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1. Background

►Efforts to Collect HRA Data to Date
− A lack of data has been identified as one of the challenges in human

reliability analysis (HRA).
− The most recent studies are concentrating on collecting the data from

full-scope studies using full-scope simulator and actual operator.
• U.S.NRC (SACADA) / KAERI (HuREX)

 SACADA: Scenario, Authoring, Characterization, and Debriefing
Application

 HuREX: Human Reliability data EXtraction

• Good to collect high fidelity simulator data instead of historical
operational data

►Challenges to Perform Full-Scope Studies
− Difficult to get actual operators for continuously collecting a variety of

data due to the high cost
− Utilities’ cooperation and data release are relatively limited to few

organizations.
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1. Background

►INL’s Approach to HRA Data Collection
− To collect HRA data through the Simplified Human Error Experimental

Program (SHEEP)
• To use simplified simulators and students as a complement – not a replacement
– for full-scope studies.

• To provide the data to support full-scope data collection efforts such as HuREX
and SACADA
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►Basic Design
− Operator Type (Student vs. Reactor Operator)
− Simulator Type (Simplified vs. Less Simplified vs. full-scope)
− Scenario Type (Normal vs. Abnormal)

1. Background
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2. The SHEEP Framework
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2. The SHEEP Framework

►Step #1: Identification of HRA items collectible in simplified
simulators
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− Items collectible in both simplified
and full-scope simulators
• 22 HuREX task types

− Items only collectible in simplified
simulators
• 88 generic data items collectible in

simulator studies

※ Park, J., et al.:
A guideline to
collect HRA data
in the simulator of
nuclear power
plants.
KAERI/TR-5206/2
013 (2013)
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No
.

The Relationship Experiment Data Analysis

Human Performance
Analysis

HuREX
Analysis

TACOM
Analysis

(1) Student and operator when using Rancor Part I
(Done)
Part I
(Done)

Part I (Done)
/ Part II (Working)

Done N/A

(2) Student and operator when using CNS Done Done Working N/A

(3) CNS and Rancor with students Done Done Working N/A

(4) CNS and Rancor with operators Done Done Working N/A

(5) Student with Rancor and operator with full-scope simulators N/A N/A Done Working

(6) Student with CNS and operator with full-scope simulators N/A N/A Done Not Started



(7) Rancor and full-scope simulators with operators N/A N/A Done Working

(8) CNS and full-scope simulators with operators N/A N/A Done Not Started

2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
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2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− Experiment
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Part I Part II

Collecting data for understanding gaps depending
on participant type (student vs. operator) and
simulator complexity (Rancor vs. CNS)

Investigating students’ learning effects with Rancor
(time interval: approx. 16 days)
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2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− Experiment (Cont’d)

• Experimental Design
 Two independent variables, i.e., participant type and event class
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<The Randomized Factorial
Experiment with Rancor Microworld>

<The Randomized Factorial
Experiment with CNS>
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2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− Experiment (Cont’d)

• Human Performance
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2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− Experiment (Cont’d)

• Participants
 Students

 Undergraduate senior students and master students at the department of
nuclear engineering in Chosun University

 They took courses such as "Introduction to Nuclear Engineering," "Reactor
Theory," "Reactor Control", and "Simulator Operation."

 Operators
 Licensed operators for Westinghouse type
 Working at Hanbit Nuclear Site in Korea

14

Simulator Part I Part II

Student Operator Student

Microworld Twenty Twenty Fifteen

CNS Twenty Twenty N/A
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2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− Human Performance Analysis

• ANOVA Test
 To identify statistical differences on human performance measurements depending

on participant type and event class

• Correlation Analysis
 To identify the relationship between human performance measurements
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2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− Human Performance Analysis (Cont’d)

• Eye Tracking Data Analysis
 The operators are more likely to concentrate on major parameters necessary to

the context of a given scenario as well as monitor overall interface.
 Because the students are unfamiliar with the basic structure of the simulator and

its interface, they may continually seek out options in the control window, as well
as changes implemented due to a particular manipulation.
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2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− The HuREX Analysis
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Cognitive Activity Task Type

HUREX Study SHEEP Study (Using the Rancor Microworld)

HEP (EOO) HEP (EOC)
HEP (EOO) -

Student
HEP (EOC) -

Student
HEP (EOO) -

Operator
HEP (EOC) -

Operator

Information Gathering and
Reporting

IG-alarm - 3.610e-4 - - - -

IG-indicator - 9.940e-4 - 4.380e-03 - -

IG-synthesis - 1.680e-3 - - - -

IG-value - - - - - -

IG-comparison - 7.220e-5 - - - -

IG-graph - - - - - -

IG-abnormality - - - - - -

IG-trend - 9.450e-4 - - - -

Response Planning and
Instruction

RP-entry
3.205e-3
(analog)

- - - - -

RP-procedure
3.953e-3
(analog)

- - 4.545e-02 - 2.222e-02

RP-step
5.634e-2
(analog)

- 2.014e-03 7.049e-03 9.165e-03 6.110e-03

RP-information 2.490e-3 5.110e-4 - - - -

RP-manipulation 1.230e-2 2.590e-3 - - - -

RP-notification 4.650e-2 - - - - -

Situation Interpreting

SI-diagnosis - - - - - -

SI-identification - 2.550e-3 - - - -

SI-prediction - - - - - -

Execution

EX-discrete 1.230e-2 5.500e-4 1.490e-03 - 1.512e-03 -

EX-continuous 4.600e-2 - - 4.137e-02 8.850e-03 2.124e-02

EX-dynamic 3.660e-2 8.540e-3 - 5.000e-01 - 3.488e-01



EX-notification 1.910e-2 - - - - -

Other OT-manipulation - - - - - -



Click to edit Master title

► Click to edit text
− Second level

• Third level
 Fourth level

 Fifth level

2. The SHEEP Framework

►Step #2: Treatment of the HRA items based on experiment
− The TACOM Analysis

• TAsk COMplexity (TACOM) method
 A tool to represent the effect of task complexity on human performance in an

objective manner
 Used to compare student and operator data when using Rancor and CNS with

operator data when using full-scope simulators
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3. Future Works
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The Relationship Experiment Data Analysis

Human Performance
Analysis

HuREX
Analysis

TACOM
Analysis

(1) Student and operator when using Rancor Part I
(Done)
Part I
(Done)

Part I (Done)
/ Part II (Working)

Done N/A

(2) Student and operator when using CNS Done Done Working N/A

(3) CNS and Rancor with students Done Done Working N/A

(4) CNS and Rancor with operators Done Done Working N/A

(5) Student with Rancor and operator with full-scope simulators N/A N/A Done Working

(6) Student with CNS and operator with full-scope simulators N/A N/A Done Not Started

(7) Rancor and full-scope simulators with operators N/A N/A Done Working



(8) CNS and full-scope simulators with operators N/A N/A Done Not Started
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3. Future Works
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Appendix

►Human Performance
− Workload: MCH Scores
− Situation Awareness: SART Scores
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Modified Cooper-Harper
(MCH)

Situation Awareness Rating Technique
(SART)
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Appendix

►Human Performance (Cont’d)
− Error: Error Rate

• Error is defined as deviation from expected performances.
• Same rules used in the HuREX data collection are applied.
• The HuREX analysts participated in the error analysis.

− Time to Completion: Average Time to Complete A Step / An Instruction /
A Task
• Analyzed based on procedures and video records
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Appendix

►Human Performance (Cont’d)
− Eye Movements: Eye Fixation Count / Duration Per Task, Blink Rate,

Heatmap Over Area of Interests (AOI)
• Fixation duration and counts, eye blinking, and gaze movement
• Tobii Pro Glasses 2
• Four Areas of Interest (AOIs): Alarm, Overview, P&ID, Control Area

− Number of Manipulations: Number of Manipulations per Task / per
Scenario Completion Time
• Estimated from simulator log data
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