings. 

 
4.6. Behavioral Feedback and Engagement Insights 
To evaluate the user experience of AI-AR technologies, behavioral feedback 
was collected from students and instructors. The feedback focused on 
usability features, perceived interactivity, versatility, and issues such as price 
and availability. The experimental group that utilized AI-AR technologies 
tended to provide higher ratings for usability and engagement compared to 
the control group. 

This section discusses the qualitative findings based on the responses 
received regarding the uses and benefits of AI-AR systems in learning 
environments and offers recommendations for enhancing the usability and 
adoption of these applications. 
 

Table 2. Behavioral Feedback and Engagement Insights on AI-AR Usability 

Metric 
Experimental 

Group (%) 

Control 
Group 

(%) 

% Difference 
(Experimental 
vs. Control) 

Observations 

Ease of Use 92 67 37.3% 

Students appreciated the 
intuitive interface of AI-
AR systems, enabling 
smooth navigation and 

learning. 

Metric 
Experimental 

Group (%) 

Control 
Group 

(%) 

% Difference 
(Experimental 
vs. Control) 

Observations 

Perceived 
Engagement 

95 68 39.7% 

AR modules’ immersive 
content fostered high 

levels of student interest 
and participation. 

Adaptability 89 64 39.1% 

AI-driven personalization 
ensured relevance to 

individual learning 
needs, improving 

adaptability. 

Challenges, 
such as a 

cost 
21 35 -40.0% 

Higher initial costs and 
limited device availability 
were noted as barriers, 

especially in control 
settings. 

 
The results obtained from the studies provide clear and compelling 

evidence of the significant benefits of AI-AR technologies in enhancing user 
experience. Figures 1 and 2 indicate that ease of use (M=92) and perceived 
engagement (M=95) scores from the experimental group were significantly 
higher than those from the control group (M=67 for ease of use and M=68 for 
perceived engagement). This suggests that students find AI-AR systems self-
explanatory and interactive, leading to increased cooperation among 
students. Notably, 20% of learners' needs that were not met related to 
adaptability, which scored 89% on the survey, compared to the control 
group's average adaptability score of 64%, reflecting their reliance on 
comparatively rigid conventional techniques. 

The experimental group also reported fewer issues, with only 21% citing 
costs and device availability as challenges, compared to 35% in the control 
group. This suggests that while deploying AI-AR systems involves initial 
costs, they are viewed as more cost-effective in the long run due to their 
dynamic and engaging advantages. Expert discussions emphasized the 
importance of clearly defined development processes and organizational 
frameworks to enhance AI-AR technologies and boost their chances of 
success. 

To address the challenges mentioned, it is recommended to develop 
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allowed learners in the experimental group to revisit content with a focus on 
mastery, resulting in slower knowledge depreciation and greater performance 
gains. In contrast, the control group, relying on conventional training methods, 
experienced faster knowledge depreciation and minimal performance 
improvement. 

To build on these findings, it is recommended to develop additional, longer 
learning programs that incorporate AI-AR technologies to maintain retention. 
These programs could include spaced repetition algorithms, which 
periodically recall content and use advanced analytics to track individual 
learner progress. For STEM subjects, integrating interactive simulations with 
scenario-based learning can reinforce the material. Historical reconstructions, 
such as multilayered AR narratives, can enrich Humanities courses by 
revisiting essential topics. Such strategies will ensure that the advancement 
of AI-AR systems continues to yield significant educational benefits in various 
settings. 

 
4.6. Behavioral Feedback and Engagement Insights 
To evaluate the user experience of AI-AR technologies, behavioral feedback 
was collected from students and instructors. The feedback focused on 
usability features, perceived interactivity, versatility, and issues such as price 
and availability. The experimental group that utilized AI-AR technologies 
tended to provide higher ratings for usability and engagement compared to 
the control group. 
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The results obtained from the studies provide clear and compelling 

evidence of the significant benefits of AI-AR technologies in enhancing user 
experience. Figures 1 and 2 indicate that ease of use (M=92) and perceived 
engagement (M=95) scores from the experimental group were significantly 
higher than those from the control group (M=67 for ease of use and M=68 for 
perceived engagement). This suggests that students find AI-AR systems self-
explanatory and interactive, leading to increased cooperation among 
students. Notably, 20% of learners' needs that were not met related to 
adaptability, which scored 89% on the survey, compared to the control 
group's average adaptability score of 64%, reflecting their reliance on 
comparatively rigid conventional techniques. 

The experimental group also reported fewer issues, with only 21% citing 
costs and device availability as challenges, compared to 35% in the control 
group. This suggests that while deploying AI-AR systems involves initial 
costs, they are viewed as more cost-effective in the long run due to their 
dynamic and engaging advantages. Expert discussions emphasized the 
importance of clearly defined development processes and organizational 
frameworks to enhance AI-AR technologies and boost their chances of 
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To address the challenges mentioned, it is recommended to develop 



2

Special Issue   |   Winter 2025

when evaluating the quality of their data to enhance the provision of superior 
services�

Keywords: Open banking, Data quality, Delphi method, Pairwise Comparisons

1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�

Assessing the Importance of Various Dimensions of Data ...   |   Hassani et al.

3

Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�

Summer 2025

78

comprehensive training programs for teachers to increase their awareness of 
AI-AR systems and their potential applications. Additionally, extending cloud-
based AI-AR solutions can eliminate the need for hardware and minimize 
costs, which is particularly beneficial for less well-funded institutions. 
Continuous updates to the user interface, derived directly from the student 
and educator community, will improve usage and flexibility. Based on these 
areas, AI-AR systems should be utilized beyond the academic landscape to 
provide beneficial learning experiences in various educational settings. 

 
4.7. Subject-Specific Insights 
This segment discusses the specific AI-AR patterns observed in the 
experimental group across various subject matters. To the best of our 
knowledge, each subject area demonstrated that applying interactive and 
adaptive learning tools had its advantages, proving the versatility of AI-AR 
systems in addressing diverse educational requirements. The use of subject-
specific technology in the experimental group led to enhanced learning 
outcomes, effective engagement, and improved content retention. This 
analysis provides detailed insights into how AI-AR systems impact the 
learning process differently across various disciplines, highlighting the 
transformative effects of these technological systems. 
 

Table 3. Subject-Specific Impact of AI-AR Technologies on Learning Outcomes 

Subject 
Experimental 

Group 
Feature 

Key Benefits 
Average 

Performance 
Improvement (%) 

Observations 

Biology 
Interactive 
3D Models 

Enhanced 
retention of 
biological 

processes and 
systems. 

42.9% 

Students 
demonstrated 

superior 
understanding of 
cell structures, 

ecosystems, and 
physiological 
processes. 

Physics 
Simulations 
for Abstract 

Theories 

Improved 
comprehensio
n of concepts 
like quantum 
mechanics 

and 
electromagneti

sm. 

42.5% 

Interactive 
simulations 

provided hands-
on 

experimentation 
opportunities, 

boosting 
conceptual clarity. 

Subject 
Experimental 

Group 
Feature 

Key Benefits 
Average 

Performance 
Improvement (%) 

Observations 

Mathe
matics 

Adaptive 
Problem 
Solving 

Enhanced 
engagement 
with abstract 
and logical 
problem-
solving. 

39.6% 

Students 
benefited from 

step-by-step AR 
tutorials that 

simplified 
complex 

equations. 

History AR 
Timelines 

Improved 
memory 

retention and 
understanding 

of historical 
relationships. 

40.9% 

Interactive 
timelines and 

reconstructions 
helped students 

contextualize 
events effectively. 

Literatu
re 

AR 
Storytelling 

Improved 
comprehensio
n and critical 
analysis of 

texts. 

38.7% 

Students 
explored literary 
themes through 

immersive 
storytelling, 

enabling deeper 
understanding. 

Compu
ter 

Scienc
e 

Real-Time 
Feedback on 
Programmin

g 

Accelerated 
learning of 
coding and 
debugging 

skills. 

37.7% 

Interactive coding 
exercises allowed 

students to 
identify and 

correct errors 
dynamically. 

Engine
ering 

Basics 

Virtual 3D 
Modeling 

Improved 
spatial 

understanding 
and technical 
skill-building. 

35.7% 

AR-based 
modeling 

enhanced the 
ability to visualize 
and manipulate 

mechanical 
components. 

 
The findings reveal the extent to which AI-AR system features enhance 

learning outcomes across different disciplines. For instance, Biology work 
improved by 42.9% due to the use of interactive 3D models and simulations 
that clarified abstract and complex concepts, while Physics work improved by 
42.5% for similar reasons. In History and Literature, engagement and 
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retention improved by 40.9% and 38.7%, respectively, due to the use of AR 
timelines and storytelling tools. Information Technology, Mathematics, 
Computer Science, and Engineering Basics also recorded significant 
improvements due to problem-solving activities, real-time feedback, and 3D 
modeling. 

These findings indicate the versatility of AI-AR technologies in learning 
and their effectiveness in addressing distinct learning challenges specific to 
each subject. AI-AR systems personalize the interactive tools best suited to 
the conceptual level of each discipline, forming a comprehensive approach to 
enhance students' compliance, persistence, and achievement. 

To capitalize on these conclusions, educational institutions should develop 
specialized AI-AR modules for each subject to address the specific needs of 
various knowledge fields. For instance, Biology could benefit from additional 
AR-based lab practicals, while Physics could implement applications with 
realistic simulations for more conceptual topics. Social studies classes, such 
as History and Literature, could expand their storytelling features and develop 
dynamic timelines. In technical disciplines like Computer Science and 
Engineering Basics, increased practice with real-time feedback mechanisms 
and improved virtual prototype models would enhance skills and concept 
development. These targeted enhancements will ensure that AI-AR 
technologies offer maximum benefits within diverse learning environments. 

 
5. Discussion 
The incorporation of AI and AR in education represents a significant 
revolution in educational delivery systems, content receptiveness, and 
assessment processes. The evidence from this study supports novel theories 
of educational technology and demonstrates that AI-AR systems enhance 
engagement, effectiveness, and student retention in smart learning 
environments. By applying these theories to present, explain, and forecast 
the prospective effects of AI-AR technologies, we establish a robust 
foundation for scrutinizing the interdependent relationships identified in our 
data and for exploring new applications or hypotheses. 

The theory serves a descriptive function in that its application to AI-AR 
systems resulted in significant enhancements in students' performance and 
engagement. This study showed that the experimental group outperformed 
the control group in STEM, humanities, and vocational areas, supporting 

previous research on performance improvements facilitated by AI and 
personalized, adaptive learning environments (García-Martínez et al. 2023). 
Additionally, as highlighted by Geana et al. (2024), the use of AR enhances 
the presentation of subject concepts in a visually engaging manner (Geana, 
Cernusca, and Liu 2024). This was particularly evident in subjects like Biology 
and Physics, where 3D models and animations made learning more 
immersive and helped students retain information more effectively. 

The explanatory function of the theory demonstrates how learning 
outcomes are influenced by AI-AR technologies through specific 
mechanisms. AI systems, which are adaptive and responsive to student 
requirements, provide explanations and detailed feedback, enhancing the 
learning process. This aligns with Bagunaid et al.'s findings, which showed 
that AI recommender systems improve e-learning outcomes by customizing 
materials according to user performance (Bagunaid, Chilamkurti, and 
Veeraraghavan 2022). Furthermore, AR's interactive properties increase 
student engagement and motivation, as established by Amores-Valencia et 
al. (2022), who found that AR enhances academic achievement by improving 
student concentration (Amores-Valencia 2022). 

This study also demonstrated that the mechanisms of AI-AR technologies 
persist beyond individual lessons, contributing to long-term effectiveness and 
retention. The experimental group maintained significantly higher scores after 
six months by using AI to incorporate contextual tools and reward 
approaches. Abbas et al. discussed the potential for AI tools to aid in long-
term knowledge retention (Naveed et al. 2023). These outcomes emphasize 
the need to apply adaptable, interactive technologies that respond to both 
immediate and long-term learning goals. 

The predictive function of the theory allows researchers to anticipate how 
AI-AR technologies will shape education. The data clearly show that AI-AR 
systems have the potential to transform traditional learning and teaching 
methods by making them more efficient, affordable, and personalized. This 
perspective echoes JyothiSreedhar et al.'s view that AI is a fundamental pillar 
for the future development of teaching and learning, enabling effective and 
innovative learning solutions(JyothiSreedhar et al. 2023). Additionally, 
Newman's research on neuroanatomy instruction suggests that AR can make 
intangible concepts more accessible, extending its potential to various 
subfields (Newman et al. 2022). 
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Despite these promising findings, some limitations must be addressed. 
Organizational factors, such as the availability of AR devices and high-speed 
internet, present significant challenges to AR implementation. Orlando et al. 
(2023) emphasized the need for affordable, accessible technological 
solutions. Additionally, investments in creating and sustaining AI-AR systems 
are often prohibitive, necessitating creative financial models and flexible cloud 
solutions (Orlando 2023). 

Educator training is another critical issue. The lack of meaningful 
professional training can impede the successful implementation of AI-AR 
tools in classrooms. Future research should focus on developing 
interventions and training programs to help teachers integrate AI into their 
lessons effectively (Nykonenko 2023). Moreover, the long-term 
consequences of AI-AR technologies remain undefined. Longitudinal studies 
are essential to assess the enduring impact of these tools on student 
outcomes and employability. Including a variety of educational contexts and 
participants will enhance the generalizability of the findings. 

This study highlights the future potential of AI-AR technologies in 
education by demonstrating their ability to improve learning outcomes, 
engagement, and retention. Future research can address the outlined 
deficiencies, uncover new applications for AI technologies, and contribute to 
making education more accessible, efficient, and enduring. The evolution of 
AI and AR technologies will play an increasingly important role in transforming 
the traditional system of knowledge transfer and information acquisition. 

 
6. Conclusion 
The interaction between AI and AR in education represents a transformative 
revolution in educational delivery systems, content engagement, and 
assessment processes. This study examined three key factors—learner 
engagement, learning achievement, and knowledge retention—to determine 
the impact of AI-AR technologies across these domains. Given that AI can be 
easily adapted to specific learning contexts and AR allows for the creation of 
authentic learning scenarios, these technologies facilitate personalized 
learning environments that align with students' needs and preferences. 

The findings demonstrate that AI-AR systems significantly enhance 
student achievement and attendance compared to conventional learning 
techniques. Incorporating AI-AR technologies into the curriculum resulted in 

higher test scores and retention rates, highlighting their potential to facilitate 
enhanced understanding and retention. The adaptive quality of AI was crucial 
in designing individualized learning trajectories and in increasing students' 
learning levels by adjusting the difficulty of tasks to match their abilities. This 
dynamic approach ensured continuous learning progress and 
comprehension. 

Evaluation data also supports the efficiency of AI-AR technologies, as 
students in the experimental group exhibited higher rates of interaction, 
satisfaction, and motivation. The mixed approach of AR and real-time AI 
feedback kept students constantly engaged throughout the learning process. 
Direct engagement correlated with improved outcomes, clearly illustrating the 
potential of AI-AR systems to revolutionize learning processes. 

One of the major benefits of AI-AR technologies is their ability to make 
complex concepts clear and easily understandable. Interactive use of AR 
helps to visually explain processed information, allowing students to intuitively 
grasp abstract subjects and form connections between theory and practice. 
For example, the use of 3D models of organs and systems, as well as math 
problems solved on the computer, makes studying not only more efficient but 
also enjoyable. These benefits are crucial in fostering interest and passion for 
learning. 

Although AI-AR technologies hold great promise, they are not without 
challenges. Structural barriers, such as the availability of AR devices and 
internet connectivity, can impede implementation. Additionally, the costs 
associated with training and the dependence on teacher preparation amplify 
the need for proper planning and funding. Without adequate support, the 
implementation of these technologies may be insufficient, thus diminishing 
their potential benefits. 

This article supports the proposition that AI-AR technologies can bring 
about a radical change in education by making learning environments more 
responsive, stimulating, and productive. Future research is recommended to 
investigate the implementation challenges of these technologies and explore 
their application in more complex educational contexts. Addressing these 
challenges will lead to further advancements in AI-AR systems, making them 
a significant focal point in shaping the future learning environment for 
students globally and fostering equitable and efficient learning. 
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1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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services�
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1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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