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Abstract: Despite the implementation of comprehensive
training programs, workplace accidents involving
experienced operators continue to occur, particularly
during machine operations. This paradoxical trend
calls into question the efficacy of conventional training
methodologies and prompts an investigation into the
cognitive and psychological dynamics that underpin
human error in industrial settings. This retrospective
study, grounded in the analysis of 100 industrial
accident investigation reports, examines the interplay
between psychomotor skill development and latent
human factors contributing to operational failures.
Drawing on Fitts and Posner’s three-stage model of
motor learning—Coghnitive, Associative, and
Autonomous—the study identifies the Mature
Associative Stage as a critical phase where experienced
workers are disproportionately prone to errors. In this
stage, operators shift from deliberate learning to fluid
execution yet remain susceptible to performance
variability due to incomplete internalization of task
dynamics. The findings suggest that perceptual
constructs formed through repeated exposure often
foster a false sense of mastery, leading to risk-taking
behaviours rooted in heuristic shortcuts rather than
procedural rigor.

Psychological constructs such as overconfidence bias,
attentional tunnelling, and diminished situational
awareness further exacerbate error probability during
this stage. Additionally, secondary factors—such as
cognitive distractions, ergonomic stressors, and
unresolved interpersonal tensions—amplify
vulnerability in the absence of robust supervisory and
feedback mechanisms.

The study advocates for a recalibration of training
paradigms during the Mature Associative Stage,
emphasizing the need for technically intensive modules
that challenge pre-formed operational heuristics. Such
interventions aim to disrupt cognitive complacency and
reinforce safety-critical behaviours through
experiential learning and reflective practice. Periodic
psychomotor assessments and psychological safety

initiatives are also recommended to sustain vigilance
and adaptability in dynamic work environments.

By integrating principles from motor learning theory,
cognitive psychology, and organizational safety science,
this research contributes a novel perspective on human
reliability engineering. It underscores the importance of
stage-specific training design in cultivating resilient
operator performance and advancing systemic accident
prevention frameworks.
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I. INTRODUCTION

The purpose of this journal is to critically investigate
the underlying determinants of workplace accidents
involving experienced machine operators, with a
focused lens on the trajectory of psychomotor skill
development. Despite the implementation of
structured training regimens, a disproportionate
number of operational errors persist among seasoned
workers, revealing a paradox that challenges the
adequacy of traditional safety training paradigms.
This study aims to bridge this theoretical and
practical gap by analysing 100 industrial accident
investigations, with the objective of identifying key
vulnerability points within the skill acquisition
continuum where error propensity is heightened.

Anchored in Fitts and Posner’s three-stage model of
motor learning—Cognitive,  Associative, and
Autonomous—the research emphasizes the Mature
Associative Stage as a critical transitional period
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where partial automation of tasks coincides with
increased risk-taking behaviour. This is often
attributed to the development of false fluency or
illusory  mastery, where experience-derived
perceptions override technical compliance. The
journal seeks to explore how this stage fosters
perception-driven operational heuristics that may
deviate from established safety protocols, leading to
increased incident rates despite tenure and task
familiarity.

The research is further informed by insights from
organizational psychology, particularly the theories
of bounded rationality, overconfidence bias, and
situational awareness degradation. It integrates these
constructs to assess how psychological, ergonomic,
and systemic factors converge to influence decision-
making under operational stress. Root causes such as
inadequate training specificity, lack of machine
safeguarding, and production-induced pressures are
examined in relation to James Reason’s Swiss Cheese
Model of accident causation, highlighting how latent
failures align with active errors to produce adverse
events.

Furthermore, secondary contributing factors—such
as fatigue, suboptimal maintenance regimes, and
supervisory deficits—are analysed through the lens
of Human Factors Engineering (HFE) and Safety-II
frameworks, which emphasize adaptive capacity and
system resilience over linear blame attribution. The
journal posits that to reduce operator-induced
accidents, training methodologies must evolve from
rote procedural instruction to simulation-based
learning, task-cantered feedback, and psychomotor
assessments and gradual upgradation of technical
information’s that is associated with the work that
reflect real-world complexity and variability.

By proposing an evidence-informed framework that
integrates psychomotor development with risk
perception modification, the journal aspires to
contribute to the development of targeted, stage-
specific safety interventions. These include enhanced
supervisory — models, perceptual recalibration
techniques, and the integration of safety climate
theory in workplace culture. Ultimately, this research
aims to enhance operator reliability, promote
psychological safety, and inform policy reforms for
safer industrial environments.

II. LITERATURE REVIEW OR SUMMARY OF
EXISTING KNOWLEDGE AND SIGNIFICANCE

While advancements in safety technologies,
regulatory compliance, and structured training
programs have collectively led to measurable
improvements in occupational safety, a perplexing
phenomenon continues to challenge conventional
paradigms: experienced and well-trained operators,
despite their tenure and familiarity with procedures,
are still involved in a considerable proportion of
critical accidents.

This apparent contradiction underscores the intricacy
of human factors in industrial safety—an area that
extends beyond the mechanical application of rules
and protocols. The literature has traditionally
emphasized proximate causes such as operator
negligence, mental distractions, interpersonal
discord, and ergonomic stressors. While these factors
are indeed significant, they offer an incomplete
explanation for the recurrence of operator-induced
incidents, particularly among seasoned personnel.
The oversimplification of human error as solely a
behavioural lapse neglects the deeper cognitive and
psychomotor dimensions of task performance.

Recent scholarship in cognitive psychology and
motor learning theory has highlighted the importance
of understanding how skills are internalized,
automated, and executed under real-world
conditions. Central to this discourse is Fitts and
Posner’s model of psychomotor skill acquisition,
which delineates three progressive stages: the
Cognitive, Associative, and Autonomous phases.
This study positions its inquiry within the Mature
Associative Stage—a transitional phase marked by
the shift from conscious effort to semi-automatic
performance. This stage is particularly significant
because it is here that workers begin to integrate
practiced actions into routine operations, often
relying on heuristics and perceived patterns formed
through repeated exposure.

However, this stage also reveals latent vulnerabilities.
As operators gain confidence and fluency, they may
simultaneously develop perceptual biases, such as
overconfidence, desensitization to risk, and reliance
on experiential assumptions rather than technical
precision. These cognitive distortions can diminish
situational awareness and compromise decision-
making, particularly under stress or in dynamic
operational environments.

Behaviour-Based Safety programs, which often
incorporate feedback mechanisms, have been shown
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to be effective in improving safety performance.
These programs focus on reinforcing safe behaviours
through observation and feedback, leading to a
reduction in workplace incidents.

The significance of this research lies in its integrative
approach, combining insights from psychomotor skill
theory, organizational behaviour, and human
reliability analysis to explore the nuanced
relationship between skill development and accident
causation. By illuminating the specific vulnerabilities
of the Mature Associative Stage, the study
contributes to a more granular understanding of
operator behaviour and its implications for safety.

Importantly, this work advocates for the evolution of
training paradigms—from generic compliance-based
instruction to stage-specific, context-rich
interventions. These may include simulation-based
exercises, cognitive load management techniques,
and continuous psychomotor assessments designed
to recalibrate operator perception and behaviour.
Through this lens, the research aims to inform the
development of more effective, psychologically
attuned safety strategies that proactively mitigate
risks and enhance operator reliability.

In doing so, the study provides a critical foundation
for the reengineering of workplace safety training
frameworks, offering theoretical and practical
insights that can support the creation of safer, more
resilient industrial ecosystems.

III. GAPS IN THE CURRENT RESEARCH

Although a considerable body of literature exists on
occupational accident causation and prevention,
critical theoretical and practical gaps remain
unaddressed, particularly concerning the cognitive
and psychomotor dimensions of operator
performance. Current research largely centres on
generic human error models, system failures, and
behavioural compliance, with limited attention to the
nuanced phases of skill acquisition that significantly
influence operational safety.

1. Underrepresentation of the Mature Associative
Stage in Safety Research: Existing studies on
skill acquisition tend to focus on the initial
(Cognitive) and final (Autonomous) stages of
learning, neglecting the Mature Associative
Stage—a pivotal transition phase where
operators shift from conscious control to semi-
automatic execution. This stage, while integral to

task mastery, presents unique risks due to
fluctuating levels of confidence and situational
misjudgement.

2. Insufficient Analysis of Psychological Mediators
of Error: There is a marked deficiency in
research exploring how psychological constructs
such as situational awareness, overconfidence
bias, and cognitive distraction interact with
psychomotor  functioning  during  skill
development. These factors have been
extensively studied in aviation and military
domains but remain underexplored in industrial
safety contexts.

3. Lack of Tailored Training Interventions:
Prevailing safety training programs often adopt a
one-size-fits-all ~ approach, lacking stage-
specificity or differentiation based on learning
progression. As a result, workers in vulnerable
learning phases are not adequately equipped to
manage the nuanced risks associated with
transitioning to semi-automated performance.

4. Minimal Integration  of  Psychomotor
Assessment  Tools:  Conventional  safety
frameworks rarely incorporate psychomotor
assessment methodologies, which can provide
critical insights into an operator’s readiness,
adaptability, and risk perception. This omission
limits the capacity to proactively identify and
mitigate human error potential.

Collectively, these gaps signal the need for a more
interdisciplinary and developmental approach to
occupational safety—one that bridges motor learning
theory, organizational psychology, and human factors
engineering to inform more effective training design
and accident prevention strategies.

IV. OBJECTIVES AND HYPOTHESIS

A. Research Objectives

1. To investigate the characteristics and risk
profiles of the Mature Associative Stage in
industrial skill acquisition, with a focus on its
impact on safety-critical task performance.

2. To examine the role of psychological
mediators—including situational awareness,
overconfidence bias, and cognitive distraction—
on psychomotor functioning during different
learning stages, particularly during the transition
from conscious to semi-automated execution.

3. To develop and evaluate stage-specific safety
training interventions that address the unique
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cognitive and psychomotor needs of workers in
the Mature Associative Stage.

To integrate psychomotor assessment tools into
safety training frameworks to enhance the
prediction and prevention of human error in
industrial settings.

B. Research Hypotheses

1.

H1: Workers in the Mature Associative Stage
exhibit higher variability in task performance
and error rates compared to those in the
Cognitive and Autonomous stages, due to
transitional instability in psychomotor control.
H2: Psychological mediators such as low
situational awareness, high overconfidence bias,
and increased cognitive distraction significantly
predict the likelihood of safety-related errors
during the Mature Associative Stage.

Variable Framework

3. H3: Stage-specific training interventions that
target psychomotor and cognitive alignment in
the Mature Associative Stage will result in
significantly lower error rates and improved task
performance compared to traditional uniform
safety training.

4. H4: The integration of psychomotor assessment
tools (e.g., reaction time tests, coordination
tasks) into safety training will improve early
identification of at-risk workers and enhance
overall training effectiveness.

V. RESEARCH WORK & ANALYSIS

Quantitative, observational, and retrospective cohort

analysis

e Using accident data (n = 100 cases) categorized
by experience, age, root cause, and psychological
secondary effects.

Type Variable Name Type

Independent Variable | Skill Acquisition Stage Categorical (Cognitive, Mature
Associative, Autonomous)

Dependent Variable Task Performance Outcome Categorical (Near Miss, First Aid, LTI,
Amputation)

Control Variables Age Group, Training Status Categorical

Mediating Variables Secondary Psychological Effects Categorical (e.g., Mental Fatigue,
Overconfidence)

Moderating Variable Root Cause (Unsafe Act/Condition) Categorical

Operational Definitions

Skill Stage Classification (based on years of
experience):

o Cognitive Stage: 0-5 years

o  Mature Associative Stage: 6—12 years

o  Autonomous Stage: 13+ years

Error Severity (ranked scale):

o Near Miss < First Aid < LTI < Amputation

Participant Distribution by Skill Acquisition Stage

VI.DATA ANALYSIS (DATA INTERPRETATION
AND STATISTICAL RESULTS)

Analysis of Hypothesis H1: Workers in the Mature
Associative Stage exhibit higher variability in task
performance and error rates compared to those in the
Cognitive and Autonomous stages, due to transitional
instability in psychomotor control.

Skill Stage Experience Range No. of Cases
Cognitive 0-5 years 24
Mature Associative 6—12 years 50
Autonomous 13+ years 26

Observation: The Mature Associative Stage contains the largest proportion (50%) of cases, aligning with the
transitional phase being the focus of the study.
Accident Severity Distribution by Stage

Stage Near Miss First Aid LTI Amputation | Total
Cognitive (0-5) 3 17 3 0 23
Mature Associative (6—12) 6 31 9 0 46
Autonomous (13+) 2 17 10 1 30
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Observation:

e The Mature Associative group shows high first
aid and LTI occurrence, suggesting transitional
psychomotor instability.

e  The Autonomous group has higher LTI cases but
may reflect task complexity and aging effects.

Chi-square Test: Accident Severity X Experience
Stage

Secondary Psychological Effects Distribution by Stage

e Null Hypothesis (HO0): Accident severity is
independent of the skill acquisition stage.

e Alternative Hypothesis (H1): Accident severity
is associated with skill acquisition stage.

¥ (6, N=100)=13.57,p=0.035

Result: Statistically significant. Accident severity is

associated with experience stage.

Interpretation: The Mature Associative stage shows

elevated variability and moderate-to-severe incident

exposure.

Psychological Effect Cognitive Mature Associative Autonomous
Mental Fatigue 5 9 6
Overconfidence Bias 2 6 4
Cognitive Distraction 2 6 2
Tunnel Vision 1 6 2
Time Pressure 3 5 2
Emotional Contagion 2 4 3
Learned Helplessness 0 4 2
Habituation 2 6 4
Misplaced Trust in Automation 0 1 1

Interpretation:

e The Mature Associative group exhibits more
frequent psychological mediators linked to
decision fatigue, risk normalization, and
cognitive overload.

o These effects are more distributed and less
frequent in the other two stages.

Logistic Regression: Predictors of High-Severity

Accidents (LTI/Amputation)

Variables Entered:

e Stage (Cognitive, Mature  Associative,
Autonomous)
e Secondary Psychological Effects (Mental

Fatigue, Overconfidence, etc.)
Model Summary
e R?=0.48 (Nagelkerke)
e Significant Predictors (p < 0.05):
o Stage = Mature Associative (OR = 2.5)
o Mental Fatigue (OR = 2.9)
o Tunnel Vision (OR =2.4)
Result: Workers in the Mature Associative stage with
secondary psychological stressors are 2—-3x more
likely to be involved in high-severity incidents.
Outcome and Conclusion
e The hypothesis is supported: The Mature
Associative Stage is linked to greater
performance variability and error susceptibility,
consistent ~ with  transitional psychomotor
instability.

e Psychological mediators like mental fatigue,
overconfidence, and cognitive distraction are
significantly associated with increased accident
severity, especially within this stage.

e  The findings justify the development of targeted
interventions and stage-specific training that
accounts for mental load, task complexity, and
psychomotor readiness.

For Hypothesis - H2: Psychological mediators such

as low situational awareness, high overconfidence

bias, and increased cognitive distraction significantly
predict the likelihood of safety-related errors during
the Mature Associative Stage.

This study aims to examine the influence of

psychological mediators—specifically situational

awareness, overconfidence bias, and cognitive
distraction—on psychomotor functioning across
different skill acquisition stages, with a focused
analysis on the Mature Associative Stage. The
emphasis lies in understanding how these mediators
correlate with safety-related errors during the semi-

automated execution of tasks, which often marks a

transitional plateau in performance improvement.

Analysis

Control Dataset Examination (n = 100)

We analysed accident records of 100 workers, all of

whom had undergone formal training. Workers were

categorized by experience and age group. From the
control dataset:
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e 76% of total incidents were attributed to Unsafe
Acts, often linked to psychological mediators.

e The most frequent secondary psychological
causes were:

Mental Fatigue: 13 cases

Overconfidence Bias: 10 cases

Cognitive Distraction: 9 cases

Tunnel Vision: 9 cases

Habituation: 9 cases

Time Pressure: 7 cases

Emotional Contagion: 8 cases
o Learned Helplessness: 6 cases

Experience Level Distribution (for psychological

factors linked with unsafe acts):

O O O O O O O

e 4-7 years (Early Associative): 34%

e 8-13 years (Mature Associative): 56%

e 14+ years (Autonomous): 10%

Most psychological-related unsafe acts occurred in
the 8—13 year experience band, indicating a strong
association with the Mature Associative Stage.

Test Sample Dataset Analysis (n = 10)

These workers were closely monitored over six
months with periodic feedback interventions. The
goal was to observe the influence of intervention on
safety-related  behaviors and  psychomotor
functioning:

Month Number of Events Key Observations

Ist Month | 3 (2 Near Misses, 1 First Aid) | Early feedback engagement—positive compliance
2nd Month | 1 (1 First Aid) Slight reduction in errors

3rd Month | 0 Saturation begins—intervention fatigue evident
4th Month | 0 Plateau—reduced responsiveness

S5th Month | 6 (5 Near Misses, 1 First Aid) | Recurrent unsafe behaviors

6th Month | 5 (All Near Misses) Feedback largely ignored—risk escalation

Temporal Trend:

e Feedback showed high initial effectiveness
(Month 1-2)

e A saturation effect occurred by Month 3—4

e A rebound in incidents (notably Near Misses)
during Months 5-6

Correlation of Psychological

Experience (From Control Dataset)

We filtered all accident cases involving:

Mediators with

e Overconfidence Bias (10 cases): 80% occurred
in experience range 8—13 years

o Cognitive Distraction (9 cases): 78% in 8-13
years

e  Tunnel Vision (9 cases): 67% in 8—13 years

e  Habituation (9 cases): 75% in 8—13 years

This distribution further validates that psychological

mediators cluster in the Mature Associative Stage,

when psychomotor execution becomes increasingly

automated and conscious effort declines.

Results

Key Findings

1. Psychological mediators are prevalent in mid-
experience workers (8—13 years), aligning with
the characteristics of the Mature Associative
Stage.

2. Overconfidence Bias, Cognitive Distraction, and
Mental Fatigue were the most recurrent
mediators among reported incidents. These are

statistically more frequent during semi-

IJIRT 176920 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

automated performance phases where conscious
oversight is reduced.

3. Feedback intervention had a short-term impact
(first 2 months), but saturation and habituation to
interventions emerged quickly, leading to
increased near-miss events in later months. This
suggests the need for dynamic or stage-tailored
feedback/ training mechanisms.

Hypothesis Validation

The control data and test sample both support
Hypothesis H2:

Psychological mediators—/ow situational

awareness, high overconfidence bias, and increased

cognitive distraction—significantly predict safety-

related errors during the Mature Associative Stage.

Statistically:

e 81.5% of cases involving these mediators fall
within the 8—13 years of experience.

e Feedback fatigue further compounds risk,
indicating that trained, experienced
workers regress under monotonous or static
safety protocols.

cven

For Hypothesis — H3:
interventions that target psychomotor and cognitive
alignment in the Mature Associative Stage will result

Stage-specific training

in significantly lower error rates and improved task
performance compared to traditional uniform safety
training.
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A pilot intervention was developed for 10 industrial
workers identified to be in the MAS of their job roles.
Workers in this stage typically exhibit partially
automated  task growing
overconfidence—factors that heighten the risk of
errors under changing conditions. The training
comprised a sequence of modules, each more
technically complex than the last. These modules

execution and

intentionally disrupted pre-established cognitive
schemas, a strategy grounded in the Dunning-Kruger
effect, aiming to reduce risk-taking behaviour by
exposing limitations in the workers' own knowledge
and situational judgment.

Methodology

e Sample: 10 MAS-phase workers from similar

operational settings

e Duration: 6 months observation along with
monthly  progressive
intervention per month.

training  module
e Control Dataset: 100 historical accident cases
from the same operations, all trained under a
standard uniform safety program
e  Metrics Assessed:
o Number and severity of incidents
o Nature of root causes
o Presence of secondary psychological factors
(e.g., overconfidence, habituation, tunnel
vision)
Data Interpretation and Analysis
Incident Frequency and Type

Group Unsafe Unsafe Near Misses | First Aid | LTI Total Events
Acts Conditions

Control (n=100) 89 11 17 61 22 100

Intervention (n=10) 5 1 5 1 0 6

Key Insight: The intervention group experienced an
80-85% reduction in total incident frequency per
capita, especially in first-aid and LTI categories,
compared to the control group.

Psychological Risk Factor Distribution

Control Group:

e  Mental Fatigue: 14 instances

e  Overconfidence Bias: 9 instances

e  Habituation: 9 instances

e  Tunnel Vision: 9 instances

e  Cognitive Distraction: 8 instances

o Emotional Contagion: § instances

e Learned Helplessness: 6 instances

e Time Pressure: 8 instances

e  Time Pressure: 1 instance

Key Insight: While the control group displayed a high
density of cognitive
particularly in overconfidence and fatigue-driven
mistakes, the intervention group exhibited only three
minor psychological contributors, all linked to non-
severe outcomes (near misses).

and emotional errors,

Error Severity Index (ESI)
To normalize the effect across the different types of
incidents, an Error Severity Index (ESI) was
calculated:
e Weighting:

o Near Miss=1

e  Misplaced Trust in Automation: 2 instances o FirstAid=2
Intervention Group: o LII=3 )
e Habituation: 2 instances ©  Amputation =4
Control Group ESI Intervention Group ESI

Near Miss (17x1)=17 Gx1)=5

First Aid (61x2)=122 (1x2)=2

LTI (22x3)=66 0

Amputation (1x4)=4 -

Total ESI 209 7
Normalized ESI per capita: fewer mistakes, but safer behaviours in critical
Control =209 /100 =2.09 situations.
Intervention=7/10=0.7 Training Effectiveness Matrix

Key Insight: The severity of errors post-intervention
dropped by 66.5% per worker, indicating not just

Dimension

Control Group (Uniform Training)

Intervention Group (Stage-Specific)

Error Rate

High

Significantly Low
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Psychological Errors Frequent Rare

Task Performance Quality | Inconsistent More Reliable

Severity of Incidents Moderate to High Low

Risk-taking Tendency Reinforced by routine Disrupted and recalibrated

The findings robustly support Hypothesis H3. The
stage-specific intervention not only reduced the total
number of incidents but also mitigated the severity
and psychological complexity of unsafe acts. This
shift suggests that cognitive recalibration and
progressive psychomotor alignment—core
objectives of the intervention—were successfully
achieved.

Moreover, the Dunning-Kruger distortions (where
workers overestimate their competency due to
repetition) were effectively neutralized through
constructive knowledge dissonance in the training
design.

The introduction of cognitive stage matched training
modules significantly reduced both quantitative
incident rates and qualitative psychological
vulnerabilities in MAS workers. The results validate
the need for differentiated training strategies that are
psychomotor-aware and behaviourally adaptive,
rather than uniform across experience levels.

For Hypothesis H4: The integration of psychomotor
assessment tools (e.g., reaction time tests,
coordination tasks) into safety training will improve
early identification of at-risk workers and enhance
overall training effectiveness.

Analysis

Psychomotor Assessment Tools

Ten industrial workers in the Mature Associative
Stage (MAS) of skill acquisition were selected.
Monthly psychomotor evaluations were conducted in
Six categories:

e Eye-Hand Coordination

e  Perceptual-Motor Integration

e  Coordination and Bimanual Control

e  Endurance

e Fatigue Resistance

e  Motor Planning

Simultaneously, they underwent differentiated
training modules with constructive knowledge
upgradation regarding their own work and
equipment.

Broader Dataset for Comparative Analysis

A parallel dataset of 100 real-world incidents was
analyzed. All workers in these records had received
uniform training but no psychomotor screening. The
dataset included:

e Incident Type (Near Miss, First Aid, LTI)

e Experience and Age

e Root Causes analysis verdict

e Psychological Secondary Effects

Data Analysis and Interpretation

Distribution of Root Causes

Among the 100 incidents:

Root Cause

Frequency | Psychological Effects Commonly Observed

Unsafe Act 69

Mental Fatigue, Tunnel Vision, Overconfidence Bias

Unsafe Condition | 31 -

Unsafe acts were dominant, linked strongly to psychomotor-related cognitive biases such as mental fatigue (17

cases), tunnel vision (10 cases), and emotional contagion (8 cases).

Distribution by Experience Group

Experience Range | Total Incidents | Dominant Root Cause | Comment

0-5 years 19 Unsafe Act / Condition | Early-stage errors mostly due to unsafe acts
6-10 years 32 Unsafe Act High vulnerability in MAS stage

11-15 years 36 Unsafe Act Increased overconfidence/tunnel vision
1622 years 13 Unsafe Act / Condition | Possibly complex task exposure

Insight: Workers with 6-15 years of experience
(MAS phase) accounted for 68% of all incidents,
validating the criticality of this stage for intervention.
Psychomotor Pilot Sample Results

Out of 10 pilot test workers:

e 4 were involved in near miss or first aid incidents.

e 3 ofthese had shown low scores in motor planning
or fatigue resistance during monthly assessments.

e The remaining 6 showed  consistent
improvements, with no incidents reported.

Worker ID | Incident Assessment Flags

Inference

3 Near Miss | Below Avg in Fatigue Resistance | Early warning possible
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4 Near Miss | Stable performance May need environmental improvement
7 Near Miss | Below Avg in Motor Planning Predictive failure flagged early
8 First Aid | Fluctuating Endurance Training intensity recalibration needed
Predictive vs Non-Predictive Intervention
Group Total Workers | Incidents | Incident Rate | Notes
Psychomotor Pilot | 10 4 40% Near miss dominant, early-stage events
General Workforce | 100 100 100% LTI and repeat FA incidents observed

The psychomotor-assessed group showed a 60%
reduction in incident occurrence compared to the
general workforce.

The data strongly suggests that psychomotor factors
like reaction speed, coordination, and fatigue
management influence real-world incident rates.
Most secondary effects (e.g., tunnel vision, cognitive
distraction, overconfidence) are tightly coupled with
psychomotor limitations or overloads. By identifying
workers with such vulnerabilities early, targeted
training can mitigate risks.

The hypothesis (H4) is supported: integration of
psychomotor assessments improves early detection
of at-risk personnel and enhances training
effectiveness.

VII. FINAL RESULTS

Results and Discussion

This study examined the relationship between skill

acquisition stages and safety performance in

industrial settings, with a special focus on the Mature

Associative Stage (MAS). The four hypotheses were

tested using retrospective accident data and pilot

intervention trials. Quantitative analysis combined
statistical modelling with incident severity metrics
and psychological profiling.

Results for H1

H1: Workers in the Mature Associative Stage exhibit

higher variability in task performance and error rates

compared to those in the Cognitive and Autonomous
stages, due to transitional instability in psychomotor
control.

Findings:

e The Mature Associative Stage (6—12 years)
constituted the highest number of accident cases
(50% of total, n = 50), with elevated occurrences
of First Aid and Lost Time Injuries (LTI).

e A Chi-square test revealed a significant
association between accident severity and
experience stage (y° = 13.57,df = 6, p = 0.035).

e Notably, performance variability was evident in
MAS workers, with incidents ranging from
minor near-misses to high-severity LTIs.

Interpretation: The data supports H1. Workers in the
MAS phase demonstrate increased susceptibility to
safety incidents—a likely consequence of incomplete
psychomotor automation and transitional control
variability. While Cognitive Stage workers had more
minor events and Autonomous Stage workers showed
aging-related risks, MAS workers were uniquely
prone to unpredictable performance shifts under
moderate stress or task variation.

Results for H2

H2: Psychological mediators such as low situational

awareness, high overconfidence bias, and increased

cognitive distraction significantly predict the
likelihood of safety-related errors during the Mature

Associative Stage.

Findings:

e Among 100 cases, psychological mediators like
Mental Fatigue (13), Overconfidence Bias (10),
and  Cognitive  Distraction (9)  were
predominantly associated with workers in the 8—
13 year range.

e Logistic regression revealed:

o Stage = MAS (OR =2.5)

o Mental Fatigue (OR =2.9)

o Tunnel Vision (OR = 2.4) as significant
predictors of high-severity incidents (p <
0.05, Nagelkerke R = 0.48).

e In the monitored pilot sample (n = 10), early
feedback interventions led to short-term
reductions in unsafe behaviour, but a saturation
effect and risk rebound occurred by month 5-6.

Interpretation: H2 is strongly supported. The Mature
Associative Stage shows a clustering of cognitive
overload effects leading to errors. These
psychological mediators, compounded by habitual
overconfidence and attention drift, explain
performance instability even in formally trained
individuals. The rebound in near misses post-
intervention signals the need for adaptive, non-
repetitive feedback loops in training.

Results for H3

H3: Stage-specific training interventions that target

psychomotor and cognitive alignment in the Mature

Associative Stage will result in significantly lower
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error rates and improved task performance compared

to traditional uniform safety training.

Findings:

e Compared to a uniformly trained control group
(n = 100), the intervention group (n = 10)
experienced an 80-85% reduction in total
incident frequency.

e  Error Severity Index (ESI) comparison:

o Control: 2.09 per worker
o Intervention: 0.7 per worker
o 66.5% drop in error severity per capita

e Psychological error density in the intervention
group was minimal, suggesting a successful
recalibration of cognitive awareness and
reduction of overconfidence bias.

e The Training Effectiveness Matrix showed
marked improvements in task performance
consistency, reduced risk-taking behavior, and
decreased emotional-cognitive volatility.

Interpretation: The findings confirm H3. Stage-

specific training, particularly with cognitive-

disruptive modules, effectively combats the

Dunning-Kruger illusion and fosters realistic self-

assessment and  situational judgment. This

significantly improves safety outcomes, especially
during the MAS when automation increases and self-
monitoring decreases.

Results for H4

H4: The integration of psychomotor assessment tools

(e.g., reaction time tests, coordination tasks) into

safety training will improve early identification of at-

risk workers and enhance overall training
effectiveness.

Findings:

e In a pilot assessment group (n = 10) using
psychomotor tests, 3 out of 4 incidents occurred
in workers who had early warning flags for
fatigue resistance or motor planning deficits.

e Compared to the general workforce (100%
incident rate), the psychomotor-assessed group
had a 60% reduction in overall incident
occurrence.

e Psychomotor dimensions (e.g., bimanual
control, reaction time) correlated with cognitive
symptoms like tunnel vision and mental fatigue
found in incident root cause analysis.

Interpretation: H4 is validated. Psychomotor
assessments offer a proactive diagnostic lens for
identifying latent safety vulnerabilities. These tools
allow for customized training calibration and incident
preemption, especially effective during high-risk
transitional phases like MAS.

Summary and Theoretical Integration

Collectively, the findings across all four hypotheses

underscore the critical role of the Mature Associative

Stage in industrial safety performance. The transition

from conscious execution to automated behavior

introduces cognitive distortions, especially under
routine or low-stimulus conditions. These distortions

manifest as psychological mediators (e.g.,

overconfidence, distraction) and result in inconsistent

psychomotor control.

Key theoretical implications include:

e Support for Fitts and Posner’s Three-Stage
Model, with empirical validation that MAS is not
simply a midpoint but a phase of volatility
requiring tailored interventions.

e Confirmation of the Dunning-Kruger effect in
industrial settings, emphasizing the value of
disruptive knowledge strategies in training
design.

e Expansion of safety training models to
incorporate neurocognitive dynamics, especially
for mid-career professionals whose experience
may camouflage latent risks.

VIIl.  CONCLUSION

This study provides empirical evidence that the
Mature Associative Stage of industrial skill
acquisition constitutes a uniquely vulnerable period
for safety-critical performance. Workers in this phase
display increased variability in task execution,
largely due to transitional instability in psychomotor
control and cognitive automation. Psychological
mediators—specifically mental fatigue,
overconfidence, and cognitive distraction—are found
to be significant predictors of high-severity incidents,
and are disproportionately prevalent in this mid-
experience bracket.

Importantly, the research supports the efficacy of
stage-specific  training interventions and the
integration of psychomotor assessment tools. These
strategies not only reduce incident frequency and
severity but also address the cognitive-behavioral
underpinnings of risk in this transitional phase. The
findings validate a differentiated, data-driven
approach to safety training, as opposed to a one-size-
fits-all model.

IX. RECOMMENDATIONS

1. Implement Stage-Specific Training Frameworks
Organizations should design safety programs that
align with workers’ cognitive and psychomotor
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maturity. For MAS workers, training should involve
disruption of automated behaviors through scenario-
based challenges, uncertainty induction, and active
reflection.

2. Introduce Periodic Psychomotor Assessments
Monthly evaluations using simple psychomotor tests
(e.g., coordination drills, reaction time measures) can
help identify early signs of vulnerability. Workers
scoring below threshold should receive recalibrated
tasks or cognitive refreshers.

3. Monitor Psychological Mediators

Safety teams should incorporate behavioral
observation protocols and self-report tools to track
fatigue, overconfidence, and distraction levels.
Interventions should be tailored when such markers
are observed.

4. Incorporate Adaptive Feedback Systems
Traditional feedback mechanisms lose effectiveness
over time. Feedback strategies should evolve, using
spaced repetition, gamification, and periodic novelty
to avoid habituation and complacency.

5. Leverage Data-Driven Risk Profiling

Historical incident data, when analyzed by
experience stage and psychological context, can be
used to predict and prevent future errors.
Organizations should invest in building such
analytical capabilities.

X. IMPLICATIONS FOR PRACTICE

This study contributes to the growing discourse in

occupational safety and skill acquisition by

introducing a stage-based psychological and
psychomotor risk model. Its practical implications
are substantial:

e For Industry Leaders: The evidence supports
transitioning from uniform to stage-sensitive
training paradigms, especially for high-risk
operational roles.

e For Safety Practitioners: Integration of
psychomotor and psychological monitoring
tools into routine practice could transform
predictive safety modelling.

e For Policy Makers: National and organizational
safety  guidelines  should
transitional ~ risk  stages in
development  and
intervention standards.

acknowledge
workforce
enforce  differentiated
e For Researchers: The findings call for further
longitudinal studies across different sectors to
examine how MAS-specific vulnerabilities

manifest under various task demands,
technologies, and environmental pressures.
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