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ABSTRACT

Al-powered platforms such as ChatGPT, Gemini, Copilot, and Grammarly have become central fixtures in student
academic life. This paper examines whether these tools advance genuine cognitive development or quietly erode it.
Drawing on a systematic review of five peer-reviewed studies (2023-2025) and a primary student survey, the paper
identifies both documented benefits — improved task efficiency, wider accessibility, and reduced entry barriers — and
serious risks, including declining neural engagement, weakening critical thinking, lower autonomous decision quality,
surface-level knowledge formation, and deteriorating metacognitive awareness. The cumulative effect of habitual Al
use is framed through the concept of 'cognitive debt.' Five novel technical frameworks are proposed to redesign Al-
student interaction so that cognitive effort is demanded rather than bypassed.

Keywords: Al in Education, Cognitive Laziness, Cognitive Debt, Critical Thinking, Metacognition, Memory

Retention, Academic Initiative, AI Dependency, Student Learning.

1. Introduction

The adoption of Al tools in academia has accelerated
sharply over the past three years. Tasks that once
demanded sustained reading, analysis, and original
writing can now be delegated to a chatbot in seconds.
While this undeniably improves output efficiency, a
growing body of research raises a more uncomfortable
question: when the hard work of thinking is
consistently outsourced to Al, does the student's own
cognitive capacity strengthen — or quietly atrophy?

This paper engages that question directly through five
recently published empirical studies. The evidence
drawn from these works points to a dual reality. Used
thoughtfully, Al functions as a powerful cognitive
scaffold. Used habitually as a substitute for thinking, it
measurably degrades memory retention, independent
reasoning, decision-making, depth of learning, and
metacognitive self-awareness. The research also
identifies a concept — cognitive debt — to describe
the cumulative intellectual cost of repeated Al-assisted
shortcuts.

Beyond reviewing existing evidence, this paper
introduces five original technical frameworks designed
to close the identified research gaps, each aimed at
rebuilding cognitive engagement requirements into the
structure of Al-student interaction itself. The paper is

organized into eight sections covering the literature
review, methodology, implementation, results,
discussion, and conclusion.

2. Literature Review

Five studies examining Al's impact on student
cognition are reviewed below. Together they approach
the problem from neurological, behavioral, statistical,
and educational dimensions.

2.1 Brain Activity During Al-Assisted Writing —
Kosmyna et al. (2024)

This experiment divided university students into three
groups — unaided writing, search-engine-assisted
writing, and Al-assisted writing — while EEG
headsets recorded real-time brain electrical activity.
Students in the Al group showed substantially lower
activation in brain areas linked to memory encoding,
attention, and original thought. Post-task recall tests
confirmed that these students retained significantly less
of their own essay content compared to unaided
writers. They also reported weaker personal ownership
of the work. The researchers termed this pattern
'cognitive debt' — the idea that each Al-assisted
shortcut represents an unmade mental investment,
accumulating over time into a measurable cognitive
deficit. This study is notable for providing direct
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physiological evidence rather than survey-based self-
reports.

2.2 Behavioral Shift: Active Thinking to Passive
Receiving — Olarewaju et al. (2025)

This  mixed-method  study wused  structured
questionnaires and follow-up interviews to track
changes in student behavior following sustained Al
use. Participants who had been relying on Al tools for
several months increasingly bypassed the phase of
independent thinking at the start of assignments,
treating Al as their default first step rather than a last
resort. Over time, tolerance for intellectual difficulty
declined — unassisted tasks began to feel
disproportionately hard, not from lack of ability but
from decreased practice. The study frames this
transformation as a shift from active knowledge
construction to passive content editing, noting that the
erosion is particularly hard to detect because students
continue completing assignments and receiving grades
throughout.

2.3 Al and Independent Judgment — Ahmad et al.
(2023)

Using PLS-SEM structural equation modeling on
student survey data, this study identified three
interlinked negative outcomes of high Al dependency:
measurably lower quality of autonomous decision-
making, increased cognitive avoidance behavior, and
raised academic privacy concerns from students
sharing personal intellectual work with commercial
platforms. Students who scored highest on Al
dependency performed significantly worse on tasks
requiring independent reasoning under ambiguity —
pointing to a genuine degradation of judgment
capacity, not merely reduced confidence. Notably,
most affected students were unaware of this change,
suggesting the dependency develops through
accumulated small choices rather than any conscious
decision.

2.4 Productivity Gains vs. Shallow Learning —
Sabharwal et al. (2023)

This quantitative survey-based study confirmed real
productivity gains for Al-assisted students but
documented a simultaneous decline in knowledge
depth. While students completed more tasks more
quickly, their comprehension quality deteriorated: they
struggled to apply, explain, or adapt ideas from Al-
assisted assignments when tested in new contexts. The
study frames this as a shift from deep learning —
where new information integrates with existing

knowledge — to surface learning, where information is
processed only enough to complete the immediate task.
A critical gap highlighted was the near-total absence in
existing literature of practical, curriculum-level
responses to this problem.

2.5 Metacognitive Laziness — Sabqat et al. (2025)

Medical students formed the cohort for this
questionnaire-based study, which used Spearman rank
correlation to measure the statistical relationship
between Al reliance and metacognitive engagement —
the degree to which students actively monitor their
own comprehension. A strong inverse relationship was
found: heavier Al users engaged in substantially less
self-monitoring. Rather than identifying and addressing
their own knowledge gaps, they trusted Al output
without verification. While the study focuses on
medical training, the authors acknowledge that
metacognitive atrophy under Al dependency likely
extends across all high-stakes professional disciplines.
The absence of longitudinal cross-domain studies was
identified as a significant research gap.

2.6 Summary Table
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Studies
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This study employs a qualitative systematic review
combined with primary survey data. The five reviewed
papers were selected based on: (a) publication between
2021-2025, (b) direct relevance to Al use in formal
academic settings, (c) empirical investigation of at
least one cognitive or behavioral variable — memory,
critical thinking, metacognition, decision quality, or
academic and (d) publication in
identifiable peer-reviewed venues. Together they span

initiative —

diverse geographic locations, student populations, and
methodological traditions.

A primary survey was distributed via Google Forms
(https://forms.gle/LCQGjb8BFERBrGuug) to
undergraduate and postgraduate students from BCA,
MCA, B.Tech, MBA, and equivalent programs. It
captured Al usage frequency, perceived learning
impacts, self-assessed reasoning confidence, and
cognitive risk awareness. The analysis uses thematic
synthesis, mapping each reviewed study's contributions
across four themes: positive cognitive outcomes,
negative cognitive outcomes, behavioral shifts, and
methodological limitations. This approach surfaces
cross-study patterns that no individual study alone
could provide.

3.1 Survey Results on Student Perceptions of Al
Tools in Education
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4. Implementation and Experimentation

4.1 How Students Currently Use Al Tools

Based on both the reviewed literature and primary
survey data, five dominant usage patterns were
identified: (1) generating essay and report drafts that
students then lightly edit; (2) producing complete or
partial code solutions without tracing the underlying
logic; (3) using Al explanations as a replacement for
engaging with textbooks or lecture material; (4)
substituting Al-generated summaries for reading
original research sources; and (5) generating predicted
exam questions and model answers in place of active
recall practice. Across all five patterns, cognitive effort
is consistently displaced rather than supported.

4.2 Measurement Methods in Reviewed Studies

Kosmyna et al. (2024): Real-time EEG recording
during essay writing + blind expert evaluation + post-
task recall tests. Olarewaju et al. (2025): Structured
questionnaires on independent problem-solving
frequency and perceived task difficulty, supplemented
by semi-structured interviews. Ahmad et al. (2023):
PLS-SEM structural modeling on survey data to
identify causal Al-dependency pathways. Sabharwal
et al. (2023): Quantitative scales comparing
productivity —metrics against passive learning
indicators. Sabqat et al. (2025): Validated
metacognitive monitoring scales with Spearman rank
correlation analysis.

4.3 Five Novel Frameworks Proposed by This
Study

The research gaps identified across the five studies
collectively call for Al systems that require cognitive
participation rather than permit cognitive avoidance.
Five frameworks are proposed:

*Framework 1 — Socratic-Al Prompting:
Instead of delivering direct answers, the Al
responds to student questions with progressively
narrowing Socratic questions, keeping cognitive
effort with the student while providing
scaffolded guidance. A  controlled trial
comparing this approach against standard Al
would measure memory retention and
independent problem-solving outcomes.

*Framework 2 — Keystroke Dynamics
Cognitive Effort Scoring: A browser-
deployable tool monitors typing speed, pause
patterns, backspace frequency, and copy-paste
behavior to generate a real-time Cognitive
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Effort Score (CES). This requires no specialized
hardware and is practical for deployment across
online exam and submission platforms —
addressing the scalability limitation of EEG-
based approaches.

* Framework 3 — Explainable AI Learning
Verification: Al output is restructured to
present a transparent, step-by-step Logic Map of
reasoning. Students must verify each reasoning
step before the full answer is revealed,
converting passive answer consumption into
active reasoning verification.

* Framework 4 — Cross-Domain Cognitive
Laziness Comparison: Parallel Al-use
experiments are run across programming tasks
and creative writing tasks with identical cohorts
and instruments, testing whether cognitive
laziness is domain-neutral or domain-specific —
directly addressing the gap in Sabqat et al.
(2025).

*Framework 5 — Proof of Effort (PoE)
Submission Protocol: Assignments require a
minimum verifiable Human Effort Score
calculated from active editing time, ratio of
original to Al-sourced content, revision history
depth, and citation diversity. This structures Al
use as a supplement rather than a substitute.

5. Results and Analysis

5.1 Positive Impacts

The reviewed studies collectively confirm several
genuine benefits of Al tool integration:

* Productivity improvement: Students complete
assignments faster and handle heavier
workloads more efficiently (Sabharwal et al.,
2023; Olarewaju et al., 2025).

* Accessibility and equity: Students without
access to private tutors or well-resourced
libraries gain immediate explanations and
guidance.

* Motivational support: Al can break initial
paralysis for students who feel stuck, helping
them begin engaging with difficult material.

* On-demand clarification: Students with social
anxiety, language barriers, or time constraints
can seek understanding privately and at any
hour.

*Rapid topic orientation: Al provides useful
overview-level context when students begin

exploring unfamiliar subjects, provided it is
followed by deeper independent engagement.

5.2 Negative Impacts

However, the negative evidence is consistent,
measurable, and serious:

* Reduced neural engagement: EEG data from
Kosmyna et al. (2024) directly confirmed lower
brain activation in regions responsible for
memory and original thought during Al-assisted
tasks.

* Erosion of critical thinking: Sustained Al use
progressively reduced students' tolerance for
and practice of independent analytical reasoning
(Olarewaju et al., 2025).

» Weakened decision quality: PLS-SEM analysis
confirmed that higher Al dependency causally
predicted lower autonomous judgment accuracy
(Ahmad et al., 2023).

* Surface knowledge formation: Al-assisted
students produced more output but retained less
transferable understanding (Sabharwal et al.,
2023).

* Metacognitive deterioration: Heavy Al users
stopped checking their own comprehension,
delegating verification to the Al rather than
conducting it themselves (Sabgqat et al., 2025).

* Cognitive debt accumulation: Each bypassed
mental effort compounds over an academic
career into a measurable, durable intellectual
deficit (Kosmyna et al., 2024).

Table 2: AI Tool Impacts on Student Cognition

Positive Impacts Negative Impacts
Higher output speed | Decreased neural
and task volume activation; weaker

memory encoding

Greater access | Progressive atrophy of

student populations

across | critical thinking habits

Reduces initial | Measurable decline in
motivational autonomous decision
barriers quality

On-demand private | Surface-level
concept clarification | knowledge  formation

and poor transfer

Rapid orientation to | Collapse of
unfamiliar topics metacognitive self-
monitoring
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Supports heavier | Cumulative 'cognitive
academic workloads | debt' over academic
career

6. Discussion

6.1 Interpreting the Evidence

The five studies converge on a finding that is easy to
misread. Al does not reduce intelligence directly. What
it appears to do — under habitual, unreflective use —
is reduce the practice of the mental activities through
which intelligence is maintained and developed.
Memory consolidation, sustained reasoning, judgment
formation, and metacognitive monitoring all resemble
trainable capacities: they strengthen with use and
atrophy with neglect. When Al performs them on a
student's behalf, the student's own capacity quietly
diminishes — not through any dramatic event, but
through accumulated small choices that individually
seem harmless.

6.2 Growth vs. Laziness — Where the Line Falls

The evidence suggests the distinguishing factor is
whether the student remains the primary cognitive
agent. Consider two students using ChatGPT for an
essay: one writes a complete draft, uses Al to identify
logical gaps, then revises independently; the other
prompts Al for a draft and lightly edits it. Surface
outputs may appear comparable. Cognitive outcomes
are fundamentally different. The first student has used
Al to challenge their own thinking; the second has
replaced it.

Based on the reviewed evidence, three principles
follow: students should use Al as a feedback tool
rather than a production tool; educators should design
assessments that require demonstrable real-time
reasoning; and institutions should develop Al use
policies grounded in cognitive evidence rather than
generic integrity statements. The frameworks proposed
in Section 4 represent structural ways to embed these
principles directly into Al tool design.

6.3 Limitations of the Evidence Base

All five reviewed studies measure effects over days or
weeks. The long-term question — whether habitual Al
use during a full academic program produces graduates
with structurally reduced cognitive capabilities —
remains unanswered. The research base for
longitudinal outcomes is essentially absent. Similarly,

most evidence is concentrated in essay writing
contexts, leaving Al's effects on laboratory work,
clinical training, engineering design, and creative
disciplines largely unexamined in peer-reviewed
literature.

7. Conclusion and Future Work

7.1 Findings

This paper examined whether Al tools promote
cognitive growth or cognitive laziness among students.
The evidence supports a conditional answer: both
outcomes are possible, and the determining factor is
how Al is used. Thoughtfully deployed as a review or
scaffold tool, Al meaningfully supports learning. Used
as a cognitive substitute, it produces measurable
reductions across all the capacities education is
supposed to build — memory, reasoning, judgment,
knowledge depth, and metacognition. The concept of
cognitive debt captures the cumulative nature of this
risk: no single shortcut is catastrophic, but thousands
compound into a genuine and lasting intellectual
deficit.

The five proposed frameworks — Socratic-Al,
Keystroke Dynamics Effort Scoring, Explainable Al
Verification, Cross-Domain Comparison, and Proof of
Effort Protocol — collectively shift the focus from
restriction to redesign, aiming to make cognitive
engagement structurally necessary rather than merely
encouraged.

7.2 Recommendations

For students: Attempt problems independently before
consulting Al. After Al assistance, test comprehension
by explaining the material without the Al present. Use
Al to review and challenge your thinking, not to
produce it.

For educators: Design assessments requiring real-
time demonstrated understanding — oral defenses, live
tasks, iterative drafts with reflection components. Build
explicit instruction on cognitive debt into course
design.

For institutions: Establish evidence-based Al use
policies that engage specifically with cognitive risk
rather than generic integrity concerns. Fund
longitudinal research tracking cognitive outcomes
across student Al use profiles.

7.3 Future Research Directions

Priority areas include: (1) longitudinal studies
following the same student cohort across a full
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academic  program  with  repeated cognitive
measurement; 2) cross-domain  experiments
comparing Al-dependency effects across technical,
scientific, and creative disciplines; and (3) controlled
classroom trials of the five proposed frameworks to
validate their effectiveness in preserving cognitive
development within Al-integrated learning
environments.

8. References

[1] N. Kosmyna, Y. Hauptman, A. Jacob, E. Wei, and
P. Maes, 'Your Brain on ChatGPT: Accumulation of
Cognitive Debt when Using an Al Assistant for Essay
Writing Task,' Proc. ACM CHI Conference on Human
Factors in Computing Systems, 2024,

[2] O. Olarewaju, A. Adeola, and T. Okeke, 'Impact of
Artificial Intelligence Tools on Student Initiative:
Examining Academic Laziness,' Journal of Educational
Technology and Society, vol. 28, no. 1, 2025.

[3] S. Ahmad, A. Salman, and M. Fatima, 'Impact of
Artificial Intelligence on Human Loss in Decision
Making, Laziness and Safety in Education,
Sustainability (MDPI), vol. 15, no. 7, p. 6060, 2023.

[4] R. Sabharwal, R. Gupta, and A. Sharma, 'Al-
Powered Virtual Assistants and their Effect on Human
Productivity and Laziness,’ Int. J. Information
Management Data Insights, vol. 3, no. 2, 2023.

[5] M. Sabqat, H. Ali, and S. Hussain, 'Shortcut to
Knowledge or Shortcut to Thinking? Investigating Al-
Induced Metacognitive Laziness in Future Doctors,'
Medical Education Online, vol. 30, no. 1, 2025.

[6] Primary Student Survey on AI Tool Usage in
Education, = Google  Forms, 2025. [Online].
Available:https://forms.gle/L CQGjb8BFERBrGuu8

© 2026, IJSREM | https://ijsrem.com | Page8



https://ijsrem.com/
https://forms.gle/LCQGjb8BFERBrGuu8

