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Abstract 

The rapid adoption of generative artificial intelligence (AI) tools has transformed the way 

individuals interact with digital technologies across educational, professional, and research 

contexts. Despite the growing reliance on AI systems, many users lack the competencies 

required to formulate effective prompts, evaluate AI-generated outputs, and engage in 

responsible human–AI collaboration. Existing digital literacy frameworks primarily emphasize 

information access, communication, and technology use, while providing limited attention to 

prompt engineering as a distinct digital competency. This research introduces the conceptual 

model, the PIERCE Framework, which places prompt engineering as a crucial digital literacy 

skill in the era of generative AI. The framework was conceptualized by analyzing the latest 

literature on digital literacy, AI literacy, human–AI interaction, and prompt engineering. The 

proposed framework is divided into six interrelated components: Prompt Intent Formulation, 

Intelligent Prompt Design, Engagement with AI, Response Evaluation, Continuous Refinement, 

and Ethical Application. Together, these components provide a structured pathway for effective 

human–AI collaboration. The framework contributes to the growing discourse on AI literacy by 

offering a comprehensive perspective on the competencies required for productive and 

responsible AI use. The findings highlight the importance of integrating prompt engineering 

into future digital literacy initiatives, educational programs, and professional development 

practices. 
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1. INTRODUCTION 

The emergence of generative artificial intelligence (AI) has significantly transformed 

the way people interact with digital technologies. Unlike conventional digital tools that 

primarily support information retrieval and communication, generative AI systems are capable 

of producing human-like responses, generating content, assisting decision-making, and 

supporting problem-solving activities across various domains. As a result, AI-powered 

applications have become increasingly integrated into educational environments, professional 

workplaces, research activities, and everyday digital interactions [1], [2], [3]. 

The use of generative AI tools has opened up new avenues for enhancing productivity, 

creativity, and knowledge acquisition. Students increasingly utilize AI systems to support 

learning activities, researchers employ AI-assisted tools for information synthesis and content 

development, and professionals leverage AI technologies to enhance efficiency in diverse 
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workplace tasks. The growing accessibility of large language models has accelerated this trend, 

allowing individuals with varying levels of technical expertise to interact with sophisticated AI 

systems through natural language communication [4], [5], [6]. 

However, the effectiveness of human–AI interaction is not determined solely by the 

capabilities of AI systems. The quality of AI-generated outputs is often influenced by the 

quality of the instructions provided by users. Poorly formulated prompts may produce 

inaccurate, incomplete, or irrelevant responses, whereas carefully designed prompts can 

significantly improve the relevance, clarity, and usefulness of AI-generated content. As a result, 

effective communication with AI systems has become a growing skill in the digital age [7], [8]. 

This growing importance has contributed to the emergence of prompt engineering as a 

critical practice within the field of human–AI interaction. Prompt engineering refers to the 

process of designing, structuring, refining, and optimizing instructions to achieve desired 

outputs from AI systems. Although prompt engineering initially gained attention as a technical 

skill among AI practitioners and developers, its relevance has expanded far beyond technical 

communities. Today, individuals from diverse educational and professional backgrounds are 

required to develop effective prompting strategies in order to maximize the benefits of AI-

assisted technologies [9], [10], [11].  

Existing digital literacy frameworks have traditionally focused on competencies such as 

information access, communication, content creation, digital safety, and problem-solving in 

technology-rich environments. These frameworks have been important in shaping the education 

and policy landscape for preparing people for an increasingly digital society. More recently, the 

emergence of artificial intelligence has stimulated the development of AI literacy frameworks 

that emphasize understanding AI concepts, evaluating AI-generated information, recognizing 

ethical implications, and promoting responsible AI use. These developments are indicative of 

the need for digital literacy to keep pace with technological advancements [12], [13], [14]. 

Despite these efforts, there is still a gap in the current literature. While numerous studies 

acknowledge the importance of AI literacy and responsible AI use, relatively limited attention 

has been given to prompt engineering as a distinct digital competency. Existing discussions 

frequently focus on the technical aspects of prompting or provide practical guidelines for 

interacting with AI systems. Yet, there are still no comprehensive frameworks that 

conceptualize prompt engineering as a key literacy skill that can be used to facilitate effective, 

critical, and responsible human–AI interaction in various contexts [15], [16]. 

Moreover, the growing availability of generative AI tools has broadened the user base 

of AI beyond the technical community. AI systems are now commonplace in the lives of 

students, teachers, researchers, professionals, and the general public. This has led to a growing 

need for clear goal setting, crafting of effective prompts, critical analysis of AI-generated 

content, iterative refinement of interactions, and responsible use of AI. However, these skills are 

usually talked about in isolation and not as part of a coherent framework [17], [18]. 

To fill this void, this study introduces the PIERCE Framework, a conceptual framework 

that places prompt engineering as a fundamental digital literacy skill in the age of generative AI. 

The framework is divided into six interrelated dimensions: Prompt Intent Formulation, 

Intelligent Prompt Design, Engagement with AI, Response Evaluation, Continuous Refinement, 

and Ethical Application. Collectively, these dimensions provide a structured pathway for 

enhancing the quality of human–AI interaction while promoting responsible and effective AI 

use. 

The objective of this study is to develop and present a conceptual framework that 

explains how prompt engineering can be understood and applied as a digital literacy skill. By 

integrating concepts from digital literacy, AI literacy, human–AI interaction, and prompt 

engineering, this study contributes to the growing discourse on AI-enabled competencies and 

provides a foundation for future research, educational initiatives, and professional development 
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programs related to effective human–AI collaboration. 

 

2. METHODS 

 

2.1 Research Design 

This study employed a conceptual research design to develop a framework that 

positions prompt engineering as a digital literacy competency for effective human–AI 

collaboration. Unlike empirical studies that rely on surveys, experiments, or observational data, 

conceptual research focuses on the integration, interpretation, and synthesis of existing 

knowledge to generate new theoretical perspectives and frameworks. This was deemed suitable 

as the study's main goal was not to quantify a phenomenon but to develop a conceptual 

framework for prompt engineering in the context of digital literacy and AI-powered interaction 

[19], [20]. 

The conceptual approach enables researchers to examine relationships among existing 

concepts, identify emerging trends, and propose theoretical models that contribute to academic 

discourse. Given the rapid development of generative artificial intelligence technologies and the 

growing importance of effective human–AI interaction, a conceptual framework was considered 

suitable for organizing existing knowledge and identifying key competencies required for 

responsible and productive AI use [21]. 

 

2.2 Literature Review and Concept Identification 

The development of the proposed framework was informed by a comprehensive review 

of literature related to digital literacy, AI literacy, prompt engineering, human–AI interaction, 

and generative artificial intelligence. Relevant journal articles, conference proceedings, 

scholarly reports, and conceptual studies were examined to identify recurring themes, 

competencies, challenges, and recommendations associated with effective interaction with AI 

systems [22], [23]. 

Particular attention was given to recent studies discussing the evolution of digital 

literacy in the era of artificial intelligence. The review focused on identifying competencies 

frequently highlighted across the literature, including communication with AI systems, critical 

evaluation of AI-generated outputs, iterative interaction processes, ethical considerations, and 

responsible technology use. These concepts served as the foundation for the development of the 

proposed framework [24], [25]. 

The literature review was done in an iterative manner. Concepts identified in one study 

were compared with findings from other studies to determine similarities, differences, and 

recurring patterns. This process helped establish a comprehensive understanding of the 

competencies necessary for effective prompt engineering and AI-assisted problem solving [26]. 

 

2.2.1 Literature Search Strategy 

The conceptual framework was developed through a structured literature search 

designed to identify relevant studies on digital literacy, artificial intelligence literacy, prompt 

engineering, human–AI interaction, and generative artificial intelligence. Literature retrieval 

was conducted using internationally recognized scholarly databases, including Scopus, Web of 

Science, IEEE Xplore, ACM Digital Library, ScienceDirect, SpringerLink, and Google Scholar. 

The choice of these databases was made because they offer wide coverage of peer-reviewed 

publications in computer science, educational technology, information systems and artificial 

intelligence [22], [23]. 

 

Literature search was conducted using combinations of keywords and Boolean operators 

to maximize the retrieval of relevant publications. Common search terms were "prompt 
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engineering" AND "digital literacy", "AI literacy", "generative artificial intelligence", "human–

AI collaboration", "large language models", "artificial intelligence in education", and "digital 

competence framework". Further backward and forward citation tracking was conducted to find 

influential studies that were relevant to the conceptualization of the proposed framework [24], 

[25]. 
Inclusion and exclusion criteria were used to ensure the reviewed literature was relevant 

and of high quality. The inclusion criteria comprised peer-reviewed journal articles, conference 

proceedings, international organizational reports, and conceptual or review studies published 

primarily between 2023 and 2025, with several foundational references retained where 

necessary to support established theoretical concepts. Publications were required to address one 

or more of the study's core themes, including digital literacy, AI literacy, prompt engineering, 

human–AI interaction, or responsible AI use. Publications that were not sufficiently 

academically rigorous, not directly related to the research objectives, or that duplicated 

previously identified concepts were not reviewed [32], [34]. 

The selected studies were subsequently analyzed through an iterative conceptual 

synthesis process. Concepts extracted from the literature were systematically compared, 

categorized, and integrated to identify recurring competencies, conceptual relationships, and 

emerging themes. The result of this analytical process was the identification of six interrelated 

dimensions that make up the proposed PIERCE Framework [26], [27]. 

 

2.3 Framework Development Process 

After the literature review, the concepts identified were then put through a process of 

conceptual synthesis. Similar competencies were grouped into broader categories, while 

overlapping concepts were integrated to reduce redundancy and improve conceptual clarity. In 

this iterative analysis, six core dimensions consistently emerged as fundamental elements of 

effective prompt engineering and human–AI collaboration [27]. 

This framework is called the PIERCE Framework, and it is composed of six 

interconnected dimensions: Prompt Intent Formulation, Intelligent Prompt Design, Engagement 

with AI, Response Evaluation, Continuous Refinement, and Ethical Application. These 

dimensions together embody the cognitive, technical, evaluative, and ethical skills needed for 

successful interaction with generative AI systems. 

The framework was designed to provide a structured pathway that guides users from the 

initial identification of objectives through the formulation of prompts, interaction with AI 

systems, evaluation of generated outputs, refinement of prompts, and responsible application of 

AI-assisted outcomes. By integrating these dimensions into a unified model, the PIERCE 

Framework offers a comprehensive perspective on prompt engineering as an emerging digital 

literacy competency in the age of generative artificial intelligence. 
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Figure 1. Conceptual Framework Development Process for the Development of the PIERCE Framework 

 

3. RESULTS AND DISCUSSION 

3.1 The Proposed PIERCE Framework 

The primary outcome of this study is the development of the PIERCE Framework, a 

conceptual model that positions prompt engineering as a digital literacy skill for effective 

human–AI collaboration. The framework was developed through the synthesis of concepts 

derived from digital literacy, AI literacy, prompt engineering, and human–AI interaction 

literature. The resulting model offers a structured view of the skills needed for people to 

effectively, critically, and responsibly interact with generative AI systems [28], [29]. 

 

 
 

Figure 2. The PIERCE Framework for Effective Human–AI Collaboration 

 

As illustrated in Figure 2, the PIERCE Framework consists of six interconnected 

dimensions: Prompt Intent Formulation, Intelligent Prompt Design, Engagement with AI, 
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Response Evaluation, Continuous Refinement, and Ethical Application. Together, these 

dimensions embody the cognitive, technical, evaluative, and ethical skills required for effective 

collaboration between humans and AI. The proposed framework is not a linear process of 

prompt creation, but rather a continuous and iterative process where users interact with AI 

systems, assess the outputs, adjust their interactions, and use the AI-generated information 

responsibly [30]. 

The framework also highlights that the effectiveness of human–AI collaboration 

depends on more than just the technical performance of AI systems. Instead, the key to 

achieving positive results lies in the user's capacity to set clear goals, interact with AI systems, 

evaluate the output critically, and uphold ethical standards throughout the process. 

Consequently, prompt engineering is positioned as an emerging digital literacy competency that 

extends beyond technical expertise and becomes relevant to a broad range of users, including 

students, educators, researchers, professionals, and policymakers. 

 
Table 1. Core Components of the PIERCE Framework 

 

Dimension 

 

Description Key Functions 

Prompt Intent Formulation Establishing clear objectives 

and expected outcomes before 

interacting with AI systems. 

Goal definition, information needs 

identification, outcome specification 

Intelligent Prompt Design Structuring prompts to 

maximize response quality and 

relevance. 

Context provision, instruction 

formulation, constraint specification 

Engagement with AI Active interaction with AI 

systems to generate and 

explore responses. 

Communication, response 

generation, alternative exploration 

Response Evaluation Assessing the quality, 

relevance, accuracy, and 

limitations of AI-generated 

outputs. 

Verification, critical assessment, 

quality control 

Continuous Refinement Improving prompts and 

interactions through iterative 

modification and feedback. 

Prompt revision, output 

improvement, iterative learning 

Ethical Application Ensuring responsible, 

transparent, and accountable 

use of AI-generated content. 

Ethical judgment, transparency, 

responsible use 

 

3.1.1 Prompt Intent Formulation 

 Prompt Intent Formulation represents the foundational dimension of the PIERCE 

Framework. Effective interaction with AI systems begins with the user's ability to clearly define 

objectives, identify information needs, and establish desired outcomes before constructing 

prompts. Without a clear understanding of the intended purpose of the interaction, users may 

generate vague instructions that result in incomplete or irrelevant responses. Therefore, this 

dimension emphasizes goal-oriented thinking as a prerequisite for productive human–AI 

collaboration. 

  The significance of Prompt Intent Formulation goes beyond the construction of the 

prompt. It encourages users to engage in critical reflection regarding the purpose of AI use and 

the expected value of AI-generated outputs. By clarifying objectives prior to interaction, users 

can improve the precision, relevance, and effectiveness of communication with AI systems. 
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3.1.2 Intelligent Prompt Design 

Intelligent Prompt Design refers to the ability to structure prompts in a manner that 

facilitates meaningful and contextually appropriate AI responses. This dimension focuses on 

how users communicate instructions, provide contextual information, specify constraints, and 

define desired output formats. Good prompt design can help AI systems produce responses that 

are more likely to meet user expectations and desired outcomes. 

In the PIERCE Framework, Intelligent Prompt Design acts as the link between human 

intent and AI interpretation. Effective prompts minimize ambiguity, boost the quality of 

responses, and make human-AI interactions more efficient. With the growing sophistication of 

generative AI technologies, the skill of creating effective prompts is becoming a key digital 

literacy competency [31]. 

 

3.1.3 Engagement with AI 

Engagement with AI refers to the active interaction between users and artificial 

intelligence systems during the prompt-response process. Rather than functioning as passive 

recipients of AI-generated information, users participate in a dynamic exchange in which 

prompts are submitted, responses are analyzed, and additional inquiries may be generated to 

achieve desired outcomes. This dimension recognizes that effective human–AI collaboration is 

inherently interactive and requires continuous communication between the user and the AI 

system. 

The significance of Engagement with AI lies in its emphasis on exploration and 

adaptability. AI systems can offer several different viewpoints, options, and degrees of detail. 

Consequently, users must develop the ability to navigate these responses, identify valuable 

information, and leverage AI capabilities strategically to support learning, decision-making, 

creativity, and problem-solving activities. 

 

3.1.4 Response Evaluation 

Response Evaluation represents the critical assessment stage of the framework. While 

generative AI systems can produce sophisticated and convincing outputs, the quality, accuracy, 

and reliability of these outputs cannot be assumed automatically. It is therefore the user's 

responsibility to check the relevance, correctness, completeness, consistency, and possible bias 

of the information generated by AI [32], [33]. 

This dimension highlights the importance of critical thinking within AI-assisted 

environments. Effective users are not just taking information at face value from AI; they are 

checking the facts, cross-referencing information, and evaluating whether the AI-generated 

content is relevant to the goals. Through systematic evaluation, users can reduce the risks 

associated with misinformation, inaccuracies, and inappropriate AI outputs. 

 

3.1.5 Continuous Refinement 

Continuous Refinement emphasizes the iterative nature of prompt engineering. AI 

interactions are not typically a one-way street. Rather, users often edit prompts, add context, 

clarify instructions, and tweak constraints to enhance the quality of the output. This cycle allows 

users to gradually get closer to the right and relevant answers. 

In the PIERCE Framework, Continuous Refinement is considered a key competency as 

it fosters learning, adaptability, and problem-solving. As users interact with and adjust the AI 

systems, they become more familiar with how the systems interpret their instructions and 

respond. Consequently, they are better equipped to leverage AI tools to tackle increasingly 

complex tasks and challenges. 

 

3.1.6 Ethical Application 
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Ethical Application is the last pillar of the PIERCE Framework and a principle to follow 

when using AI responsibly. The growing use of generative AI in education, work, and society 

has raised concerns about transparency, accountability, academic integrity, privacy, bias, and 

misinformation [34], [35]. 

This dimension emphasizes that users remain responsible for the outcomes of AI-

assisted activities. Ethical Application requires individuals to exercise critical judgment, 

disclose appropriate AI usage when necessary, respect intellectual property considerations, and 

ensure that AI-generated content is applied responsibly. By integrating ethical considerations 

into the framework, the PIERCE Framework reinforces the principle that effective human–AI 

collaboration should not only be productive but also responsible, trustworthy, and aligned with 

broader societal values. 

 

3.2 Comparison with Existing Digital Literacy Frameworks 

The rapid growth of generative artificial intelligence has prompted scholars and 

educators to reconsider the competencies required for effective participation in digital 

environments. The traditional digital literacy frameworks have been centered on information 

access, communication, content production, digital safety, and problem-solving. These skills are 

still relevant, but with the growing prevalence of AI systems in daily life, new interaction 

patterns have emerged that go beyond the scope of traditional digital literacy frameworks [36], 

[37]. 

A useful point of comparison is the European Digital Competence Framework for 

Citizens (DigComp 2.2), which provides a comprehensive structure for digital competence by 

emphasizing information and data literacy, communication and collaboration, digital content 

creation, safety, and problem-solving. Likewise, recent AI literacy frameworks focus on 

developing users' understanding of AI concepts, critical evaluation of AI-generated outputs, and 

responsible AI use. These frameworks offer valuable building blocks for digital and AI skills, 

but do not explicitly define prompt engineering as a competency that requires deliberate prompt 

creation, incremental improvement, and ongoing human-AI interaction. The proposed PIERCE 

Framework extends these perspectives by positioning prompt engineering as a multidimensional 

digital literacy competency that supports effective, critical, and responsible interaction with 

generative AI systems [14], [29]. 

Similarly, emerging AI literacy frameworks have emphasized the importance of 

understanding AI concepts, recognizing the capabilities and limitations of AI systems, 

evaluating AI-generated information, and promoting responsible AI use. These frameworks 

have made a significant contribution to the understanding of human interaction with intelligent 

technologies. However, they often provide limited attention to the practical competencies 

required for designing effective prompts and managing iterative interactions with generative AI 

systems [38]. 

The PIERCE Framework addresses this limitation by explicitly positioning prompt 

engineering as a digital literacy competency. The framework does not view prompting as a 

technical skill, but rather as a multi-dimensional process that includes goal setting, prompt 

design, interaction, prompt evaluation, prompt refinement, and ethical prompt use. This view 

extends the current concept of digital literacy to include skills that are increasingly relevant in 

an AI-mediated world. 

Furthermore, the framework emphasizes the iterative and collaborative nature of 

human–AI interaction. The PIERCE Framework acknowledges that users actively shape the 

outcomes of AI systems through ongoing interaction and refinement, whereas traditional digital 

literacy frameworks emphasize information consumption and communication. This distinction 

highlights the evolving role of digital literacy in the age of generative artificial intelligence. 
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Table 2. Comparison Between Traditional Digital Literacy and the PIERCE Framework 

 

Aspect Traditional Digital 

Literacy 

PIERCE Framework 

Primary Focus Information access and 

communication 

Effective human-AI 

collaboration 

Information Interaction Use of digital tools Interaction with generative 

AI systems 

Prompt Design Not explicitly addressed Core competency 

Response Evaluation General information 

evaluation 

AI-specific output evaluation 

Iterative Interaction Limited emphasis Continuous refinement 

process 

Ethical Considerations Digital citizenship and safety Responsible AI use and 

accountability 

Outcome Digital participation Effective and responsible 

AI-assisted performance 

 

3.3 Practical implications of the PIERCE framework 

The PIERCE Framework offers several practical implications for educational 

institutions, researchers, professionals, and policymakers seeking to promote effective and 

responsible AI use. With the increasing use of generative AI in academic, professional, and 

daily settings, there is a growing demand for structured competencies that allow people to 

interact with AI systems effectively. The framework provides a comprehensive approach for 

addressing this need by positioning prompt engineering as a digital literacy competency rather 

than merely a technical skill. 

In educational contexts, the framework can support curriculum development aimed at 

preparing students for AI-enabled learning environments. Educational institutions can 

incorporate the six dimensions of the framework into digital literacy and AI literacy programs to 

help students develop competencies related to prompt design, critical evaluation, iterative 

learning, and ethical AI use. Such integration may contribute to more effective learning 

experiences and improve students' ability to utilize AI tools responsibly and productively [39]. 

For researchers, the framework provides a conceptual foundation for investigating 

prompt engineering practices and human–AI interaction. Future studies may utilize the 

framework to examine relationships among the six dimensions, assess their impact on AI-

assisted performance, and explore their applicability across different disciplines and 

professional contexts. The framework may also serve as a basis for developing assessment 

instruments that measure prompt engineering competencies. 

Within professional environments, the framework can guide workforce development 

initiatives aimed at improving AI-related skills. AI technologies are being used more and more 

by organizations to assist with decision making, communication, content creation, and problem-

solving processes. The PIERCE Framework offers a structured model that can assist employees 

in developing the competencies necessary to interact effectively with AI systems while 

maintaining ethical and professional standards. 

From a policy perspective, the framework contributes to ongoing discussions regarding 

AI literacy and responsible AI governance. Policymakers and educational leaders may utilize 

the framework to inform the design of training programs, digital literacy strategies, and AI 

competency standards. By emphasizing both technical and ethical dimensions, the framework 

promotes a balanced approach to AI adoption that prioritizes effectiveness, accountability, and 

responsible use [40]. 

http://creativecommons.org/licenses/by-sa/4.0/


JOURNAL OF COMPUTER SCIENCE AND INFORMATICS ENGINEERING 

VOL. 05, NO. 3, JULY 2026: 313-324 
Doi: https://doi.org/10.55537/cosie.v5i3.1775  

e-ISSN 2827-8356 
p-ISSN 2827-9999 

 

322 
© 2026 The Author(s). Published by Ali Institute of Research and Publication . This is an open access article under the CC BY-SA license  

(http://creativecommons.org/licenses/by-sa/4.0/) 

CoSIE 

 

Beyond its conceptual contribution, the PIERCE Framework provides a foundation for 

future empirical investigation. Researchers may develop measurement instruments based on the 

six framework dimensions to evaluate prompt engineering competencies among students, 

educators, professionals, and other AI users. Furthermore, empirical validation across different 

educational, organizational, and cultural contexts would provide valuable evidence regarding 

the framework's applicability, reliability, and effectiveness. These investigations would help to 

continually improve the framework and help to develop evidence-based AI literacy programs. 

 

4. CONCLUSION 

The rapid expansion of generative artificial intelligence has transformed the nature of 

digital interaction and created new competency requirements for effective human–AI 

collaboration. While existing digital literacy and AI literacy frameworks provide valuable 

foundations for understanding technology use, they often provide limited attention to prompt 

engineering as a distinct and essential competency. To fill this gap, this study introduced the 

PIERCE Framework, a conceptual framework that places prompt engineering as a digital 

literacy skill in the age of generative artificial intelligence. 

The proposed framework consists of six interconnected dimensions: Prompt Intent 

Formulation, Intelligent Prompt Design, Engagement with AI, Response Evaluation, 

Continuous Refinement, and Ethical Application. These dimensions offer a framework for 

comprehending the ways in which people can engage with AI systems in a constructive, critical, 

and responsible manner. The framework extends existing perspectives on digital literacy by 

emphasizing the iterative and collaborative nature of human–AI interaction and by recognizing 

prompt engineering as a multidimensional competency rather than merely a technical activity. 

The study contributes to the growing discourse on digital literacy, AI literacy, and 

human–AI collaboration by offering a comprehensive conceptual framework that can support 

future educational, professional, and research initiatives. The framework can help educators in 

curriculum development, researchers in studying the competencies of prompt engineering, and 

organizations in creating training programs for AI. 

As a conceptual study, this research is subject to certain limitations. The framework has 

been developed through literature-based conceptual synthesis and has not yet been empirically 

validated. Therefore, future research should examine the applicability and effectiveness of the 

PIERCE Framework across different educational, professional, and cultural contexts. Future 

studies may also develop measurement instruments and empirical models to evaluate the 

relationships among the framework dimensions and their influence on effective human–AI 

collaboration. In addition, comparative studies involving established digital competence 

frameworks, such as DigComp 2.2, may further demonstrate the complementary role of the 

PIERCE Framework in supporting AI-enabled digital literacy across diverse application 

domains [14]. 

 

REFERENCES 

 

[1]  E. Kasneci et al., "ChatGPT for good? On opportunities and challenges of large 

language models for education," Learning and Individual Differences, vol. 103, 

2023. doi:10.1016/j.lindif.2023.102274. 
[2]  Y. K. Dwivedi et al., "So what if ChatGPT wrote it? Multidisciplinary perspectives on 

opportunities, challenges and implications of generative conversational AI for research, 

practice and policy," International Journal of Information Management, vol. 71, 2023. 

doi:10.1016/j.ijinfomgt.2023.102642. 
[3]  UNESCO, Guidance for Generative AI in Education and Research. Paris, France: 

UNESCO, 2023. 

http://creativecommons.org/licenses/by-sa/4.0/


JOURNAL OF COMPUTER SCIENCE AND INFORMATICS ENGINEERING 

VOL. 05, NO. 3, JULY 2026: 313-324 
Doi: https://doi.org/10.55537/cosie.v5i3.1775  

e-ISSN 2827-8356 
p-ISSN 2827-9999 

 

323 
© 2026 The Author(s). Published by Ali Institute of Research and Publication . This is an open access article under the CC BY-SA license  

(http://creativecommons.org/licenses/by-sa/4.0/) 

CoSIE 

 

[4]  OpenAI, "GPT-4 technical report," arXiv preprint arXiv:2303.08774, 2023. 

[5]  T. B. Brown et al., "Language models are few-shot learners," Advances in Neural 

Information Processing Systems, vol. 33, pp. 1877–1901, 2020. 

[6]  L. Ouyang et al., "Training language models to follow instructions with human 

feedback," Advances in Neural Information Processing Systems, vol. 35, pp. 27730–

27744, 2022. 

[7]  J. Wei et al., "Chain-of-thought prompting elicits reasoning in large language models," 

Advances in Neural Information Processing Systems, vol. 35, pp. 24824–24837, 2022. 

[8]  R. Bommasani et al., "On the opportunities and risks of foundation models," arXiv 

preprint arXiv:2108.07258, 2021. 

[9]  D. Long and B. Magerko, "What is AI literacy? Competencies and design 

considerations," in Proc. CHI Conf. Human Factors in Computing Systems, 2020, pp. 1–

16. 

[10]  O. Almatrafi, A. Johri, and H. Lee, "A systematic review of AI literacy conceptualization, 

constructs, and implementation and assessment efforts," Computers and Education Open, 

vol. 6, 2024. doi:10.1016/j.caeo.2024.100173. 
[11]  N. Knoth, A. Tolzin, A. Janson, and J. M. Leimeister, "AI literacy and its implications for 

prompt engineering strategies," Computers and Education: Artificial Intelligence, vol. 6, 

2024. doi:10.1016/j.caeai.2024.100225. 
[12]  C. Zhang and B. Magerko, "Generative AI literacy: A comprehensive framework for 

literacy and responsible use," arXiv preprint arXiv:2504.19038, 2025. 

[13]  M. J. Koch et al., "Meta AI literacy scale: Further validation and development of a scale 

for measuring AI literacy," Computers and Education: Artificial Intelligence, 2024. 

[14]  R. Vuorikari, S. Kluzer, and Y. Punie, DigComp 2.2: The Digital Competence 

Framework for Citizens. Luxembourg: Publications Office of the European Union, 2022. 

[15]  D. Lee and E. Palmer, "Prompt engineering in higher education: A systematic review to 

help inform curricula," International Journal of Educational Technology in Higher 

Education, vol. 22, no. 7, 2025. 

[16]  P. Liu et al., "Pre-train, prompt, and predict: A systematic survey of prompting methods 

in natural language processing," ACM Computing Surveys, vol. 55, no. 9, pp. 1–35, 

2023. 

[17]  A. Bozkurt and R. C. Sharma, "Generative AI and prompt engineering: The art of 

whispering to let the genie out of the algorithmic world," Asian Journal of Distance 

Education, vol. 18, no. 2, pp. i–vii, 2023. 

[18]  W. Cain, "Prompting change: Exploring prompt engineering in large language model AI 

and its potential to transform education," TechTrends, 2023. 

[19]  P. Korzynski, G. Mazurek, P. Krzypkowska, and A. Kurasinski, "Artificial intelligence 

prompt engineering as a new digital competence: Analysis of generative AI technologies 

such as ChatGPT," Entrepreneurial Business and Economics Review, vol. 11, no. 3, pp. 

25–37, 2023. 

[20]  L. S. Lo, "The CLEAR path: A framework for enhancing information literacy through 

prompt engineering," The Journal of Academic Librarianship, vol. 49, no. 4, 2023. 

doi:10.1016/j.acalib.2023.102720. 
[21]  B. Meskó, "Prompt engineering as an important emerging skill for medical professionals: 

Tutorial," Journal of Medical Internet Research, vol. 25, 2023. 

[22]  A. Barrett and A. Pack, "Not quite eye to A.I.: Student and teacher perspectives on the 

use of generative artificial intelligence in the writing process," International Journal of 

Educational Technology in Higher Education, vol. 20, no. 59, 2023. 

http://creativecommons.org/licenses/by-sa/4.0/


JOURNAL OF COMPUTER SCIENCE AND INFORMATICS ENGINEERING 

VOL. 05, NO. 3, JULY 2026: 313-324 
Doi: https://doi.org/10.55537/cosie.v5i3.1775  

e-ISSN 2827-8356 
p-ISSN 2827-9999 

 

324 
© 2026 The Author(s). Published by Ali Institute of Research and Publication . This is an open access article under the CC BY-SA license  

(http://creativecommons.org/licenses/by-sa/4.0/) 

CoSIE 

 

[23]  A. Tlili et al., "What if the devil is my guardian angel: ChatGPT as a case study of using 

chatbots in education," Smart Learning Environments, vol. 10, 2023. 

doi:10.1186/s40561-023-00237-x. 
[24]  J. Rudolph, S. Tan, and S. Tan, "ChatGPT: Bullshit spewer or the end of traditional 

assessments in higher education?" Journal of Applied Learning and Teaching, vol. 6, no. 

1, pp. 342–363, 2023. doi:10.37074/jalt.2023.6.1.9. 
[25]  D. Cotton, P. Cotton, and J. Shipway, "Chatting and cheating: Ensuring academic 

integrity in the era of ChatGPT," Innovations in Education and Teaching International, 

vol. 61, no. 2, pp. 228–239, 2024. 

[26]  O. Zawacki-Richter, V. I. Marín, M. Bond, and F. Gouverneur, "Systematic review of 

research on artificial intelligence applications in higher education," International Journal 

of Educational Technology in Higher Education, vol. 16, no. 39, 2019. 

[27]  B. Memarian and T. Doleck, "Teaching and learning artificial intelligence: Insights from 

the literature," Education and Information Technologies, 2024. 

[28]  A. Laupichler, A. Aster, N. Schirch, and T. Raupach, "Artificial intelligence literacy in 

higher and adult education: A scoping literature review," Computers and Education: 

Artificial Intelligence, vol. 3, 2022. 

[29]  D. T. K. Ng, J. K. L. Leung, S. K. W. Chu, and M. S. Qiao, "Conceptualizing AI literacy: 

An exploratory review," Computers and Education: Artificial Intelligence, vol. 2, 2021. 

[30]  A. Schepman and P. Rodway, "Initial validation of the general attitudes towards Artificial 

Intelligence Scale," Computers in Human Behavior Reports, vol. 1, 2020. 

[31]  B. Kitchenham and S. Charters, "Guidelines for performing systematic literature reviews 

in software engineering," Keele University and Durham University, Technical Report 

EBSE-2007-01, 2007. 

[32]  H. Snyder, "Literature review as a research methodology: An overview and guidelines," 

Journal of Business Research, vol. 104, pp. 333–339, 2019. 

[33]  J. Webster and R. T. Watson, "Analyzing the past to prepare for the future: Writing a 

literature review," MIS Quarterly, vol. 26, no. 2, pp. xiii–xxiii, 2002. 

[34]  E. Jaakkola, "Designing conceptual articles: Four approaches," AMS Review, vol. 10, pp. 

18–26, 2020. 

[35]  Y. Xiao and M. Watson, "Guidance on conducting a systematic literature review," 

Journal of Planning Education and Research, vol. 39, no. 1, pp. 93–112, 2019. 

[36]  G. M. Tawfik et al., "A step by step guide for conducting a systematic review and meta-

analysis with simulation data," Tropical Medicine and Health, vol. 47, 2019. 

[37]  European Commission, "Regulation (EU) 2024/1689 laying down harmonised rules on 

artificial intelligence," Official Journal of the European Union, 2024. 

[38]  L. Floridi and M. Chiriatti, "GPT-3: Its nature, scope, limits, and consequences," Minds 

and Machines, vol. 30, pp. 681–694, 2020. 

[39]  E. M. Bender, T. Gebru, A. McMillan-Major, and S. Shmitchell, "On the dangers of 

stochastic parrots: Can language models be too big?" in Proc. ACM Conf. Fairness, 

Accountability, and Transparency, 2021, pp. 610–623. 

[40]  L. Weidinger et al., "Ethical and social risks of harm from language models," arXiv 

preprint arXiv:2112.04359, 2021. 

 

 

 

http://creativecommons.org/licenses/by-sa/4.0/

