The Skill Formation Paradox e

Balancing Al Productivity _
with Long-Term Competence
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The Status Quo: Al delivers
undeniable speed.

Current industry adoption is driven by
Immediate velocity gains, particularly for junior
developers who see disproportionate
acceleration in task completion.

09 . 8%

Faster task completion with GitHub Copilot
(Peng et al., 2823).

The effect of these tools
on the skill formation of this
subgroup remains unknown.

— Shen et al. (2026)
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We know Al accelerates OUTPUT. But does it accelerate TALENT DEVELOPMENT?




Productivity metrics mask

underlying skill atrophy

The Productivity-Skill Dissociation

(a) Observed Productivity (with Al)
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(b) Underlying Skill (without Al)
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Insight: Unrestricted Al creates a “Dependency Trap™—developers look productive

but cannot function when the tool is removed.




Modeling the Developer Brain

A 12-month computational cognitive simulation.

Sample: 240 Simulated Developers (80 per condition)
Duration: 252 Working Days (12 Months)
Engine: ACT-R Cognitive Architecture

Theory: Desirable Difficulty & Retrieval-
Based Strengthening
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Al Assistance Module

Control:
No Al assistance; Full cognitive engagement.

Unrestricted Al:
Reduces effective difficulty.
Low cognitive processing depth, Boosts success probabiiity.

Effective Dificulty = Task Difficulty * (1 - al_difficuliy_reduction)
Processing Depth = al_passive_processing_depth
Success Probablility = P(success | Task Difficulty) * (1 + al_success_boost)

Scaffolded Al:

Moderate difficulty reduction,

Increased cognitive processing depth (read, modify, explain),
Boosts success probability.

Effective Difficulty = Task Difficulty * (1 - 0.5 * ai_difficulty_reduction)
Processing Depth = al_scaffolded_processing_depth

+ (1.8 - al_scaffolded_processing_depth) * (1.0 - ai,w * 0.3)
Success Prebability = P(success | Task Difficulty) * (1 + 0.5 * al_success_boost)
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Skill Update

Skill Update =
|  Skill(t) + Learning Update
- Forgetting

Outcome Metrics
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2| Learning Update:

learning_rate * Processing Depth
* Success * Skill Potential
* Transfer Matrix

Forgetting:
forgetting_rate * Skill(t)
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Statistical Tests

Quantitative
Predictions




Operationalizing Skill: Six Dimensions of Competence
Sorted by “Automation Weight” (Al capability)

E Syntactic Fluency (0.80, (High)
(T e, ) )

Algorithmic Reasoning (0.50)

Debugging (0.35) ; _ _
(. ) High Automation = Shallow Skill

Low Automation = Deep SKill.

@ Code Comprehension (0.25)

Y] (o )
Architectural Judgment (6.15)
- )

T@ Autonomous Learning (0.10, (Low)
)




The Mechanism of Atrophy:
Bypassing Desirable Difficulty

Learning requires cognitive struggle. When Al provides ready-made

solutions, it bypasses the neural consolidation process.
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Equation represents condition during
Unrestricted AI assistance.
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Retrieval-Based Strengthening:

Skills consolidate through active recall.
Unrestricted Al interrupts the translation of
declarative knowledge into procedural skill.




Unrestricted Al use creates a significant skill deficit.
16.4% less growth over 12 months (Cohen’s d = -0.97).
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The foundational skills rot first.

Heatmap analysis of skill density by dimension.

No Al (Control) SRR 0.643 0.659 0.613 0.655

Unrestricted Al 0.388 0.573 0.611 0.623 0.645

Scaffolded Al 0.652 0.663 0.647 0.654 0.661 0.587

Syntactic Fluency: d = -4.79 (Massive Collapse)

Algorithmic Reasoning: d = -1.97 (Significant Drop)

Architectural Judgment: d = -0.27 (Minimal Impact)

Correlation: Strong link between Automation Weight and Skill Loss (rho = -0.94).

DI85
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Unrestricted users fail to graduate

from "Training Wheels’.
Dependency Index (DI) Trajectory
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Unrestricted users converge to a higher permanent reliance on the tool
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Robustness Analysis: The deficit is not statistical noise.

Bootstrap Confidence Intervals (50 Seeds)

Unrestricted Al vs. Control

Syntactic Fluency CI:
O‘u’erﬂ” /‘{[_593: —Sgﬂ] }

Syntactic Fluency | o :

Algorithmic Reasoning : € :

Debugging | - :

Code Comprehension | © :

Architectural Judgment | €

Autonomous Learning : . :

-6 =5 -4 -2 -1 0 1
Cohen's d (95% Cl)

The negative effect on foundational skills is statistically significant
and robust across 50 independent simulation seeds.



The Crossover Threshold: Processing Depth 0.75

The critical variable determining Al impact.

Al Effect on Skill (Delta) Inter
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The Strategic Pivot: Implementing Scaffolded Al

Moving from Passive Consumption to Active Engagement.

MODIFY

7

Al provides 80% of
solution; user
completes 20%.

EXPLAIN

=

User must parse the
suggestion.

User types summary
before acceptance.

Target: Increase Processing Depth from 0.15 -> 0.70



Scaffolding eliminates the skill deficit.
Productivity gains without the learning penalty.

Syntactic Fluency

== No Al (Control)
0.6 1 —— Unrestricted Al
- Scaffolded Al

Scaffolded Al Growth: +0.409

Effect Size: d = +0.10 (Neutral/Positive)
Conclusion: Skill parity is preserved.
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Scaffolding enhances algorithmic reasoning.
Protecting cognitive load for higher-order thinking.

Effect Sizes (Cohen’s d)
-4.0 3kg | 2.0 -1.8 0.0 [

Algorithmic Reasoning:
Scaffolded d = +0.54

Algorithmic
Reasoning

Autonomous
Learning

B Unrestricted Al vs. Control
B Scaffolded Al vs. Control



- Designing for Learning: Actionable Protocols

Explain-Before-Accept

Modification Prompts

Interleaved Practice

Require novices to type a summary
of the code logic before the IDE
accepts the Al suggestion.

Al Suggestion

4
Mandatory step

. Inter, Roboto Mono engagement,
(Roboto Mono)

Incomplete
aummary r

----- {0} Validation Check

Al delivers “faded examples"—
incomplete code blocks that require user
completion (the last 20%) to function.

Al Faded Example

def calculate_total(items):

total = @ User completion

for item in items: ,Equhed{gg
total += item.price —— wum total).

return T (Roboto Mono)

# Complete the logic

S User Completion Input

Mandate “No-Al" intervals or specific
tasks to force retrieval-based
strengthening of memory pathways.

Task Schedule

No-Al Interval

Al-Assisted Al-Assisted
Task GEGEEIRERS) Task

|

Accepted &
Integrated

(with Explanation)

Codebase

Robcto Mono

Roboto Mono

h

Functional Code
(User-Completed)

Roboto Mono

Scaffolds applied
— to final step.
(Roboto Mono)

Strategic intervals
disrupt reliance,
forcing active recall
and strengthening
neural pathways.
(Roboto Monao)

No-Al period for
cognitive load
protection.
(Roboto Mono)




Don’t rely on velocity metrics alone.
Measure capability.

The Randomized Longitudinal Skill Assessment (RLSA) Framework
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The Choice: Passive Operators or
Independent Thinkers?

High Velocity High Dependency Skill Decay
Unrestricted Al (d = -0.97)
Inter Inter (Roboto Mono)
High Velocity Low Dependency Skill Retention
Scaffolded Al (d = +0.10)
Inter Inter (Roboto Mono)

The paradox is solvable. We must move from “Passive Acceptance” to
“Active Engagement” to preserve the next generation of engineering

talent.



