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Abstract— Artificial intelligence (AI) has rapidly
evolved from a peripheral educational technology to a
central component of intelligent academic systems. Al-
driven tools such as intelligent tutoring systems,
learning analytics platforms, automated assessment
engines, and generative chatbots increasingly shape
teaching, learning, and academic decision-making.
While existing research on AI adoption in higher
education has largely relied on perception-based
acceptance models, comparatively limited attention has
been paid to how the alignment between academic tasks
and intelligent system capabilities determines both
adoption outcomes and cognitive consequences.
Addressing this gap, this paper adopts the Technology—
Task Fit (TTF) framework as its primary analytical lens
to examine the determinants of Al adoption and its
impact on Higher-Order Thinking Skills (HOTS) in
higher education.

Using a structured theoretical synthesis of empirical
and systematic studies, the paper reconceptualizes Al as
a form of cognitive computing and intelligent
automation whose educational effectiveness depends on
task alignment rather than technological sophistication
alone. Extending traditional TTF outcomes, the study
reframes “performance” as cognitive learning
outcomes, emphasizing critical thinking, problem-
solving, creativity, and metacognitive regulation. The
analysis demonstrates that Al enhances higher-order
cognition when it functions as a cognitive scaffold
supporting human reasoning. Conversely, excessive
automation leads to task—technology misfit, diminishing
cognitive engagement and risking superficial learning.
The paper contributes to AI and education research by
integrating intelligent systems theory with learning
outcomes and offers practical guidance for ethically and
pedagogically aligned Al deployment in higher
education.
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L INTRODUCTION

Artificial intelligence has emerged as a
transformative force across industries and academic
disciplines, reshaping how work is performed,
decisions are made, and knowledge is created. In
higher education, Al has moved beyond experimental
applications to become embedded within core
academic processes. Intelligent tutoring systems
personalize instruction, learning analytics platforms
predict student performance, automated assessment
systems evaluate learner outputs, and generative Al
tools support content creation and problem-solving.
Collectively, these technologies constitute intelligent
academic systems—integrated infrastructures that
combine data, algorithms, and automation to support
educational activity.

Despite their growing prevalence, Al systems do not
guarantee positive educational outcomes by default.
Adoption rates vary across institutions, disciplines,
and user groups, and empirical evidence regarding
learning benefits remains mixed. While some studies
report gains in efficiency and engagement, others
raise concerns about cognitive dependency,
diminished academic integrity, and surface-level
learning. These contradictions highlight the need for
a theoretical framework capable of explaining not
only whether AI is adopted, but under what
conditions it meaningfully enhances learning.

Research on educational technology adoption has
traditionally relied on intention-based models such as
the Technology Acceptance Model and the Unified
Theory of Acceptance and Use of Technology. These
models emphasize user perceptions—perceived
usefulness, perceived ease of use, social influence,
and facilitating conditions—as predictors of
technology adoption (Davis, 1989; Venkatesh et al.,
2003). While valuable, such models largely treat
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technology as a neutral artifact and underplay the role
of task structures and cognitive demands. In higher
education, where learning tasks involve analysis,
synthesis, evaluation, and knowledge construction,
this limitation becomes especially pronounced.

The Technology—Task Fit model offers a
complementary and theoretically robust perspective.
TTF argues that technology contributes to
performance only when its capabilities align with the
tasks it is intended to support (Goodhue &
Thompson, 1995). Rather than focusing solely on
user perceptions, TTF foregrounds the interaction
between task characteristics, technology
characteristics, and performance outcomes. This
task-centric orientation is particularly relevant for Al
systems, whose advanced automation capabilities can
either support or undermine cognitive engagement
depending on how they are applied.

At the same time, higher education increasingly
prioritizes the development of Higher-Order
Thinking Skills, including critical thinking, problem-
solving, creativity, and metacognitive regulation.
These skills are essential for preparing graduates to
navigate complex, uncertain, and  Al-rich
environments. Al is often promoted as an enabler of
HOTS; however, its actual impact appears
conditional rather than inherent.

Against this backdrop, this paper examines Al
adoption in higher education through the lens of
Technology—Task Fit and explores how Al usage
influences higher-order cognitive outcomes. By
synthesizing ten empirical and systematic studies, the
paper positions TTF as a unifying framework for
understanding intelligent system adoption, cognitive
computing, and ethical Al integration in academic
contexts.

IL. TECHNOLOGY-TASK FIT AND
INTELLIGENT ACADEMIC SYSTEMS

Technology—Task Fit theory was originally
developed to explain how information systems
influence individual performance in organizational
settings. According to Goodhue and Thompson
(1995), task—technology fit refers to the degree to
which a technology assists users in performing their
tasks effectively. The core proposition of TTF is that
technology use alone does not guarantee improved
performance; positive outcomes arise only when
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technological functionalities align with task
requirements.

The TTF framework identifies three key antecedents:
task characteristics, technology characteristics, and
individual characteristics. Task characteristics
describe the nature of the work being performed,
including  complexity, interdependence, and
information requirements. Technology
characteristics encompass system functionality,
reliability, usability, and information quality. When
these elements align, task—technology fit increases,
leading to higher utilization and improved
performance outcomes.

In higher education, academic tasks differ
substantially from routine organizational processes.
Learning activities require interpretation, judgment,
creativity, and reflection—cognitive processes that
cannot be fully automated without risk.
Consequently, the relevance of TTF is amplified in
educational contexts, where performance outcomes
are not limited to efficiency but include deep learning
and intellectual development.

As Al systems increasingly function as cognitive
computing technologies, TTF provides a valuable
framework for evaluating whether these systems
augment or displace human cognition. Intelligent
academic systems must therefore be assessed not
merely in terms of technical capability, but in terms
of their alignment with pedagogical tasks and
learning objectives.

III. EXPANDED TASK-TECHNOLOGY FIT
AND INTELLIGENT AUTOMATION

Recent scholarship has extended traditional TTF by
introducing the concept of task—technology misfit.
Howard and Hair (2023) distinguish between two
forms of misalignment: insufficient technological
support (“too little”) and excessive technological
support (“too much”). While early TTF research
implicitly assumed that more advanced technology
leads to better outcomes, expanded Task—
Technology Fit challenges this assumption.

This distinction is particularly relevant for Al-driven
intelligent automation. Al systems often provide
powerful features such as predictive analytics,
automated reasoning, and content generation. While
these capabilities can enhance learning when
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appropriately aligned, they may overwhelm users or
replace essential cognitive effort when overapplied.

In educational settings, excessive automation poses
specific risks. When AI performs tasks that require
critical analysis or creative synthesis, learners may
disengage cognitively, relying on system outputs
rather than developing their own reasoning skills.
The expanded TTF framework therefore highlights
the need to balance automation with cognitive
responsibility, ensuring that Al functions as a
supportive partner rather than a substitute for
learning.

IV. AI ADOPTION AS SMART APPLICATION
DEPLOYMENT IN HIGHER EDUCATION

Empirical studies examining Al adoption in higher
education increasingly integrate TTF  with
established acceptance models. Research on Al
chatbot adoption among academicians demonstrates
that task  characteristics and  technology
characteristics significantly influence perceived
task—technology fit, which in turn affects behavioral
intention and continued usage (Soodan et al., 2024).
These findings suggest that Al adoption decisions are
shaped not simply by perceived usefulness, but by
how well Al capabilities align with academic tasks.

Studies integrating TTF with TAM and UTAUT
further reveal that task—technology fit often functions
as an antecedent to perceived usefulness and
performance expectancy (Howard & Hair, 2023).
This indicates that user perceptions themselves are
shaped by underlying task alignment, reinforcing the
centrality of TTF in explaining intelligent system
adoption.

From this perspective, Al adoption in higher
education can be understood as the deployment of
smart applications within academic ecosystems.
Successful deployment requires not only technical
integration but also pedagogical alignment, user
training, and ethical governance. Al systems that
align with instructional goals are more likely to be
accepted, sustained, and effective.

V. COGNITIVE COMPUTING AND HIGHER-
ORDER THINKING SKILLS

Higher-Order Thinking Skills represent advanced
cognitive processes that extend beyond basic recall
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and  comprehension.  Contemporary  HOTS
frameworks emphasize critical thinking, problem-
solving, creativity, collaboration, and metacognitive
regulation. These skills are increasingly recognized
as essential learning outcomes in higher education.

Recent scale development studies provide validated
multidimensional measures of HOTS in blended and
higher education contexts (Li et al., 2024). These
studies emphasize that HOTS development depends
on learning environments that promote inquiry,
reflection, and problem-centered learning rather than
passive consumption of information.

Al technologies, when aligned with these
pedagogical principles, can function as cognitive
scaffolds. Intelligent feedback systems, adaptive
learning pathways, and analytic prompts can support
learners in evaluating information, exploring
alternatives, and reflecting on their thinking
processes. Empirical evidence suggests that such
applications foster measurable gains in critical
thinking and innovative skills.

However, when Al systems automate core cognitive
tasks, the potential benefits for HOTS diminish.
Expanded TTF theory helps explain this paradox by
highlighting how excessive technological support
creates misfit, reducing learners’ need to engage
deeply with content (Friyatmi et al., 2020).

VI. INTEGRATING TTF AND HOTS:
RECONCEPTUALIZING PERFORMANCE
Traditional TTF research conceptualizes
performance in terms of efficiency, productivity, or
task completion. In educational contexts, such
outcomes are insufficient. Learning performance
must be understood as cognitive development,
particularly the cultivation of higher-order thinking.

By reconceptualizing performance within the TTF
framework as cognitive learning outcomes, this paper
bridges technology adoption theory and learning
theory. Under this extended framework, Al enhances
performance when it supports higher-order cognition
and undermines performance when it reduces
cognitive engagement.

This integration allows for a more nuanced
evaluation of intelligent academic systems. Rather
than asking whether AI improves efficiency,
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educators and researchers can assess whether Al
supports analysis, synthesis, evaluation, and
reflection—core dimensions of HOTS.

VIL ETHICAL IMPLICATIONS OF
INTELLIGENT ACADEMIC SYSTEMS

The deployment of Al in higher education raises
ethical concerns related to academic integrity, learner
autonomy, and cognitive dependency. Expanded
TTF theory provides a useful lens for addressing
these concerns by emphasizing alignment rather than
capability maximization.

Excessive automation risks shifting responsibility
from learners to machines, undermining the
development of independent reasoning. Ethical Al
integration therefore requires careful task analysis to
ensure that Al supports learning without replacing
essential cognitive effort.

Institutions must also consider transparency,
explainability, and accountability in Al systems.
Learners should understand how Al outputs are
generated and retain agency over their learning
processes. TTF-guided design can help balance
innovation with ethical responsibility.

VIIIL DISCUSSION

The synthesis presented in this paper demonstrates
that Technology—Task Fit offers a powerful
framework for understanding AI adoption and its
cognitive consequences in higher education. Unlike
perception-based models, TTF foregrounds the
nature of academic work and aligns technological
deployment with pedagogical objectives.

By integrating HOTS into the TTF performance
construct, the paper extends TTF theory into the
domain of cognitive computing and intelligent
systems. The findings suggest that AI’s educational
value is conditional, emerging only when intelligent
automation is aligned with learning tasks.

IX. IMPLICATIONS

Theoretical Implications

This study extends TTF theory by (a)
reconceptualizing performance as cognitive learning
outcomes, (b) incorporating expanded TTF to address
risks of over-automation, and (c) integrating
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intelligent systems perspectives with educational
outcomes.

Practical Implications

For educators and institutions, the findings
emphasize a pedagogically driven approach to Al
integration. Instructional designers should prioritize
Al features that scaffold higher-order cognition
rather than automate it. Policymakers should adopt
TTF as a guiding principle for ethical Al governance
in education.

X. CONCLUSION

This paper positions Technology—Task Fit as a
unifying framework for understanding both Al
adoption and its cognitive impact in higher education.
By reconceptualizing performance as Higher-Order
Thinking Skills, the study bridges intelligent systems
research and learning theory. The synthesis
demonstrates that Al enhances critical thinking,
problem-solving, creativity, and metacognitive
engagement when it functions as a cognitive scaffold
aligned with academic tasks. Conversely, excessive
automation  creates  task—technology  misfit,
undermining deep learning.

Ultimately, the value of Al in higher education lies
not in what intelligent systems can do, but in how
well they fit the tasks they are designed to support. A
TTF-guided approach offers a balanced, ethical, and
pedagogically grounded pathway for integrating Al
into academic environments.
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