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Abstract 

This paper conceptualizes Interdisciplinary Knowledge Integration and Application (IKIA) as a critical cognitive competence 

within the Cognitive Psychology Dimension of the VFC Competence Framework. In response to increasing demands for 

interdisciplinary problem-solving in education and workforce development, IKIA is positioned as a developmental construct that 

enables learners to synthesize, abstract, and transfer knowledge across disciplinary boundaries. Grounded in schema theory, 

experiential learning, cognitive load theory, and knowledge transfer models, the study explains how IKIA supports higher-order 

cognitive processing and adaptive expertise. The research applies the VFC’s KSAH model—Knowledge, Skills, Attitudes, and 

Habits—to systematically map the progression of IKIA from novice-level awareness to expert-level integration, innovation, and 

leadership. Using thematic synthesis and an analysis of empirical micro-cases, the paper illustrates how IKIA manifests 

cognitively, psychologically, and socially in real-world learning and professional contexts. In addition, the study examines the 

interaction between IKIA and complementary competencies, particularly Collaborative Intelligence & Influence (CI2), 

highlighting how interdisciplinary integration is strengthened through social collaboration and collective reasoning. The paper 

concludes by proposing outcome-based learning indicators and outlining future research directions for the assessment, 

instructional design, and practical application of IKIA. Overall, this work advances the operationalization of interdisciplinary 

competence by framing IKIA as a measurable and teachable cognitive capacity, contributing to the development of ethically 

grounded competence-based education models for 21st-century learners. 
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1. Introduction 

In an increasingly complex and interconnected world, the 

ability to integrate knowledge across disciplines has become 

a foundational cognitive requirement. Challenges such as cli-

mate resilience, health equity, technological ethics, and sys-

temic inequality cannot be addressed through single-discipli-

nary thinking. These real-world issues demand a competency 

for synthesizing, transferring, and applying knowledge across 

domains—a process known as Interdisciplinary Knowledge 

Integration and Application (IKIA) [18, 25]. 

Despite growing recognition of its value, IKIA remains un-

derdeveloped in most educational and professional contexts. 

Often treated as a pedagogical tool or course-level goal, it has 

not been adequately conceptualized as a structured psycholog-

ical competence. This paper positions IKIA as a core compo-

nent of the Cognitive Psychology Dimension within the VFC 

Competence Framework [1], grounded in schema theory, ex-

periential learning, cognitive load management, and far trans-

fer theory [7, 26, 38, 31]. 

Framed through the VFC’s KSAH model—Knowledge, 

Skills, Attitudes, and Habits—IKIA is understood as a devel-

opmental capability that evolves from foundational discipli-

nary awareness to expert-level synthesis and application. It is 

not only cognitive, but also psychological and social, requir-

ing reflective regulation and ethical interaction in interdisci-

plinary environments. 

The paper further explores the intersection of IKIA with 

(CI2), highlighting that interdisciplinary integration often de-

pends on shared reasoning, epistemic empathy, and co-regu-

lated problem-solving [21]. 

This paper aims to: 

1) Define IKIA as a structured cognitive competence; 

2) Map its development through the KSAH model; 

3) Illustrate its application through thematic analysis and 

case studies; 

4) Propose learning outcomes and assessment frameworks 

aligned with future competency needs. 

In doing so, the study contributes to the VFC’s broader vi-

sion of preparing learners not only to acquire knowledge, but 

to integrate it with agility, ethics, and relevance in a world de-

fined by complexity. 

2. Literature Review 

2.1. Cognitive Development and Knowledge 

Integration 

Interdisciplinary knowledge integration emerges from a 

foundational understanding of cognitive development, where 

learning is conceptualized as the process of reorganizing ex-

isting cognitive structures to accommodate new, often com-

plex, information. Piaget’s [32] theory of cognitive develop-

ment articulates the progression from concrete operational 

thinking to formal operational reasoning, wherein individuals 

develop the capacity to abstract, hypothesize, and mentally 

manipulate ideas across contexts. This capacity is pivotal for 

interdisciplinary learning, which requires the learner to syn-

thesize diverse conceptual schemas from multiple domains 

into cohesive, transferable knowledge structures. 

Bloom’s [5] taxonomy, further refined by Anderson and 

Krathwohl [4], categorizes cognitive development into six hi-

erarchical domains—remembering, understanding, applying, 

analyzing, evaluating, and creating. This hierarchy provides a 

scaffold for understanding how disciplinary knowledge must 

evolve into interdisciplinary cognition. Long et al. [28] pro-

pose an alternative tripartite structure—knowledge, skills, and 

understanding—wherein true understanding entails the trans-

fer of integrated knowledge to novel contexts, aligning closely 

with the aims of interdisciplinary competency development. 

The OECD Learning Compass 2030 [30] reinforces this de-

velopmental framing by distinguishing between four forms of 

knowledge essential for future learning: disciplinary, interdis-

ciplinary, epistemic, and procedural. Interdisciplinary 

knowledge, in particular, is characterized by the ability to con-

nect, reorganize, and synthesize ideas across subject bounda-

ries to address complex, real-world challenges. This synthesis 

requires a metacognitive awareness of how knowledge is con-

structed and applied across varying epistemological frames 

[15]. 

Furthermore, Vygotsky’s [41] sociocultural theory intro-

duces the zone of proximal development (ZPD), emphasizing 

the role of scaffolding in extending a learner’s cognitive capa-

bilities. This framework is instrumental in interdisciplinary 

contexts where learners must be supported to bridge concep-

tual gaps between domains. When augmented with distributed 

scaffolding techniques [39], the integration of disciplinary 

knowledge into interdisciplinary insight becomes a structured, 

developmental process. 

Together, these cognitive frameworks position interdisci-

plinary knowledge integration not as a pedagogical strategy 

alone, but as a necessary evolution of cognitive complexity 

that underpins adaptive problem-solving in the 21st century. 

2.2. Models of Interdisciplinary Competence 

Development 

The development of interdisciplinary competence requires 

a structured understanding of how individuals acquire, inte-

grate, and operationalize knowledge across domains. Existing 

models in both higher education and professional practice 

consistently stress that interdisciplinary thinking is not merely 

an aggregation of content but a cognitively demanding process 

involving abstraction, synthesis, and critical reflection [33]. 

Spelt et al. [36] offer a comprehensive definition based on a 

systematic review, identifying five essential dimensions: the 

ability to integrate knowledge, critically reflect on disciplinary 
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assumptions, handle complexity, communicate across bound-

aries, and collaborate effectively. This model has been widely 

validated in higher education research and forms the basis for 

most modern interdisciplinary curriculum designs. 

Fortuin et al. [18], in the context of sustainability education, 

propose a staged model of interdisciplinary learning: from dis-

ciplinary grounding to informed combination and finally to re-

flexive integration. Their empirical findings suggest that 

learners progress through identifiable developmental phases 

as they acquire the ability to manage conceptual tensions and 

methodological pluralism. This model closely aligns with 

Kolb’s [26] experiential learning cycle, especially in environ-

ments that foster real-world application and iterative reflec-

tion. 

In professional education, Yang et al. [43] demonstrated 

how integrating interdisciplinary instruction in pediatric nurs-

ing significantly improved learning outcomes across 

knowledge, skills, and attitudes. Their mixed-methods find-

ings reinforce the view that interdisciplinary competence must 

be cultivated through intentional curriculum design, struc-

tured reflection, and real-world practice—echoing the con-

structivist and cognitive developmental paradigms underpin-

ning this paper. 

Moreover, Chao et al. [6] introduced the Service-Learning 

Abilities Scale, which maps the growth of interdisciplinary 

competence through indicators like knowledge application, 

problem-solving, self-reflection, and cross-cultural sensitivity. 

These metrics resonate with the transformative competencies 

outlined in the OECD Learning Compass 2030 [30], namely, 

the ability to create new value, navigate tensions, and take re-

sponsibility. 

Collectively, these models converge on the necessity of 

structured progression, contextual relevance, and metacogni-

tive framing in developing interdisciplinary competence. 

They establish a foundation upon which the VFC Competence 

Framework can build a distinctive, future-ready cognitive de-

velopmental trajectory. 

2.3. Learning Theories and Cognitive Load in 

Interdisciplinary Contexts 

Interdisciplinary knowledge integration requires not only 

domain-specific knowledge but also the cognitive capacity to 

process, synthesize, and apply diverse knowledge structures 

across disciplinary boundaries. Learning theories such as cog-

nitive load theory (CLT), experiential learning theory (ELT), 

and constructivist frameworks offer foundational insights into 

the mechanisms that enable or hinder such integration. 

Cognitive Load Theory (CLT), developed by Sweller et al. 

[38], posits that human working memory has limited capacity, 

particularly when processing unfamiliar, complex information. 

In interdisciplinary contexts, learners often encounter new 

concepts from multiple domains simultaneously, increasing 

the intrinsic and extraneous load. Therefore, effective learning 

design must reduce unnecessary cognitive load (extraneous) 

while optimizing the learner’s focus on meaningful integra-

tion (germane load) [15]. Kao et al. [24] emphasize that dis-

tributed scaffolding, through peer, teacher, and technological 

supports, effectively manages this load in interdisciplinary 

curricula. 

Experiential Learning Theory (ELT) provides a cyclical 

model—Concrete Experience, Reflective Observation, Ab-

stract Conceptualization, and Active Experimentation—

through which learners internalize complex phenomena [26]. 

Interdisciplinary learning aligns with this cycle as learners en-

gage in real-world tasks that require synthesis across epis-

temic frames, abstracting insights and applying them in novel, 

often ill-structured, scenarios [18]. 

From a constructivist perspective, knowledge is actively 

constructed rather than passively received. Vygotsky’s [41] 

concept of the Zone of Proximal Development (ZPD) is criti-

cal in interdisciplinary contexts, as learners often rely on 

guided participation to connect concepts across unfamiliar do-

mains. Tabak [39] elaborates this into distributed scaffolding, 

which combines differentiated, redundant, and synergistic 

supports that promote deep learning through layered interac-

tion with content, peers, and experts. 

These theoretical models collectively underscore the need 

for well-designed learning environments that regulate cogni-

tive load, support abstraction and synthesis, and cultivate the 

habits of mind essential for interdisciplinary knowledge inte-

gration. They inform the pedagogical and cognitive infrastruc-

ture underpinning the VFC Framework’s cognitive dimension. 

2.4. Challenges in Assessment of 

Interdisciplinary Thinking 

Despite the conceptual maturity of interdisciplinary educa-

tion and its cognitive underpinnings, assessing interdiscipli-

nary thinking remains a persistent challenge in both theory 

and practice. Traditional assessments, often designed within 

disciplinary silos, struggle to capture the integrative, reflective, 

and abstract dimensions of interdisciplinary cognition [10, 18]. 

Unlike domain-specific evaluations that measure recall or ap-

plication within fixed frameworks, interdisciplinary assess-

ment must account for the learner’s ability to transfer 

knowledge across contexts, reconcile epistemological ten-

sions, and generate novel insights [36]. 

A primary barrier is the invisibility of transfer, particularly 

“far transfer,” which involves applying knowledge in situa-

tions with minimal surface similarity [31]. Standardized as-

sessments such as PISA and TIMSS emphasize reasoning and 

application but do not adequately measure epistemic agility or 

synthesis capacity [15]. As such, assessment tools often fail to 

reveal how learners restructure schemas or navigate between 

procedural and conceptual domains. 

Authentic assessment frameworks offer a partial solution. 

Earl [13] distinguishes among assessment of learning (sum-

mative), assessment for learning (formative), and assessment 

as learning (reflective and self-directed). The latter aligns 
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most closely with interdisciplinary learning goals, enabling 

learners to demonstrate metacognitive insight, self-regulation, 

and real-world problem engagement. Tools such as concept 

mapping, scenario-based learning, and reflective portfolios 

have been employed to visualize integrative processes [43]. 

However, designing such tools remains resource-intensive 

and context-dependent. As noted by Kao et al. [24], distrib-

uted scaffolding must be mirrored in assessment through lay-

ered evaluation strategies that assess both the process and 

product of learning. A key future direction involves the co-

development of interdisciplinary rubrics with cognitive valid-

ity—tools that not only measure what students know but how 

they think across boundaries. 

3. Theoretical Framework 

3.1. Positioning Within the VFC Competence 

Framework 

Within the VFC Competence Framework [1], Interdiscipli-

nary Knowledge Integration and Application (IKIA) is strate-

gically positioned at the nexus of the Cognitive Psychology 

Dimension, reflecting its core identity as a meta-cognitive and 

epistemically fluid capability. Although interdisciplinary 

thinking was initially introduced as part of the Functional Ex-

pertise dimension—alongside role-specific and digital compe-

tencies—it increasingly warrants reclassification as a cogni-

tive competency due to the complex mental operations it en-

tails. These include cognitive restructuring, abstraction, far 

transfer, and epistemological fluency, which cannot be suffi-

ciently captured within a functional or technical framework 

alone. 

The VFC model classifies competencies using the KSAH 

developmental architecture: Knowledge, Skills, Attitudes, 

and Habits. This structure assumes that competence is not 

static but evolves through progressive internalization—mov-

ing from conceptual understanding to behavioral automation 

[35]. Within this progression, IKIA is not a simple cross-dis-

ciplinary exposure; rather, it involves the learner’s capacity to 

activate, compare, synthesize, and apply disciplinary schemas 

across unfamiliar contexts [26, 31]. Such acts of integration 

demand cognitive flexibility and reflective abstraction, both of 

which are fundamental attributes of high-level cognitive de-

velopment. 

Moreover, in alignment with the Growth Mindset Theory 

[12], IKIA presumes that cognitive ability is not fixed, but can 

be cultivated through challenge, feedback, and reflective prac-

tice. This underpins its inclusion within the VFC framework 

as a trainable and observable cognitive performance domain, 

rather than an implicit talent or pedagogical by-product. Its 

placement within the Cognitive Psychology Dimension is fur-

ther reinforced by its interface with critical thinking, reflective 

learning, and metacognitive regulation, which together pre-

pare learners to operate effectively in volatile, cross-sectoral, 

and ambiguous real-world environments [1, 30]. 

In sum, the repositioning of IKIA within the VFC Frame-

work signifies a deliberate move to align theory, cognitive sci-

ence, and assessment toward a future-focused, integrative 

model of competence. 

3.2. Foundational Theories Underpinning 

Interdisciplinary Cognition 

The conceptualization of Interdisciplinary Knowledge Inte-

gration and Application (IKIA) as a critical cognitive compe-

tency is anchored in several foundational learning theories. 

These theories not only explain the psychological mechanisms 

that enable integration across disciplines but also guide in-

structional design and assessment strategies within the VFC 

Competence Framework. 

3.2.1. Schema Theory 

Schema theory provides the foundational cognitive archi-

tecture for interdisciplinary learning. Anderson [3] and later 

Chi [7] described schemas as organized knowledge structures 

that guide the assimilation of new information. In interdisci-

plinary contexts, learners are required to activate multiple do-

main-specific schemas and engage in schema restructuring, a 

process where new information from one domain transforms 

or merges with existing structures from another [7]. This dy-

namic reconfiguration is essential for the synthesis of diverse 

concepts into a unified cognitive model—an act that defines 

advanced interdisciplinary competence. 

3.2.2. Cognitive Load Theory (CLT) 

Sweller’s [38] Cognitive Load Theory (CLT) asserts that 

the brain’s working memory is limited in capacity and dura-

tion. Interdisciplinary learning, with its high conceptual den-

sity and unfamiliar frameworks, imposes a substantial intrin-

sic load on learners. Therefore, instructional design must min-

imize extraneous load and optimize germane load—the men-

tal effort devoted to schema construction and automation [38]. 

Distributed scaffolding techniques, such as peer explanation, 

visual mapping, and analogical reasoning, are particularly 

useful in facilitating integrative learning without overloading 

cognitive resources [39]. 

3.2.3. Experiential Learning Theory (ELT) 

Kolb’s [26] Experiential Learning Theory (ELT) presents a 

cyclical model of learning through concrete experience, re-

flective observation, abstract conceptualization, and active 

experimentation. This process aligns with interdisciplinary in-

tegration, as learners must experience real-world complexity, 

reflect on disciplinary limits, abstract principles across do-

mains, and apply synthesized insights. ELT is especially rele-

vant in practice-based interdisciplinary environments such as 

design studios, sustainability labs, and policy clinics [27]. 
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3.2.4. Knowledge Transfer Theory 

Perkins and Salomon [31] distinguish between near trans-

fer—applying knowledge in similar contexts—and far trans-

fer, which involves transferring principles across dissimilar 

domains. Far transfer is the hallmark of interdisciplinary cog-

nition, requiring not only conceptual abstraction but also the 

recognition of underlying patterns between contexts. Instruc-

tional strategies that promote transfer include analogical rea-

soning, multiple exemplars, and meta-level prompts that en-

courage learners to reflect on how and why they know what 

they know. 

Collectively, these theories frame interdisciplinary cogni-

tion as a highly demanding but systematically developable 

process that combines reflective learning, metacognitive self-

regulation, and schema integration. The VFC Framework in-

tegrates these principles not only to inform instructional prac-

tice but also to operationalize competency development 

within the KSAH model [1]. 

3.3. Metacognitive and Epistemic Cognition 

Dimensions 

At its core, Interdisciplinary Knowledge Integration and 

Application (IKIA) is not merely a cognitive act of combining 

disciplinary knowledge; it is fundamentally a metacognitive 

and epistemic process. Learners must not only possess content 

knowledge but also the capacity to reflect on how knowledge 

is structured, validated, and transferred across domains [22]. 

These higher-order competencies are indispensable for man-

aging the inherent ambiguity, abstraction, and complexity in-

volved in interdisciplinary reasoning. 

Metacognition, defined as the awareness and regulation of 

one’s own thought processes, plays a central role in interdis-

ciplinary learning. According to Flavell [17], metacognitive 

regulation includes planning, monitoring, and evaluating one's 

cognitive strategies. In interdisciplinary contexts, learners 

must engage in adaptive monitoring—assessing whether their 

disciplinary assumptions hold in novel contexts, and selecting 

when to switch frames, merge models, or re-evaluate problem 

parameters [42]. This regulation is especially important when 

encountering epistemic conflicts, such as when scientific em-

piricism must be reconciled with normative policy reasoning, 

or quantitative data with qualitative narrative. 

Epistemic cognition, as defined by Greene et al. [20], refers 

to how individuals think about the nature of knowledge and 

the process of knowing. Interdisciplinary learners must grap-

ple with multiple epistemologies, often simultaneously—each 

discipline offers distinct criteria for truth, evidence, and justi-

fication. Developing this epistemic fluency is essential for 

synthesizing insights while maintaining intellectual humility 

and avoiding superficial convergence. 

The VFC Competence Framework explicitly integrates 

these metacognitive and epistemic capacities under its Cogni-

tive Psychology Dimension, recognizing that deep integration 

is inseparable from reflection, regulation, and knowledge 

contextualization [1]. This stands in contrast to fragmented 

models that address content mastery without acknowledging 

the reflective capacities that govern transfer, synthesis, and 

long-term behavioral internalization. 

Furthermore, interdisciplinary assessment models increas-

ingly recognize the role of metacognition, as seen in tools such 

as reflective portfolios, concept mapping, and narrative in-

quiry [13, 15]. These instruments not only capture what stu-

dents know, but also how they navigate between domains, 

evaluate conflicting claims, and regulate their integration pro-

cesses. 

In sum, the development of IKIA is not linear. It is an iter-

ative, reflective, and epistemically grounded process, requir-

ing structured support, explicit instruction, and developmental 

assessment anchored in metacognitive and epistemological 

theory. 

3.4. Alignment with Global Competence 

Frameworks 

The conceptualization of Interdisciplinary Knowledge Inte-

gration and Application (IKIA) as a cognitive competency 

aligns not only with the internal structure of the VFC Compe-

tence Framework but also with several influential global mod-

els for future competence development. These international 

frameworks emphasize knowledge mobility, epistemic flexi-

bility, and socio-cognitive agility—core tenets that underpin 

interdisciplinary competence. 

The OECD Learning Compass 2030 offers a future-ori-

ented vision of learning, framing competencies as integrative 

capacities that empower individuals to navigate complexity 

and uncertainty [30]. The framework distinguishes between 

four types of knowledge—disciplinary, interdisciplinary, ep-

istemic, and procedural—emphasizing the importance of in-

terdisciplinary synthesis and epistemological fluency for ad-

dressing real-world challenges. IKIA closely maps to this 

model by promoting the transference and integration of 

knowledge across domains and the development of reflective, 

self-regulated learning behavior. 

Similarly, the European Commission’s Key Competences 

for Lifelong Learning identifies “multilingual competence,” 

“digital competence,” and, critically, “learning to learn” as 

transversal competencies essential for personal development 

and employability [16]. The latter resonates with IKIA’s po-

sitioning as a meta-cognitive and epistemic skillset, enabling 

learners to construct new knowledge frameworks through in-

terdisciplinary inquiry. The Commission further highlights 

“cultural awareness” and “entrepreneurship” as competencies 

that require learners to draw from diverse domains, aligning 

with the notion of cognitive integration, abstract application, 

and problem reformulation. 

The DeSeCo Project (Definition and Selection of Compe-

tencies), developed by the OECD in the early 2000s, further 

legitimizes this positioning by identifying three overarching 

categories of key competencies: (1) using tools interactively, 
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(2) interacting in socially heterogeneous groups, and (3) act-

ing autonomously [34]. IKIA directly serves all three. It in-

volves the use of cognitive and cultural tools across bounda-

ries, the negotiation of disciplinary and social knowledge 

frames, and the capacity for autonomous integration and deci-

sion-making in ill-structured contexts. 

Finally, global frameworks such as UNESCO’s SDG 4: 

Quality Education stress the need for transferable, adaptive 

competencies that address sustainability, innovation, and eq-

uity [40]. Interdisciplinary competence is increasingly recog-

nized as vital for meeting these goals, particularly in address-

ing interconnected global issues that defy single-discipline so-

lutions. 

By aligning IKIA with these models, the VFC Competence 

Framework affirms its scientific validity and international rel-

evance, situating interdisciplinary integration as a globally 

acknowledged, future-proof cognitive capability. 

4. What Does It Mean to Be an 

Interdisciplinary Knowledge 

Integrator 

The emergence of (IKIA) as a cognitive competency within 

the VFC Framework signals a departure from viewing inte-

gration as a technical task to recognizing it as a behavioral and 

epistemic identity. An interdisciplinary knowledge integrator 

does not merely accumulate content from disparate fields; ra-

ther, they reframe, synthesize, and abstract insights in order to 

solve complex, real-world problems. This process requires 

both cognitive discipline and behavioral commitment, as out-

lined in the KSAH structure of the VFC Competence Frame-

work [1]. 

4.1. From Multidisciplinarity to True 

Integration 

A common misunderstanding in educational and profes-

sional discourse is the conflation of multidisciplinarity with 

interdisciplinarity. While the former involves the parallel 

presentation of concepts from different fields, it lacks the cog-

nitive synthesis needed for true integration [33]. Interdiscipli-

narity, by contrast, involves the generation of new cognitive 

structures through interaction, critique, and reconfiguration of 

disciplinary logics [7]. It is a deeply reflective and transform-

ative act that enables learners to go beyond knowledge juxta-

position and into meta-theoretical abstraction. 

For example, while a multidisciplinary healthcare curricu-

lum may include courses in anatomy, ethics, and communica-

tion, an interdisciplinary program would require students to 

synthesize these domains—e.g., integrating cultural beliefs 

and psychological insights into treatment design. The same 

logic applies in education, climate policy, or engineering, 

where effective decision-making depends on the cognitive fu-

sion of technical, social, and humanistic disciplines. 

4.2. Key Traits and Behavioral Indicators 

Interdisciplinary knowledge integrators exhibit specific 

cognitive and behavioral markers that evolve along the devel-

opmental continuum. These indicators align with the 

Knowledge, Skills, Attitudes, and Habits (KSAH) model and 

are observable in decision-making, communication, and prob-

lem-solving contexts. 

Table 1. Key Traits of Interdisciplinary Knowledge Integrators. 

Trait Description Source 

Cognitive Flexibility Capacity to shift between disciplinary frameworks and navigate conflicting logics. Spiro et al., 1991 

Epistemic Humility 
Recognition of the limits of one’s knowledge and openness to alternative epistemo-

logical traditions. 
Greene et al., 2016 

Integrative Synthesis 
Ability to combine conceptual models from distinct disciplines into coherent 

frameworks. 
Repko & Szostak, 2021 

Systemic Awareness Perceiving interconnections across ecological, economic, and social systems. OECD, 2019 

Reflective Curiosity 
Engaging in sustained inquiry that probes underlying principles and questions es-

tablished assumptions. 
Chi, 2009 

Knowledge Transfer 

Readiness 

Habitual tendency to abstract and apply knowledge across unfamiliar or novel do-

mains. 
Perkins & Salomon, 1992 

 

These traits are not innate; they develop through structured 

experiences, scaffolded reflection, and long-term engagement, 

aligned with the VFC Framework’s emphasis on progressive 

learning and behavioral internalization. 
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4.3. Illustrative Contexts: Application Across 

Fields 

In practice, interdisciplinary cognition is increasingly vital 

across domains: 

1) In youth education, programs like STEAM (Science, 

Technology, Engineering, Arts, Mathematics) encour-

age learners to engage in creative, cross-domain projects. 

For instance, students might design sustainable housing 

solutions by integrating architectural design with envi-

ronmental science and civic policy. 

2) In sustainability science, interdisciplinary knowledge in-

tegrators analyze climate data, navigate legal frame-

works, and negotiate stakeholder values to craft feasible, 

inclusive solutions [18]. 

3) In healthcare, Yang et al. [43] showed that integrating 

pediatric nursing and early childhood education using 

therapeutic play significantly improved nursing students’ 

problem-solving and reflective capacities. This outcome 

emerged not from additive learning but from the synthe-

sis of epistemological approaches to child care. 

4) In public policy, integrators must weigh economic indi-

cators against ethical considerations, drawing on eco-

nomics, sociology, political theory, and communication 

studies simultaneously. 

These domains illustrate that IKIA is not limited to aca-

demic contexts. It defines how people think, act, and perform 

in complex social systems. 

4.4. Role Identity and Performance 

Ultimately, to be an interdisciplinary knowledge integrator 

is to internalize a particular cognitive identity. It is a way of 

relating to knowledge and performance as fluid, contextual, 

and co-constructed. This identity is sustained through habitual 

cognitive behaviors—continual questioning, conceptual ab-

straction, and reflective recalibration. 

Duhigg [11] notes that repeated cognitive actions form hab-

its that define long-term behavior. In this light, interdiscipli-

nary competence is not merely a “skill set,” but a mindset and 

habit set—embodied through how a learner frames problems, 

seeks information, and collaborates across domains. The VFC 

Framework captures this transformation through its Habits 

layer in the KSAH model, emphasizing not just the acquisition 

but the sustainability of integrated thinking [1]. 

Thus, the interdisciplinary knowledge integrator becomes 

more than a learner—they become a navigator of uncertainty, 

a translator of systems, and a synthesizer of meaning across 

the fractured landscape of modern knowledge. 

5. Methodology 

This study adopts a qualitative conceptual research design, 

aiming to articulate and synthesize a theoretical understanding 

of Interdisciplinary Knowledge Integration and Application 

(IKIA) as a cognitive competency within the VFC Compe-

tence Framework. Rather than collecting empirical data, the 

paper employs abductive reasoning and conceptual synthesis, 

drawing from a curated body of peer-reviewed literature to de-

velop a structured framework grounded in learning theory and 

cognitive psychology. This methodology is consistent with 

theory-building approaches in educational research that prior-

itize integrative model construction over empirical generali-

zation [23]. 

The data informing this synthesis consists of over 40 peer-

reviewed academic articles published between 2000 and 2025, 

covering domains such as interdisciplinary education, cogni-

tive development, healthcare training, sustainability, and en-

gineering pedagogy. Inclusion criteria prioritized scholarly 

works that explicitly address cross-domain knowledge inte-

gration, learning transfer, metacognition, and epistemic cog-

nition. Sources were selected from academic databases includ-

ing Scopus, ERIC, JSTOR, and ScienceDirect, ensuring the-

matic coverage across education, psychology, and applied 

fields. 

The VFC Competence Framework [1] serves as the primary 

analytical lens, providing a scaffold for organizing and inter-

preting findings through its KSAH model (Knowledge, Skills, 

Attitudes, Habits) and its tripartite structure: Functional Ex-

pertise, Cognitive Psychology, and Visionary Management. 

Within this structure, IKIA is situated in the Cognitive Psy-

chology Dimension, which frames competence not only as an 

individual mental process but also as an affective and social 

capability. 

Findings were coded thematically using these theoretical 

constructs, focusing on four analytical dimensions: schema re-

structuring, metacognitive self-regulation, far transfer, and in-

terdisciplinary identity development. The methodology ena-

bles a developmental layering of IKIA, allowing for a nuanced 

understanding of how the competency evolves from novice-

level cross-domain awareness to expert-level synthesis and 

application. 

Finally, the decision to pursue a conceptual methodology is 

rooted in the need to bridge theoretical fragmentation in exist-

ing literature. Many interdisciplinary competence studies re-

main discipline-bound or lack coherence in outcome struc-

tures. By applying a design-based research logic, this paper 

contributes a translatable and scalable framework that can in-

form curriculum design, professional development, and future 

empirical studies seeking to operationalize interdisciplinary 

competence more precisely. 

6. Data Analysis and Findings 

6.1. Thematic Findings on the Cognitive Process 

of Integration 

The conceptual synthesis of literature and case data reveals 

four primary themes underpinning the cognitive development 
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of Interdisciplinary Knowledge Integration and Application 

(IKIA): schema restructuring, metacognitive regulation, far 

transfer and knowledge abstraction, and identity transfor-

mation. These themes highlight the cognitive complexity and 

behavioral maturity required to navigate disciplinary bounda-

ries and construct new epistemological frameworks. 

6.1.1. Schema Restructuring and Conceptual 

Bridging 

Interdisciplinary competence is contingent upon learners' 

ability to adapt and restructure existing cognitive schemas. 

Schema theory posits that individuals store knowledge in do-

main-specific frameworks, which must be reorganized to ac-

commodate new disciplinary content [3, 7]. In interdiscipli-

nary learning, this restructuring involves the synthesis of ab-

stract principles from disparate domains into integrative men-

tal models. 

Experiential Learning Theory (ELT) reinforces this process 

by framing learning as a cyclical movement through concrete 

experience, reflective observation, abstract conceptualization, 

and active experimentation [26]. Fortuin et al. [18], in a study 

of environmental science education, found that students inter-

nalized complex systems thinking through iterative cycles of 

cross-domain exploration and reflection. These findings af-

firm that schema integration is not incidental—it must be de-

liberately scaffolded within learning design. 

6.1.2. Metacognitive Self-Regulation and Epistemic 

Agility 

The integration of knowledge across domains also demands 

advanced metacognitive regulation. According to Flavell [17], 

metacognition involves planning, monitoring, and evaluating 

one’s cognitive strategies. In interdisciplinary contexts, learn-

ers must monitor the coherence of competing disciplinary as-

sumptions and selectively apply or suppress epistemic frames 

[42]. Reflective journaling and metacognitive logs have 

proven effective in enabling learners to evaluate their own in-

tegrative processes [22]. 

This is consistent with findings from ElSayary [15], who 

demonstrated that students engaged in interdisciplinary in-

struction exhibited significantly higher levels of strategic 

thinking, abstraction, and self-regulation compared to their 

mono-disciplinary counterparts. These capacities are essen-

tial to what Greene et al. [20] call epistemic cognition—an 

individual’s understanding of how knowledge is justified 

and used. 

6.1.3. Far Transfer and Knowledge Abstraction 

A hallmark of IKIA is the ability to perform far transfer—

applying learned principles to novel or structurally dissimilar 

contexts. Perkins and Salomon [31] distinguish this from near 

transfer by its reliance on abstraction and analogical reasoning. 

Kao et al. [24] illustrated this through a curriculum in product 

and media design, where students were required to apply en-

gineering principles, aesthetic reasoning, and social psychol-

ogy to co-create public artifacts. Such work shows that trans-

fer is not incidental; it is an intentional act of abstraction, re-

formulation, and re-application. 

The capacity for far transfer reflects higher-order cognitive 

functioning and is increasingly cited as a marker of 21st-cen-

tury competence [30]. In the VFC Framework, this aligns with 

advanced stages of the KSAH progression, particularly the 

movement from applied skills to embedded habits. 

6.1.4. Interdisciplinary Identity Transformation 

Perhaps the most enduring finding is that successful inte-

gration is not only a skill but an evolving cognitive identity. 

Learners begin to see themselves as synthesizers, rather than 

consumers, of knowledge. This shift—what Duhigg [11] 

might term a "habitual re-framing"—emerges as learners in-

ternalize interdisciplinary behaviors, such as pattern recogni-

tion, reflective comparison, and perspective-taking. 

This identity transition is consistent with the Habits dimen-

sion of the VFC Framework and supports the view that com-

petence is not simply task-based but dispositional and devel-

opmental [1]. Interdisciplinary thinkers cultivate a mindset 

marked by curiosity, adaptability, and systemic reasoning—

characteristics that prepare them to lead, innovate, and collab-

orate in complex, real-world environments. 

6.2. Micro-Case Examples and Vignettes 

To further illustrate the applied dimensions of Interdiscipli-

nary Knowledge Integration and Application (IKIA), this sec-

tion presents a selection of micro-cases that reflect how the 

competency operates in real-world educational and profes-

sional contexts. These examples were selected based on con-

ceptual alignment with the VFC Framework and thematic res-

onance with the developmental processes identified in Section 

7.1. 

6.2.1. Case 1: Pediatric Nursing and Early 

Childhood Education Integration 

In a mixed-method study by Yang et al. [43], an interdis-

ciplinary curriculum was introduced to train nursing stu-

dents through therapeutic play interventions rooted in early 

childhood education. Students were required to integrate 

physiological knowledge with developmental psychology 

and communicative empathy. The intervention revealed 

significant improvement in reflective thinking, problem-

solving, and healthcare delivery among participants. Cru-

cially, students demonstrated the ability to apply clinical 

reasoning in emotionally complex settings, indicating a 

successful transition from disciplinary knowledge to cross-

domain synthesis. This reflects the schema restructuring 

and epistemic agility central to the VFC’s Cognitive Psy-

chology Dimension. 
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6.2.2. Case 2: Product and Media Design Education 

in Taiwan 

Kao et al. [24] examined a project-based interdisciplinary 

curriculum that integrated engineering principles, user-expe-

rience design, and social impact assessment in higher educa-

tion. Learners in this program collaborated across departments 

to design public-facing innovations such as assistive technol-

ogies and environmental infographics. The program deliber-

ately scaffolded reflection, abstract thinking, and team-based 

iteration. The result was a measurable increase in students’ 

ability to apply abstract concepts in novel contexts, confirm-

ing the developmental nature of far transfer. Students also re-

ported growth in empathy, perspective-taking, and epistemo-

logical flexibility, highlighting the social and psychological 

layers within the VFC Framework. 

6.2.3. Case 3: Environmental Systems Thinking in 

Sustainability Education 

Fortuin et al. [18] documented an interdisciplinary interven-

tion in sustainability education, where students were chal-

lenged to solve real-world environmental problems by inte-

grating knowledge from biology, economics, and political sci-

ence. Through scenario-based learning and facilitated reflec-

tion, learners developed systems-thinking capabilities and in-

terdisciplinary communication skills. The study concluded 

that students were able to identify complex interdependencies, 

reason ethically, and propose solutions that transcended disci-

plinary constraints. These findings illustrate the activation of 

integrative synthesis and systems-level awareness, core traits 

identified in Section 5 and modeled behaviorally within the 

Habits layer of the VFC KSAH framework [1]. 

Across these cases, learners moved beyond passive content 

reception and became active constructors of interdisciplinary 

meaning. Their performance aligns with the VFC Frame-

work’s conceptualization of competence as a dynamic inter-

action between knowledge structures, self-regulation, and so-

cially embedded behavior. These vignettes affirm that IKIA is 

both context-responsive and cognitively scaffoldable, proving 

essential for education systems aiming to equip learners with 

the capacity to lead in complex, transdisciplinary environ-

ments. 

6.3. Mapping Findings onto the CI2 Model:  

A Cross-Competence Bridge 

While Interdisciplinary Knowledge Integration and Appli-

cation (IKIA) is framed primarily as a cognitive developmen-

tal competency, its application in real-world settings is deeply 

interdependent with social-cognitive capacities. Chief among 

these is Collaborative Intelligence & Influence (CI2)—a struc-

tured socio-cognitive competence situated within the same 

Cognitive Psychology Dimension of the VFC Competence 

Framework [1, 2]. CI2 encompasses the ability to co-create 

knowledge, ethically influence group dynamics, and co-regu-

late reasoning—behaviors that are indispensable for activating 

interdisciplinary integration in collaborative contexts. 

Thematic findings in this paper—particularly those related 

to schema restructuring, far transfer, and epistemic agility—

often manifest in social environments where learners must ne-

gotiate meaning, share mental models, and synthesize per-

spectives across disciplines. In such settings, the success of 

IKIA is contingent upon learners’ capacity to build psycho-

logical safety, facilitate inclusive dialogue, and calibrate in-

fluence competencies directly captured by the CI2 model [14, 

19]. 

CI2 thus provides a social infrastructure for IKIA. For in-

stance, an individual capable of abstract integration may still 

fail to achieve impact if they cannot translate insights into 

shared understanding or navigate disciplinary conflict in 

teams. Conversely, high-functioning CI2 behaviors—like trust 

calibration and group metacognition—enable deeper interdis-

ciplinary engagement by stabilizing collective reasoning and 

reducing social-cognitive overload [8, 21]. 

From a competence design perspective, both IKIA and CI2 

share alignment with the KSAH model of the VFC Framework, 

progressing from knowledge to behavior to identity-level 

habit formation. While IKIA emphasizes internal integration 

of conceptual knowledge, CI2 extends that process into social 

interaction, influence, and team cognition. Together, they 

form a cognitive–social axis of competence essential for nav-

igating today’s interdisciplinary, multicultural, and hybrid 

work environments. 

Framing CI2 as a bridging competence reinforces the VFC 

model’s emphasis on interdependence between competencies, 

ensuring that development is not fragmented but layered, re-

lational, and future-responsive. 

6.4. Integration with the VFC Cognitive 

Psychology Dimension 

The findings of this study affirm that Interdisciplinary 

Knowledge Integration and Application (IKIA) is a cogni-

tively organized, socially expressed, and psychologically reg-

ulated competence, precisely aligned with the structure and 

intent of the Cognitive Psychology Dimension of the VFC 

Competence Framework [1]. Within this dimension, three in-

terrelated domains—Cognitive, Psychological, and Social—

capture the layered internal and external processes that under-

pin advanced mental functioning. IKIA interacts with all three, 

making it a cross-domain cognitive enabler within this struc-

ture. 

In the Cognitive Domain, IKIA develops through schema 

formation, far transfer, conceptual abstraction, and knowledge 

restructuring [7, 26]. These cognitive processes are essential 

for synthesizing ideas across disciplines and for engaging in 

epistemologically pluralistic reasoning. Learners must be able 

to hold complex mental models, integrate disparate 

knowledge structures, and manage cognitive load efficiently 
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[38]. 

In the Psychological Domain, IKIA is sustained by meta-

cognitive regulation, epistemic humility, and the affective re-

silience needed to engage ambiguity and conflict between 

competing frameworks [17, 22]. The learner’s ability to toler-

ate uncertainty, engage in reflective comparison, and sustain 

internal motivation is critical for integrative thought and long-

term intellectual development. 

In the Social Domain, IKIA becomes actionable in collec-

tive settings where learners must share, negotiate, and co-con-

struct interdisciplinary meaning. This domain aligns closely 

with (CI2)—a VFC competence that enables trust calibration, 

perspective-taking, and shared mental modeling [2, 21]. With-

out these social-cognitive capacities, the internal integration 

of knowledge cannot be meaningfully extended into group 

learning, innovation, or collective problem-solving. 

Thus, IKIA does not sit within a single vertical—it cross-

cuts all three domains of the Cognitive Psychology Dimension. 

It is initiated cognitively, sustained psychologically, and man-

ifested socially. This multi-domain interaction supports the 

VFC Framework’s commitment to layered development and 

integrative assessment, ensuring that cognitive competencies 

are framed not only by what learners know but by how they 

regulate and enact that knowledge across personal, relational, 

and interdisciplinary contexts. 

7. Learning Outcomes – KSAH Model 

7.1. Overview and KSAH Framework Rationale 

The development of Interdisciplinary Knowledge Integra-

tion and Application (IKIA) must be understood not merely as 

an academic goal, but as a structured developmental compe-

tence. Within the VFC Competence Framework, such compe-

tencies are articulated through the KSAH model—a layered 

structure comprising Knowledge, Skills, Attitudes, and Habits 

[1]. This framework assumes that cognitive excellence arises 

not only from what learners know, but also from what they 

can do with that knowledge, how they approach it emotionally 

and ethically, and how consistently they enact it behaviorally. 

The KSAH model provides a developmental scaffold that 

maps the evolution from conceptual awareness to performa-

tive mastery. Unlike taxonomies such as Bloom’s [5], which 

primarily focus on cognitive stages, the KSAH model inte-

grates metacognition, epistemic values, and behavioral sus-

tainability, offering a competency-based framework fit for 

21st-century complexity. In the case of IKIA, this model al-

lows for a more precise delineation of what integration looks 

like at different stages of learner growth, from novice-level 

exposure to expert-level abstraction and leadership. 

Importantly, IKIA learning outcomes must not be confined 

to course-level assessments or disciplinary rubrics. Instead, 

they should reflect progressive transformation across all four 

KSAH pillars, enabling long-term adaptability and cross-con-

textual relevance. This is particularly important in interdisci-

plinary environments where competence is assessed not only 

by domain-specific accuracy but by the learner’s ability to 

translate, transfer, and transform knowledge within and be-

yond social or professional boundaries [27, 31]. 

7.2. Knowledge Outcomes 

In the context of interdisciplinary competence, knowledge 

is not merely about content acquisition. It encompasses a deep 

understanding of how different knowledge systems operate, 

how they can be juxtaposed, and how new insights can be gen-

erated through their synthesis. This requires familiarity with 

multiple epistemological traditions, schema theory, cognitive 

load principles, and learning transfer mechanisms [7, 38]. 

At the novice level, learners begin by identifying discipli-

nary boundaries and recognizing conceptual differences. They 

can name basic principles and describe structural features of 

distinct fields. At the intermediate level, they begin to com-

pare and relate concepts across domains, understanding not 

only what disciplines believe, but how they come to those be-

liefs. Advanced learners start to internalize theoretical frame-

works such as experiential learning [26] or systems thinking 

[9] and apply these to interdisciplinary tasks. At the expert 

level, individuals can design integrative frameworks, chal-

lenge disciplinary assumptions, and generate new conceptual 

schema that operate across boundaries. 

These knowledge outcomes enable learners to progress 

from passive content reception to active cognitive construc-

tion, fulfilling the Cognitive Domain mandate of the VFC 

Framework. They are the foundation upon which transferable 

skills, ethical attitudes, and behavioral habits are built. 

7.3. Skills Outcomes 

While knowledge provides the cognitive foundation for in-

terdisciplinary integration, the ability to act on that knowledge 

requires a distinct set of transferable and high-order skills. In 

the context of Interdisciplinary Knowledge Integration and 

Application (IKIA), skills refer to a learner’s observable ca-

pabilities to synthesize, apply, and communicate across con-

ceptual boundaries. 

At the novice level, learners participate in guided interdis-

ciplinary tasks such as group projects, introductory case stud-

ies, or structured debates. These tasks aim to develop initial 

comfort with disciplinary transitions. Intermediate learners 

begin to navigate those transitions independently—construct-

ing analogies, contributing to joint problem-definition, and us-

ing tools like concept maps and systems diagrams to illustrate 

cross-domain linkages [29]. 

As learners reach the advanced level, they develop the abil-

ity to critically compare disciplinary methodologies and apply 

abstract principles across unfamiliar contexts. They facilitate 

synthesis in group discussions, design research questions that 
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bridge fields, and use multi-modal literacy (verbal, visual, nu-

merical) to support interdisciplinary problem solving [25]. Fi-

nally, at the expert level, individuals demonstrate the capacity 

to lead integration processes. They create transdisciplinary 

models, facilitate stakeholder collaboration, and scaffold inte-

gration in others through mentorship, curriculum design, or 

innovation leadership [18, 36]. 

Skill acquisition in IKIA is cumulative and spiral, not 

merely additive. Each level reinforces schema restructuring 

and promotes deeper cognitive flexibility, a key skill in re-

sponding to complexity, ambiguity, and change [37]. 

7.4. Attitudinal Outcomes 

Interdisciplinary competence also involves a psychological 

orientation toward knowledge—specifically, an attitudinal pos-

ture marked by openness, epistemic humility, and persistence. 

The attitudinal dimension is vital for sustaining learning in the 

face of ambiguity, conflicting values, and conceptual disso-

nance—hallmarks of interdisciplinary problem spaces. 

At the novice stage, learners may show initial respect for 

multiple perspectives but tend to revert to familiar frameworks 

under pressure. They may struggle with ambiguity or exhibit 

discomfort with unresolved tensions between disciplines. In-

termediate learners begin to appreciate the value of complex-

ity. They express curiosity toward foreign epistemologies and 

begin to ask cross-cutting questions that reflect a shifting cog-

nitive stance [22]. 

Advanced learners demonstrate epistemic humility—the 

recognition that all knowledge is partial and that disciplinary 

assumptions must be questioned and revised. They engage in 

sustained reflection and show emotional resilience when navi-

gating contradictory evidence or stakeholder values [20]. Ex-

pert-level learners not only embrace complexity but model at-

titudinal flexibility for others. They are adept at facilitating in-

clusive dialogue, holding space for divergent views, and fram-

ing synthesis as a moral and intellectual responsibility [15]. 

Attitudinal outcomes are particularly significant within the 

Psychological Domain of the VFC Framework. They act as a 

bridge between cognition and behavior—ensuring that 

knowledge and skills are ethically grounded and emotionally 

sustainable, not merely performative. 

7.5. Habits Outcomes 

Within the VFC Framework, the Habits domain represents 

the culmination of competence development, where 

knowledge, skills, and attitudes are internalized as sustained 

cognitive and behavioral patterns [1] In the case of Interdisci-

plinary Knowledge Integration and Application (IKIA), habits 

reflect a learner’s capacity to routinely engage in cross-disci-

plinary reasoning, reflective abstraction, and systems-level 

thinking without external prompting. 

Habits, as Duhigg [11] notes, are formed through repeated 

cues, routines, and rewards that eventually become embedded 

in behavioral memory. For interdisciplinary thinkers, these 

habits include actions such as reframing problems using mul-

tiple logics, actively seeking diverse perspectives, and main-

taining reflective journals to map integrative processes over 

time. These actions become more than strategies—they be-

come default modes of navigating complexity. 

At the novice level, learners require external scaffolding to 

activate integrative habits. They respond to structured prompts, 

collaborative routines, or assigned reflection tasks. While 

these behaviors may appear sporadic or instructor-dependent, 

they signal the beginning of interdisciplinary pattern for-

mation. At the intermediate level, learners begin to adopt these 

habits independently—initiating cross-disciplinary dialogue, 

using concept mapping to support synthesis, or revisiting epis-

temological assumptions across contexts [29]. 

By the advanced stage, interdisciplinary habits become part 

of the learner’s cognitive identity. Individuals regularly seek 

out ambiguous or complex problems, apply frameworks from 

diverse fields, and use reflection tools as standard elements of 

their learning process. At the expert level, these habits extend 

outward—they not only govern personal learning but also 

shape organizational practices. Expert learners design envi-

ronments that encourage knowledge integration, facilitate in-

terdisciplinary mentoring, and embed synthesis routines in 

curricula, policy, or professional ecosystems [27, 36]. 

Importantly, habits are not merely individual. Within the 

Social Domain of the VFC Framework, habitual interdiscipli-

nary thinking also manifests through team norms, shared 

problem-framing rituals, and collaborative reasoning routines 

[21]. These socialized habits enable distributed cognition and 

collective innovation, ensuring that interdisciplinary practice 

becomes systemic rather than episodic. 

In sum, the habitual dimension of IKIA marks the transition 

from competence as capacity to competence as embodied, au-

tomated behavior. It is the final stage of integration—one that 

links inner disposition with outward practice, and temporary 

learning with lifelong adaptability. 

7.6. KSAH × Progression Matrix 

To consolidate the developmental trajectory of Interdisci-

plinary Knowledge Integration and Application (IKIA), this 

section presents a summative matrix that maps the four dimen-

sions of the KSAH model—Knowledge, Skills, Attitudes, and 

Habits—against four levels of progression: Novice, Interme-

diate, Advanced, and Expert. This table provides a structured 

reference for educational designers, assessment specialists, 

and organizational leaders seeking to diagnose, scaffold, and 

measure interdisciplinary competence in youth and profes-

sional development settings. 

This matrix reflects the VFC Competence Framework’s em-

phasis on development as a layered and behavioral continuum, 

rather than a binary of mastery or deficiency [1]. It also supports 

the creation of rubrics, reflective tools, and performance-based 

evaluations for interdisciplinary learning programs. 
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Table 2. KSAH × Progression Matrix for Interdisciplinary Knowledge Integration and Application. 

Dimension Novice Intermediate Advanced Expert 

Knowledge 

Recognizes disciplinary 

boundaries and basic 

interdisciplinary terminology. 

Explains conceptual 

similarities and differences 

across disciplines. 

Applies learning theories 

and integration strategies to 

interdisciplinary problems. 

Designs new frameworks that 

integrate diverse disciplinary 

logics; mentors others. 

Skills 
Participates in structured in-

terdisciplinary tasks. 

Initiates integration through 

mapping, analogies, and in-

quiry. 

Facilitates synthesis in col-

laborative or research con-

texts. 

Leads integration in innovation 

settings; designs curricula and 

transdisciplinary models. 

Attitudes 

Respects alternative views 

but relies on familiar disci-

plines. 

Expresses curiosity about 

complexity; tolerates ambi-

guity. 

Demonstrates epistemic hu-

mility and reflective stance. 

Models inclusive reasoning; fos-

ters epistemic dialogue and ethi-

cal synthesis. 

Habits 
Responds to external prompts 

for reflection or integration. 

Initiates interdisciplinary 

behaviors (e.g., concept 

maps, journaling). 

Routinely applies integra-

tive reasoning to academic 

and real-world challenges. 

Institutionalizes integration prac-

tices; mentors and sustains col-

laborative systems thinking. 

 

This progression matrix serves not only as a guide for indi-

vidual development but also as a scalable framework for com-

petency design. It can be adapted into diagnostic rubrics, 

formative self-assessment tools, or organizational learning 

benchmarks, ensuring that IKIA becomes a measurable and 

observable dimension of long-term cognitive development. 

8. Conclusion and Future Research 

Directions 

This paper has presented a comprehensive conceptualiza-

tion of (IKIA) as a structured cognitive competence embedded 

within the Cognitive Psychology Dimension of the VFC Com-

petence Framework. Drawing from schema theory, cognitive 

load theory, experiential learning, and transfer of learning, 

IKIA has been positioned as a progressive and measurable ca-

pability that moves learners from disciplinary fluency to epis-

temic agility and systems-level synthesis [7, 27, 38, 31]. 

Unlike fragmented or siloed approaches to integration, this 

paper underscores IKIA as a cross-domain developmental 

construct—one that traverses the Cognitive, Psychological, 

and Social domains of the VFC Framework. Through thematic 

findings and micro-case analysis, we established that IKIA in-

volves not just cognitive restructuring, but also metacognitive 

regulation, reflective identity work, and social enactment [20, 

22, 43]. It is a competence that bridges knowledge, perfor-

mance, and ethical responsibility—essential for equipping 

learners to navigate complexity in education, work, and global 

systems. 

The KSAH model—Knowledge, Skills, Attitudes, Habits—

offered a scaffold to articulate IKIA across stages of learner 

development. These stages, mapped through the 8.6 progres-

sion matrix, clarify how IKIA evolves from passive exposure 

to expert-level enactment, where learners not only integrate 

knowledge but lead others in integrative practices, mentor 

across disciplines, and institutionalize transdisciplinary think-

ing in curricula or organizations [1]. 

Importantly, the paper also argued that IKIA cannot be fully 

realized without interaction with other VFC competencies, 

particularly (CI2). In collaborative settings, interdisciplinary 

integration depends on the ability to co-create meaning, regu-

late influence ethically, and build shared cognitive models 

within teams [21]. This affirms the VFC principle that com-

petencies are layered, relational, and synergistic, not isolated 

skill sets. 

Future Research Directions: 

To move beyond conceptual modeling, several areas of em-

pirical inquiry are recommended: 

Operationalizing IKIA as an assessment construct: Develop 

and validate rubrics, scenario-based tasks, and reflective tools 

that measure progression across the KSAH framework. 

Longitudinal studies: Track IKIA development in learners 

over time, especially in project-based or transdisciplinary ed-

ucation environments (e.g., STEAM, global studies, sustaina-

bility labs). 

Cross-cultural adaptation: Investigate how IKIA manifests 

in culturally diverse contexts where epistemic values and dis-

ciplinary authority differ. 

AI-supported diagnostic tools: Explore the use of artificial 

intelligence to map conceptual integration, track schema de-

velopment, and model far transfer behavior through learning 

analytics. 

Application in leadership and policy contexts: Examine 

how IKIA informs ethical decision-making, systems naviga-

tion, and strategic foresight in organizational leadership and 

education policy. 

In conclusion, IKIA is not an abstract ideal—it is a core de-

velopmental need for any individual or institution seeking to 

http://www.sciencepg.com/journal/ijvetr


International Journal of Vocational Education and Training Research http://www.sciencepg.com/journal/ijvetr 

 

38 

thrive in a future defined by knowledge hybridity, socio-tech-

nical complexity, and global interdependence. As such, its 

recognition as a critical cognitive competency marks a step 

toward more integrative, ethical, and resilient education and 

human development systems. 
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