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NepiAnyn

To mapov apBpo TPOOGEPEL ML CUVOTTIKH QVOOKOTINoN TNG ouvéeong HETAtL
TIOPAYWYLKNC TEXVNTNC vonuoouvng (GenAl) kat tng Oewplag Nvwotikol Doptiou (CLT)
oTov eKMALOEUTIKO OXeSLAOUO, TAPEXOVTOC OTOUC EKTMALSEUTIKOUG OXESLOOTEC
TEKUNPLWUEVN yVWon yla TN Sloxeiplon tou ywwoTtikol $opTiovu HEOW TNG EPAPLOYNC
BepeAlwdwyv apxwv dLdaktikol oxedlacpou oto mAaioto tng CLT. H &didaockaAia mou
unootnpiletat amo GenAl pewwvel to €evboyeveég doptio mpooapudloviag TV
TIOAUTIAOKOTNTA TOU UALKOU, Teplopilel To e€wyeveg doptio péow auTtopatomoinong
gpyaclwv Onweg n mepiAndn kot n dopnuévn avatpododotnon, Kol €VIOXUEL TO
mapaywylko ¢optio pe S1odpaoTikd SLAAOYO KAl OVOOTOXOOTIKEG TIPOTPOTEC TIOU
SleukoAUvouv Tn BabLa emefepyacia Kal To OXNUATIONO yvwaonG. TauToxpova, N amOToUn
gvowpatwon tng GenAl cuvemayetal KwvdUvoug, OMwE N YVWOTIKA mabntikotnta, n
HElWON TNG TMOPOAYWYLKAG TPOOTAOELAG, O KATAKEPUOTIOUOC TNG TPOCOXAG Kol N
auvénuévn avaykn emaAnBsuong Aoyw mBavwv avakplBelwv. O KAKOG oXeSLACUOG
emLdaveLwV Kot n UTEEPBOALKA TTPOCWTIONOLNGN UIOPEL vaL EMLPEPOUV AUENUEVO YVWOTLKO
doptio. H CLT mapéxel kaBodrynon yia tnv afloAdynon kat evowpdatwon tg GenAl,

nmpotelvovtag Ml cuoTtnuatikr, BOswpntikd kKabBodnyoUUevn TPOCEYYLON TOU
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Staodalilel 6t n GenAl gvioyUeL T YVwOoTIKN §€0UeuoN KoL uTtooTnPLlel TNV BLWOLUN,

TIOLOTLKI HABOnon Xxwpig va TepLopilel TNV MVEVUATLKA avATtTuén.

NEEeLc-KAEBLA
TOPOYWYLK) TEXVNTA vonuoouvn, Bewpila yvwotikol d¢optiou, eKMALGEUTIKOC

oxedlaouog

Abstract

This article presents an integrative review of the relationship between Generative
Artificial Intelligence (GenAl/Al) and Cognitive Load Theory (CLT) in instructional design,
providing instructional designers with evidence-based insights for managing cognitive
load through the core principles of instructional design within the CLT framework. The
review demonstrates that GenAl-supported instruction effectively manages intrinsic load
by tailoring material complexity, reduces extraneous load through task automation like
summarization and structured feedback, and enhances germane load through interactive
dialogue and reflective prompts that facilitate deep processing and schema construction.
The rapid integration of GenAl poses significant cognitive risks for learners. The risks
encompass cognitive passivity and offloading, a reduction in productive struggle,
fragmentation of attention, and an increased verification burden due to potentially
inaccurate Al outputs. Poorly designed Al interfaces and excessive personalization may
unintentionally increase unnecessary cognitive load. The study concludes that CLT offers
critical insights for assessing and guiding the integration of GenAl in learning design.
Learning designers need to deploy a systematic, theory-driven approach to effectively
utilize Al's transformative potential, ensuring it enhances cognitive engagement and
fosters high-quality, sustainable learning experiences rather than impeding intellectual

growth.

Keywords

generative artificial intelligence, cognitive load theory, learning design.
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Introduction

This study explores the connection between Generative Al (GenAl) and Cognitive Load
Theory (CLT) in educational contexts, specifically analyzing the impact of GenAl-
supported instruction on intrinsic, extraneous, and germane cognitive load. These three
types of cognitive load are defined in detail in the subsequent Theoretical Framework
section. Although CLT provides useful insights, its application to GenAl is insufficiently
examined, resulting in numerous implementations that introduce unnecessary
extraneous load. Thus, to address this issue, this study synthesizes existing literature in
order to elucidate the benefits and challenges of cognitive load in GenAl-enhanced
learning, providing learning designers with insights to design effective, accountable, and
theory-based Al-supported instruction. This emphasis on systematic, theory-driven
design is essential for enhancing the quality of distance education in the Al era, as learning
designers must incorporate GenAl technologies into online and blended learning
environments in higher education. In this regard, this work provides techniques to reduce
extraneous cognitive load in digital learning contexts, hence guiding the creation of
successful Al-enhanced distance learning materials.

The present study addressed the following research questions:

RQ1: How does generative Al-supported instruction affect intrinsic, extraneous, and
germane cognitive load?

RQ2: What benefits and challenges of cognitive overload arise from generative Al

implementation in learning environments?

Theoretical Framework

Introduction

The theoretical framework grounding this study integrates key perspectives from learning
theories and cognitive psychology to examine the intersection of Cognitive Load Theory
(CLT) and Generative Atrtificial Intelligence (GenAl) in instructional design. Instructional

design, as a systematic process of translating learning theories into structured

151



13t International Conference in Open & Distance Learning - December 2025, Patras, Greece - PROCEEDINGS

methodologies, aims to optimize cognitive processes and enhance learner engagement
and knowledge transfer. Building upon foundational paradigms such as behaviorism,
constructivism, and andragogy, this framework situates CLT as a central lens for
understanding how instructional design can effectively manage the cognitive demands
placed on learners. Within this evolving landscape, the emergence of GenAl introduces
new possibilities and challenges for designing adaptive, personalized, and cognitively
efficient learning environments. By synthesizing these theoretical perspectives, this
framework establishes the conceptual foundations for analyzing how GenAl can be
employed to support, rather than compromise, the cognitive and pedagogical integrity of
instructional design.

Instructional design (ID), also called learning design, with these terms used
interchangeably in this context (Bai et al., 2024), constitutes a systematic methodology
for developing educational materials aimed at improving efficiency and facilitating
learning. These approaches involve the application of theories into structured techniques
that stimulate cognitive processes and foster effective outcomes (Bozkurt, 2023; Kumar
et al., 2024).

It is worth noting that learning designers inherently consider all learning theories,
frequently employing a combination of these theories to enhance learning design.
Therefore, several foundational learning theories are explored to inform instructional
practices, impacting the development and implementation within learning environments
(Aslam, 2020). Behaviorism focuses on observable actions influenced by environmental
stimuli, enabling strategies like drill and practice and immediate feedback, which are
effective for conveying essential information. Constructivism highlights the active
generation of knowledge through interaction with information, context, and peers. This
approach promotes problem-based learning and collaborative assignments to enhance
critical thinking and enable meaningful learning transfer (Aslam, 2020). Andragogy, or
adult learning theory, highlights the significance of learner autonomy, relevance, and
knowledge gained through practice, necessitating self-direction and practical application,

particularly in online learning environments (Khalil & Elkhider, 2016). Situated learning
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connects knowledge to context and social interaction, enhancing engagement in
authentic situations (Fries, 2021). Experiential learning highlights the significance of
reflecting on direct experiences to foster critical thinking (Aslam, 2020).

Contemporary learning design incorporates Cognitive Load Theory (CLT) to enhance
instructional materials by minimizing extraneous load on working memory (Caskurlu et
al., 2020; Sweller, 2020). CLT serves as a foundational framework in educational
psychology and learning design, illustrating the limitations of cognitive architecture on
learning and providing practical strategies to improve instructional effectiveness.
Literature identifies three types of cognitive load: intrinsic, extraneous, and germane
(Caskurlu et al., 2020; Sweller, 2020).

Intrinsic Load entails the inherent complexity of learning materials or tasks, which is
determined by the number of interacting elements that necessitate simultaneous
processing (Caskurlu et al., 2020). Effective management of intrinsic load necessitates
aligning content complexity with learners' prior knowledge and developmental stage.
Strategies including working examples, progressive problem-solving, and logical thinking
are beneficial especially for novices encountering highly complex interaction problems
(McLaughlin et al., 2023).

Extraneous load denotes the mental strain arising from the manner of presentation of
material; unnecessary or confusing layouts increase this load. Reducing extraneous load
is crucial for preserving working memory capacity (Harilal et al., 2024). Empirically
validated multimedia principles, such as coherence (elimination of extraneous content),
signaling (highlighting critical information), and spatial-temporal contiguity (the proximity
of related text and visuals), effectively reduce cognitive load, thus improving cognitive
efficiency (Chen et al., 2017; Harilal et al., 2024). Segmenting knowledge into smaller,
manageable chunks helps mitigate cognitive overload (Granda et al., 2024).

Germane Load encompasses the cognitive resources dedicated to learning processes,
including schema formation and automation. Instructional scaffolding which encourages
metacognitive awareness and learner autonomy can significantly improve this load.

Metacognitive prompts and reflective exercises assist learners in monitoring their
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understanding and managing cognitive strategies, thus improving long-term retention
and knowledge transfer. Personalized learning environments that connect instructional
information to learners' real-world experiences can improve cognitive engagement and
relevance (Granda et al., 2024).

Effective learning design, particularly when based on cognitive theories, promotes high-
quality learning by improving engagement, retention, and knowledge transfer (Granda et
al., 2024). Key design elements involve:

GenAl is a revolutionary influence in learning design, significantly transforming
educational systems by automatically producing coherent, multimodal content
(Jayavardhini, 2024). GenAl technologies, particularly large language models (LLMs) like
ChatGPT, Claude, and Gemini, are integral in revolutionizing instructional methods by
providing adaptable and scalable solutions (Choi et al., 2024). Key applications include:
Mayer's Cognitive Theory of Multimedia Learning (CTML) asserts that effective learning is
facilitated when information is presented through both verbal and visual channels,
enhancing cognitive processing. Principles such as spatial and temporal proximity, along
with the reduction of duplication, enhance information integration and retention.
(Granda et al., 2024)

Grounded in Vygotsky’s Zone of Proximal Development, adaptive scaffolding facilitates
learners' transition from guided to autonomous learning (Fries, 2021). Artificial
intelligence (Al) has enhanced scaffolding by providing adaptive, real-time support akin
to human instructors, underscoring its scalability and personalization capabilities (Feng,
2024).

Personalization, that is, tailoring education to student profiles, past knowledge, and
preferences, promotes learning (Fries, 2021). Real-time content adaptations in adaptive
learning systems, frequently employing Al, improve student engagement and
effectiveness (Chen et al., 2017; Mayer, 2024).

GenAl technologies, particularly large language models (LLMs) like ChatGPT, Claude, and
Gemini, are integral in revolutionizing instructional methods by providing adaptable and

scalable solutions (Choi et al., 2024). Key applications include:
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Large Language Models (LLMs): Generate text that is syntactically accurate, contextually
relevant, and semantically robust, employed for customized study aids, educational
frameworks, and formative assessments (Choi et al., 2024; Gkintoni et al., 2025).
Al-Driven Tutoring Solutions: Provide prompt, personalized educational assistance,
adapting methodologies to meet individual student needs and delivering controlled
guidance and pacing adjustments (Bai et al., 2024; Feng, 2024).

Al Content Generators: Enable the automatic creation of quizzes, discussion prompts,
multimedia presentations, and gamified learning experiences, therefore reducing
educators' workloads (Bai et al., 2024; Feng, 2024).

Despite the considerable benefits of GenAl, its deployment often prioritizes usability and
performance over cognitive and pedagogical principles (Choi et al., 2024; Khalil & Elkhider,
2016). However, assuming that Al scaffolding inherently reduces cognitive effort
overlooks situations when outputs present unnecessary or repetitive information, hence
increasing extraneous load (Feng, 2024). A systematic, theory-based design methodology
is crucial, with Cognitive Load Theory guiding the strategic use of Al to enhance learning
and mitigate cognitive risks (Chen et al., 2017; McLaughlin et al., 2023).

Conclusion

In summary, this theoretical framework highlights the dynamic interplay between
cognitive principles and technological innovation in the era of GenAl-enhanced
instructional design. Cognitive Load Theory provides a critical foundation for ensuring that
Al-driven tools and strategies align with the limitations and capacities of human cognition,
balancing innovation with pedagogical soundness. While GenAl offers unprecedented
opportunities for personalization, scaffolding, and efficiency, its effective integration
requires intentional, theory-based design to mitigate risks such as extraneous cognitive
load and information redundancy. Thus, grounding GenAl applications within CLT not only
advances instructional effectiveness but also ensures that technological affordances
serve meaningful learning rather than cognitive saturation. Ultimately, this framework

underscores the need for learning designers to act as critical mediators between cognitive
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science and Al innovation, fostering learning experiences that are both intellectually
rigorous and cognitively sustainable.

Literature Review

This section offers an in-depth review of the literature about Cognitive Load Theory (CLT)
and GenAl in the field of education. It analyzes the correlation between cognitive load
types and particular GenAl affordances, addressing the dual influence of GenAl on
cognitive load, encompassing beneficial as well as adverse impacts.

1. Applications of Cognitive Load Theory in Digital Learning Environments

Digital learning environments pose distinct challenges to learners' cognitive processing,
frequently increasing extraneous load. Students are required to allocate their attention
across multiple resources, perform tasks autonomously, and engage with intricate
interfaces, potentially leading to excessive cognitive effort (Chen et al., 2017; McLaughlin
et al., 2023). Extraneous load often results from an overabundance of multimedia,
cluttered layouts, or frequent transitions between tabs and embedded media. Poorly
designed systems increase the demand for usability efforts, differentiating these
contemporary challenges from the instructional issues typically examined by Cognitive
Load Theory (CLT) (Skulmowski & Xu, 2022; Twabu, 2025). Effective digital instruction
necessitates minimizing distractions and directing cognitive resources towards
meaningful processing and knowledge construction (Skulmowski & Xu, 2022; Twabu,
2025).

Microlearning has emerged as an effective approach, providing succinct modules that
minimize navigation complexity and mental strain. The structured approach facilitates
knowledge acquisition, especially in younger learners; however, improper media use may
contribute to information overload. Principles derived from the Cognitive Theory of
Multimedia Learning (CTML) inform the design of microlearning, highlighting the
importance of clarity and organization to minimize extraneous cognitive load (Lopez,
2024).

Blended learning, integrating online and in-person instruction, has demonstrated

improvements in efficiency and support for working memory (Skulmowski & Xu, 2022).
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While Intrinsic load remains constant across modalities, blended approaches can reduce
extraneous load by minimizing redundancy, enhancing coherence, and optimizing
signaling. Moreover, these environments foster germane processing by enabling
structured organization, fostering knowledge integration, and presenting learners with

diverse perspectives (Gkintoni et al., 2025; Leén-Dominguez, 2024).

The Dual Impact of Generative Al on Cognitive Load

GenAl significantly alters student interaction with information and the distribution of
cognitive resources in higher education. GenAl technologies can reduce extraneous load
to improve critical processing; however, their extensive use may introduce cognitive risks

that could undermine critical thinking, metacognition, and schema development.

Beneficial Effects of GenAl on Cognitive Load

GenAl reduces cognitive load by automating repetitive academic tasks, including text
summary, draft generation, and instruction simplification, enabling students to focus on
core disciplinary subjects without the burden of extraneous information. In second-
language acquisition, the delivery of prompt feedback and instructional support via Al
systems considerably reduces instructional complexity (Zhang et & Zou, 2022). Within this
context, the reduction of extraneous load enables learners to allocate their cognitive
resources on significant comprehension instead of ancillary activities, thereby enhancing
overall academic engagement and efficacy. Meanwhile, the enhancement of germane
load emerges as generative techniques facilitate deep information processing and
schema development. Al fosters conceptual integration and reflective thinking by
enhancing the interconnections between concepts via structured prompts and focused
interactions, thus facilitating organization and long-term information retention (Granda
et al., 2024). As a result, these tactics enhance learners' ability to retain information and
construct transferable knowledge frameworks, thus strengthening critical thinking and

enduring learning outcomes.

157



13t International Conference in Open & Distance Learning - December 2025, Patras, Greece - PROCEEDINGS

Furthermore, the management of intrinsic load is enhanced by GenAl systems that
customize material complexity to align with a learner's existing knowledge. These systems
utilize adaptive education to maintain learning within an appropriate cognitive range,
preventing both cognitive overload and under-stimulation. Al-enhanced asynchronous
learning settings, especially those concerning co-learners, foster cognitive and social
presence, hence enhancing sustained attention and alleviating mental fatigue (Sallam,
2023). This adaptive equilibrium between learner capability and task complexity
promotes enhanced engagement and sustained commitment in academic endeavors.

Finally, support for collaborative learners emphasizes the function of GenAl technology
as cognitive augmenters in collaborative educational settings. Graduate students
employing ChatGPT for digital storytelling exhibited enhanced technical abilities and
reduced cognitive load (Twabu, 2025). The ability of GenAl to organize complex
knowledge improves working memory efficiency, promoting collaborative problem-
solving and creativity. The benefits are especially apparent for individuals with
nontraditional educational backgrounds or those under considerable academic pressure,
since GenAl mitigates memory-intensive tasks, hence improving cognitive endurance and

resilience (Jaboob et al., 2025).

Adverse Effects of GenAl on Cognitive Load

While efficient, cognitive passivity and offloading risks have emerged as possible
disadvantages of GenAl, since it may foster reliance and reduce autonomous reasoning.
Users have reported a reduction in cognitive effort, linked to overconfidence and
shallow engagement (Lee et al., 2025). Cognitive offloading can improve time
management but may hinder the development of advanced executive skills such as
reflective judgment, problem-solving, and metacognition (Ledn-Dominguez, 2024). Thus,
while GenAl contributes in reducing load, it poses a threat to weakening learners' higher-
order cognitive involvement.

Likewise, the loss of productive struggle emphasizes that the convenience offered by

GenAl diminishes the essential cognitive challenges essential to long-term learning
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(Walczak & Cellary, 2023). The oversimplification of academic subjects may obscure the
basic challenges necessary for solid understanding; hence reducing the cognitive effort
required for effective schema development (Gkintoni et al., 2025). This diminishment of
constructive effort eventually impedes the learner's ability to interact effectively with
intricate concepts.

Moreover, distraction and attention fragmentation have emerged as significant issues,
since Al systems—especially those utilizing conversational interfaces—can contribute to
cognitive dispersion. Although these platforms can enhance engagement, they often
promote multitasking and split attention, thus reducing the sustained focus required to
intricate cognitive activities. Consequently, learners may encounter shallow processing
and diminished cognitive endurance (Kiryakova & Angelova, 2023).

Furthermore, the validation burden poses an additional challenge, as students are
required to validate and authenticate Al-generated outputs (Kiryakova & Angelova, 2023).
Confronting errors, unreliable sources, or outdated materials requires critical assessment
and verification, thereby elevating cognitive load and reducing conceptual immersion
(Lee et al,, 2025).
Finally, excessive personalization and comfort zone effects might hinder intellectual
growth since adaptive systems that excessively customize information may restrict
learners within familiar cognitive capabilities (Lee et al., 2025). In conjunction with this,
the reduction of cognitive strategies in specific contexts suggests that GenAl may further
limit the variety of cognitive approaches utilized, especially among students with
insufficient skills in independent inquiry, consequently undermining self-directed

reasoning and reflective thinking (Jaboob et al., 2025).

Balancing Benefits and Risks

The cognitive implications of GenAl are context-dependent and require careful
integration (Gkintoni et al., 2025). Collaboration between Al design and educational
neuroscience is essential to ensure that GenAl enhances cognitive effort rather than

replacing it. GenAl functions as a cognitive co-pilot, aiding in the learning process and
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improving knowledge acquisition. Uncontrolled or excessive usage may compromise
cognitive autonomy, critical analysis, and self-regulation. Educators should establish
learning environments that utilize the benefits of GenAl while maintaining the integrity

of intellectual development (Jaboob et al., 2025; Ledn-Dominguez, 2024).

Evaluating Al Instructional Strategies Through Cognitive Load Theory
How Learning Designers employ Al tools to manage Cognitive Load
Learning designers serve as intermediaries between educational objectives and
technological implementation (Kumar et al., 2024). It is essential to ensure that Al
functions as a partner, augmenting instructional capacity while preserving critical
cognitive effort and learner agency (Fries, 2021). The possibility of cognitive offloading,
restricted productive struggle, and the application of extraneous load via inadequately
designed interfaces require meticulous, theory-informed design decisions.
In this context, CLT provides a fundamental framework for the responsible integration of
Al. CLT offers a framework for Al integration, highlighting the importance of a structured
design that aligns with cognitive demands. Properly aligned GenAl can minimize intrinsic
and extraneous load, thereby enhancing germane processing. Instructional designers
should adopt CLT-informed strategies to enhance cognitive efficiency, foster
metacognitive engagement, and ensure equitable learning outcomes. Learning designers
require Al tools to innovate and personalize education. However, they need to
comprehend CLT to utilize these tools responsibly and effectively, ensuring that
technology enhances rather than detracts from meaningful learning. This requires an
active approach to fostering human-Al collaboration and incorporating Al into
educational frameworks grounded in established learning theories (Granda et al., 2024;
Feng, 2025).

Al-Enhanced Pedagogical Approaches Aligned with Cognitive Load Theory:
Adaptive learning systems and cognitive modulation are essential for optimizing learning
through the tailored adaptation of materials based on real-time learner data. These

systems modify course difficulty and pace, thereby minimizing extraneous cognitive load
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while enhancing intrinsic load through appropriate challenge levels (Feng, 2024). Their
adaptive approach aligns materials with prior knowledge, thereby enhancing effective
learning through the intelligent modulation of cognitive effort (Bauer et al., 2025).
Building on these existing adaptive mechanisms, multimodal Al agents and the modality
principle further enhance cognitive processing by leveraging multisensory presentation.
Virtual teachers and voice assistants illustrate the modality principle, which asserts that
the integration of auditory and visual channels enhances memory retention (Gkintoni et
al., 2025). Al-driven video assistants deliver content via synchronized audio-visual media,
mitigating the split-attention effect, whereas chatbots offer concise explanations and
corrective feedback in manageable segments (Bai et al., 2023).

In addition, Al-enhanced cooperative learning promotes relevant cognitive load via peer
interactions, utilizing Al for dialogue analysis, task distribution, and automated prompts
to improve collaborative communication (Zhu et al., 2023). Artificial intelligence
facilitates the management of complex tasks by organizing group interactions, reducing
the potential of cognitive overload from unstructured discussions, and promoting
creative thinking (Feng, 2025).

Meanwhile, diagnostic feedback and cognitive support systems deliver immediate,
tailored feedback that targets learner misconceptions and highlights essential
information, thereby reducing ambiguity and extraneous cognitive load (Gandhi et al.,
2023; Bai et al., 2023; Gkintoni et al., 2025). These systems function as cognitive aids,
enabling learners to engage with complex material without experiencing cognitive
fatigue, thereby sustaining an optimal balance between challenge and support (Feng,
2024).

Additionally, predictive analytics and cognitively adaptive instruction personalize learning
through the analysis of behavior and the anticipation of potential challenges, using Al
algorithms. This enables timely interventions that modify instructional pace or structure
based on cognitive and behavioral indicators (Feng, 2025). In addition to these strategies,
microlearning and targeted cognitive engagement enhance cognitive load management

via succinct, focused modules (Bai et al., 2023; Feng, 2024). Advanced questioning
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algorithms in these modules facilitate active data retrieval, enhance schema construction,
and promote long-term memory consolidation. To achieve this, they direct learners’ focus

to critical information while reducing cognitive overload (Gkintoni et al., 2025).

Al-Driven Instructional Strategies Misaligned with Cognitive Load Theory (CLT):
The overabundance of information produced by automated content creation poses a
considerable cognitive challenge. Al systems that generate dense material without
appropriate pacing controls, opportunities for reflection, or chunking mechanisms can
overwhelm learners with unfiltered input, consequently elevating extraneous cognitive
load (Zhu et al., 2024). This lack of adaptivity further impedes effective interaction and
limits schema acquisition (Bai et al., 2023; Feng, 2025).
In addition to informational overload, the issue of oversimplification in GenAl responses
may hinder deep learning processes. GenAl tools that offer overly simplistic summaries
or answers diminish the necessity for elaboration, inference, or critical evaluation,
promoting passive content consumption rather than active knowledge construction (Bai
et al., 2023; Zhang et Zou, 2022).
Similarly, under-structured collaboration Al environments can elevate intrinsic cognitive
load in the absence of instructional scaffolds, role designation, or conversational
moderation. Unstructured group dynamics frequently lead to confusion and cognitive
overload, especially among novice learners (Eunike et al., 2025).
Furthermore, an overreliance on predictive analytics for prompt adjustments may hinder
learners’ metacognitive development. Excessively interventionist instructional systems
that continuously modify learning paths based on performance indicators may lead to
anxiety or decision fatigue, undermining the principles of Cognitive Load Theory, which
advocates for a balance between cognitive load and learner capacity (Feng, 2025).
Finally, inadequately designed multimedia interfaces present risks when Al-generated
environments utilize complex visuals, animations, or narration without following the

principles of modality, redundancy, or coherence. Poor integration may result in divided
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attention or cognitive interference, hindering schema development and retention

(Gkintoni et al., 2025).

Methodology

The integrative review methodology was selected for its ability to examine the intricate
connection between GenAl and cognitive processes in education. Unlike systematic
reviews, it integrates empirical, theoretical, and conceptual works, offering a thorough
understanding in an emerging, fragmented field (Torraco, 2016; Bozkurt, 2023). This
methodology addresses under-theorized domains by linking Al to cognitive outcomes
(Castro-Alonso, 2020) and integrating psychology, learning design, and Al assessment
(Jayavardhini, 2024). Its inclusive nature incorporates global perspectives, highlights
contextual trends (Feng, 2025), and provides practical insights while outlining future
research trajectories (Ayres, 2020).

Eighty-one peer-reviewed sources published between 2009 and 2025 were analyzed, with
over 90% after 2017, reflecting the rise of large language models. Sources included Q1/Q2
journals as well as lower-ranked or non-indexed works for their relevance to emerging
practices and regional contexts. The process followed five stages: (1) database search
across Scopus, Web of Science, PubMed, ERIC, and Google Scholar; (2) screening and
selection, narrowing 153 articles to 81; (3) data extraction by year, type, ranking, and
significance; (4) thematic analysis, categorizing studies by CLT load types and Al functions,
with inductive synthesis of sub-themes; and (5) conceptual framework construction to
guide cognitively sustainable Al-enhanced design. Limitations include variable study
quality, challenges measuring cognitive load in dynamic Al settings, reliance on short-
term outcomes, and limited generalizability. The novelty of GenAl (2023—-2025) means
the literature remains sparse, requiring validation in authentic learning environments

(Skulmowski & Xu, 2022).
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Results

This review synthesized research on the impact of GenAl on intrinsic, extraneous, and
germane cognitive load, addressing the research questions and informing effective
practices for learning designers.

RQ1: How does GenAl -supported instruction affect intrinsic, extraneous, and germane
cognitive load?

Intrinsic Cognitive Load

The integrative review identified Intrinsic load as reflecting the complexity of a task in
relation to the prior knowledge of learners. GenAl effectively manages intrinsic load by
employing adaptive scaffolding, intelligent tutoring, and progressive difficulty algorithms,
which decompose complex content into manageable steps. In a study, learners utilizing
Al-based scaffolding in a biology module demonstrated a 27% enhancement in concept
recall relative to traditional instruction (Feng, 2024). Over-personalization may restrict
exposure to challenging tasks, while Al content that assumes prior knowledge can
overwhelm working memory, leading to frustration and disengagement (Huang & Chen,
2025).

Extraneous Cognitive Load

Another finding was that extraneous load results from poorly organized or irrelevant
materials. GenAl alleviates this burden through the automation of low-level tasks,
content summarization, and facilitation of multimodal learning, thereby reducing split-
attention effects (Chen et al., 2017). Poorly designed interfaces and inconsistent Al
outputs can elevate cognitive strain. Research shows that the utilization of chat-based Al
resulted in a 40% increase in multitasking, which led to a reduction in comprehension. In
contrast, Al-driven microlearning platforms achieved a 42% decrease in extraneous
cognitive load when compared to traditional materials (Huang & Chen, 2025).

Germane Cognitive Load

Finally, the study revealed that Germane load indicates the cognitive resources allocated
to schema development and metacognitive involvement. GenAl enhances relevant

processing via interactive prompts, reflective exercises, and feedback, thereby facilitating
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deep understanding. Graduate students utilizing Al-enhanced prompting tools
demonstrated a 35% increase in elaborative learning strategies (Gkintoni et al., 2025; Lee
et al., 2025). Passive reliance on Al or uncritical copying of responses may restrict
meaningful processing and hinder long-term retention (Chen et al., 2017).

RQ2: What benefits and challenges of cognitive overload arise from GenAl
implementation in learning environments?

Benefits of GenAl in Learning

This research demonstrated that GenAl reduces cognitive load through the automation
of information retrieval and synthesis, thereby assisting a variety of learners, including
those who are English as a Second Language (ESL) speakers and underrepresented
students (Feng, 2025). Adaptive support, including culturally responsive feedback and
personalized scheduling, reduces intrinsic load. For instance, ESL learners utilizing Al-
assisted vocabulary feedback exhibited a 33% enhancement in cognitive endurance and
self-efficacy.

Challenges of GenAl in Learning

According to the present research, GenAl may impose additional cognitive challenges
such as the need for verification of Al-generated content, limited opportunities for
creative problem-solving, and split attention due to interface elements like notifications
and conversation windows. Research revealed that the use of unstructured Al is linked to

a 22% decrease in information retention (Skulmowski & Xu, 2022).

Discussion

The findings of this review underscore the intricate and multifaceted effects of GenAl on
learning. GenAl technologies function as active influencers in the ways learners engage
with content, assimilate knowledge, and extract meaning. This suggests that learning
designers should recognize GenAl as a significant, yet complex, influence that can either
substantially improve or unintentionally obstruct cognitive processes (Skulmowski & Xu,

2022).
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Our research findings fully support the efficient utilization of Al by learning designers. The
benefits presented here derive directly form the research findings, which substantiate the
value of effectively utilizing Al tools in learning design. Learning designers require Al tools
due to their own distinctive capacity to enhance instructional efficiency. GenAl systems
efficiently manage cognitive load through the automation of tasks including
summarization, feedback generation, and structured material distribution (Chen et al.,
2017; Zhu et al., 2024). This can optimize learners' cognitive resources, enabling a focus
on deeper and more meaningful engagement with complex subject matter. The capacity
of Al to adjust content complexity in real-time and offer adaptive scaffolding, especially
in demanding areas such as STEM and language acquisition, guarantees that instruction
stays within a learner's zone of proximal development, effectively managing intrinsic load
(Feng, 2024).

Additionally, Al tools are essential for personalizing learning experiences at an
unprecedented scale. Content can be tailored according to individual performance, prior
knowledge, and learning styles, which is crucial for accommodating diverse learner
groups, including ESL students and those with varying learning needs (Zhu et al., 2024).
This adaptive capability enables designers to develop inclusive learning environments by
offering tailored support that reduces cognitive strain and enhances self-efficacy

(Skulmowski & Xu, 2022).

Conclusion and Recommendations

In summary, instructional designers can enhance the integration of GenAl by aligning its
application with the principles of Cognitive Load Theory (CLT). GenAl effectively manages
intrinsic and extraneous load by employing segmentation, scaffolding, adaptive testing,
progressive difficulty, multimodal content, and intuitive interfaces. These strategies
minimize split attention and offer verification scaffolds to ensure accuracy (Bai et al.,
2023; Skulmowski & Xu, 2022). To improve germane load, Al should incorporate reflective
prompts, diagnostic feedback, and opportunities for productive struggle, while avoiding

excessive personalization that may hinder schema development (Granda et al., 2024;
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Jaboob et al., 2025). Effective pedagogical oversight requires well-defined objectives,
iterative prototyping, and collaboration between educators and designers to achieve a
balance between automation and engagement (Eunike et al., 2025; Kumar et al., 2024).
Inclusive personalization promotes equitable learning by taking into account learners'
language, pacing, and prior knowledge (Bai et al., 2023).

GenAl in education presents both supportive and challenging aspects for cognition. This
approach minimizes effort, addresses complexity, and promotes schema development
(Feng, 2025), while also posing risks of cognitive passivity, verification overload, and
distraction (Lee et al., 2025; Ledn-Dominguez, 2024). As a partner that enhances rather
than replaces human thinking, its sustainable use necessitates strategies that balance
efficiency and engagement while fostering learner agency (Bozkurt, 2023; Gkintoni et al.,
2025).

Ultimately, the use of CLT provides a critical foundation for ensuring quality in distance
education in the age of Al. The integration of GenAl is transforming the openness
landscape, allowing designers to create adaptable distance learning materials and Open
Educational Resources (OER). Learning designers must leverage GenAl's ability to manage
load while sustaining the productive struggle necessary for intellectual growth, thereby

supporting high-quality, cognitively sustainable digital instruction.
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