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ABSTRACT

Almost all companies have paid much attention to the safety management ranging from maintenance to operation even at
the stage of designing in order to prevent accidents, but fatal accidents continue to increase throughout the world. In
particular, it is essential to systematically prevent such fatal accidents as fire, explosion or leakage of toxic gas at factories in
order to not only protect the workers and neighbors but also prevent economic losses and environmental pollution. Though
it is well known that accident probability is very low in NPP(Nuclear Power Plants), the reason why many researches are
still being performed about the accidents is the results may be so severe. HRA is the main process to make preparation for
possibility of human error in designing of the NPP. But those techniques have some problems and limitation as follows; the
evaluation sensitivity of those techniques are out of date. And the evaluation of human error is not coupled with the design
process. Additionally, the scope of the human error which has to be included in reliability assessment should be expanded.
This work focuses on the coincidence of human error and mechanical failure for some important performance shaping
factors to propose a method for improving safety effectively of the process industries. In order to apply in these purposes
into the thesis, I found 63 critical Performance Shaping Factors of the eight dimensions throughout studies that I executed
earlier. In this study, various analysis of opinion of specialists(Personal Factors, Training, Knowledge or Experience,
Procedures and Documentation, Information, Communications, HMI, Workplace Design, Quality of Environment, Team
Factors) and the guideline for construction of PSF were accomplished. The selected method was AHP which simplifies
objective conclusions by maintaining consistency. This research focused on the implementation process of PSF to evaluate
the process of PSF at each phase. As a result, we propose an evaluation model of PSF as a tool to find critical problem at
each phase and improve on how to resolve the problems found at each phase. This evaluation model makes it possible to
extraction of PSF succesfully by presenting the basis of assessment which will be used by enterprises to minimize the trial
and error of construction process of PSF.
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Table 1. PSFs level 1,2
Level 1 Level 2
Human Personal Factors
Training, Knowledge or Experience
Procedures and Documentation
Task Information
Communications
System Work {-IMID .
orkplace Design
Environment Quality of Environment
Teamwork Team Factors
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Level 2 Level 3
Motivation/Attitudes

Personal B - - .

Factors Emotional State (Anxiety/Panic/Anger/Depression)
Concentration
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Table 2. PSFs classification (Continued)

Table 2. PSFs classification (Continued)

Level 2 Level 3 Level 2 Level 3
Confidence Alphanumeric Characters
Fatigue Screen Layout
Personal Time Stress Sequence of Screen
Factors Load Stress Feedback
Time Sharing Conspicuity
Duration of Stress HMI, Consistency of Displays
Workplace
Team Morale Design Work Space Allocation
(Preventing Conflict/Resolving Conflict) - —
- — — Spatial/Movement Incompatibility
Team Leadership(Maintaining Standards/Monitoring -
Performance/Promoting Participation) Location of Control
Training, Team Cooperation Control Design(Shape/Coding/Labeling)
Knowledge or | (Assisting Others/Positive Atmosphere) Control Resistance
Experience Team Adaptat_)ility o . o Control-Display Ratio
(Cross-Checking/Prioritizing Action/Flexibility)
- Vibration
Team Risk Management -
(Managing Pressure/Planning for Threats) Lighting(Illuminance, Glare)
. . L Quality of .
Allocation of Function and Responsibility Environment Noise
Procedure Structure Housekeeping
Recency in Use Reverberation
Procedure Availability Suitability of Training and Education
Procedure Access Operator Experience
- Team Factors
Procedure Location Task Knowledge
Procedures and -
Documentation Procedure Accuracy Recency of Training
Procedure Clarity
Procedure Complexity
Procedure Comprehensiveness/Completeness 3.5 MARIR} HIIRH
Procedure Format(Electronic)
Procedure Up-to-Date H o= Q1A B 921y FaodalIxlES Hrlsl1
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Confidence, Fatigue, || Experience, Task Accuracy, Clarity, Complexity, Dialect, Protocol, Lay(.Jut, Visual Reverberation Adaptability, Team
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Figure 3. PSFs hierarchical model
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Table 6. Specifics PSFs weigh

Phase II | &2 22l Phase I1I 7
A1B1 0.066

A1B2 0.185

A1B3 0.131

N o] A1B4 0.064
A1B5 0.055

A1B6 0.358

A1B7 0.109

A1B8 0.032

A2B1 0.240

A2B2 0.050

A2B3 0.095

A2 5 gkelol|e] AzbA 0102
A2B5 0.274

A2B6 0.118

A2B7 0.232

A2B8 0.046

A3B1 0.053

A3B2 0.292

A3B3 0.095

A3 A wsole AIBA 009
A3B5 0.151

A3B6 0.022

A3B7 0.099

A3B8 0.195

Table 5. PSFs weight of human error factors

Z Ak ] E§]—o] A l}[—}r— =3
Z=e)0J 8kOI X = R il (== o; i
Phasellll - FRIBWE | gy | oy | opet | A
B1 Personal Factor 0.066 0.050 0.053 0.169
pp | [raining Knowledge | oot (95 | 0292 | 0572
or Experience
B3 Proceduresand | 1011 160 | 0095 | 0.388
Documentation
B4 Information 0.064 0.274 0.093 0.431
B5 Communications 0.055 0.118 0.151 0.324
B6 HML Workplace | g50 | 939 | 0022 | 0.612
Design
B7 Quality of 0.109 | 0046 | 0.099 | 0.254
Environment
B8 Team Factors 0.032 0.024 0.195 0.251

Phase 11T FAGEAA Phase IV | 7}%X

B1C1 0.105

B1C2 0.072

B1C3 0.097

B1C4 0.181

Bl Personal Factors B1C5 0.085

B1C6 0.139

B1C7 0.115

B1C8 0.099

B1C9 0.108

B8C1 0.377

B2 Training, Kn.owledge B8C2 0.339

or Experience B8C3 0.064

B8C4 0.221

B3C1 0.221

B3C2 0.027

B3C3 0.067

B3C4 0.063

B3C5 0.058

B3 Procedures gnd B3C6 0.058
Documentation

B3C7 0.100

B3C8 0.088

B3C9 0.105

B3C10 0.133

B3C11 0.081

B4C1 0.039

B4C2 0.166

B4 Information B4C3 0.338

B4C4 0.166

B4C5 0.291

B5C1 0.033

B5 Communications Bocz 0051

B5C3 0.027

B5C4 0.148
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Table 6. Specifics PSFs weigh (Continued) Table 7. General weight and ranking (Continued)
Phase I1I FHIFAA Phase IV | 7F5A A FRFAR FTINEA | =9
B5CH 0.133 Information Complexity 0.146 3
B5C6 0.131 Recency of Training 0.126 4
B5 Communications
B5C7 0.193 Information Availability 0.126 5
B5C8 0.305 Communication Correctness/Completeness 0.099 6
Boet 0.0 (Managingi’irgslzii/l\gg?;gii? zlrt Threats) 0093 7
B6C2 0.051
B6C3 0.090 Procedure Structure 0.086 8
B6C4 0.015 Information Clarity 0.072 9
B6CS 0.040 Information Correctness/Completeness 0.071 10
B6CG 0.034 Control—Display Ratio 0.064 11
B6C7 0.042 Communication Accuracy 0.063 12
B6 Workpglg/g,DeSign B6C8 0.073 Lighting (Illumménce, Glare) 0.062 13
B6CY 0.067 Control Resistance 0.057 14
B6C10 0.090 Housekeeping 0.055 15
B6C11 0.078 Reverberation 0.055 15
iz | oo (maCComomingnes | o | o
B6C13 0.085 Work Space Allocation 0.055 18
B6C14 0.094 Tea@ Leadership (Maintainh‘lg Stan(i-afds/- 0.053 19
B6C15 0.104 Monitoring Performance/Promoting Participation)
B7C1 0.145 Control Design (Shape/Coding/Labeling) 0.052 20
) B7C2 0.244 Procedure Format (Electronic) 0.052 21
B7 Eg\iigl?;n(;fnt B7C3 0.174 Location of Control 0.050 22
B7C4 0.219 Spatial/Movement Incompatibility 0.048 23
B7C5 0.219 Communication Protocol 0.048 24
B2C1 0.082 Conspicuity 0.045 25
B2C2 0.213 Noise 0.044 26
B8 Team Factors B2C3 0.140 Communication Tool 0.043 27
B2C4 0.112 Communication Clarity 0.042 28
B2C5 0.371 Consistency of Displays 0.041 29
B2C6 0.081 Procedure Comprehensiveness/Completeness 0.041 30
Procedure Clarity 0.039 31
o}A] AS]E Table 45, 62 Eato] A Z=a1ol el <o) Vibration 0.037 32
Task Knowledge 0.037 33
371 AR 5 k. 7 A7 Table 73 22 A3 )
7 ]' L]'EP/bﬂr k“"'— Oﬁ 6&0]1 }‘4 Z:KL7 }?Z ] = < 5_'] 25 24 (Assisting gffgs%)sgzizlgtlmosphere) 0.035 34
A o BRI FAEAS AR AT Proceire Complesity R
7Fe A5 skl Arkent Interface Elements 0.033 36
(Icon, Symbol, Label, Table, List) ’
Table 7. General weight and ranking Procedure Up—to—Date 0.081 37
ANl SWIEA | &) (e, Push-Buttons. Diree Mripulaion) | 0031 | 38
Suitability of Training and Education 0.215 1 Confidence 0.030 39

Operator Experience 0.194 2
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Table 7. General weight and ranking (Continued)

AR SR FWEA | w9
(Cross—Checkglzg’ifgzzit:g 11Altcytion/F lexibility) 0.028 40
Procedure Availability 0.026 41

Feedback 0.026 42

Screen Layout 0.025 43

Procedure Access 0.024 44

Time Stress 0.023 45

Procedure Accuracy 0.022 46

Procedure Location 0.022 47

Sequence of Screen 0.021 48

(Preventing é)iillirvlstlv[/gerj)elving Conflict) 0.021 49
Allocation of Function and Responsibility 0.020 50
Load Stress 0.019 51

Duration of Stress 0.018 52
Motivation/Attitudes 0.018 53

Time Sharing 0.017 54

Structure of Information 0.017 55
Concentration 0.016 56

Fatigue 0.014 57

Emotional State (Anxiety/Panic/Anger/Depression) 0.012 58
Arousal 0.011 59

Recency in Use 0.010 60

Accent 0.010 61

Alphanumeric Characters 0.009 62

Dialect 0.009 63

M- g glAbe] §-
and Education(0.215),
Information Complexity (0.146), Recency of Training
(0.126), Information Availability (0.126), Communication
Correctness/Completeness (0.099), Team Risk Man—

A<=$]+= Suitability of Training
Operator Experience (0.194),

agement (Managing Pressure/Planning for Threats)
(0.093), Procedure Structure (0.086), Information Clarity
(0.072), Information Correctness/Completeness(0.071)
Y o2 e

olgfst FAANE EdE ol AFF 2o ¢4
Ao g 9gks w|XE= <lxlel Training, Knowledge or
Experienced (Recency of Training, Operator Experience,
Suitability of Training and Education), Information
(Information Correctness/Completeness, Information
Clarity), Quality of Environment (Lighting (Illuminance,

Glare), Noise), Procedures and Documentation (Procedure
Format (Electronic)), HMI, Workplace Design(Control
Design (Shape/Coding/Labeling), Feedback), Communi—
cations (Communication Clarity) & 1#shd o 350
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