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1. Introduction

Human reliability data empirically collected from
various sources provides an important technical basis
for the development and improvement of human
reliability analysis (HRA) methods. In particular, it is
necessary to refer to the analysis results of various
recently gathered empirical data in order to improve the
understanding of human reliability in the new digital
I&C (instrumentation and control)-based main control
room, because many human reliability issues in this new
environment have been raised but not yet validated
sufficiently. However, since each type of human
reliability data has limitations and characteristics
resulting from different experimental environments and
data collection systems, these characteristics should be
evaluated and reflected before use of the reliability data.

This study aims to support the selection of
meaningful human reliability data in the HRA
development process by proposing a framework for
evaluating existing human reliability data. While this
framework was established for developing an HRA
method considering the digital 1&C-based main control
room, the framework can also be employed for other
methods as well. A detailed description of this study is
provided in [1].

2. Evaluation Features of Reliability Data

In order to compare and evaluate the suitability of
human reliability data for application, evaluation
features were surveyed from literature that addresses
HRA data requirements, data quality issues, and data
research considerations [2-7]. Table | summarizes the
evaluation features required for HRA method
development. Generally, the features can be classified
into the three categories: (1) fidelity of the collection
environment, (2) quality of the data collection, and (3)
statistical significance of the data analysis. The fidelity
of the collection environment indicates whether the
environment in which reliability data was collected is
sufficient to reflect the operational environment related
to the HRA of interest. The quality of data collection
deals with how quality control was performed in
generating meaningful data without bias. Lastly, the
statistical significance of the data analysis means
whether the data contains meaningful analysis results
that are useful in the HRA application.

Table I: Evaluation features from literature

Category Feature Reference
Realism of the plant/simulator
functi [1-3]
unctions
- Plant similarity between the
F'di::;y of HRA application and the data| [1-3]
collection collection
. Realism of the accident
environment| " . . [1,2,4]
situation in the scenario
Realism of operators observed [1-3]
during data collection
Expertise and independence of [1,5]

the data collectors

Evaluation  consistency for
human error and situational | [1,3,5,6]
factors

Quality of |Scope of task and situational

the data | information collected [3]
collection |Similarity of the unit task /
human error  definitions [2.5]
between HRA application and '
data collection
Qualitative  description  of [1,5]
human error and context ’
Statistical Ap_pro_priateness of the analysis [1.2]
T criteria
significance Appropriateness of the analysis
of the data . [1,5]
analysis techniques
Amount of data collected [1,3,6]

3. Importance of Evaluation Features

To determine the importance of the evaluation
features presented in Table 1, this study employed an
expert elicitation method called AHP (analytic hierarchy
process) [8]. AHP is a multi-criteria analysis technique
that stratifies evaluation criteria and determines their
importance by layer when a decision problem is
composed of multiple evaluation criteria. The AHP
technique was developed by Saaty in the 1970s; since
then, it has been extensively employed to solve a wide
range of decision-making problems. There are seven
steps to implement the AHP method.

= Define the decision-making problems and research
objectives

= Create a hierarchy of decision criteria

= Generate comparison matrices through pairwise
comparison
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= Calculate relative importance based on the matrices

= Verify consistency (coherency) using consistency
indices or consistency ratios

= Combine importance values from multiple experts

= Derive final importance and select an alternative

In this study, a total of 8 experts participated in the
importance assessment of the evaluation features. All
experts have experience in collecting and analyzing
human reliability data with at least 10 years of
experience in HRA/PSA analysis. The questionnaire
was constructed in such a way that the relative
importance of each of the evaluation features is pair-
wisely assessed by the Likert measure (1 to 9). For
measuring the relative importance, the inverse linear
scale was used [9]. For example, Fig. 1 implies that
‘Quality of the data collection’ is judged to be 1.29
times more important than ‘Fidelity of the collection
environment’.
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Fig. 1. Example of pairwise comparison between two features.

The individual importance values determined by each
expert were combined into a final importance through
taking the geometric average. The average value was
then normalized so that the sum of the geometric
average values was 1 for interpretation convenience of
the results.

The final importance values of the evaluation factors
were derived from the AHP analysis as shown in Table
2. To sum up, the experts judged that the fidelity of the
collection environment is the most important factor in
data applicability. However, the quality of the data
collection and the statistical significance of the analysis
were also regarded to be important factors. In terms of
the evaluation features, it was thought that the realism of
operators observed during data collection, the realism of
the accident situation in the scenario, and the amount of
data collected were particularly influential factors on the
data applicability. Because most of the features have
importance levels that cannot be ignored, it is expected
that all factors should be considered as significant when
evaluating applicability.

Table 11: Importance of the evaluation features

application and the
data collection

Realism of the
accident situation in| 0.103
the scenario

Realism of operators
observed during data| 0.126
collection

Expertise and
independence of the| 0.066
data collectors

Evaluation
consistency for
human error and
situational factors

0.074

Scope of task and
situational 0.056
information collected

Quality of the

data collection 0.292

Similarity of unit task
/ human error
definitions  between| 0.057
HRA application and
data collection

Qualitative
description of human| 0.039
error and context

Appropriateness  of

the analysis criteria 0.098

si Sntliflcsg:\(:cil of Appropriateness  of
gthe data 0.299 |the analysis| 0.098
analysis techniques
Y Amount of data
0.104
collected

Category Import- Feature Import-
ance ance
Realism of  the
Fidelity of the plant/simulator 0.099
collection 0.409 |functions
environment Plant similarity 0.082
between the HRA| ™

4. Evaluation Process of HRA Data Applicability

Based on the AHP analysis results, a procedure to
apply human reliability data into HRA method
development was established as follows. Fig. 2
schematically illustrates the flow of the procedure.

= Screening analysis: Exclude data under conditions
that are inappropriate for use in the environment subject
to HRA practice.

= HRA database rating: Evaluate the human reliability
data for each evaluation feature as presented in this
study to score its HRA applicability (e.g., rate 1 to 10
points for each feature).

= Quantitative priority evaluation: Calculate and rank
the applicability of each human reliability data.

= Data conservatism evaluation: Record what kind of
conservatism/vulnerability exists in the assumptions and
definitions of each human reliability data.

= Data implementation: Develop an HRA method or
generate application examples by utilizing high-priority
data first.
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= Coverage evaluation and alternative search:
Evaluate whether the relevant data is not applicable to
the HRA method, and supplement any gaps of
information not supported with prior data using
subsequent-priority data as necessary.

= HRA method conservatism evaluation: Appraise
whether the data used has sufficient conservatism
compared to the HRA application and provide a
reference guideline for the use of the method and
estimates. Where necessary, develop strategies to
overcome lacking conservatism or uncertainty that may
exist in the data.

Data
tlimplementation

Quantitative Data ¥ HRA method
priority * conservatism 1 conservatism

evaluation evaluation |\ [~ Coverage | /| _evaluation

§ evaluaton/ || —
alternative

search

Screening | | HRA database | |
analysis rating

Fig. 2. Process evaluating data applicability.
5. Conclusions

This study developed a framework to compare and
evaluate empirical data for HRA method development
and modification. The 12 evaluation features related to
the applicability of human reliability data were derived
from literature. Expert knowledge was collected from 8
experts with experience in collecting/analyzing human
reliability data, and importance level of each evaluation
feature was calculated based on the AHP technique.
Using these research results, a general evaluation
process was established. The evaluation system derived
from this study will be used as a procedure for selecting
and applying data that will be the basis for the
development of HRA methods for digital 1&C main
control rooms in the future.
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