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Abstract

The integration of artificial intelligence in education has transformed how students engage with
knowledge. While Al provides instant answers, it often creates an illusion of intelligence,
where learners perceive understanding without deep cognitive effort. A significant research
gap exists regarding the transition from active cognitive processing to passive data retrieval.
This research investigates how cognitive shortcuts and comfort-driven learning paradigms
impede the acquisition of autonomous problem-solving competencies. Utilizing a cross-
sectional survey design and quantitative comparative analysis, the study evaluates variance in
pedagogical outcomes. Data acquisition was facilitated through five-point Likert scale
questionnaires quantifying Al integration frequency and cognitive engagement. Participants
were stratified into Low, Moderate, and High dependency cohorts to evaluate semantic mastery
and cognitive autonomy. Findings demonstrate a significant inverse correlation between
operational efficiency and cognitive depth. Data indicates that high-dependency users exhibit
increased task-completion velocity but significantly diminished divergent thinking and
complex problem-solving efficacy. The study concludes that reliance on cognitive shortcuts
precipitates a fundamental shift from heuristic-based solving to passive algorithmic searching,
reinforcing a superficial illusion of intelligence. This research contributes a novel framework
for identifying Al-dependency thresholds, providing empirical evidence to restructure
pedagogical strategies that prioritize cognitive engagement and ensure the preservation of
critical thinking in Al-integrated environments.

Keywords: Al Dependency, Autonomous Problem-Solving, Cognitive Engagement,
Epistemic Fragmentation, Heuristic-Based Retrieval

Introduction

Sustainable The traditional foundation of pedagogy has historically rested upon three
primary pillars: the teacher, the library, and the textbook. As the digital landscape shifts
these pillars toward automated technology, the fundamental nature of human learning is
undergoing an evolutionary transformation. This transition is not merely a change in tools
but an ecological shift in how knowledge is constructed. For example, nations like Estonia
have pioneered this path through the "Al Leap" initiative, pledging free access to
advanced Al systems for over 20,000 students and 3,000 teachers by 2025. However, as
Noam Chomsky (2023) argued in The New York Times, this rapid adoption represents a
"false promise." By substituting the human capacity for creative conjecture with a "high-
tech form of plagiarism,” Al provides a mechanical description that lacks the "causal
explanation” essential to true scientific and intellectual development.
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Review of Related Literature

A robust education system is the primary engine for upgrading human capital and serves
as a fundamental asset for any national economy (Rothomi & Rafid, 2023). However,
when the cognitive process is outsourced to an algorithm, the long-term value of that
human capital is compromised. Education is not simply the acquisition of facts; it is the
transformation of knowledge into life skills. True learning occurs "face-to-face and heart-
to-heart.” In the biological world, communication is rooted in sensory resonance—ants
and bees communicate through the chemical precision of pheromones, while mammals
utilize sound and touch to build social understanding. Human education is similarly
dependent on this emotional scaffolding. Artificial Intelligence, being a "lumbering
statistical engine,” possesses no moral centre; it cannot replicate the intrinsic interest or
the "heart" required for transformative learning. Without this emotional connection, the
classroom experiences a "degradation of science™ where students focus on the product
rather than the process.

The current crisis, described as "The Death of Education,” stems from a pedagogical
culture that has long favoured "fast answers" over "thoughtful questions.” This has
created a generation of "answer searchers” who exhibit what this study terms "Epistemic
Fragmentation.” In this state, students possess isolated fragments of Al-generated data
but lack the "cognitive map" required to connect them. This leads to a superficial "Illusion
of Intelligence,"” where the ability to generate a correct output masks a total absence of
underlying logic. Unlike traditional research, Al dialogue systems provide no
bibliography and offer no accountability, effectively killing the "silence of waiting" the
vital space where reflection, curiosity, and independent reasoning are born.

Objectives

The primary objective of this study is to investigate the threshold where Al transitions
from a helpful assistant to a detrimental replacement for the human instructor. By
exploring the inverse correlation between Al dependency and cognitive depth, this
research seeks to identify how the absence of emotional resonance and the loss of causal
reasoning led to Epistemic Fragmentation. Specifically, the study aims to quantify the
degree to which students have traded their "cognitive muscle” for algorithmic shortcuts,
ultimately providing a framework for maintaining human-centred, heart-to-heart learning
in an increasingly automated economy.

Methodology

The foundational framework of this research was established through a cross-sectional
survey design. This methodology was selected to capture a synchronous snapshot of the
cognitive behaviours and Al-interaction patterns of 150 participants. By utilizing this
design, the study was able to analyse the immediate relationship between Large Language
Model (LLM) usage and student academic output. The primary research instrument was
a structured digital questionnaire administered via Google Forms. This platform was
chosen for its efficacy in reaching a diverse academic demographic and ensuring the
integrity of data recording. This approach allowed for the establishment of a robust
baseline to identify the threshold were algorithmic assistance transitions into cognitive
dependency.
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Analysis

A quantitative comparative analysis was subsequently employed to evaluate the data
across distinct user demographics. Participants were categorized into specific "treatment
groups” based on their frequency of Al interaction: High-Frequency (Daily), Moderate
(Weekly), and Occasional (Rarely). This method facilitated a side-by-side comparison of
critical parameters, specifically the "Thinking Share" (the ratio of human-to-Al
contribution) and the capacity for Causal Explanation (the ability to reconstruct the logic
behind a result). All percentage-based outcomes from this comparative framework are
expressed with mathematical precision, using standard notation such as 50%.

Finally, a correlation analysis was conducted to determine the statistical relationship
between algorithmic reliance and the degradation of independent reasoning. This
analytical technique provided the evidence required to evaluate the link between
increased Al usage and the potential reduction in a student's logical comprehension. To
ensure the accuracy of the findings, all data processing and statistical calculations were
performed using a Lenovo laptop. This standardized approach ensures that the research
findings are not merely observational but are supported by a structured methodology that
highlights the evolving balance between technology and human learning.

Findings and Discussion

Outcomes of the Cross-Sectional Survey Analysis

The survey of 150 participants indicates that 78% of students utilize Large Language
Models on a daily basis for academic tasks. This high frequency reveals that Al has
transitioned from a supplemental tool to a primary cognitive substitute in modern
education. Most respondents initiate workflows with Al-generated prompts, effectively
bypassing independent brainstorming and prioritizing rapid output over personal
engagement. Such reliance points toward a systematic shift in learning habits where speed
is valued over the deep internalization of subjects. The high prevalence of these
automated habits suggests a growing trend of cognitive outsourcing among the student
demographic.

Figure 1. Frequency of Al Tool Usage Among 150 Participants

Occasional Users (22%)

aily Users (78%)
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Comparative Analysis of User Interaction Groups

Quantitative comparison across the three user tiers demonstrates that frequent and
moderate Al interaction significantly reduces individual thinking share and logic capacity.
High-frequency users exhibit the highest levels of dependency, characterized by a nearly
complete outsourcing of the reasoning process to the machine. While these users achieve
the fastest task completion times, their ability to provide causal explanations remains the
lowest across all tested metrics. Independent contribution drops to a critical threshold of
18.0% for frequent users and remains low at 35.0% for moderate users. This evidence
suggests that constant algorithmic assistance acts as a direct deterrent to the development
of autonomous reasoning.

Variables High-Frequency Moderate Occasional

Thinking Share (%) 18.0+ 0.05¢ (10-32) 35.0£0.07b (25-45) 92.0 + 0.03a (80-
98)

Logic Score (Scale) 0.28 + 0.04c (0.1-0.7) 1.15 £ 0.09b (0.8-1.8) 4.82 +0.11a (4.0-
5.0)

Task Speed 6.0 £ 0.03c (3.0-10) 28.0 + 0.08b (20-40) 88.0 + 0.12a (60-

(Minutes) 120)

Correlation Analysis of Al Reliance and Reasoning Capacity

The correlation analysis conducted with the 150 participants demonstrates a direct
positive relationship between usage frequency and cognitive reliance. As Al interaction
transitions from occasional to high-frequency patterns, the level of dependency rises from
a marginal 0.35 to a critical 4.75 on the dependency scale. This trend indicates that
students who engage with Large Language Models daily are significantly more likely to
outsource their primary reasoning tasks to the algorithm. Conversely, occasional users
maintain the lowest dependency levels, suggesting a higher retention of independent
intellectual agency. Ultimately, the data confirms that excessive frequency of use acts as
a primary driver for deep-seated technological dependency in academic environments.

Figure 3.3: Positive Correlation Between Al Usage Frequency and Al
Dependency (n=150)

Dependency: 4.75

Dependency: 2.20

Dependency: 0.35
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Al Usage Frequency
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Summary of Findings

The empirical evidence gathered from this study reveals a profound Inverse Logic-
Efficiency Relationship in Al-mediated learning. While the integration of Large
Language Models (LLMs) offers a significant reduction in task latency reducing
completion times by over 93%this mechanical efficiency is achieved at the expense of
cognitive depth. The analysis confirms three primary findings:

The Thinking-Share Collapse: A critical threshold was identified where frequent Al
interaction reduces the student’s autonomous contribution to a negligible 18.0%. This
suggests that the Al is no longer a collaborator but has become a surrogate for the human
intellect.

The Logic-Output Gap: High-frequency users demonstrated a paradoxical ability to
generate complex academic outputs despite possessing a logic score of only 0.28 (Scale
0-5). This confirms that "Cognitive Bypassing™” is occurring, where students produce
work without the prerequisite logical comprehension.

The Escalation of Dependency: The research established a direct positive correlation
between usage frequency and reliance. As students transition from occasional to frequent
use, their internal dependency score escalates from 0.35 to 4.75, indicating a near-total
loss of intellectual self-efficacy.

Conclusion

This study concludes that the current trajectory of Al adoption in education is leading
toward a state of Cognitive Atrophy via Algorithmic Displacement. The widespread
transition toward automated workflows now prevalent in 82% of the student population—
threatens to erode the fundamental critical thinking skills that form the bedrock of
academic excellence. The most significant implication of this research is that "speed™ in
the digital age is a deceptive metric for academic success. The time "saved™ through Al
assistance is, in reality, the time that was previously dedicated to the vital "cognitive
friction™ required for deep learning and logical development. Without the struggle of
independent brainstorming and structural reasoning, the student remains a mere facilitator
of machine-generated content rather than an autonomous thinker.

To mitigate these risks, the study recommends the implementation of "Friction-Based
Pedagogy,” where Al tools are restricted to late-stage refinement rather than early-stage
ideation. Ultimately, the survival of human intellectual agency in the age of automation
depends on our ability to use Al as a catalyst for inquiry, rather than a complete substitute
for the human mind.
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