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Abstract—The convergence of Quantum Artificial Intelligence 

(QAI) with known educational technologies like Augmented 

Reality (AR), Gamification, and Adaptive Storytelling (AS) offers 

revolutionary learning experiences. While AR, Gamification, and 

AS have been demonstrably shown to enhance learner engagement 

and comprehension, especially in higher education in the STEM, 

language, and health domains, integrating them into a 

comprehensive, adaptive system that QAI can optimize remains a 

significant challenge. Currently, QAI applications in education are 

largely conceptual. This systematic literature review, following 

PRISMA guidelines, analyzed 42 relevant studies from Scopus 

(2015–2025) selected from an initial 976 studies. The findings 

confirm the pedagogical benefits of integrating AR, Gamification, 

and AS. In contrast, QAI implementation is hampered by technical 

constraints, pedagogical integration difficulties, and a lack of 

validated evaluation methodologies. Recognizing the potential of 

QAI-optimized adaptive learning necessitates closing the gap 

between existing practices and future aspirations via focused 

research, comprehensive framework development, expanded 

educator abilities, and strong multidisciplinary cooperation. 

 

Keywords—Quantum artificial intelligence; augmented reality; 
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I. INTRODUCTION 

HE dynamic development of digital technology has 

introduced some changes in many spheres of life such as 

education [1], [2]. Artificial intelligence (AI), augmented reality 

(AR), and quantum computing as new technologies have opened 

the horizons of learning and made it more interactive, 

immersive, and adaptive [3], [4], [5], [6]. Technology is no 

longer a tool, but it is also a component of making relevant and 

personalized learning environment. This has changed learning 

paradigm to student-oriented as opposed to teacher-oriented 

learning  [7], [8], [9], [10]. The problem is how to facilitate the 

learning process of the so-called digital generation, or digital 

natives, who are fast, interactive and individualized [11], [12], 

[13]. To address these requirements, they are applying the 

methods of gamification and adaptive storytelling to make 

students more motivated and engaged [14], [15], [16], [17], 

[18]. When used together with augmented reality, these 

strategies enable the establishment of multisensory learning 

scenarios, which break the boundaries between the material and 

the real world [19], [20], [21]. Nevertheless, a huge amount of 

work needs to be done, especially series of building genuinely 
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reactive systems that could react to individual behavior of each 

student in real-time [22], [23]. 

This is where Quantum Artificial Intelligence (Quantum AI) 

becomes one of the solutions of the highest importance. 

Quantum AI represents an interdisciplinary topic that integrates 

the capabilities of more advanced quantum computing with 

smart decision-making of the AI [24], [25]. Entanglement, 

quantum annealing, and superposition are the principles that 

allow these systems to have very high efficiency in their 

processing of very complex and large data structures than they 

are in conventional computers [26], [27], [28]. This technology 

can significantly change the way adaptive learning working in 

an academic setting. To give an example, Quantum AI can 

optimize narrative evolution of active story depending on the 

preferences, performance, and emotional and cognitive cues of 

the student. The resulting product is an actual personal, 

predictive, and contextual learning system, which can react to 

data complexities that traditional systems find not easy to tackle. 

Although AR and gamification technologies are well 

established, the role of Quantum AI in integrated learning 

systems remains theoretical and shows significant literature 

gaps [18], [20], [29], [30]. Its implementation does face 

challenges such as the lack of a design framework and the 

limitations of current quantum infrastructure [31], but the rapid 

development of quantum technology globally encourages the 

importance of building a conceptual foundation [32]. Therefore, 

this study aims through a systematic literature review to map the 

trends, challenges, and potential integration between Quantum 

AI, AR, gamification, and adaptive storytelling, to provide a 

comprehensive theoretical and practical foundation for 

educational technology developers in the future. 

To provide direction for this research, the following research 

questions have been formulated: 

TABLE I 

RESEARCH QUESTIONS 

Identifier Description 

RQ1 In which countries have most studies 

conducted on this integration? 

RQ2 How is the distribution of study types (e.g., 

empirical, conceptual, review) regarding 

this integration? 
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RQ3 What are the main subject areas or domains 

where this integration is most widely 

studied or applied? 

RQ4 At which level of education is this 

integration most applied or studied? 

RQ5 What are the benefits of integrating 

Quantum AI, AR, gamification, and 

adaptive storytelling in education? 

RQ6 What are the main types of solutions, 

applications, or frameworks proposed or 

developed based on this integration? 

RQ7 What are the main challenges in 

implementing this integrated technology 

approach in education? 

II. BACKGROUND 

A. Quantum Artificial Intelligence in Education 

Quantum Artificial Intelligence (Quantum AI) integrates 

quantum computing principles with AI methodologies, 

leveraging phenomena such as superposition, entanglement, and 

quantum annealing to process complex data more efficiently than 

classical computing [24], [25], [26]. In the educational domain, 

Quantum AI has the potential to develop advanced adaptive 

learning systems [27], [28] by addressing challenges in learning 

personalization [33] and combinatorial optimization [34], which 

are particularly relevant for creating adaptive storytelling systems 

that are responsive to students' cognitive states. While promising 

as a future engine for adaptive content through Augmented 

Reality (AR) and gamification, its implementation is hampered 

by a gap between concept and realization due to limitations of 

quantum hardware [35]  and the lack of pedagogical frameworks. 

Therefore, current research directions often involve hybrid 

approaches, such as simulating quantum algorithms on classical 

hardware [36], to bridge this gap [37]. 

B. Gamification in Education 

Gamification in education is the application of game elements 

in non-game contexts to increase student motivation and 

engagement [38], by integrating components such as points and 

narratives  [39], [40]. Research has demonstrated its effectiveness 

in increasing active participation and persistence [41] through 

instant feedback and its ability to create a state of flow  [42], [43], 

[44]. With approaches varying from simple [45] to complex [46], 

[47], gamification has proven effective in a variety of fields [48], 

[49], [50], [51], [52]. While promising, critical analysis highlights 

inconsistencies in findings and the risk of over-gamification [53]. 

To address this and fill the gap in frameworks that consider 

individual differences [54], research is now moving towards 

adaptive gamification that integrates AI technology to 

dynamically adjust game elements [55], [56], with further 

potential through integration with Quantum AI and AR. 

C. Adaptive Storytelling for Learning and Instruction 

Adaptive storytelling is a learning approach that uses dynamic 

narratives that evolve based on learner interactions [57], [58] to 

create more engaging experiences [59], [60]. By providing 

emotive and contextual experiences, this approach has been 

shown to deepen understanding and engagement  [61], [62], [63], 

and its potential is further enhanced by Generative AI [64]. The 

key enabling technology is AI, which is capable of dynamically 

adapting narratives based on real-time emotional analysis [65] 

and has been applied in fields such as history [66], psychology 

[67], and healthcare [68]. However, fundamental challenges 

remain in balancing narrative freedom with learning objectives 

[69], while research linking narrative features to learning 

outcomes is still limited [70]. Current research directions point to 

integration with AI for emotional analysis [71], implementation 

in Augmented Reality (AR) environments [72], and greater 

transformative potential when augmented by the computing 

capabilities of Quantum AI [73]. 

D. Augmented Reality in Educational Environments 

Augmented Reality (AR) has become a transformative 

technology in education by integrating virtual elements into 

physical environments to create interactive learning experiences 

[74]. Research has identified its pedagogical benefits, including 

enhanced contextual learning, cognitive engagement, and 

knowledge retention [75], with implementations varying from 

marker-based to more flexible marker less [76]. Despite its 

significant benefits and potential in areas ranging from science 

visualization [77] to bringing historical events to life [78], critical 

reviews have revealed limitations, such as the lack of clear design 

guidelines [79], technical constraints, usability issues, and 

potential cognitive overload [80]. These limitations are rooted in 

more fundamental issues, reflected in key research gaps, such as 

static and poorly adaptive systems [81], limited integration with 

artificial intelligence technologies and suboptimal instructional 

design [82]. This highlights the need to integrate AR with 

gamification, adaptive storytelling, and Quantum AI to create 

more personalized and meaningful learning experiences. 

III. METHODOLOGY 

A. Research Design 

To answer the research questions and achieve the stated 

objectives, a systematic literature review was conducted 

following the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines [83], a method chosen 

for its rigorous standards and proven success in various fields, 

including education, to provide comprehensive insights [84], 

[85], [86]. To conduct a scientifically rigorous study, the Scopus 

database was used as the primary source to identify related 

documents through a comprehensive combination of search 

keywords, as Scopus is widely recognized as one of the largest 

scientific databases covering peer-reviewed literature from 

various fields, thus guaranteeing relevant and high-quality 

coverage for this interdisciplinary topic [87]. 

B. Systematic Literature Review Process 

This systematic literature review was conducted following the 

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines [83]. Data collection occurred in 

March 2025, exclusively utilizing the Scopus database, with the 

publication year range restricted to 2015–2025 to ensure literature 

relevance and currency. The initial Identification phase involved 

employing three primary search query combinations targeting 
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titles, abstracts, and keywords (TITLE-ABS-KEY) to capture 

studies intersecting: 

1) Augmented Reality (AR) and Gamification in 

Education: 

(TITLE-ABS-KEY (("augmented reality" OR "AR") 

AND (gamif* OR "game element") AND (education OR 

learning OR teaching))) 

2) Quantum AI or Computing (including Quantum 

Annealing or Optimization) in Education: 

(TITLE-ABS-KEY (("quantum ai" OR "quantum 

computing") AND ("quantum annealing" OR "quantum 

optimization") AND (education OR learning OR 

teaching))) 
3) Gamification and Adaptive Storytelling (or Interactive 

Narrative) in Education:  

(TITLE-ABS-KEY ((gamif* OR "game element") AND 

("adaptive storytelling" OR "interactive narrative") AND 

(education OR learning OR teaching))) 

Of the initial 976 documents, a Screening phase with 

sequential filters for publication year (2015–2025), subject area, 

and document type left 114 articles for eligibility assessment. 

Eligibility assessment through full-text reading, which verified 

substantial integration of the targeted technology combinations 

and other inclusion criteria, then excluded 72 articles. Ultimately, 

42 studies met all requirements and were included in the 

qualitative synthesis, as illustrated in the PRISMA flowchart in 

Fig. 1. These 42 studies were categorized into three main types: 

empirical studies (27 articles, ≈ 64.3%), proposal and prototype 

development papers (11 articles, ≈ 26.2%), and review or 

conceptual papers (4 articles, ≈ 9.5%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Data collection and analysis – Prisma Method. 

The review, conceptual, and theoretical papers (n=4) were 

analyzed in depth to identify their primary findings. For the 

proposal and prototype papers (n=11), their suggestions, 

guidelines, practices, focus areas, and findings were also 

examined and analyzed. The empirical studies (n=27) were 

analyzed and compared according to the following variables: 

1) Country where the research was conducted. 

2) Focus area/subject matter. 

3) Educational level. 

4) Technologies integrated. 

5) Main research objective(s). 

6) Design approach or methodology. 

7) Main benefits of technology integration. 

8) Findings related to the learning process. 

9) Main challenges. 

IV. RESULTS 

Qualitative analysis and synthesis [88] were conducted on 

the systematically extracted data from the selected studies in this 

literature review. 

A. In which countries have most studies conducted on this 

integration? 

 
Fig. 2. Proportional Summary of Research Interest in Core 

Technologies 

To understand the geographic distribution of research 

interest in the four core technologies, the detailed data in Table 

II and the proportional summary in Fig. 2 show that research on 

Augmented Reality and Gamification has the broadest 

geographic reach. These two technologies significantly 

dominate the global research landscape, representing 

approximately 42% and 39% of total country engagement, 

respectively, as confirmed by the participation of seventeen 

countries in the Augmented Reality study and sixteen countries 

in the Gamification study. In contrast, the other two 

technologies exhibit a narrower geographic focus: research on 

Quantum AI is concentrated in only five countries (China, India, 

Italy, the Netherlands, and the United States), representing 

approximately 12% of total engagement, while research activity 

related to Storytelling is even more limited, found in studies 

from only three countries (Canada, Greece, and Spain) and 

accounting for only 7% of overall country engagement. This 

pattern indicates that while Augmented Reality and 

Gamification have been widely accepted by the international 

research community, investigations into Quantum AI and 

Storytelling in integrated education contexts are still in the early 

stages of their geographic spread. 
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TABLE II 

GEOGRAPHIC DISTRIBUTION OF STUDIES BY CORE TECHNOLOGY 

Core 

Technology 

Number of 

Countries Involved 
Countries Conducting Studies Related References 

Augmented 

Reality (AR) 
17 

Brazil, Canada, China, Colombia, 

Finland, Greece, Hong Kong, India, 

Indonesia, Italy, Malaysia, Peru, 

Philippines, Portugal, Spain, Taiwan, 

Turkey 

[98], [99], [100], [101], [102], [103], [104], 

[105], [106], [107], [108], [109], [110], [111], 

[112], [113], [114], [115], [116], [117], [118], 

[119], [120], [121], [122], [123], [124], [125], 

[126], [127], [128], [129], [130] 

Gamification 16 

Brazil, Canada, China, Colombia, 

Finland, Greece, Hong Kong, India, 

Indonesia, Italy, Malaysia, Peru, 

Philippines, Portugal, Spain, Taiwan 

[99], [100], [101], [102], [103], [104], [105], 

[106], [107], [108], [109], [110], [111], [112], 

[113], [114], [115], [116], [117], [118], [120], 

[121], [122], [123], [124], [126], [127], [128], 

[129], [130] 

Quantum AI 

(QAI) 
5 

China, India, Italy, Netherlands, United 

States 

[89], [90], [91], [92], [93], [94], [95], [96], 

[97] 

Storytelling 3 Canada, Greece, Spain [99], [106], [107], [114], [130] 

B. How is the distribution of study types (e.g., empirical, 

conceptual, review) regarding this integration? 

The data in Table III shows that the Experimental approach 

is the most dominant study type, comprising 13 studies, 

followed by Prototype Development Studies which are also 

common with 11 studies. A lower frequency is seen in Empirical 

Studies (n=5), while several other study types such as 

Systematic Reviews, Design-Based Research, and Case Studies 

are found in 3 studies each. The remainder includes Mixed 

Methods Studies (n=2), Survey Studies (n=1), and Concept 

Development Studies (n=1). This distribution indicates that 

research in technology integration is currently driven by 

experimental investigations of impact or effectiveness as well 

as concrete efforts in developing new applications or prototypes. 

TABLE III 

STUDY TYPE DISTRIBUTION 

Study Type Number of Studies 

Experimental Research / Study 13 

Prototype Development Study 11 

Empirical Study 5 

Systematic Review 3 

Design-Based Research 3 

Case Study 3 

Mixed Methods Study 2 

Survey Study 1 

Concept Development Study 1 

 

C. What are the main subject areas or domains where this 

integration is most widely studied or applied? 

Based on Fig. 3, the distribution of the 42 studies analyzed 

shows a dominance in the domains of Computer Science, 

Quantum Technologies, and Related AI (9 studies), followed by 

general educational technology and platforms (7 studies). Other 

prominent areas are Language and Literacy Education (6 

studies), as well as STEM Education, Health Education, and 

Humanities, each with 5 studies. Domains with a narrower focus 

include special education (2 studies), as well as vocational 

education, home-based education, and orientation learning, each 

with one study. 

 
Fig. 3. Distribution of Studies by Subject Domain. 

This distribution highlights the intense concentration on 

basic computing technologies and general research on 

technology platforms for education, alongside significant 

exploration across core educational subject areas such as 

language, STEM, health, and humanities in the reviewed 

literature. 

D. At which level of education is this integration most applied 

or studied? 

The data in Fig. 4 shows that Higher Education is the most 

dominant level studied, accounting for 29 studies. 7 studies 

focus on primary education, the next most common focus. 3 

studies target secondary education. Significantly fewer studies 

focus on other levels. Only 1 study represents early childhood 

education, special education, and elementary to higher studies 

in this dataset.  
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Fig. 4. Distribution of Studies by Education Level. 

 

This distribution strongly indicates that research and 

implementation efforts related to technology integration have 

been heavily concentrated in the higher education sector, with 

significantly less exploration of elementary, secondary, or 

special education contexts. 

E. What are the benefits of integrating Quantum AI, AR, 

gamification, and adaptive storytelling in education? 

Table IV presents a synthesis of the key benefits from the 42 

studies analyzed, with the most prominent and consistent 

finding being significant improvements in student engagement, 

motivation, and learning outcomes, including conceptual 

understanding and knowledge retention. Furthermore, the 

potential for personalized learning experiences through adaptive 

pathways and the development of 21st-century skills were also 

frequently identified as key findings, with these benefits ranging 

from immediate impacts on students to the potential for 

developing adaptive education systems in the future. 

 

 

TABLE IV 

BENEFITS OF INTEGRATING QUANTUM AI, AR, GAMIFICATION, AND STORYTELLING IN EDUCATION 

Main Benefit Category Description / Specific Examples Supporting References 

Increased Engagement, 

Motivation and Interest 

Creates engaging, fun, interactive, and immersive experiences. 

Increases participation, interest, satisfaction, and positive attitudes or 

emotions. Fulfills Self Determination Theory needs. 

[98], [99], [100], [101], [102], 

[103], [104], [105], [106], [107], 

[108], [109], [110], [111], [113], 

[114], [115], [116], [117], [118], 

[119], [120], [121], [123], [124], 

[125], [127], [128], [129], [130] 

Improved Learning 

Outcomes and Concept 

Understanding 

Enhances conceptual understanding, knowledge retention, and 

academic performance. Facilitates visualization of abstract or 

complex concepts. Improves learning quality and effectiveness. 

[101], [103], [104], [105], [106], 

[112], [113], [118], [119], [128] 

21st Century Skills 

Development 

Develops practical skills, problem solving, critical thinking, 

collaboration, creativity, communication skills including for students 

with ASD, and social media literacy. Fosters computational thinking. 

[99], [101], [102], [104], [106], 

[109], [113], [115], [121], [129], 

[130] 

Personalization and 

Adaptive Learning 

Enables personalized experiences and adaptive pathways. Supports 

learning at one's own pace and self-guided learning, fostering student 

autonomy. Shows potential for learning optimization. 

[94], [100], [106], [109], [110], 

[111], [112], [115], [121], [126], 

[128] 

Enhanced Learning 

Accessibility and 

Flexibility 

Offers flexible access, for instance through mobile devices. Assists 

learners with special needs, such as students with ASD. Provides user 

friendly tools suitable for various ages. 

[100], [108], [111], [121], [125], 

[130] 

Advanced Computing 

Potential (Quantum) 

Demonstrates feasibility for AI and machine learning tasks such as 

Reinforcement Learning, Clustering, and Optimization. Offers 

potential for speedup or new capabilities for educational technology. 

Includes potential data security benefits. 

[89], [90], [91], [92], [93], [94], 

[95], [97] 

Educator Competency 

Development & 

Support 

Develops teacher competencies like transmedia, digital, and creative 

skills. Facilitates the co design of relevant applications. 
[99], [122] 

F. What are the main types of solutions, applications, or 

frameworks proposed or developed based on this 

integration? 

Fig. 5 summarizes the proportion of the main output focuses 

of the reviewed studies, showing that the development of 

Specific Applications based on Augmented Reality and 

Gamification (40%) and the development of Design 

Frameworks or Methodologies (29%) are the most dominant. 

Smaller proportions are dedicated to the proposal of quantum 

methods (17%), the provision of Recommendations or Reviews 

(12%), and the development of meta-learning models and 

Datasets (2%). This distribution underscores the strong current 

research orientation on the development of applied solutions 

and conceptual frameworks, followed by the exploration of 
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quantum computing methods. 

 

 

 

 

 

 

 

Fig. 5. Distribution of Primary Research Outputs 

G. What are the main challenges in implementing this 

integrated technology approach in education? 

To understand the distribution and relative emphasis of 

various challenges in implementing an integrated technology 

approach in education, we can refer to the detailed list of study 

references in Table V and Fig. 6 below. 

 

TABLE V 

CHALLENGES OF IMPLEMENTING AN INTEGRATED 

TECHNOLOGY APPROACH IN EDUCATION 

Challenge Study 

Pedagogy and 

Instructional 

Design 

[89], [91], [92], [93], [97], [99], [100], [102], 

[103], [104], [105], [106], [107], [108], 

[109], [110], [111], [113], [114], [116], 

[117], [118], [119], [120], [121], [122], 

[124], [125], [127], [128], [130] 

Technical and 

Infrastructure 

[89], [90], [91], [92], [93], [94], [95], [96], 

[97], [98], [100], [101], [102], [103], [104], 

[109], [112], [113], [114], [120], [124], 

[125], [126], [127], [128], [130] 

Research and 

Evaluation 

[89], [90], [91], [92], [93], [95], [96], [97], 

[99], [105], [106], [109], [110], [111], [112], 

[113], [114], [115], [116], [117], [118], 

[121], [122], [123], [127], [129] 

Teacher and 

Learner Factors 

[98], [100], [101], [103], [104], [105], [107], 

[108], [109], [110], [111], [113], [114], 

[115], [116], [117], [118], [119], [121], 

[122], [124], [129] 

Ethics and 

Accessibility 
[94], [100], [111], [112], [116], [120] 

Cost and 

Resources 
[94], [100], [101], [108], [112] 

The visual representation in Fig. 6 clearly shows that 

challenges related to Pedagogy and Instructional Design (27%) 

were the most prominent, followed by Technical and 

Infrastructure Issues (23%), Research and Evaluation (22%), 

and Teacher and Learner Factors (19%). These four categories 

collectively accounted for 91% of the total challenges reported, 

with this high frequency of mention supported by the large 

number of studies listed in Table V. In contrast, challenges 

related to Ethics and Accessibility (5%) and Cost and Resources 

(4%) were reported much less frequently, indicating that despite 

their importance, these issues are less recognized as major 

barriers by the research community within the reviewed 

literature.

 

Fig. 6. Distribution of Reported Implementation Challenges by 

Category. 

V. DISCUSSION 

This study examines the integration of Quantum Artificial 

Intelligence (QAI), Augmented Reality (AR), Gamification, and 

Adaptive Storytelling (AS), revealing a dynamic field but with 

a large gap between theoretical potential (particularly QAI) and 

practical implementation. The integration of AR, Gamification, 

and AS has been shown to improve engagement and learning 

outcomes (Table IV), although the research has concentrated on 

Higher Education (Fig. 4) and specific domains (Fig. 3, Table 

II), thus limiting its generalizability. The realization of truly 

adaptive systems is hampered by the immaturity of QAI, with 

technical challenges such as hardware limitations and 

algorithmic complexity [89]-[97], [90], [91], [97], [131]. 

Furthermore, pedagogical challenges are also significant (Table 

V, Fig. 6), including instructional design needs, evaluation 

frameworks [93], [96], as well as ethical issues [94], [122] and 

under-reported accessibility (Fig. 6). Nevertheless, the 

theoretical potential of QAI for real-time optimization remains 

enormous [89], [94], and overcoming these obstacles requires 

continued interdisciplinary investment. 

VI. LIMITATIONS 

This systematic literature review (SLR) follows the 

consistent PRISMA methodology [83], but it is important to 

acknowledge the inevitable degree of subjectivity, such as in the 

definition of search terms and the specific query combinations 

used. Furthermore, while thematic analysis [88] and data 

synthesis were conducted systematically, the interpretation and 

categorization of findings still carry the potential for 

subjectivity in the analysis and reporting. The search period 

used, 2015 to 2025, was chosen to ensure the relevance of the 

literature, but this temporal scope naturally limits the review to 

that period and excludes publications outside that timeframe, 
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while each search technique also has inherent limitations in a 

dynamic, interdisciplinary domain. Given the broad research 

objective of understanding the trends, challenges, and potential 

synergies of integrating these four technologies, in-depth 

analysis of each sub-combination could be the focus of a future 

SLR. Nonetheless, this broad scope allows the current study to 

map the overall landscape, highlight potential synergies, and 

articulate the key challenges associated with the complex effort 

to integrate these four technologies in an educational context, as 

discussed in the previous section, while also underscoring the 

promising potential of this integration for future education. 

VII. CONCLUSION 

This paper aims to offer insights into the state of 

multidisciplinary research on the integration of Quantum 

Artificial Intelligence, Augmented Reality, Gamification, and 

Adaptive Storytelling in educational settings, with valuable 

insights for educators and technology developers. The review 

highlights that the integration of Augmented Reality, 

Gamification, and Adaptive Storytelling offers significant 

benefits to the learning process, including increased student 

engagement and motivation, improved learning outcomes, the 

development of 21st-century skills, and opportunities for 

personalization and accessibility. To facilitate this integration, a 

common approach is the development of specific applications 

and the design of integrated frameworks, although exploration 

of Quantum AI methods is currently still conceptual. However, 

successful implementation depends not only on technical tools 

but also on crucial non-technical factors such as careful 

pedagogical design, addressing technical limitations (especially 

for Quantum AI), developing valid evaluation methods, and 

attention to readiness and acceptance by educators and students. 

Ultimately, the literature surveyed demonstrates a gap between 

established practices and the future potential of Quantum AI, 

and bridging this gap requires sustained interdisciplinary 

efforts, investment in basic research, deliberate pedagogical 

design, and thorough evaluation and ethical considerations to 

guide the transformative power of this technology. 
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