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Abstract

Artificial intelligence (Al) literacy has emerged as a foundational competency for sustain-
able higher education aligned with Sustainable Development Goal 4 (Quality Education).
Although Al literacy coursework is expanding rapidly, classroom instruction alone is in-
sufficient for cultivating the applied, ethical, and reflective dimensions of Al competency,
and systematic research on the components of curriculum-linked Al/data extracurricu-
lar programs remains scarce. This study employed a sequential mixed-methods design
integrating the Delphi technique and the Analytic Hierarchy Process (AHP) to identify
and prioritize the key components of such programs. Ten experts spanning Al education,
curriculum development, extracurricular administration, and industry participated in
two Delphi rounds, followed by AHP pairwise comparisons and content validity ratio
(CVR). The Delphi rounds yielded a consensus framework of 24 components across seven
domains; six domains served as AHP Level 1 evaluation criteria and the seventh (pro-
gram type) as Level 2 alternatives. Al practice integration and curricular linkage jointly
accounted for 57.2% of the criterion weight, and three program types—AI tool workshops,
Al-based problem-solving challenges, and data analytics projects—exhibited distinct strate-
gic priorities. The final framework achieved a content validity index of 0.84, providing
an empirically validated design framework for sustainable Al literacy education, with
potential applicability to resource-constrained settings.

Keywords: Al literacy; sustainable higher education; SDG 4; extracurricular programs;
Delphi technique; Analytic Hierarchy Process; curriculum-linked learning; AI competency

1. Introduction

Artificial intelligence (AI) has become deeply embedded in industry, healthcare, ed-
ucation, and culture, and Al literacy—the capacity to critically evaluate, communicate
with, and meaningfully use Al tools—has accordingly been positioned as a universal
competency required of all citizens, regardless of major or professional background [1,2].
In higher education, this transition has accelerated. Chee, Ahn, and Lee [3], through a
systematic review, demonstrated that university-level Al literacy goes beyond the founda-
tional Al knowledge typical of K-12 settings and requires deeper engagement with data
and algorithms, problem-solving capacities, and career-relevant competencies. UNESCO’s
Al Competency Framework [4] articulates a developmental pathway from Understand
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to Apply to Create, emphasizing that students must mature into responsible users and
co-creators of Al technologies.

These global developments resonate with the broader sustainability agenda. The
2030 Agenda for Sustainable Development, particularly Sustainable Development Goal 4
(Quality Education), calls for inclusive, equitable, and lifelong learning opportunities that
prepare learners for emerging societal and technological challenges [5]. Within this agenda,
Al literacy has been identified as a critical lever for both individual employability and the
long-term sustainability of higher education systems [6,7]. The World Economic Forum'’s
Future of Jobs Report 2025 noted that 85% of employers regard upskilling their workforce
in Al as a top priority [8].

However, scholars have repeatedly emphasized that classroom instruction alone is
insufficient for cultivating Al literacy as a multidimensional competency. Ng et al. [9] distin-
guished between knowing and applying, arguing that Al literacy must encompass practical
application and critical evaluation capacities, not merely declarative knowledge. Chiu
et al. [10] further developed the construct of Al competency as a self-reflective, confidence-
bearing capacity to apply knowledge in beneficial ways. From the lens of Kolb’s experiential
learning theory [11], formal coursework primarily addresses abstract conceptualization and
reflective observation, while concrete experience and active experimentation—the other
half of the learning cycle—require additional instructional mechanisms. Extracurricular
programs, defined as university educational activities that operate without academic credit,
have long been recognized as one such mechanism [12,13].

Recent scholarship has reframed extracurricular activities as co-curricular—intentionally
aligned with formal curriculum learning outcomes [14,15]. Empirical studies have shown
that systematically linking coursework with co-curricular programs significantly improves
students’” knowledge application, logical thinking, and creative problem-solving capaci-
ties [16,17]. Yet, in the specific context of Al/data education in higher education, models
that systematically connect coursework with extracurricular learning remain rare, and the
constituent components of such programs have not been empirically identified through
rigorous decision-making methodologies [18,19].

This gap is particularly consequential given the policy environment surrounding Al
education in higher education. National-level initiatives in numerous countries—including
U.S. EDUCAUSE frameworks [20], European Union Al literacy strategies [21], and East
Asian Al-focused university programs—are actively investing in Al education infras-
tructure and curricular reform. The sustainable implementation of these national-level
investments depends on universities” ability to design Al/data extracurricular programs
that are evidence-based, systematically integrated with coursework, and adaptable to
diverse institutional contexts, including resource-constrained settings.

To address this gap, the present study employs the Delphi technique combined with
the Analytic Hierarchy Process (AHP)—a methodologically rigorous mixed-method de-
sign widely applied in curriculum development and program design research [22-24].
Specifically, the study addresses three research questions:

RQ1: What are the essential components of Al/data extracurricular programs that effec-
tively complement formal coursework in higher education?

RQ2: Among the design domains identified through expert consensus, which carry the
greatest relative weight?

RQ3: Among general program types, which should be prioritized to achieve sustainable Al
literacy development in higher education contexts?

By providing an empirically grounded component framework with full methodologi-
cal continuity between the qualitative and quantitative phases, this study contributes to
the design science of sustainable Al literacy education in alignment with SDG 4.
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2. Theoretical Background
2.1. Al Literacy and Sustainable Higher Education

Al literacy is a recently emerging construct whose definitional contours continue to
evolve. Long and Magerko [1] defined Al literacy as “a set of competencies that enables
individuals to critically evaluate Al technologies; communicate and collaborate effectively
with ALy and use Al as a tool online, at home, and in the workplace.” This three-dimensional
formulation—technical understanding, critical evaluation, and practical application—has
served as a foundational reference for subsequent scholarship.

Ng et al. [9] proposed a four-domain framework comprising knowing and understand-
ing Al, using and applying Al, evaluating and creating Al, and Al ethics. The authors
emphasized that Al literacy is a multidimensional competency extending beyond tech-
nical knowledge to encompass ethical judgment and creative application. Subsequently,
Ng et al. [25] developed and validated a multidimensional Al literacy questionnaire inte-
grating affective, behavioral, cognitive, and ethical approaches. Chiu et al. [10] introduced
the broader construct of AI competency, distinguishing it from Al literacy by defining com-
petency as the confident application of knowledge in beneficial ways. Their five-component
framework—technologies, impact, ethics, collaboration, and self-reflection—incorporates a
self-reflective mindset and self-efficacy as integral elements.

From the standpoint of sustainable higher education, Al literacy has been increasingly
framed as a precondition for lifelong learning and adaptive citizenship in a rapidly evolving
technological environment [6,7,26]. UNESCO’s AI Competency Framework for Teachers [4]
explicitly positions Al literacy within the broader mission of education for sustainable
development, articulating a three-tier progression—Understand, Apply, Create—structured
across four competency domains: human-centered mindset, Al ethics, Al techniques and
applications, and Al system design. The EDUCAUSE Al Literacy in Teaching and Learning
(ALTL) framework [20] further extends this perspective to higher education, identifying
technical understanding, evaluation, practical application, and ethical consideration as four
core competency areas for sustainable Al integration in universities.

These frameworks share a common emphasis: sustainable Al literacy is not adequately
developed through theoretical instruction alone. Effective competency formation requires
authentic engagement with Al tools, opportunities for critical evaluation, and reflective
practice across diverse contexts. This requirement converges with longstanding insights
from the field of experiential learning regarding the inadequacy of decontextualized class-
room instruction for higher-order competency development.

2.2. Theoretical Foundations of Extracurricular and Co-Curricular Programs

Extracurricular programs in higher education refer to educational activities conducted
outside of formal credit-bearing coursework. Bartkus, Nemelka, Nemelka, and Gard-
ner [27], through a comprehensive literature review, distinguished extra-curricular activi-
ties (those proceeding independently of academic coursework) from co-curricular activities
(those intentionally aligned with the learning outcomes of formal curriculum). This distinc-
tion has become increasingly salient in the context of competency-based higher education,
where universities seek to maximize the integrated development of students through
purposeful coordination of curricular and extracurricular experiences [14,15].

Kolb’s experiential learning theory [11] provides one of the most influential theoretical
foundations for curriculum-extracurricular linkage. According to this theory, effective
learning proceeds through a four-stage cycle: concrete experience, reflective observation,
abstract conceptualization, and active experimentation. Classroom instruction typically
engages the latter two stages (abstract conceptualization and reflective observation), while
well-designed extracurricular programs provide opportunities for concrete experience and
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active experimentation. Kuh [14] extended Kolb’s framework to higher education through
the concept of high-impact educational practices, emphasizing that meaningful learning
requires students to integrate experiences across curricular and extracurricular contexts
and to apply learning across diverse situations.

Deci and Ryan’s self-determination theory (SDT) [28,29] provides a complementary
motivational framework for understanding extracurricular participation. According to
SDT, intrinsic motivation is fostered by the satisfaction of three basic psychological needs:
autonomy, competence, and relatedness. Because extracurricular programs depend on
voluntary participation, their design must address these needs to sustain engagement. For
Al/data programs specifically, this implies that students should be able to select topics of
personal interest (autonomy), experience tangible skill development (competence), and
engage with peers and instructors in meaningful interaction (relatedness).

Empirical research has documented the positive effects of extracurricular participation
in higher education. A meta-analysis of Korean studies up to 2017 [12] reported an overall
effect size of 0.534 (medium magnitude), with particularly strong effects on community-
mindedness, foundational competencies, and college life adaptation. More recent studies
on curriculum-linked extracurricular programs have shown significant improvements
in knowledge application, logical thinking, creative problem-solving, and ethical com-
petencies [16,17]. Importantly, these studies converge on the finding that intentional
alignment between coursework and extracurricular activities is a critical determinant of
educational impact.

2.3. Al/Data Education and the Need for Curriculum-Linked Extracurricular Programs

Despite the rapid expansion of Al literacy coursework in higher education institutions
worldwide, the design and operation of complementary extracurricular programs in the
Al/data domain remain underdeveloped both in practice and in scholarship. Most existing
research on Al education in higher education has focused on conceptual frameworks for Al
literacy [1,9,10], measurement instrument development [25], or pedagogical strategies for
Al in classroom contexts [30]. The systematic design of curriculum-linked extracurricular
programs—particularly through rigorous decision-making methodologies—has received
scant attention. Recent evidence syntheses corroborate this gap: scoping and systematic
reviews of Al literacy research report that existing scholarship concentrates on formal
instruction, conceptualization of the construct, and assessment development, while the
systematic design of extracurricular or co-curricular Al literacy programs has attracted
little attention [18,19].

This gap is significant for several reasons. First, Al/data competency formation in-
herently requires hands-on engagement with tools, real datasets, and authentic problems.
Unlike conceptual subjects, Al literacy cannot be fully developed through reading and
discussion alone. Second, the rapid evolution of Al tools (e.g., generative Al platforms) de-
mands flexible learning environments that can adapt more quickly than formal curriculum
revision cycles permit. Extracurricular programs, with their flexible operational structure,
are well-suited to address this need. Third, sustainable Al education in higher education
requires alignment with the equity dimension of SDG 4: resource-constrained institutions
must be able to participate meaningfully in Al literacy development without prohibitive
infrastructure investments, a goal that extracurricular programs—especially those lever-
aging cloud-based and generative Al tools—can directly support. Addressing this gap
requires a methodology capable of both eliciting program components inductively from
expert consensus and quantifying their relative importance for design decision-making;
the following section reviews the Delphi-AHP approach adopted for this purpose.
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2.4. Delphi—-AHP Methodology in Educational Program Design

The Delphi technique is a structured communication method that elicits expert consen-
sus through iterative, anonymous questionnaires with controlled feedback [31]. Originally
developed at the RAND Corporation in the 1950s, the technique has been widely applied
in educational research for curriculum development, competency framework design, and
assessment indicator construction [22,32]. The technique’s principal strength lies in its
capacity to aggregate expert judgment while mitigating the social-psychological biases
(e.g., groupthink, dominance effects) that can compromise face-to-face deliberation.

The Analytic Hierarchy Process (AHP), developed by Saaty [23], is a multi-criteria
decision-making technique that decomposes complex problems into hierarchical structures
of goal, criteria, and alternatives, and then quantifies relative importance through pairwise
comparisons. AHP enables the conversion of qualitative expert judgments into numerical
weights, with built-in consistency verification through the Consistency Ratio (CR). In
educational research, AHP has been applied to curriculum prioritization [24], competency
model development [33], and assessment indicator weighting.

The combined Delphi—-AHP approach is particularly well-suited to educational pro-
gram design contexts where (a) existing frameworks are insufficient and components must
be inductively elicited from expert consensus and (b) the relative importance of components
must be quantified to inform resource allocation and design priorities [24,33]. A method-
ologically important feature of well-designed Delphi-AHP studies is the direct continuity
between phases: the consensus domains identified through Delphi should serve as the
structural foundation for the AHP hierarchy, ensuring that quantitative prioritization is
grounded in qualitative consensus rather than being driven by externally imposed criteria.
Recent applications—including digital health competency [33] and ESL curriculum prioriti-
zation [24]—have demonstrated the methodology’s value for generating both theoretically
grounded and practically actionable design frameworks.

3. Methods
3.1. Research Design

This study employed a sequential mixed-methods design [34] integrating four phases:
(1) literature review and international benchmarking to establish the theoretical foundation
and an initial pool of candidate components; (2) two-round Delphi survey with an expert
panel to refine and validate components across seven design domains; (3) AHP analysis
structured to inherit directly from the Delphi consensus, using six of these domains as
Level 1 evaluation criteria and the seventh (program type) as Level 2 alternatives; and
(4) content validity ratio (CVR) verification to confirm the validity of the final framework.
This sequential design allows qualitative expert insight (Delphi open-ended responses) to
inform quantitative prioritization (AHP pairwise comparisons), with both feeding into a
final validation step (CVR). The combined design has been recommended for educational
program development contexts where existing frameworks are insufficient and where
actionable priority rankings are required [23,24,33].

3.2. Expert Panel Composition

The study was conducted in the Republic of Korea, a context of particular informative
value for international higher education research: strong national policy investment in Al
education coexists with pronounced demographic decline in the school-age population,
placing non-metropolitan universities under acute resource constraints. Korean higher
education thus constitutes a leading-edge case in which the tension between ambitious
Al literacy agendas and limited institutional resources—a tension increasingly faced by
universities worldwide—is already highly visible. Ten experts were purposively selected
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to participate in all phases of the study. To strengthen the generalizability of the findings
beyond a single institutional context and to ensure that the derived components reflect
broad consensus across the higher education sector, panel members were drawn from
diverse institutional affiliations and professional roles. Panel composition adhered to
Green'’s [22] recommendation that Delphi panels comprise individuals with substantive
expertise on the topic, and to the suggested minimum panel size for educational Delphi
studies (8-15 experts) [24,33].

The final panel included experts from four domains: (a) Al/data literacy education at
universities (1 = 3, drawn from different institutions); (b) curriculum development and ed-
ucational technology (n = 3, drawn from different universities including both metropolitan
and non-metropolitan institutions); (c) university extracurricular program administration
(n = 2, from teaching and learning centers at distinct universities); and (d) Al industry
practitioners with prior education or training experience (n = 2). In total, the ten experts
represented nine distinct organizations (eight universities—four metropolitan and four non-
metropolitan—and one company), with each of the eight academically affiliated experts
drawn from a different university. All panel members held a master’s degree or higher
(eight held doctoral degrees), and all had a minimum of three years of relevant professional
experience. The deliberate inclusion of experts affiliated with non-metropolitan institutions
(n = 4)—defined here as universities located outside the Seoul Capital Area (Seoul, Incheon,
and Gyeonggi Province), commonly referred to as regional universities—was intended to
ensure that the resulting framework reflects the diverse institutional realities of contempo-
rary higher education, including resource-constrained contexts where Al infrastructure may
be limited. While the study originated within a specific institutional context, the diversity
of the expert panel supports the interpretation of findings as reflecting broader sectoral
consensus within Korean higher education rather than institution-specific consensus; the
applicability of the framework beyond this national context is addressed with caution in
the Discussion (Section 5) and Limitations presented in the Conclusions (Section 6).

3.3. Delphi Survey Procedure

Two Delphi rounds were conducted between May and June 2026. Round 1 employed
a semi-structured open-ended questionnaire across seven design domains: program type,
learning objectives, mode of operation, curricular linkage, Al practice integration, assess-
ment systems, and support systems. Panel members were provided with an initial pool of
candidate components derived from the literature review and international benchmarking,
but they were encouraged to propose additional or alternative components freely. The
international benchmarking phase reviewed publicly available program documentation
from twelve institutions and organizations, including the EDUCAUSE Al literacy frame-
works, European Union DigComp-related documents, and Al extracurricular program
materials from East Asian universities such as the National University of Singapore and
the Hong Kong University of Science and Technology; sources were selected on the basis
of (a) an explicit Al/data literacy focus, (b) documented extracurricular or co-curricular
delivery, and (c) availability of program-level documentation sufficient for component
extraction. Responses were analyzed through content analysis, with similar responses
consolidated into discrete component items. The first author and one of the correspond-
ing authors independently coded the open-ended responses and consolidated semanti-
cally equivalent items; coding discrepancies were reviewed and adjudicated by the other
corresponding author.

Round 2 used a structured closed-ended questionnaire in which panel members rated
each component derived from Round 1 on a 5-point Likert scale (1 = strongly inappropriate;
5 = strongly appropriate) for both relevance and importance. Feedback from Round 1
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(mean, standard deviation, and interquartile range for each item) was provided to en-
able participants to reconsider their judgments in light of group tendencies. Consensus
was determined using three indicators: (a) content validity ratio (CVR) [35] with a min-
imum threshold of 0.62 for a panel of 10 (i.e., at least nine panel members rating the
item > 4); (b) coefficient of variation (CV < 0.5); and (c) degree of consensus (>0.75 based
on the interquartile range to upper quartile ratio). Items meeting all three thresholds were
retained; items failing to meet thresholds were eliminated. Response rates for both rounds
were 100%.

3.4. AHP Procedure

A key methodological feature of this study is the direct continuity between the Delphi
and AHP phases. Following the methodological logic of Tang [24] and Yao et al. [33], the
AHP hierarchy was constructed by drawing all evaluation criteria and alternatives directly
from the Delphi consensus, rather than introducing externally derived criteria. Specifically,
six of the seven Delphi-consensus domains (learning objectives, mode of operation, curricu-
lar linkage, Al practice integration, assessment system, and support system) were mapped
to Level 1 evaluation criteria, while the seventh domain (program type) was mapped to
Level 2 alternatives, as program types constitute design choices rather than evaluative
criteria. This procedure ensured complete methodological continuity between the qualita-
tive consensus-building phase (Delphi) and the quantitative prioritization phase (AHP),
allowing the AHP analysis to function as a direct quantification of the Delphi consensus
rather than as an independent analytical step.

The resulting hierarchy was structured in three levels (Figure 1): Level 0 (overall
goal: optimal composition of Al/data curriculum-linked extracurricular programs); Level 1
(six evaluation criteria: C1 learning objectives, C2 mode of operation, C3 curricular link-
age, C4 Al practice integration, C5 assessment system, C6 support system); and Level 2
(three program types derived from the Delphi consensus: Al Al tool workshops, A2 Al-based
problem-solving challenges, A3 data analytics projects). The number of Level 1 criteria (1 = 6)
remained within Saaty’s [23] recommended range (7 + 2) for cognitively tractable pairwise
comparison. All AHP computations—including geometric mean aggregation, eigenvector-
based priority weight derivation, and consistency ratio calculation—were performed using
Microsoft Excel (Microsoft 365, Microsoft Corporation, Redmond, WA, USA).

Level 0 Optimal composition of Al/data curriculum-linked

Goal extracurricular programs

Level 1 Cl Cc2 C3 c4 C5 Cc6

Criteria Learning Mode of Curricular Al practice Assessment Support
¢ objectives operation linkage integration system system
P Al A2 A3

l;i‘:_]’il“ves Al tool Al-based problem- Data analytics

‘ ‘workshops solving challenges projects

Figure 1. AHP hierarchy for prioritizing the components of Al/data curriculum-linked extracurricu-
lar programs.
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Pairwise comparison questionnaires were administered to the same expert panel using
Saaty’s 9-point scale (1 = equal importance; 9 = absolute importance) [23]. Geometric
mean aggregation was used to combine individual judgments [23,36], and the eigenvector
method was applied to compute priority weights. The consistency ratio (CR) was calculated
for each comparison matrix, with CR < 0.1 set as the threshold for acceptable consistency.
Responses exceeding this threshold prompted requests for revision; all aggregated matrices
in the final analysis met the threshold.

3.5. Content Validity Verification

The final integrated framework—comprising 24 consensus components organized
into seven domains, plus the AHP priority architecture—was subjected to expert content
validity verification using Lawshe’s [35] CVR. The same expert panel rated each component
as essential (3), useful but not essential (2), or not necessary (1). CVR was computed as
(Ne — N/2) / (N/2), where Ne is the number of experts rating the item as essential and
N is the total panel size. For N = 10, the minimum acceptable CVR was 0.62 [35,37]. The
content validity index (CVI) was computed as the mean CVR across all retained items, with
CVI > 0.80 set as the threshold for overall framework validity [38]. Items not meeting the
CVR threshold were revised based on expert qualitative feedback and re-verified through
email-based confirmation. This procedure follows established practice in instrument
content validation, in which expert panels iteratively assess and refine items until validity
thresholds are met [35,38,39]. In addition to the quantitative CVR criterion, face validity
was addressed qualitatively: panel members reviewed the wording, clarity, and surface
appropriateness of each item and provided open-ended feedback, which informed the item
revisions reported in Section 4.4.

3.6. Validity and Reliability

Several procedures were implemented to enhance the validity and reliability of the
findings. First, expert panel diversity—across institutional affiliation, geographic loca-
tion, and professional role—was deliberately ensured to mitigate single-source bias and
strengthen the generalizability of the resulting framework. Second, methodological trian-
gulation was achieved by combining literature-based theoretical analysis, international
institutional benchmarking, Delphi consensus, AHP quantification, and CVR verification.
Third, the direct continuity between Delphi and AHP phases—using Delphi-consensus
domains as AHP Level 1 criteria—eliminated the methodological risk of introducing ex-
ternally derived or post-hoc criteria into the quantitative prioritization. Fourth, AHP
consistency was strictly enforced (CR < 0.1) to exclude logically inconsistent judgments.
Fifth, Delphi anonymity was maintained throughout to mitigate social influence effects.
Sixth, all phases were documented in an audit trail to support traceability and replicability.

4. Results
4.1. Delphi Round 1: Identification of Candidate Components

Round 1 of the Delphi survey, conducted with all ten expert panel members (100%
response rate), yielded an initial set of 33 candidate components across seven domains.
Notable items achieving full consensus (mentioned by all 10 panel members) included “Al tool

a

practical application competency,” “generative Al tool utilization,” and “weekly curriculum-—
extracurricular topic mapping.” These findings indicate strong expert consensus regarding
two foundational design principles: the centrality of generative Al in contemporary Al/data
education and the necessity of systematic curriculum-extracurricular alignment.

All seven domains generated at least three candidate items, suggesting that the design

of Al/data extracurricular programs is intrinsically multidimensional. Items with lower
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frequency of mention (e.g., “individual self-directed learning mode” and “course credit
bonus for extracurricular participation”) emerged as potentially contentious and were
flagged for closer scrutiny in Round 2.

4.2. Delphi Round 2: Consensus on Final Components

Round 2 evaluated all 33 candidate components against the three consensus criteria
(CVR > 0.62, CV < 0.5, consensus > 0.75). Of these, 24 components met all three thresholds
and were retained, while nine items were eliminated. The nine eliminated items, together
with their complete consensus statistics (mean, CVR, CV, and degree of consensus), are
reported in Supplementary Table S1 to ensure full transparency of the consensus process.
The final 24 components were organized into seven domains, as shown in Table 1.

Table 1. Final consensus components from the Delphi survey (N = 10).

Domain Component M CVR

D1. Program type Al tool workshops 4.70 1.00
Data analytics projects 4.50 1.00

Al-based problem-solving challenges 4.60 1.00

D2. Learning objectives Al tool practical application competency 4.90 1.00
Data interpretation and visualization 4.50 1.00

Al ethical judgment 4.10 0.80

Discipline-specific Al integration competency 4.40 1.00

Problem-solving and critical thinking 4.70 1.00

D3. Mode of operation Regular semester-based operation (curriculum-linked) 4.80 1.00
Blended (online-offline hybrid) format 4.40 1.00

Team-based collaborative learning 4.60 1.00

Weekly topic mapping between curriculum

D4. Curricular linkage and extracurricular 4.90 1.00
Post-midterm advanced project linkage 4.10 0.80

D5. Al practice integration Use of Al laboratory facilities 4.40 1.00
Cloud-based Al development environment 4.70 1.00

Generative Al tool utilization 4.90 1.00

Public data and real-dataset analytics practice 4.40 1.00

D6. Assessment system Portfolio-based assessment 4.30 1.00
Output presentation-based assessment 4.60 1.00

Digital badge and micro-credential linkage 4.10 0.80

D7. Support system Dedicated coordinator placement 4.40 1.00
Industry mentor linkage 4.30 1.00

Participant incentive system 4.60 1.00

Al equipment and software license provisioning 4.50 1.00

Several patterns merit attention. First, the Al practice integration domain achieved
full consensus (CVR = 1.00) on all four components, including generative Al tool utilization
(M = 4.90), confirming that experts view Al-tool engagement as a non-negotiable design
element. Second, weekly topic mapping between curriculum and extracurricular activities
(M =4.90) and Al tool practical application competency (M = 4.90) tied for the highest mean
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scores, indicating that experts view curriculum—extracurricular alignment and applied
competency as the twin pillars of program design. Third, all four support-system com-
ponents achieved full consensus, suggesting that experts view operational infrastructure
(coordinators, mentors, incentives, equipment) as foundational to program sustainability.

Nine items failed to meet consensus thresholds and were eliminated. Notably, “Al
ethics/citizenship debate” was eliminated as a stand-alone program type (CVR = 0.60)
but retained as a learning objective (CVR = 0.80), suggesting that experts view Al ethics
as a transversal content area rather than a discrete program format. The item “course
credit bonus for extracurricular participation” received a CVR of —1.00 (i.e., universal
rejection), indicating strong expert consensus that the voluntary character of extracurricular
participation should not be compromised by formal credit incentives.

4.3. AHP Results: Direct Quantification of Delphi-Consensus Domains
4.3.1. Weights of Level 1 Evaluation Criteria

The six Level 1 criteria—directly mapped from the six non-program-type Delphi
domains—were subjected to pairwise comparison. The aggregated comparison matrix
(geometric mean of 10 expert judgments) yielded the weights and consistency metrics
presented in Table 2. The consistency ratio of 0.015 confirms acceptable logical consistency
well within Saaty’s [23] threshold of 0.10.

Table 2. Weights of Level 1 evaluation criteria (N = 10).

Code Criterion (Delphi Domain Mapped) Weight Rank Share (%)
C4 Al Practice Integration (D5) 0.286 1 28.6%
C3 Curricular Linkage (D4) 0.286 1 (tie) 28.6%
C1 Learning Objectives (D2) 0.169 3 16.9%
C2 Mode of Operation (D3) 0.112 4 11.2%
C5 Assessment System (D6) 0.088 5 8.8%
Co Support System (D7) 0.059 6 5.9%

Note: CR = 0.015, Amax = 6.094, CI = 0.019. All criteria correspond directly to Delphi-consensus domains.

Al practice integration (C4 = 0.286) and curricular linkage (C3 = 0.286) emerged
jointly as the two highest-weighted criteria, sharing the top rank with identical weights,
and jointly accounting for 57.2% of the total weight. This finding empirically confirms
the two foundational design principles for sustainable Al/data extracurricular programs
in higher education: (i) authentic integration of Al practice (including cloud-based and
generative Al tools) and (ii) systematic linkage with formal coursework. Notably, all
six criteria correspond directly to Delphi-consensus domains, ensuring that the quantitative
prioritization is a direct extension of qualitative consensus rather than the introduction of
externally derived evaluative criteria.

Learning objectives (C1 = 0.169) emerged as the third-most-weighted criterion, occupy-
ing a position between the dominant practice/linkage criteria and the more infrastructure-
oriented criteria. Mode of operation (C2 = 0.112), assessment system (C5 = 0.088), and
support system (C6 = 0.059) received progressively lower weights, suggesting that op-
erational and infrastructural considerations—while consensually endorsed as essential
components (Table 1)—are viewed by experts as secondary to the pedagogical core of
practice integration, curriculum alignment, and learning objectives.
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4.3.2. Weights of Level 2 Program Type Alternatives

Pairwise comparison of the three program types under each Level 1 criterion yielded
the criterion-specific weights presented in Table 3. All comparison matrices satisfied the
consistency threshold (CR < 0.1). Multiplication of Level 1 weights by Level 2 weights
produced the global weights and final priority rankings.

Table 3. Local and global weights of program type alternatives.

Program Type C1(0.169) C2(0.112) (C3(0.286) C4(0.286) C5(0.088) C6 (0.059) Global
Al. Al tool workshops 0.297 0.500 0.600 0.297 0.250 0.500 0.414
A2. Al-based
problem-solving 0.540 0.250 0.200 0.540 0.500 0.250 0.390
challenges
A3. Data 0.163 0.250 0.200 0.163 0.250 0.250 0.196

analytics projects

Note: Local weights for each criterion sum to 1.0. Global weight = Sum (Level 1 weight x Level 2 local weight).
All comparison matrices CR < 0.10.

Al tool workshops (A1) emerged as the top-ranked program type (global weight 0.414),
driven primarily by strong performance on curricular linkage and mode of operation—
reflecting the workshop format’s natural compatibility with weekly curriculum map-
ping and team-based blended operation. Al-based problem-solving challenges (A2)
ranked a close second (0.390), excelling in Al practice integration, learning objectives,
and assessment—reflecting the challenge format’s capacity to integrate deeper Al engage-
ment and deliverable-based assessment. Data analytics projects (A3) ranked third (0.196),
positioned as a supplementary type focused on data-centric depth; the underlying local
weights are reported in Table 3.

The narrow margin between Al and A2 (A = 0.025) is itself a substantive finding: rather
than indicating a single dominant program type, the AHP results suggest a complementary
architecture in which workshops serve as the curriculum-aligned core, and challenges
serve as the advanced practice-integrated extension. Data analytics projects function as
a specialized supplementary track. Given the small margin between the two highest-
ranked alternatives, however, this ordering should be read as indicating near-equivalent
priority between workshops and challenges rather than a definitive hierarchy, and the
“three-tier” characterization is proposed as an interpretive design heuristic rather than an
empirically established ordinal structure. So, when interpreted, the structure resonates
with UNESCO’s [4] Understand-Apply-Create progression and with Kuh's [14] tiered
high-impact practice typology.

4.4. Content Validity Ratio (CVR) Verification

Following the development of the integrated framework (24 components + AHP
priority architecture), CVR verification was conducted to validate the content validity of the
consolidated model. Of the 30 verification items organized into 10 domains, 22 items (73.3%)
achieved CVR > 0.62 in the initial verification, with an initial CVI of 0.71. Eight items
required revision based on expert qualitative feedback, addressing concerns regarding self-
directed learning depth, team composition mechanisms, evaluation balance, audience-vote
framing, and crisis-management coverage. For example, the self-directed learning item
was reworded to specify guided scaffolding levels; the team composition item was revised
to clarify the team assignment mechanism; and the audience-vote item was reframed
as a supplementary rather than a primary evaluation element. After these revisions, all
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30 items met the CVR threshold in a re-verification round (CVI = 0.84, exceeding Davis’s [38]
threshold of 0.80). The final framework was thereby confirmed as content-valid.

Table 4 summarizes the verification outcomes by domain. The Program Structure,
Contest Topics, and Standard Forms domains achieved the highest average CVRs (0.93
each), confirming strong expert consensus on the fundamental design and standardization
of the framework. Domains with lower initial CVRs—including Learning Content (0.67),
Final Presentation (0.70), and Performance Management (0.73)—were strengthened through
targeted revisions following expert feedback.

Table 4. CVR verification results by domain (N = 10).

Accepted

Domain Items (Initial) Mean CVR Final Judgment

Program structure 3 3 0.93 Strong

Learning content 3 1 0.67 Adequate
Contest topics 3 3 0.93 Strong
Participation and registration 3 2 0.80 Strong
Evaluation system 4 3 0.85 Strong

Final presentation 2 1 0.70 Adequate
Incentives 3 2 0.80 Strong
Standard forms 3 3 0.93 Strong
Operational manual 3 2 0.80 Strong

Performance management 3 2 0.73 Adequate

5. Discussion
5.1. Methodological Contribution: Direct Continuity Between Delphi and AHP

A central methodological contribution of this study is the demonstration of complete
continuity between the Delphi and AHP phases, achieved by directly mapping Delphi-
consensus domains to AHP hierarchy levels. In many Delphi-AHP studies in educational
research, the AHP Level 1 criteria are derived from external sources (e.g., literature-based
theoretical frameworks or policy documents), with the result that the qualitative consensus-
building phase and the quantitative prioritization phase function as relatively independent
analytical steps. The present study instead structured the AHP hierarchy to inherit directly
from the Delphi consensus: six of the seven Delphi-consensus domains served as Level 1
evaluation criteria, while the seventh (program type) served as Level 2 alternatives.

This methodological choice carries two important benefits. First, it eliminates the
risk of introducing externally derived or post-hoc criteria that could bias the quantitative
prioritization. Second, it allows the AHP analysis to function as a direct quantification
of the Delphi consensus rather than as an independent analytical step, strengthening the
internal coherence of the mixed-methods design. A corollary of this design, however, is that
the AHP results should be understood as a quantitative elaboration of the Delphi consensus
rather than as an independent validation of it; the epistemic status of the resulting priorities,
and the associated risk of consensus self-confirmation, are examined critically in the Limi-
tations. The resulting six-criterion structure remained within Saaty’s [23] recommended
range (7 & 2), allowing cognitively tractable pairwise comparison while preserving full
domain coverage. This approach may offer a useful reference point for future Delphi-
AHP applications in educational program design, although the claimed methodological
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advantage should be corroborated through explicit comparison with designs employing
externally derived criteria.

5.2. Empirical Validation of Core Design Principles

The AHP results provide robust empirical support for two foundational design prin-
ciples of sustainable Al/data extracurricular programs in higher education: (i) authentic
Al practice integration and (ii) systematic curriculum—extracurricular linkage. These two
criteria emerged jointly at the top of the priority ranking, each receiving a weight of 0.286
and together accounting for 57.2% of the total criterion weight. This dual prioritization is
theoretically substantive: practice integration without curricular linkage risks producing
fragmented experiential learning disconnected from formal coursework, while curricular
linkage without practice integration risks reducing extracurricular programs to mere exten-
sions of classroom instruction. The combined emphasis on both criteria reflects an expert
vision of extracurricular programs as integrative bridges that connect classroom learning
with authentic Al engagement.

This finding extends prior scholarship in two ways. First, it provides quantitative
validation of theoretical claims from Kolb’s experiential learning theory [11] and Kuh’s
high-impact educational practices framework [14], which posit the necessity of integrated
curricular-extracurricular learning. Second, it specifies practice integration and linkage
as the two highest-weighted design criteria for Al/data education specifically—a domain
where authentic engagement with rapidly evolving tools is particularly critical.

The intermediate weight assigned to learning objectives (C1 = 0.169) and the lower
weights assigned to mode of operation (C2 = 0.112), assessment system (C5 = 0.088), and
support system (C6 = 0.059) reflect expert recognition that operational and infrastructural
considerations, while indispensable, are secondary to the pedagogical core. Importantly,
this hierarchy does not imply that lower-weighted criteria are dispensable; the Delphi
consensus confirmed all four support-system components with CVR = 1.00, indicating that
experts view these components as essential foundations. Rather, the AHP weights reflect
relative emphasis when allocating attention and resources across criteria.

5.3. Complementary Program Type Architecture

The narrow margin between the top two program types in the AHP results (Al tool
workshops at 0.414 and Al-based problem-solving challenges at 0.390, A = 0.025) suggests
that these formats should be conceived as complementary rather than competing. The
two formats exhibit distinctive strengths under different criteria: Al tool workshops excel
in curricular linkage (local weight 0.600) and mode of operation (0.500), reflecting the
workshop format’s natural compatibility with weekly curriculum mapping and regular
semester-based operation. Al-based problem-solving challenges, by contrast, excel in Al
practice integration (0.540), learning objectives (0.540), and assessment system (0.500), re-
flecting the challenge format’s capacity to integrate deeper Al engagement, comprehensive
learning outcomes, and tangible deliverable-based assessment.

This complementarity supports a tiered program architecture: workshops as the
curriculum-aligned core, challenges as the advanced practice-integrated extension, and data
analytics projects as a specialized supplementary track. Such an architecture aligns with
UNESCO's [4] developmental Understand-Apply—Create framework and with Kuh'’s [14]
high-impact practices typology. The key contribution of the present study is the empirical
demonstration that these conceptual tiers can be operationalized through three specific
program types, with quantified priority rankings to guide institutional resource allocation.
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5.4. Sustainable Al Literacy and SDG 4

The findings of this study contribute to the operationalization of SDG 4 (Quality
Education) [5] in the context of higher education’s response to the Al transition. SDG
4 calls for inclusive, equitable, and lifelong learning opportunities, and the integration of
Al literacy into university education is a direct contribution to this goal. However, the
sustainability of Al literacy education depends on more than the existence of Al courses; it
requires the development of multi-modal learning environments that combine theoretical
instruction with experiential engagement, ethical reflection, and authentic problem-solving.

The 24 components identified in this study provide a concrete operationalization of
sustainable Al literacy education. This contribution can be made explicit by mapping
framework components onto specific SDG 4 targets. Target 4.3 (equal access to affordable,
quality tertiary education) is operationalized through the voluntary, open participation
structure and through cloud-based practice environments that lower institutional entry
barriers; Target 4.4 (relevant skills for employment, decent jobs, and entrepreneurship) is
addressed by the Al tool practical application and data interpretation objectives, discipline-
specific Al integration, industry mentor linkage, and digital badge and micro-credential
recognition; and Target 4.7 (knowledge and skills needed to promote sustainable develop-
ment, including responsible citizenship) is operationalized through the Al ethical judgment
objective and public-data-based analytics practice oriented toward civic problem contexts.
The framework’s SDG 4 alignment is thus realized through identifiable components rather
than asserted at the level of general intent. Several components carry particular significance
for sustainability. First, the prioritization of generative Al tools and cloud-based Al de-
velopment environments (both components of the highest-weighted Level 1 criterion, C4)
offers institutions a pathway to Al practice integration without the prohibitive capital costs
of physical Al infrastructure—a particularly important consideration for under-resourced
institutions. This finding has direct relevance to the equity dimension of SDG 4: by indicat-
ing that essential Al practice integration may be achievable through accessible cloud-based
and generative tools, the framework offers a potential pathway toward narrowing the
digital infrastructure gap between well-resourced and resource-constrained institutions.

Second, the consistent endorsement of voluntary participation (and the rejection of
credit-based incentives) preserves intrinsic motivation as the foundation of engagement,
in line with self-determination theory [28,29]. At the same time, the universal rejection
of the credit-bonus item (CVR = —1.00) should be interpreted with attention to context:
in the Korean system, extracurricular programs are institutionally defined as non-credit
activities, whereas in several other higher education systems credit-bearing co-curricular
provision is regarded as good practice. The unanimity observed here may therefore partly
reflect system-specific institutional conventions rather than a universal design principle,
and an international panel might reach a different conclusion on this component. Third,
the linkage with digital badges and micro-credentials connects extracurricular learning
to broader lifelong-learning ecosystems, supporting the SDG 4 emphasis on continuous
learning opportunities. Fourth, the panel’s strong endorsement of industry mentor link-
age and public-data-based analytics practice positions the proposed framework within a
wider ecosystem of stakeholders—universities, industry, government, and the broader civic
community—thereby supporting the partnerships-for-the-goals dimension of the sustain-
ability agenda. Finally, the centrality of generative Al within the highest-weighted criterion
carries governance obligations that extend beyond the Al ethical judgment learning ob-
jective. Programs implementing the framework should institute explicit responsible-use
provisions covering data privacy (precluding the submission of personal or proprietary
data to external Al services), academic integrity (disclosure norms for Al-assisted work
and clear boundaries between assistance and substitution), and algorithmic bias (critical
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appraisal of tool outputs and bias-aware tool selection). Embedding such provisions at the
program-policy level operationalizes the ethical dimension of Al literacy in daily practice
and mitigates the risks that accompany intensive generative Al use.

5.5. Theoretical and Practical Implications

Theoretically, this study contributes to three intersecting literatures. First, in the Al
literacy education literature [1,9,10,25], it extends conceptual frameworks of Al literacy by
specifying the structural components through which Al literacy can be cultivated beyond
classroom instruction. Whereas prior work has focused on defining what Al literacy is
or measuring its dimensions, this study contributes a structural framework for how Al
literacy can be developed through curriculum—-extracurricular integration. Second, in the
extracurricular and co-curricular learning literature [14-17,27], the study extends existing
frameworks by applying them to a specific emerging competency domain (Al/data) and by
quantifying the relative weights of design criteria. Third, in the Delphi~AHP methodology
literature [22-24,33], the study adds to the growing body of applications demonstrating
the methodology’s value for educational program design, with particular emphasis on the
methodological benefits of direct continuity between qualitative and quantitative phases.

Practically, the 24-component framework offers a concrete checklist for AI/data ex-
tracurricular program design and self-assessment. Institutions seeking to develop such
programs can use the framework to identify essential components, prioritize implemen-
tation, and benchmark existing offerings. The three-program-type priority architecture
(workshops as core, challenges as advanced, analytics projects as specialized) provides a
phased-implementation roadmap suitable for institutions with varying levels of resources.
For institutions unable to implement all 24 components simultaneously, the AHP weights
suggest a three-stage sequence. Stage 1 establishes the two highest-weighted criteria—AI
practice integration and curricular linkage (jointly 57.2% of criterion weight)—through
Al tool workshops built on generative Al and cloud-based environments and mapped to
existing course syllabi, the configuration requiring the least dedicated infrastructure. Stage
2 introduces Al-based problem-solving challenges together with the associated deliverable-
based assessment components, deepening practice integration. Stage 3 adds data analytics
projects and the remaining support-system components (industry mentor linkage, dig-
ital badges and micro-credentials), completing the framework as resources permit. For
institutions operating in resource-constrained contexts (e.g., non-metropolitan universi-
ties, regional campuses), the framework suggests that essential Al practice integration
may be achievable through cloud-based environments and generative Al tools without
prohibitive infrastructure investments; because this potential was inferred from expert
judgment rather than demonstrated in situ, however, it requires empirical verification in
genuinely resource-constrained settings before strong equity claims can be made.

6. Conclusions

This study identified and prioritized the key components of Al/data curriculum-
linked extracurricular programs in higher education through a sequential Delphi—-AHP
design with content validity verification. A methodologically distinctive feature was the
direct continuity between the Delphi and AHP phases, with the AHP hierarchy inherited
entirely from the Delphi consensus. The findings yielded a 24-component framework orga-
nized across seven domains, with Al practice integration and curricular linkage emerging
jointly as the foundational design priorities (collectively 57.2% of evaluation weight). Three
program types—AI tool workshops, Al-based problem-solving challenges, and data analyt-
ics projects—were positioned in a complementary tiered architecture. The final framework
achieved a CVI of 0.84, confirming content validity.
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These findings carry implications for the sustainable advancement of Al literacy in
higher education in alignment with SDG 4. By specifying the structural components
and design priorities for Al/data extracurricular programs, the study provides a frame-
work with potential transferability for universities seeking to integrate Al literacy edu-
cation across curricular and extracurricular contexts, although its applicability beyond
the Korean context requires empirical confirmation. The framework’s emphasis on ac-
cessible Al practice (generative Al, cloud environments) and its compatibility with di-
verse institutional resource levels further supports equitable Al education aligned with
sustainability principles.

Several limitations should be acknowledged. First, the expert panel size (N = 10),
while consistent with established Delphi methodology in educational program develop-
ment [24,33], remains modest, and broader replication with larger and internationally
diverse panels would strengthen the generalizability of the findings. Second, the same
expert panel participated in all three phases of the study—Delphi consensus-building,
AHP prioritization, and CVR verification. While this design choice preserved judgmental
consistency across phases and reflects common practice in Delphi-AHP research [24,33],
it introduces a potential circularity in which the panel that generated the framework also
evaluated its validity. Several procedural safeguards mitigated this risk: anonymity was
maintained throughout to reduce social conformity pressure, the phases were temporally
separated so that each round required independent re-engagement with the items, and the
CVR phase employed a distinct judgment task (essentiality rating) rather than a repetition
of prior ratings. Even with these safeguards, the design cannot rule out the possibility that
the three phases jointly reproduced, rather than independently tested, the panel’s initial
shared assumptions; accordingly, the reported CVI of 0.84 should be read as evidence
of internal consensus coherence rather than of external validity, and confirmation of the
framework by an independent expert panel remains an essential task for future research.
Third, the framework was developed within the Korean higher education system. Korea
represents an informative leading-edge case—combining strong national Al education
policy with acute demographic and resource pressures on regional universities—but institu-
tional governance, funding structures, and extracurricular traditions differ across countries,
and cross-national adaptation of the framework therefore requires further investigation. In
particular, the panel’s resource-constrained perspective derives from non-metropolitan in-
stitutions within a developed higher education system; institutions in low-income countries
or without basic Al infrastructure were not represented, and claims regarding resource-
constrained applicability are accordingly scoped to relatively under-resourced institutions
within developed systems. Fourth, the present study identifies and validates structural
components but does not empirically demonstrate the effectiveness of programs designed
according to the framework.

These limitations point to important directions for future research. First, empirical
implementation studies should evaluate the effectiveness of programs designed using this
framework, employing quasi-experimental or longitudinal designs to assess Al compe-
tency gains. Second, cross-national replication and adaptation studies should examine the
framework’s transferability to other higher education contexts. Third, qualitative studies
of student experience in framework-based programs would deepen understanding of the
lived dimensions of Al/data extracurricular learning. Fourth, longitudinal studies tracking
program graduates’ Al-related career trajectories would help assess the long-term sus-
tainability impact of curriculum-linked Al literacy education. Finally, once program-level
outcome data (e.g., Al competency gains, satisfaction, career outcomes) become available,
data-driven feature-selection methods—such as the recently proposed CR-SCAD algorithm,
which combines collaborative representation with the smoothly clipped absolute deviation
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penalty to identify discriminative indicators while suppressing redundant ones [40]—could
complement the expert-derived priorities by empirically testing which of the 24 compo-
nents most strongly predict program effectiveness, providing a data-driven counterpart to
the consensus-based validation employed here. This study thereby lays a foundation for
these subsequent inquiries into sustainable Al literacy in higher education.
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/ /www.mdpi.com/article/10.3390/su18168050/s1. Table S1. Delphi Round 2 items eliminated for
failing the consensus thresholds (N = 10). Retention required all three criteria: content validity ratio
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at least one threshold and were removed.
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