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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT 

The OECD is a unique forum where the governments of 34 democracies work together to address the economic, social 
and environmental challenges of globalisation. The OECD is also at the forefront of efforts to understand and to help 
governments respond to new developments and concerns, such as corporate governance, the information economy and the 
challenges of an ageing population. The Organisation provides a setting where governments can compare policy 
experiences, seek answers to common problems, identify good practice and work to co-ordinate domestic and international 
policies. 

The OECD member countries are: Australia, Austria, Belgium, Canada, Chile, the Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Luxembourg, Mexico, the Netherlands, 
New Zealand, Norway, Poland, Portugal, the Republic of Korea, the Slovak Republic, Slovenia, Spain, Sweden, 
Switzerland, Turkey, the United Kingdom and the United States. The European Commission takes part in the work of the 
OECD. 

OECD Publishing disseminates widely the results of the Organisation’s statistics gathering and research on economic, 
social and environmental issues, as well as the conventions, guidelines and standards agreed by its members. 

This work is published on the responsibility of the OECD Secretary-General. 
The opinions expressed and arguments employed herein do not necessarily reflect the official 

views of the Organisation or of the governments of its member countries. 

NUCLEAR ENERGY AGENCY 

The OECD Nuclear Energy Agency (NEA) was established on 1 February 1958. Current NEA membership consists of 
30 OECD member countries: Australia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France, 
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands, Norway, Poland, 
Portugal, the Republic of Korea, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom 
and the United States. The European Commission also takes part in the work of the Agency. 

The mission of the NEA is: 
– to assist its member countries in maintaining and further developing, through international co-operation, the 

scientific, technological and legal bases required for a safe, environmentally friendly and economical use of 
nuclear energy for peaceful purposes, as well as 

– to provide authoritative assessments and to forge common understandings on key issues, as input to government 
decisions on nuclear energy policy and to broader OECD policy analyses in areas such as energy and sustainable 
development. 

Specific areas of competence of the NEA include the safety and regulation of nuclear activities, radioactive waste 
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law 
and liability, and public information. 

The NEA Data Bank provides nuclear data and computer program services for participating countries. In these and 
related tasks, the NEA works in close collaboration with the International Atomic Energy Agency in Vienna, with which it 
has a Co-operation Agreement, as well as with other international organisations in the nuclear field. 
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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS 

The Committee on the Safety of Nuclear Installations (CSNI) shall be responsible for the activities of the 
Agency that support maintaining and advancing the scientific and technical knowledge base of the safety 
of nuclear installations, with the aim of implementing the NEA Strategic Plan for 2011-2016 and the Joint 
CSNI/CNRA Strategic Plan and Mandates for 2011-2016 in its field of competence.  

The Committee shall constitute a forum for the exchange of technical information and for collaboration 
between organisations, which can contribute, from their respective backgrounds in research, development 
and engineering, to its activities. It shall have regard to the exchange of information between member 
countries and safety R&D programmes of various sizes in order to keep all member countries involved in 
and abreast of developments in technical safety matters. 

The Committee shall review the state of knowledge on important topics of nuclear safety science and 
techniques and of safety assessments, and ensure that operating experience is appropriately accounted for 
in its activities. It shall initiate and conduct programmes identified by these reviews and assessments in 
order to overcome discrepancies, develop improvements and reach consensus on technical issues of 
common interest. It shall promote the co-ordination of work in different member countries that serve to 
maintain and enhance competence in nuclear safety matters, including the establishment of joint 
undertakings, and shall assist in the feedback of the results to participating organisations. The Committee 
shall ensure that valuable end-products of the technical reviews and analyses are produced and available to 
members in a timely manner.  

The Committee shall focus primarily on the safety aspects of existing power reactors, other nuclear 
installations and the construction of new power reactors; it shall also consider the safety implications of 
scientific and technical developments of future reactor designs.  

The Committee shall organise its own activities. Furthermore, it shall examine any other matters referred to 
it by the Steering Committee. It may sponsor specialist meetings and technical working groups to further 
its objectives. In implementing its programme the Committee shall establish co-operative mechanisms with 
the Committee on Nuclear Regulatory Activities in order to work with that Committee on matters of 
common interest, avoiding unnecessary duplications.  

The Committee shall also co-operate with the Committee on Radiation Protection and Public Health, the 
Radioactive Waste Management Committee, the Committee for Technical and Economic Studies on 
Nuclear Energy Development and the Fuel Cycle and the Nuclear Science Committee on matters of 
common interest. 
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FOREWORD 

 
 
As stated in the mandate of CSNI’s Working Group on Risk Assessment (WGRISK), the working group 
supports improved uses of Probabilistic Safety Assessment (PSA) in risk informed regulation and safety 
management through the analysis of results and the development of perspectives regarding potentially 
important risk contributors and associated risk-reduction strategies. WGRISK’s activities address the PSA 
methods, tools, and data needed to provide this information. 
 
One of the key areas of uncertainty in current PSA involves Human Reliability Analysis (HRA). WGRISK 
has been an active forum for information exchange on HRA since the early 1990s. The working group’s 
past efforts have addressed HRA practice and data issues [see NEA/CSNI/R(98)1] and the development of 
methods for Errors of Commission [see NEA/CSNI/R(2000)17 and NEA/CSNI/R(2002)3]. In 2004, the 
working group issued a Topical Opinion Paper on HRA [CSNI Technical Opinion Paper No. 4] that 
identified the scarcity of empirical human performance data as a significant challenge. In 2008, WGRISK 
issued a report [NEA/CSNI/R(2008)9] addressing the feasibility of a joint international effort on HRA 
data. The report presented a possible framework for collecting, analyzing and exchanging HRA data and 
suggested the next steps that would be needed to establish a mechanism or a project to exchange HRA-
related data and information.  Recognizing that nuclear power plant control room simulators are a valuable 
source of data regarding operating crew responses to initiating events, and that a number of HRA research 
and development programs are collecting simulator data, one of the recommendation of the report was to 
organize a workshop on the use of simulator studies for HRA purposes. 
 
In late 2008, the CSNI approved a WGRISK proposal to hold such a workshop in cooperation with the 
Working Group on Human and Organizational Factors (WGHOF) and to develop a report on good 
practices. 
 
The present report documents the proceedings and the outcome of the Workshop on Simulator Studies for 
HRA Purposes which was hosted by Nubiki Nuclear Safety Research Institute, on 4-6 November 2009 in 
Budapest, Hungary. 
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EXECUTIVE SUMMARY 

Background 

Probabilistic Safety Assessment (PSA) is today an essential component of regulatory and utility decision-
making. Human Reliability Analysis (HRA) provides a crucial set of inputs to PSA and produces insights 
useful for nuclear power plant safety. An extensive reliance on expert judgment has characterized HRA 
throughout the development of PSA and contributed to significant uncertainties in the PSA’s results. The 
lack of data on human performance in complex, human-technical systems in general and in nuclear power 
plant accident scenarios in particular is the main reason for this reliance. 

In 2008, the Working Group on Risk Assessment (WGRISK) of the Nuclear Energy Agency’s Committee 
for the Safety of Nuclear Installations (CSNI) issued a report1 addressing the feasibility of a joint, 
international effort on HRA data. The report presented a possible framework for collecting, analyzing and 
exchanging HRA data and suggested the next steps that would be needed to establish a mechanism or 
project to exchange HRA-related data and information.  Recognizing that nuclear power plant control room 
simulators are a valuable source of data regarding operating crew responses to initiating events, and that a 
number of HRA research and development programs are collecting simulator data, one of the 
recommendations of the report was to organize a workshop on the use of simulator studies for HRA 
purposes. 

In late 2008, the CSNI approved a WGRISK proposal to, in cooperation with the Working Group on 
Human and Organizational Factors (WGHOF), hold such a workshop and develop a report on good 
practices.  The workshop, which was hosted by Nubiki Nuclear Safety Research Institute, was held on 4-6 
November, 2009 in Budapest, Hungary.   

Workshop objectives and topics 

As stated in the WGRISK task proposal (see Appendix A), the immediate objective of the WGRISK task 
was to support the increased collection of HRA data in plant simulators by sharing methods and good 
practices.  The eventual aim of the task was to support an effort to establish an OECD HRA Data 
Collection project and to carry out a pilot data exchange effort.  The specific workshop objectives were, as 
indicated in the workshop announcement (see Appendix B) to:  

• exchange information on HRA data collection in simulators from past efforts, 

• identify some of the best current approaches and methods for the collection and analysis of this 
data, and  

• provide a basis for developing and promoting guidance for such activities. 

                                                      
1 CSNI WGRISK, “HRA Data and Recommended Actions to Support the Collection and Exchange of HRA Data,” 

NEA/CSNI/R(2008)9, October, 2008. 
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Workshop conclusions, recommendations, and outlook 

The following observations are based on the workshop presentations and discussions.  

Current status and priorities 

• For HRA applications, observations of crew performance in simulated emergencies are an important 
input. An informal survey of the workshop participants showed that there was a consensus that 
simulator data is or should be an important, essential, or critical component of HRA practice. 

o For HRA practitioners, the most important output of simulator studies are insights on the 
performance of the crews of the PSA reference plant. 

o Simulator studies and data are also very useful in evaluating and improving existing HRA 
methods and models. Recent examples include the results of the International HRA Empirical 
Study, organized in the frame of the OECD Halden Reactor Project, and the U.S. follow-up 
study.  

• Some participants are performing domestic simulator studies for HRA; other participants are planning 
such studies.   

o The main objectives of these studies are to support an HRA application by collecting 
qualitative data on PSA scenario contexts, qualitative data on crew/operator behaviors, and 
crew time response data.  

• Aside from HRA uses, many participants also agreed it would be important to exchange information 
on human performance issues identified in simulator studies and to have further discussions regarding 
coordinated studies of shared issues.   

o Simulator studies may identify human performance issues that may be relevant for other NPPs, 
including issues associated with specific PSA scenarios, with required actions, and with 
procedures. 

o At a more general level, information related to crew behaviors and tendencies are also of 
interest. Examples include communication practices or specific features or characteristics of 
procedures, such as their structure. 

• Simulator data is regarded as an important complement to operational experience data.  

Experience and good practices 

• A common trait of the past and on-going HRA data collection projects is that they are primarily 
intended for internal use within the organization that is collecting the data.  

o An HRA data exchange activity will likely introduce additional requirements and constraints 
that may not apply to this “own” use of data. 

o The usability of external data is related to the availability of sufficient information on the plant 
context such that the applicability of the data to different plants and situations may be 
determined. 

• For past and current HRA data collection programs, the intended use of the data has been an important 
factor in designing the data collection. Several organizations have also tested their data collection 
approaches and, in efforts to apply the data, confronted data usability issues; the feedback from this 
experience has been incorporated into each organization’s data collection methods. 
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• There is significant experience on collecting HRA data in simulators, from which good practices may 
be drawn. These good practices include: 

o Use regular training sessions to minimize cost 

o Ensure that the training scenarios used for data collection are PSA-relevant. Design scenarios that 
challenge the crews but it is important to ensure scenario plausibility; for example, scenarios with 
large numbers of failures need to be credible. 

o Develop a data collection taxonomy and a data analysis methodology beforehand to ensure a 
systematic process 

o Distinguish between errors and deviations when meaningful, the guiding principle being their 
relevance to PSA success criteria 

o Ensure the data collection includes team communications (within the control room, as well as with 
external team members) 

o Ensure collection and analysis of success data 

o Ensure that a multi-disciplinary team (including plant operators, training staff, and HRA, Human 
Factors, and PSA specialists,) is involved in the performance of the studies 

o Use data with care – context (including plant- as well as country-specific conditions) is important; 
recognize limitations and potential biases of simulator studies  

o Recognize that simulator time is normally devoted to operator training and not to inform HRA. 
Meeting the needs of HRA requires modification of existing protocols or additional protocols. The 
alternative is to complement data collection during such training sessions with simulator sessions 
dedicated to HRA data collection.  

o Complement simulator data with operational experience 

• At the international level, a number of past and on-going efforts within the Joint Programme of the 
OECD Halden Reactor Project provide results and insights relevant to HRA data exchange. The recent 
International HRA Empirical Study has been a major milestone for simulator studies for HRA. Further 
relevant work addresses the generalizability of data and insights from the HAMMLAB research 
simulator facility, characterization of context of earlier studies, and organizational/cultural effects on 
behavior. 

Further technical observations 

• Potential biases in HRA data collected in simulator studies are an important concern. The experience 
shows that there are effective methodological counter-measures to address many of these biases.  

o Running scenarios of varying severity, i.e. including “easy” scenarios, for instance, is a 
counter-measure for the potential bias introduced when crews systematically expect the worst 
in simulated emergencies. (Further examples are briefly listed in the summary of the Session 3 
discussion.) 

• In some of the past data collection programs, there was an observed tendency, with time and 
experience, to shift the emphasis from quantitative data, especially in the form of time response data, to 
qualitative data. 

• Qualitative data will generally be applicable to a broader range of users than quantitative data, because 
they remain applicable and useful even when the plant types and other context factors (between the 
collecting organization and those organizations that will use the data) may not match. 
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Data collection and exchange in the context of jointly addressing HRA data needs 

• While there has been some learning across earlier HRA data collection programs, these programs have 
largely been independent and have had different objectives. The objective or intended use has a 
significant impact on the preferred type of data, the definition of these data, data requirements, and the 
frameworks for storing these data (data fields, structure of data, etc.).  

• Many types of data are needed for HRA, reflecting not only the methods in use but also the diverse 
objectives of safety studies and study updates.  

o Some examples of types of data include the time to accomplish a task, failure counts, scenario-
specific challenges for crews, and crew operational strategies in specific scenarios. 

o It is important to distinguish between plant-specific data, representing behavior in a specific 
plant or group of similar plants, and generic data representing the behavioral tendencies of 
nuclear power plant crews in general types of response situations. 

o Different user groups will have interest in plant-specific as well as generic data. However, the 
interest in more specific data will be primarily limited to those with “similar” plants.   

o Technically, defining “similarity” when human performance is involved is challenging. It goes 
beyond plant type to control room design, operator, procedures, conduct of operations, and 
organizational characteristics.  

o In addition, differences in the HRA methods employed by the users from the similar plants 
could potentially limit the usefulness of the collected data. 

• To achieve broad-based support for an HRA data exchange, this diversity of needs will need to be 
addressed. One of the technical challenges is the structuring of the data at the multiple levels relevant 
to these needs. These levels form a hierarchy from the performance of specific accident response tasks, 
to the overall response to initiating events, and up to the behavioral tendencies relevant to safety-
related human performance.  

• Member country programs for HRA-related simulator studies are a high-priority prerequisite for HRA 
data exchange.  

o While many participants are planning such studies, relatively few organizations currently have 
on-going programs.  

o There was a clear interest for further exchange of information on effective methodologies for 
these types of simulator studies.  

• Generic data and insights on the “mechanisms” underlying potential failures are likely to be useful to 
many practitioners. These relate to the patterns of interactions among the crew, their training, the 
procedures, and the human-machine interface that may lead to failures. 

• The concept of “operational expressions” developed in the International HRA Empirical Study may be 
a potential way to transform the results of qualitative analyses for specific plants to other plants and 
other types of scenarios.  Operational expressions refer to how the control room crews respond to the 
scenario and succeed or fail.  

Outlook and overall recommendations 

• The participants agreed there should be further exchanges on effective methodologies for collecting 
and using simulator data for HRA purposes. 
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• A common document on requirements and methods for simulator studies and the collection of HRA 
data would be valuable. In a survey of the participants, all expressed agreement with the value of such 
a common guideline document. 

o Such a document would support both domestic studies and an international HRA data 
exchange initiative.  

o The document would incorporate and highlight best practices and reduce the steepness of the 
learning curve for organizations that are starting (or considering to start) data collection 
programs. 

o The implementation of the guidelines in domestic simulator studies would generate a body of 
consistently collected data that would be available for potential exchanges. 

• A pilot exchange project would help to identify and better define the types of data to prioritize in an 
international data exchange.   

o Data at multiple levels (specific actions, responses to initiating events, and generic tendencies) 
are of interest for HRA. 

o Such a project would also make the potential benefits of a data exchange more visible to plant 
owners/operators. 

o Several proposals were presented and need to be further discussed. However, no consensus 
was reached, partly because the wide variety of HRA methods used by the participants lead to 
diverse data needs (e.g., regarding data types and formats). Moreover, a data exchange is likely 
to need to provide both generic and specific data, recognizing that some types of data may only 
be applicable to plants that are similar technically as well as in terms of emergency 
organization and procedures and that such groups of similar plants may be small. 

o A hurdle for a pilot project is that many of the workshop participants were from regulatory 
agencies and research institutes, and do not own the simulator data.  On the other hand, the 
project would require a broad range of expertise in developing and testing the methodologies. 

o Further discussion is needed to develop a concrete proposal that can be provided to plant 
owners/operators for consideration. 

• Workshop attendees from 7 of the 10 participating countries indicated that, aside from HRA purposes, 
they were motivated to obtain simulator data from other organizations in order to identify safety-
related human performance issues or study common issues. 
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1. INTRODUCTION 

1.1. Background 

Probabilistic Safety Assessment (PSA) is today an essential component of regulatory and utility decision-
making. Human Reliability Analysis (HRA) provides a crucial set of inputs to PSA and produces insights 
useful for nuclear power plant safety. An extensive reliance on expert judgment has characterized HRA 
throughout the development of PSA and contributed to significant uncertainties in the PSA’s results. The 
lack of data on human performance in complex, human-technical systems in general and in nuclear power 
plant accident scenarios in particular is the main reason for this reliance. 

 

In 2008, the Working Group on Risk Assessment (WGRISK) of the Nuclear Energy Agency’s Committee 
for the Safety of Nuclear Installations (CSNI) issued a report2 addressing the feasibility of a joint, 
international effort on HRA data. The report presented a possible framework for collecting, analyzing and 
exchanging HRA data and suggested the next steps that would be needed to establish a mechanism or 
project to exchange HRA-related data and information.  Recognizing that nuclear power plant control room 
simulators are a valuable source of data regarding operating crew responses to initiating events, and that a 
number of HRA research and development programs are collecting simulator data, one of the 
recommendations of the report was to organize a workshop on the use of simulator studies for HRA 
purposes. 

 

In late 2008, the CSNI approved a WGRISK proposal to hold such a workshop in cooperation with the 
Working Group on Human and Organizational Factors (WGHOF) and to develop a report on good 
practices.  The workshop, which was hosted by Nubiki Nuclear Safety Research Institute, was held on 4-6 
November, 2009 in Budapest, Hungary.  

  

Objectives of the task and workshop 

As stated in the WGRISK task proposal (see Appendix A), the immediate objective of the WGRISK task 
was to support the increased collection of HRA data in plant simulators by sharing methods and good 
practices.  The eventual aim of the task was to support an effort to establish an OECD HRA Data 
Collection project and to carry out a pilot data exchange effort.  The specific workshop objectives were, as 
indicated in the workshop announcement (see Appendix B) to:  

• exchange information on HRA data collection in simulators from past efforts, 

• identify some of the best current approaches and methods for the collection and analysis of this data,  
and  

• provide a basis for developing and promoting guidance for such activities. 

                                                      
2 CSNI WGRISK, “HRA Data and Recommended Actions to Support the Collection and Exchange of HRA Data,” 

NEA/CSNI/R(2008)9, October, 2008. 
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1.2. Workshop structure 

The Technical Committee structured the workshop as a series of presentation sessions and related 
discussions.  

 

Session Title Discussion Topics Presentations 

Session 1: HRA Data Collection in 
Simulators: Programs and experience 
B. Hallbert, INL 

Discussion - Successful practices for 
HRA data collection in simulators 

4 

Session 2: Envisioning an HRA Data 
Project – a sketch and roadmaps 
A. Bareith, NUBIKI 

Discussion - HRA Data: different 
users and their needs 

3 

Session 3: Assessing Performance in the 
Simulator from an HRA Viewpoint 
A. Bye, Halden Reactor Project 

Discussion - How does the HRA 
viewpoint influence simulator 
studies? 

4 

Session 4: Improving HRA Methods with 
Data 
J. Park, KAERI 

Discussion - HRA data needs and 
current PSA issues 

4 

Session 5: Storing HRA data for Re-use 
and Exchange 
H. Pesme, EDF 

Discussion - Getting the data to the 
users (HRA analysts and developers) 

1 

Discussion (Session 6) 
V.N. Dang, PSI 

Defining and taking the next steps  

 

Sessions 1 and 2 introduced the experiences with HRA data collection in simulator studies and related this 
experience to the potential HRA data project. In addition to covering successful practices with simulator 
studies for HRA, the Session 2 discussion addressed the needs of different types of users. Session 3 
focused on how HRA-related objectives influence the way the simulator study or sessions are designed and 
carried out. The Session 4 presentations centered on the HRA-related uses made of data collected in 
simulator studies. Session 5 concerns the storage of HRA data, in other words, the requirements on the data 
and its databases that need to be fulfilled in order to be useful for users. 

 

The first four sessions included 3-4 presentations. These presentations and the accompanying full paper 
contributions provided a diversity of viewpoints and findings as a basis for the related discussion topic. A 
single presentation kicked off the discussion in Session 5, although earlier contributions that addressed the 
storage of HRA data and its use, for instance in Session 1, were brought into the discussion. In general, the 
contributed papers addressed a broader scope than suggested by the session title. The discussion of Session 
6 was initiated by a roundtable survey of the participants provided in Appendix E. 

 

Up to one hour was dedicated to each discussion; in total, the workshop schedule provided for close to a 
full day of discussion.  
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1.3. Participation 

The workshop was attended by 27 participants from 10 NEA member countries: Czech Republic, France, 
Germany, Hungary, Japan, Korea, Norway, Spain, Switzerland, and the United States. As indicated in 
NEA/CSNI/R(2008)9, a number of these countries are using simulators in ongoing HRA data collection 
efforts; others have conducted major studies in the recent past. 

1.4. Content of proceedings 

For each session, the main conclusions and discussion points are presented in Chapter 2, while Chapter 3 
summarizes the individual contributions (paper and presentation). Chapter 4 presents the conclusions and 
recommendations of the workshop and provides an outlook for activities in support of HRA data 
collection. Appendix E includes the survey questions from Session 6. Appendix F includes the full papers 
and presentations. 
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2. SUMMARIES OF THE SESSIONS AND DISCUSSIONS 

This section highlights the main conclusions of each of the presentation sessions and related discussions. 

 

Session 1: HRA Data Collection in Simulators: Programs and experience & Discussion – Successful 
practices for HRA data collection in simulators 

Chair: B. Hallbert (Idaho National Laboratory, USA) 

The discussion was initiated with two questions: 

1. What advice would you give to a plant organization, if you would begin an HRA data collection 
effort today? 

2. What conclusions do you draw from what you have heard about these programs? 

The recommendations and cautions discussed include: 

• HRA data collection requires a multi-disciplinary team involving PSA, HRA, and simulator study 
expertise, as well as training instructors and plant engineers. 

• At the same time, it is important to specify the kind of information and data of interest and to directly 
link these goals with the collected data. It is possible to find that data is unusable due to lack of caution 
in preparations. 

• HRA data collection is resource-intensive to perform and involves many types of data. The challenge 
is to select, organize, analyze, and use the data.  

o The choice of data is interdependent with the selected HRA method so some kinds of data 
collected for use in another method may not be relevant.  

• HRA data will include easily measurable, objective data (e.g. time of action) as well as more 
subjective data. The data involving subjectivity from the observers/analysts can be collected but need 
to be structured well. 

• The more the HRA method and the associated data are detailed and specific, the more quickly they 
become obsolete. 

• The selection and design of scenarios is an additional challenge. The scenarios range from design basis 
accidents (straightforward and typically well covered by the procedures) to more cognitively 
challenging scenarios. Realistically setting up the latter is challenging. 

• In addition, there may be differences between PSA scenarios and scenarios in the simulator. For 
instance, the operator action of interest in the PSA scenario may be affected by other priorities from 
the procedures. Also, in responding to the scenario, the crews may follow a success path not modeled 
in the PSA. 

• In some of the programs, there was an observed tendency, with time and experience, to shift the 
emphasis from quantitative data, especially in the form of time response data, to qualitative data. 
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• An important discussion concerned whether training sessions can be used to collect HRA data. There 
was some agreement that training sessions can be used as long as they meet certain requirements, e.g., 
generally uninterrupted sessions, crews have no information on the scenario, etc. These requirements 
and the conditions of the training session would need to be known to the data analysts and users. 

• The depth of experience (20+ years) in the different programs was noted. At the same time, these 
efforts have to a large extent been independent and the detailed and frequently shared lessons from 
these have not been widely disseminated. 

• In light of the general scarcity of observations of actual failures in PSA-relevant scenarios, there is a 
need to collect other data (operational experience etc) and to use it in combination with simulator data 

• The issue of potential biases was also raised. The discussion of biases and countermeasures against 
these is provided in the Session 3 summary. 

 

Session 2: Envisioning an HRA Data Project – a sketch and roadmaps & Discussion – HRA Data: 
different users and their needs 

Chair: A. Bareith (Nubiki, Hungary) 

Session 2 introduced the OECD NEA data projects in general and outlined the technical roadmap towards 
an eventual HRA data exchange. Two additional presentations introduced some issues to be addressed in 
HRA data exchange and the experience with simulator studies for HRA at the OECD Halden Reactor 
Project, using its HAMMLAB experimental simulator facility. 

• In envisioning an HRA data project, the need to clearly define what constitutes HRA data was stressed.  

o Potential users will define HRA data differently, depending on the use they intend to make of 
it.  

o The participants agreed that two main groups of users are practitioners and method developers.  

• Even with the common objective of better HEP predictions, HRA practitioners (analysts) will need 
data that is different from the data HRA method developers will need. 

• Consequently, defining the data requires specifying the users, or identifying the specific data needs of 
each of these groups. 

• It was pointed out that for many licensees, the development of new methods are not necessarily a 
priority. Given that the licensees are a principal source of data and own this data, this suggests that an 
HRA Data Project would have to meet multiple needs and objectives.  

• A related classification of data addresses whether the HRA data should be plant-specific, representing 
behavior in a specific plant or group of similar plants, or generic, representing the behavioral 
tendencies of nuclear power plant crews in general types of response situations. 

• Although both types of data will be of interest for different groups, the more “specific” data will be of 
interest to a large extent solely for those with “similar” plants.  Technically, defining “similarity” when 
human performance is involved is challenging. It goes beyond plant type to control room design, 
operator, procedures, and management. In addition, differences in the HRA methods employed by the 
users from the similar plants could potentially limit the applicability of the collected data. 

• While there are technical solutions for these issues with plant-specific data, generic data emphasizing 
the “mechanism” underlying potential failures could be used by many practitioners. These are referred 
to as “failing operation elements” and refer to the patterns of crew-training-procedure-interface 
interactions that may lead to a failure.  
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Session 3: Assessing Performance in the Simulator from an HRA Viewpoint  
& Discussion – How does the HRA viewpoint influence simulator studies? 

Chair: A. Bye (Halden Reactor Project, OECD) 

The contributions to Session 3 focused on the actual data collection during the simulator session. The 
presentations and subsequent discussion dealt with methodologies for observation and data analysis, the 
limitations and potential biases of simulator studies, and various means to counteract these issues. 
 

• While simulator studies dedicated to HRA data collection are considered optimal, simulator training 
sessions following specified protocols are an important alternative. 

• Two key requirements on training sessions (as well as dedicated sessions) are a) plausible PSA 
scenarios and b) no interruption. 

• The question of how difficult the simulated emergency scenarios need to be was raised. Obtaining 
insights on how HFEs may fail requires scenarios that challenge the crews to some degree. At the same 
time, it was pointed out that the success region should not be neglected. 

• Simulator studies are clearly subject to potential biases. The presentations and discussion showed that 
there are practical solutions to address many of these biases. Some of the solutions discussed are 
shown in Figure 1. 

 
Figure 1.  Excerpt from introduction to Session 3 discussion 

 

• While there are clearly differences between simulated accidents and real situations, one should not be 
too pessimistic about their impact on the results. It is important to be aware of differences and how 
these may impact the objective of the simulator study. They may have an impact on a specific issue 
while other observations and outcomes are not affected. 
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• It is important to note the differences between evaluations of performance for training and evaluations 
of performance for HRA. In the former, the focus is on the training objectives and on providing 
feedback to the individual operators and the crews. (Some motivations for interruptions during some 
types of training sessions are a) to provide this feedback, and b) to bring the scenario “back on track” 
in order to satisfy the specific training objectives.). For HRA, the focus is on performance tendencies 
or outcomes across the crews for a given situation of interest, the challenges for the operators that are 
specific to the scenarios, and the mechanisms or crew-training-procedures-interface interactions 
underlying failure or non-optimal performance. 

• These differences suggest that, while useful for HRA, the training-related evaluations of the 
performance will need to be supplemented. This may involve additional observers to collect the HRA 
data and/or training of the training personnel on the HRA-specific aspects of the data collection. 

• Measuring performance and/or the outcome will involve a combination of objective and subjective 
measures. Objective measures are related to an HFE of interest, can typically be based on criteria 
placed on plant parameters, and distinguish success from failure. Subjective measures are not direct 
measures of performance; they explain performance in terms of cognition, dynamics, demonstrated 
abilities, and the limitations of crew members. While subjective, they can be validated via other 
performance measures. On the other hand, they need to meet psychometric properties such as 
reliability and validity. 

Session 4: Improving HRA Methods with Data & Discussion - HRA data needs and current PSA 
issues 

Chair: J. Park (Korea Atomic Energy Research Institute, Korea) 

This session highlighted experience with applications of simulator study data to assess, evaluate, and 
develop HRA methods. 

• The concept of “operational expressions” developed in the International HRA Empirical Study may be 
a potential way to transform the results of qualitative analyses for specific plants to other plants and 
other types of scenarios.  Operational expressions refer to how the control room crews respond to the 
scenario and succeed or fail the Human Failure Event of interest, in operational terms.  

• There was a fair degree of consensus about the usefulness of qualitative data. The operational 
expression concept mentioned here is also related to the notions of exchanging “failure operation 
elements” or patterns of crew-training-procedure-interface interactions leading to failure, which were 
raised in Session 2. These data concern how crews fail and why crews may fail. 

• Defining quantitative data, in other words, defining the criteria for determining the outcome, was more 
controversial. Quantitative HRA data relates to “counting” the number of failures or of a specific 
outcome in a given plant scenario or type of situation. 

• One issue is whether the outcome criteria (defining when failure has occurred) should be based on 
plant parameters or on time. 

• Another issue is whether the outcome criteria should be based on licensing criteria, PSA criteria, or 
core damage (or an irreversible system state). This applies for both time-based criteria and parameter-
based criteria. It is worth noting that criteria based on trainer expectations are also used in training and 
need to be distinguished from these outcome criteria. 

• Outcome (or success) criteria based on plant parameters have two advantages, compared to time-based 
success criteria. Parameter-based criteria are objective and can accommodate various crew strategies.  

• A challenge for theuse of parameter-based criteria is that the PSA and HRA are generally structured 
according to time criteria (the time windows). While, these criteria are estimated based on when a plant 
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parameter crosses a threshold, this estimation requires assumptions concerning the crew response and 
strategy. When parameter-based criteria are used in simulator data collection, the relationship to the 
PSA/HRA criteria may be unclear. 

Session 5: Storing HRA data for Re-use and Exchange & Discussion – Getting the data to the users 
(HRA analysts and developers) 

Chair: H. Pesme (Electricité de France, France) 

• Several presentations, including the one in this session, noted that the intended use of the data is a 
major influence on the definition of data, the level of detail, and more generally, what data is 
exchanged or is stored in a data repository. 

• Furthermore, earlier presentations noted that the intended use is affected by the type of user:  HRA 
practitioners or method developers. 

• In addition to the above considerations, many factors were identified that affect the definition and 
scope of the HRA data. These are illustrated in Figure 2. 

 

 
Figure 2. The definition of HRA data is affected by many factors. 

• Selected influences may be highlighted as follows 
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o The need to evaluate the applicability of the data generally implies that the data definition or 
repository must include information about the plant context (type and other features of the 
context). 

o For specific data, the degree of applicability is affected by the “similarity” between the 
performance context relevant for the user and that of the source data. If the “plants” are not 
similar, only the generic data may be of interest. 

o Whether the user should be provided proprietary or sensitive information (a privileged user) 
depends on the relation of his organization to the data source. 

o Differences in the HRA methods of interest to the user or in the approach for using the data 
affect the data requirements. 

Discussion (Session 6) – Defining and taking the next steps  

Chair: V.N. Dang (Paul Scherrer Institute, Switzerland) 

This discussion began with an informal survey of the workshop participants. The questions used in the 
interactive survey are presented in Appendix E. A summary of the responses is presented in the following 
tables. The total number of responses were based on one vote per organization. 

Survey results 

1. Priority 
Questions/ statements Favourable answer 
A- Simulator data is/should be an 
important/essential/critical component of HRA 
Practice (applications and analysis). 

100% 

B- A common guideline for simulator studies for 
HRA purposes would be valuable 

100% 

 
2. Purpose of Simulator Data (and insights) 
Questions/ statements Favourable answer 
It is important to evaluate existing methods using 
simulator data 

7 

It is important to evaluate existing models etc. 
using simulator data 

12 

A new method based on simulator data is needed No consensus reached - some objected 
that methods can be developed on other 
bases than simulators) 

A new method based on all kinds of data is 
needed 

3 

We are developing a method based on simulator 
data 

0 

We have on-going efforts to improve our 
methods mainly based on simulator data  
(significant component) 

1 

We are developing a method to incorporate 
simulator data into an HRA analysis 

1 (NRC) 

To find out useful insights from simulator data in 
order to enhance human performance (increase 
“human reliability”) 

[not conclusive] 
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3- Most important role of simulator data (in context of HRA) 
Questions: statements Favourable answers 
…to support HRA analysts (applications) 12 
…to evaluate HRA methods 5 
…to develop/ improve HRA methods 0 [important but not most important use 

of data] 
This question should be interpreted separately 
from the aims to obtain insights about human 
performance (in order to improve safety and other 
purposes) 

Everyone agrees = 100% that such aims 
are important. 

 
4A- HRA analysts need (from own plant) 
Questions: statements Favourable answers 
…qualitative data from simulators on PSA 
scenarios 

100% 

…time response data 100% 
…qualitative data on crew/ operator behaviour 
(HF) 

14 

…failure count [few] 
…HEP estimated from simulator evidence 
(Bayesian or other statistical approach) 

[participants added this response during 
the survey] 

...HEP estimated using a method from simulator 
evidence 

[participants added this response during 
the survey] 

 
4B- HRA analysts need (from other organisations) 
Questions: statements Favourable answers 
…qualitative data from simulators on PSA 
scenarios 

100% 

…time response data 100% 
…qualitative data on crew/ operator behaviour 
(HF) 

100% 

…failure count 100% 
…HEP estimated [directly] from simulator 
evidence (Bayesian or other statistical approach) 

10 

... HEP estimated using a method from simulator 
evidence [based on/calibrated with] 

100% 

 
Note: The HEP entries are italicized to reflect that they are not simulator data, even if such data is u. HEP 
documentation would include all supporting documents 
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5- Current domestic simulation studies for HRA purposes are 
Questions/statements Answers (one per country) 
…being done France; Korea 
…being planned Czech Republic, France, Hungary 

Korea, USA; 
…not being planned Japan, Spain, Switzerland 

 
 If not being planned, [the reason is / reasons are] 
 not important Japan 
 no time  
 lack of expertise  
 no resources Spain 
 no accepted way / method Spain 
 [other] Switzerland (not a regulatory 

requirement). 
 
One participant abstained from voting and emphasized that all data sources (not only coming from 
simulator) should be used. 
 
6- Data from other facilities: We would like to obtain simulator data (including protocols, etc.) from 
others  
Questions/ statements Answers 
…to compare to ours KAERI (Korea); HAEA (Hungary); 

NUBIKI (Hungary) 
…to identify issues or study common issues JNES (Japan); IRSN (France); USNRC; 

KAERI (Korea); EDF (France); 
NUBIKI (Hungary); ENSI 
(Switzerland) 

... because our data alone is not sufficient NRI (Czech Republic); CSN (Spain) 
 

 

Discussion summary 

• There was agreement that a pilot study would be useful and strong interest in a potential participation 

o Designing a repository or data exchange framework to simultaneously satisfy the needs of 
many types of users is a daunting task. The users may differ in terms of their goals/intended 
use, of the degree of similarity of their reference context, and of the organizational affiliation. 
This diversity of users and of the “scenarios” for the access and use of the data leads to 
complex and possibly conflicting requirements. 

o There was some consensus that pilot studies focusing on specific use cases would be helpful in 
clarifying the issues and identifying potential solutions.  

o The fact that the interest in qualitative and therefore more generic insights on human 
performance in simulated PSA-like scenarios is strong provides a potential starting point. At 
this level, some of the concerns and constraints may be less prominent. 

• Utility representation at the workshop was limited to two organizations (EDF, France, and Paks 
Nuclear Power Plant, Hungary).  

o This was noted as a shortcoming for progress on the initiative towards a data project. 
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o Many participants noted that the HRA practitioner perspective would tend to dominate in plant 
organizations and that at least part of the data project should be oriented to specifying more 
carefully their needs and priorities in terms of HRA data or issues to be resolved with HRA 
data. 

• There was a consensus (100% of participants) that a shared guideline for the collection of HRA data in 
simulator studies would be valuable. 

o It would capture the experience and learning curve 

o It would contribute to ensuring the pedigree of data 

o It would ensure that data is collected consistently, enabling potential exchange in the longer 
term 
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3. SUMMARY OF TECHNICAL PRESENTATIONS 

Session 1: HRA Data Collection in Simulators: Programs and experience 

The papers and presentations in this session addressed three major simulator data collection programs for 
HRA in Hungary, France, and Korea as well as the development of the Japanese guideline for HRA data 
collection from simulator experiments. 

In addition to highlighting specific lessons from these programs for data collection in simulators, these 
papers also present details on the types of scenarios, the number of sessions, data collection taxonomies, 
the specific objectives of the HRA data collection campaigns, and the use of this data in the HRA and PSA. 

Note that some papers presented in other sessions also address data collection experiences (for instance, 
paper 2.3 on the OECD Halden experience), data analysis, and the application of simulator for HRA 
purposes. 

 

1.1. A. Bareith, Z. Karsa (NUBIKI), Simulator Data Collection for HRA Purposes at NPP Paks, 
Hungary 

This contribution provides an overview of the simulator data collection performed at NPP Paks in Hungary 
in support of HRA developments and applications in the PSA study of the plant. The simulator exercises 
and data collection studies were performed in three phases (1991-93, 1995-96, and 2003-2005), with 
distinct objectives. The design of scenarios, data collection methods and tools, and the types of data 
obtained are summarized. Some important features of the analysis of the collected data as well as the 
application of the data for HRA are highlighted and discussed. Overall, 24 main control room crews 
responded to 12 PSA-related plant transients of varying complexity, for a total of almost 300 simulator 
exercises. 

The presentation noted that the data collection was integrated within regular continuing training sessions. 
The scenarios were designed as a joint effort of the PSA team and training personnel, such as to include 
PSA-relevant actions and variability in task complexity, in the demands on the use of the procedures and 
human-machine interface, and expected types of failures. The data analysis aimed to support the HRA for 
the plant-specific PSA as well as general safety improvement efforts. In the simulator studies from the 
1990s, time-reliability curves were generated and analyses were performed to examine the correlation 
between performance and the underlying performance influences, in order to establish a ranking of the 
major influences. These were incorporated into “decision trees” with headings for the major influences. 
With regard to the probabilities, it was noted that these were derived by combining simulator insights with 
expert judgment, with no direct use of observed error rates. In Phase 3 (2003-2005), the observations 
supported mostly the modelling of diagnose/decision errors for EOP actions, e.g. failure to reach the EOP 
entry. A very detailed fault tree representation was developed on the diagnosis part of each EOP action 
modelled in the PSA. Its structure was built on the simulator experience; the dependence on previous 
decisions/errors is explicitly addressed. With respect to quantification, the low-level failure events were 
quantified by making use of processed simulator data and judgment. 
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The presentation highlighted that the most important information obtained concerned the role of contextual 
conditions (influences), the empirical (quantitative) data should be used with care and in combination with 
expert judgment. It noted that the long-term use of training simulators is very desirable. There is a need for 
regular use of the simulator for HRA, based on information collected by trainers. 

 

1.2 P. Le Bot, H. Pesme (EDF R&D), EDF experience in running simulators studies and collecting 
data for HRA (presentation only) 

The presentation provides an overview of the EDF simulator studies performed for HRA since 1984. While 
performed nearly continuously since then, the studies fall into three main phases (1984-88, 1989-2003, 
2003-present). These phases are associated with distinct HRA objectives motivating and paralleling the 
development of EDF’s HRA methodology, as well as additional objectives. In the 1984-88 phase, the 
objectives related to gathering data for designing and implementing the FH6 HRA method, with the focus 
of the observations on deviations with respect to the procedures. This method was based on time reliability 
curves for specific actions and diagnosis, HCR normalized curves for actions with limited data, and relied 
as well on Swain’s data [THERP] for quantification. In the 1989-2003 phase, an update of the FH6 
parameters was an initial objective, which shifted to the development of EDF’s second generation HRA 
method, MERMOS. Additional objectives of these simulator studies include feedback on the state-based 
emergency procedures and qualitative ergonomic analyses related to the N4 NPPs. Since 2003, the 
emphasis has shifted to “light” observations with data collected in the frame of training sessions and 
knowledge (qualitative information) to be used by expert judgment. An additional objective in this phase 
of simulator studies is the validation of the main control room for the EPR.  

The current EDF methodology for HRA data collection is the subject of paper 3.2 in Session 3, Collecting 
Simulators Data for HRA : EDF Methodologies. 

Some of the main points highlighted in this presentation included 

* The emphasis in data collection has shifted from individual errors and the factors influencing these, 
addressed quantitatively, to a perspective emphasizing qualitative and collective aspects, where knowledge 
on how the crews respond in emergencies is at the center.  

* The experience with the collected data also suggests that quantitative data about performance may 
become rapidly obsolete, either as a result of changes in the performance environment or in the HRA 
model. 

 

1.3. J. Park, W. Jung (KAERI), A historical overview of collecting human performance related data 
in Korea 

This contribution presents the work performed at the Korea Atomic Energy Research Institute (KAERI) to 
develop the OPERA database (operator performance and reliability analysis) that includes various kinds of 
human performance data collected in simulated off-normal conditions. The work over the past decade fall 
into three phases (1999-2002, 2003-2007, and 2008-2011. In the first phase, 24 main control room 
operating crews for the Korean Standard Nuclear Plant (KSNP) responded to a set of 6 design basis 
accidents, in a total of 94 simulator sessions. The initial data analysis addressed the time response of the 
operators; response time data for 30 types of safety-critical tasks were extracted and stored in a Human 
Performance Database (HPDB). In addition 102 unanticipated trip events from the operational experience 
were analyzed to characterize the performance shaping factors pertaining to such trip events. Analysis of 
this data subsequently led to three key insights: 1) while stress did increase the average response time for a 
given task, the time performance was more significantly affected by the content of the tasks; 2) average 
response times were found to be proportional to an objective task complexity score that accounted for 5 
factors related to amount of information, number of actions, logical complexity, domain knowledge and 
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cognitive resources needed to evaluate a decision criterion; 3) the task complexity scores also seemed 
important for understanding non-compliance behaviors of the operating personnel (procedural deviations).  

In the current phase of the development of the OPERA database, time response data has been collected at 
other NPPs in order to clarify the effect of task complexity scores on response time. One of the objectives 
of this work is to derive insights for HRA practitioners concerning the validity of the collected data for 
other sites and the influence of differences among operational cultures. Secondly, simulator studies are 
being carried out for cognitively demanding scenarios, in scenarios that would be expected to challenge the 
cognitive abilities of operating personnel. Such scenarios are expected to provide information about the 
relationships among situation awareness, communication quality, response time, and human error. 

The presentation noted that the contents of the OPERA database initially (in the 2003-2007 development 
period) focused mainly on behavioral data. While this data provided a part of the information needed by 
HRA practitioners, e.g. time performance data, it was not easy to understand the causes of human failure 
events. This motivates the current emphasis on cognitively challenging scenarios and on comparing the 
responses at different NPPs (e.g. KSNP vs. Korean Westinghouse 3-loop). 

 

1.4. T. Hata, R, Kubota (JNES), Development of the Guideline for the HRA Data Collection and 
Evaluation Using Simulator Experiment 

This contribution presents the JNES work to develop a guideline for HRA data collection in simulators in 
response to the 2005 Nuclear and Industrial Safety Agency (NISA) call for the nuclear power industry 
community to advance the collection of data on human performance and human error probabilities for 
PSA.  

The presentation noted that the Japanese regulatory authority recommended data collection and evaluation 
in view of the lack of domestic data. At the same time, experts in simulator studies indicated that the 
collected data were subject to large variations when a collection method and the conditions for HRA data 
collection were not clarified. The development of the guideline by JNES had the objective to ensure a high 
reliability of a Japanese HRA database. The development process included the following steps: 1) 
elicitation of inputs on fundamental requirements from PSA, HRA, and simulator experiment experts; 2) 
drafting of a preliminary guideline; 3) evaluation of the usability of the guideline in a series of (pilot) 
simulator experiments; and 4) revision of the guideline. A total of 24 experiments for 12 PSA scenarios 
were performed in the BWR Training Center, for BWR4, BWR5, and ABWR (4 scenarios in each of the 3 
BWR types). 

In addition to defining the overall process, data collection methods, data analysis and data archival 
(storage), the guideline addresses the definition of the units of analysis and decomposition for data 
collection, analysis, and evaluation. For instance, it defines PSA-related “subject tasks” that are 
decomposed into multiple diagnostic and “control and monitoring” tasks, which can be further divided into 
elementary tasks, and finally behavioral elements. While the final guideline was a minor revision of the 
draft guideline, the simulator experiments led to findings incorporated as an appendix on the utilization of 
the guideline.  
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Session 2: Envisioning an HRA Data Project – a sketch and roadmaps 

Session 2 introduced the OECD NEA data projects in general and outlined the technical roadmap towards 
an eventual HRA data exchange. Two additional presentations introduced some issues to be addressed in 
HRA data exchange and the experience with simulator studies for HRA at the OECD Halden Reactor 
Project, using its HAMMLAB experimental simulator facility. 

 

2.1A A. Amri (NEA), An Overview of the NEA Data Projects (presentation only) 

A. Amri of the NEA Secretariat provided some key facts concerning the on-going NEA data projects, in 
the context of the safety research projects of the NEA. The running data projects include ICDE (common 
cause failure event data), OPDE (pipe failure data), FIRE (fire events), and COMPSIS (software and 
hardware fault experience in computer-based safety-critical NPP systems), all running on a cost-shared 
basis, and one sponsored database project, SCAP (stress-corrosion cracking and cable ageing). The 
procedures for initiation, cost-sharing, and management of the data projects were outlined. 
Organizationally, it can be seen that the data projects involve signatory organizations (project participants), 
a Management Board (or Steering Committee), a Project Programme Review Group, and an Operating 
Agent. For data projects, the Project Programme Review Group and Management Board are merged into a 
single body. Once a consensus among the intended project participants is achieved, the organizational 
(management and legal) provisions, time schedule, and the technical and financial frame of a project are 
established in an Agreement. The on-going data projects have a three-year Agreement period, subject to 
renewal. 

 

2.1B V.N. Dang (PSI), Towards an NEA HRA Data Exchange – a technical roadmap (presentation 
only) 

This contribution (presentation only) presented an overview and highlighted aspects of the technical 
roadmap and recommendations from WGRISK task report, “HRA Data and Recommended Actions to 
Support the Collection and Exchange of HRA Data Report of WGRisk” (NEA/CSNI/R(2008)9). 

- One challenge is to provide sufficient information concerning the performance context so as to support 
the analysis of the information by external users while addressing privacy and confidentiality issues. When 
dealing with human performance, an assessment of the applicability of the data may often require 
information concerning the technical features of the NPP, the procedural guidance and related training 

- A second challenge is to ensure that the workload associated with the collection of HRA data is moderate. 
The expertise of the training instructors and their active involvement is an essential input to simulator 
studies. Focusing on the synergies between training and HRA data collection, i.e., ensuring that the data 
and findings are useful for training and operations, can help to ensure this support. 

The basic HRA data framework proposed in NEA/CSNI/R(2008)9 was presented. The framework focuses 
on the performance of one or more crews within a given NPP scenario. Consequently, a composite data 
“entry” has 6 main parts:  1) scenario information, 2) procedural paths (nominal and observed), 3) key 
operator responses and actions (including their timing and compared to PSA and training staff 
expectations, 4) observed performance difficulties and their resolution, 5) safety-related insights drawn 
from the observations, and 6) a plant profile. The presentation and report identify at a general the 
information to be provided for each of these parts. The framework envisions the plant profile as an 
anonymized description of the plant design and features, its procedures, crew organization, and 
performances practices and norms. The plant profile is envisioned as a reusable description of the plant that 
is sufficient to interpret the data provided under Sections 1-5. One of the challenges is to define a minimal 
profile that fulfills the need of the data users. 
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2.2 P. Le Bot, H. Pesme (EDF R&D) Main Issues About HRA Data Exchange (presentation only) 

This contribution highlights some of the technical options related to key aspects of defining an HRA data 
exchange and provides some insights on these options. The presentation identifies two sets of issues. The 
first set of issues relates to the data itself while the second set concerns the exchange of data. Two uses of 
data are distinguished:  one use is as an input to the design of an HRA method, e.g., what are the 
performance factors the method should consider? What failure mechanisms should be addressed by the 
method? A second use of data is an an input to a method application, i.e. when an HRA is performed. In 
collecting the data through observation, the key questions are whether to focus on performance or failure. 
Focusing on performance may mean, for instance, examining when and how tasks are performed. If failure 
is the focus of observation, a definition for failure is needed. Although failure is sometimes defined as a 
deviation from the expected behavior, this definition is problematic in that the expected behavior can be 
difficult to define and that the expected behavior may only be one path to success. With such a definition, 
the quality of the data dependent on the quality of the expectations and alternative success paths may be 
classed as failure sinc ethey deviate from the expectations. On the other hand, if failure is defined as non-
completion of a requirement related to preventing core damage, the experience shows that very few 
failures may be observed. One conclusion is that the objective of data collection may be to obtain data on 
potential failure mechanisms rather than on counting unrecovered errors.  

With regard to data exchange, it was noted that an important question is the applicability of human 
performance data from other facilities to a given facility. For equipment or component data, there is some 
consensus on what constitutes similar components and similar operational conditions, which allows for the 
aggregation of data. For human reliability, the criteria for similarities need to be further explored given the 
many diverse factors that influence the performance of NPP emergency tasks. It was noted that the various 
forms of human reliability data are currently used primarily as a basis for expert judgment rather than as an 
input to an HRA application. Even when similarity of performance conditions can be established, the use 
of others’ data as an input to an HRA application requires that the same method or model are being used. 
One conclusion is that data exchange may initially focus on potential performance, e.g. insights on 
elements of failing operation or failure mechanisms at the crew level, with the aim to inform HRA analysts 
in terms of how crews may potentially fail. 

 

2.3 S. Massaiu (OECD Halden Reactor Project), Simulator Studies for HRA: the HAMMLAB 
Experience 

This contribution provides an overview of the simulator studies performed with HRA objectives at the 
OECD Halden Reactor Project since the mid-1990s. These studies make up only one type of use of the 
HAMMLAB experimental simulator facility; the other uses of the facility relate to human-machine 
interface development and validation and human factors research. One implication noted by the paper is 
that there are two main alternatives in the designs of the simulator study:  the classical hypothesis testing 
rooted in experimental psychology and human factors and the active observational approach. Among the 
advantages of the former are the capability to establish causal relations and factor interactions and a well-
established methodology for data analysis. When applied to realistic simulations of a complex socio-
technical system such as nuclear power plant control room operations, there are challenges to the construct 
validity of causes and effects, difficulties with isolating and varying the independent variables, and control 
of the scenario and performance conditions subsequent to the crews initial interventions on the system. In 
contrast, the active observational approach can fulfill a range of research types from exploratory, 
descriptive, and causal. The disadvantages relate to the demanding levels of multi-discipline expertise and 
resources for the analysis and interpretation of results and challenges. In practice, the design of a simulator 
study can vary in a continuum defined by these points and analyses of a given experiment can be 



NEA/CSNI/R(2012)1 

 34

performed from both perspectives. Finally, in the context of human performance in nuclear operations, 
subjective judgments will be required in the frame of either type of study. 

With regard to the data, the presentation distinguishes among three levels of data that can be produced in 
simulator studies. These levels range from empirical data that tends to be simulation-specific to operational 
knowledge at an intermediate level to human factors knowledge at a more generic level. Examples of 
empirical data are time responses for specific tasks, the failure rates of HFEs, and the performance shaping 
factors for these; these are simulation-and context-specific.  Operational knowledge includes narratives of 
crew performance, insights from observed operation, and patterns of operation; it is simulation-specific but 
its qualitative character allows users to infer the relevance of the observations to other contexts. Human 
factors knowledge is operational information and knowledge organized and generalized through human 
factors theories, models, and relationships. It is worth noting that the distinction among these levels is not 
necessarily one of raw, objective data vs. interpreted data. These types of data also differ in terms of 
simulation specificity (how much they depend on the given plant, crew, scenario, procedures, interfaces), 
format (qualitative vs. quantitative), and integration into theory (observation and descrriptions vs. model-
based explanations). 

 

Session 3: Assessing Performance in the Simulator from an HRA Viewpoint 

The contributions to Session 3 focused on the actual data collection during the simulator session. They 
addressed the methodologies for the observation of the sessions, analysis of data, and evaluation of the 
performance, the limitations and potential biases that influence simulator data, and summarized approaches 
to counteract these issues. 

 

3.1 M.C. Kim (KAERI), Experience in Measuring the Performance of Main Control Room 
Operators in Nuclear Power Plants during Simulated Abnormal Situations 

This contribution presents the types of data and methods used to measure the performance of control room 
crews in a series of studies at KAERI during 2007-2009, involving 5 types of scenarios and 62 licensed 
crews. The applied methodology is an objective, event-based evaluation method, which can be contrasted 
with a subjective evaluation method, e.g. involving observer ratings and self-reported measures. In this 
event-based method, the crew actions on the plant, plant parameters, and communications are logged. In 
addition, a subjective workload was elicited from the operators after the simulator session. The 
performance assessment considered whether the crews performed the operations required by the abnormal 
operation procedures (AOPs), with an importance rating assigned to the individual operations by subject 
matter experts. A second element of the assessment addressed the performance time of the operations 
(from alarm onset to completion of the actions) in conjunction with communication log analysis. 

The presentation noted that for the examined scenarios, there were difficulties in determining performance 
criteria relevant for HRA. Most important operations were completed and the differences in the 
performance of the crews related to relatively minor operations that are not very critical in the management 
of the abnormal situations. In addition, criteria related to the performance of explicit and executable actions 
of the crew were easier to judge than, for instance, whether the team considered a given action. Also, the 
information from field operators was very important in managing abnormal situations as well as the 
mitigation actions performed by these operators. It was noted that although generally similar, the 
interactions between the crews and the instructors who played the roles of all field operators differed 
slightly in details. These differences in the amount and form of information received from the field 
operators (represented by the instructors) were a challenge for the assessment of crew performance. In 
conclusion, the paper notes that even with a performance assessment based on objectives measures, there 
were issues with measuring team performance ranging from the definition of the performance standards to 
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the actual analyses. Many other factors, which cannot be included in the predefined criteria, need to be 
considered in the assessment, and suggest that a combination of objective and subjective evaluation is 
necessary. 

 

3.2 H. Pesme, P. Le Bot (EDF R&D), Collecting Simulators Data for HRA: EDF Methodologies 

This contribution presents the EDF methodologies for HRA data collection in the simulator. The scope of 
the methodologies range from the organization of the simulator sessions, the collection of observation and 
debriefing data, the data analysis, and the storage of data in a database with the aim to support the 
application of the MERMOS method. It is noted that the data collection methodology is highly related to 
the HRA method which will use the data; consequently, the data collection methods at EDF have evolved 
with changing needs. Initially, the data needs related to collecting data specific to the EDF “reality”. 
Subsequently, the needs focused on data suitable for the N4 series of NPPs and for the development of the 
MERMOS method. Since 2003, HRA data collection is a regular program of the R&D department and the 
engineering departments. Its aims are to develop the expertise of HRA analysts, the reliability of the HRA 
analyses, and to continually update the HRA data to account for changes in the procedures, organization, 
process, and other aspects of operations. 

The presentation noted that some key aspects of the suitability of simulator observations for HRA include:  
full-scale simulators, sessions dedicated for HRA or training sessions with licensed crews, scenarios close 
to PSA (but plausible), no interruptions of the sessions, and measures to limit biases (see also the EDF 
presentation introducing the Discussion portion of this session). Participation to the debriefing of the teams 
is also needed as an element of the observations and data analysis. While video recording is used for 
dedicated sessions and for research purposes, it is not otherwise used, in order to limit the data analysis 
effort. The methodology distinguishes between the simulator observations, which may include “small 
failures”, and the HRA data and HRA results stored in a database. The HRA data are syntheses of the 
observations based on a model of accidents and expert judgment, which identify the components of 
potential “big failures” (failures at the human factor mission (or HFE) level). The HRA database also 
includes HRA results in the form of the analyses of the potential HFE-level failures and their probabilities. 

The presentation discussed examples of the MERMOS database elements. At the level of the collected 
data, these consist of the orientations and configurations of the crews observed for the HF missions, 
information on specific contexts and individual errors associated with the HF missions, important actions 
and the associated response times. In conclusion, it was noted that simulator observations are the most 
suitable material for post-accidental HRA. At the same time, EDF is convinced that statistical approaches 
for HRA are not the most relevant methods. Instead, the emphasis of simulator observations is on 
improving and informing expert judgement related to cues linked to the HRA method.  

 

3.3 B. Hallbert (INL), Empirical Performance Data and Human Reliability Analysis (presentation 
only) 

This presentation addresses the relationship between human performance data, which are readily available 
from operator training and qualification, and human reliability. The intensive usage of full-scope 
simulators for training means that this is potentially an important source of data; however, this usage does 
not focus on HRA. Training is conducted to ensure or verify that performance is within accepted standards 
and remains within the limit state whereas HRA aims to predict the conditions, feasibility, and probability 
of reaching or exceeding the limit state. Consequently, for HRA, data are needed from PRA-relevant 
contexts that include limit state conditions. These data should sample performance conditions that drive 
reliability (e.g. performance shaping factors, common performance conditions, etc), include HFEs of 
interest. They need to describe objective performance (what/when), provide subjective insights (why, 
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how), and show the sensitivity of the plant response to human performance. Such data could then be used 
to empirically derive limit state curves for different contexts. 

Human performance data is defined to include objective measures, which include control actions that are 
carried out, acknowledgements, procedure entry and in effect, and the decision points and solution path. 
Such measures can be corroborated by event log data and require modest interpretation. Secondly, the data 
includes plant parameter behaviors. Here, there is a need to define “what is normal for this plant” though 
crew performance in a base or nominal case and to examine the sensitivity of the plant paramters to actions 
and their timing, degraded PSFs of relevance, and additinal contexts and cues provided by the HFE. A 
third element of the data are the descriptions and assessments of performance. In this regard, the 
constitution of ‘failures’ is critical. These should not be deviations (from an expectation) nor artifacts of 
the experiment. In addition, recovered failures need to be differentiated from unrecovered failures. The 
performance assessment or analysis should relate to the ‘limit state’. A fourth type of data are the 
subjective measures, which explain performance in terms of the cognition, dynamics, and the observed 
abilities and limitations of crew members. These subjective measures can be validated via other 
performance measures and self-reports. 

In conclusion, the presentation expresses an interest in an international working group focusing on method 
and activities to support data exchange, where the data on relevant performance contexts are collected 
according to open standards. These efforts are seen as supporting the longer-term resolution of HRA issues 
such as the validity of the human performance models used in HRA, the improvement of guidance and 
training for HRA practitioners, the development of a consensus on performance measures, and the further 
advancement of PRA technologies. 

 

3.4 V. Fauchille (IRSN), Can we trust simulator data for HRA purposes? 

This contribution discusses the main limitations and potential biases associated with data collected in full-
scope simulators. (The paper and presentation group both limitations and biases under the heading of 
biases.) In terms of biases, the primary biases are that the operators know that they have to mitigate an 
incident and that they may anticipate that many components will fail and possibly which one may fail. In 
general, it is difficult to produce a surprise effect as an incident occuring during everyday activity. 
However, the limited experience from real incidents or accidents, in terms of applying the emergency 
operating procedures (EOPs) “in full” means that HRA teams need to rely on simulator data to build HRA 
models.  

Other limitations of simulator studies to be considered include the inability to reproduce the “atmosphere” 
of an incident, in particular with external hazards such as fire and flooding; the treatment of actions outside 
the control room; long-term actions, e.g. in extended time frames; and technical limitations of the simulator 
thermal-hydraulic models to address plant states with an open vessel and after core damage. For the actions 
outside the control room, the performance, timing and potential failure of these actions (by the field 
operators) are of interest, as well as the interaction of the control room with the field operators. A 
simulation study of a fire scenario involving both a main control room crew and field operators yielded 
different mean performance times for actions in the electrical equipment rooms compared to those in the 
nuclear auxiliary building (due both to the difficulty of the tasks as well as the clothing requirements). A 
few actions required 45 minutes to one hour. These results reinforce the need to pay attention to the 
assumptions and modeling of these actions in the PSA. To balance the analysis of simulator issues, the 
experience of an actual steam generator tube rupture was compared to the results of simulated SGTRs. 
These comparisons showed the timing of three key actions in the simulator runs were quite close to the 
experienced event:  partial isolation of the affected steam generator, manual reactor trip, and complete 
isolation of the ruptured SG (respectively, 7min30s simulated vs 8 min. in the event; 29 min. vs. 33 min.; 
and 31 vs 35 min.) 
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Session 4: Improving HRA Methods with Data 

The contributions in this session focus on past applications of simulator study data to enhance or develop 
HRA methodology. The papers dealt with method benchmarking based on simulator data, insights on 
communication-related performance obtained inthe simulator, Bayesian data analysis to support the 
estimation of probabilities of recovering Errors of Commission (EOCs), and the data-based validation of 
PSF multipliers in a proof-of-concept study. 

 

4.1 A. Bye, S. Massaiu (OECD Halden Reactor Project), V.N. Dang (PSI), J. Forester (SNL), The 
International HRA Empirical Study – Utilizing HAMMLAB Simulator Data to Evaluate HRA 
Methods 

The International HRA Empirical Study is a recent benchmark of HRA methods in which the predictions 
obtained with the methods were compared against reference data from a simulator study in Halden’s 
HAMMLAB facility. This contribution focuses on the collection and analysis of the simulator data in the 
frame of the benchmark and its use in the assessments of the methods. The comparisons and method 
assessments addressed both the qualitative and quantitative elements of the predictions. The qualitative 
elements refer to the performance issues and difficulties: what elements of the scenario and task make 
performance more error-prone and how are these issues reflected in operational terms?  The quantitative 
elements relate to the level of performance:  how much will these issues affect performance or how many 
crew performances will show these difficulties? In HRA terms, these translate to the rationale or basis for 
the failure probability and the failure probability, respectively. Accordingly, the data collection and 
analysis are structured to support both. 

In the data collection, the observations or raw data collected for each crew during the scenarios include the 
simulator logs, observer logs and other on-line comments related to communication and teamwork, and 
audio/video recordings. On-line performance ratings, observer ratings, crew self-ratings and post-session 
debriefings add further elements concerning the performance of individual crews. In a first data analysis 
stage, these diverse sources of information are analyzed and integrated to describe the performance of the 
crew relative to the tasks or Human Failure Events (HFEs) of interest for the scenario, with the aim of a 
detailed understanding of what the team did, when, and why. In a second stage, the individual 
performances, factors, and narratives are aggregated over the individual crews and expressed in a form that 
allows comparison with HRA predictions: an overall performance level and difficulty of the HFEs and the 
main factors that drive the performance level, the Performance Shaping Factors (PSFs) in HRA 
terminology. The data analysis of the aggregate performance level, i.e. the outcome, for the HFE involves a 
combination of objective indicators of performance, e.g. related to plant parameters, and subjective 
evaluations, e.g. of the crew’s understanding of the plant events. The latter, in particular, were subject to 
review within the simulator study and assessment teams to arrive at a consensus for the reference data. 
Analyzing the data to identify the main influences on the performance level involves several challenges. 
First, the crew performance level and HFE difficulty (observable in the simulation) need to be correlated 
with the probability of failure (outcome of the HRA and not always observable). Second, the rationale for 
each crews’ actions may not always be conclusively determined, in spite of the richness of the raw data. 
Third, a causal relationship between a performance factor and the actions and outcomes may not be 
observable in all cases.  

The data analysis approach developed for the HRA Empirical Study added elements to the typical 
simulator study data collection approach (or set of approaches) to support specifically HRA method 
assessment. By treating both the performance factors and the operational narratives, the reference data 
obtained from the simulator study could be used to address the “qualitative” predictions of the HRA 
methods concerning the reasons for the performance level, i.e. the HFE failure probability. Secondly, the 
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reference data could be used to assess both PSF-based HRA methods and new methods that emphasize 
failure narratives. 

 

4.2 M. Juhasz, J.K. Soos (Budapest Univ. of Techn. and Economics), Indicators of Operator Teams’ 
Efficient Communication: Simulation Study in NPP Control Room 

Ths contribution presents a simulator study of crew communications during an abnormal scenario in a 
nuclear power plant. The study focuses on identifying and understanding the key communication behaviors 
that support team situation assessment and response planning. The study involved 16 crews of 6 operators 
from the Paks NPP responding to a scenario in which a turbine unit trips during a live switchover test. The 
data were collected in the plant’s training simulator. The scenario, with an average duration of 35 minutes, 
consists of three phases. During the middle phase, in which the turbine trips unexpectedly, the task load 
rises to its peak; in the initial and final phases, the workload is moderate. The communications of the crew 
were analyzed in terms of the communication dimensions used in other similar environments. The type of 
content, its orientation, and characteristics of two-way communications were addressed. Some of the 
dimensions used included open vs. closed questions; the time focus of information on past, present, or 
future; simple affirmations vs. affirmations with additional information; and coherence based on turn-
taking.  The character of communications as described by these dimensions were related to team 
performance, which was assessed on the basis of instructor evaluations at the individual and team levels, 
and to the scenario phases and task load levels. These results provide both indications of how 
communications within crews change in response to task load as well as of relationships between 
communication behaviors and team performance.  

 

4.3 B. Reer (ENSI), Bayesian Analysis of Data on the Recovery of Errors of Commission 

This contribution presents an approach for quantifying the probability of the failure of recovery for Errors 
of Commission (EOCs). In order to use a very limited number of EOC cases (n=25) as a basis for the 
quantification, a reliability index is established and calibrated using a Bayesian analysis. The studies rely 
overall on a set of 29 operational events during which the plant status was aggravated by an EOC. In four 
events, there were no opportunities for recovery. In the remaining 25 events, there were cases where the 
crews recovered successfully as well as failures of recovery. These events provide evidence for key 
recovery factors and their impact on the recovery failure probability. Three factors were identified: 
shortage of time, difficulty of diagnosis, and difficulty of execution. If three-level scales (yes, probable, 
no) are defined for each of the three factors, there are 27 possible recovery contexts. An adapted paired-
comparisons process is then applied to rank these contexts, which are then subsequently grouped into one 
of four reliability index values. The index ranges from 0, for the EOC recovery contexts where the 
recovery is most likely to fail, up to 4, for the contexts with the highest probability of success.   

 

4.4 J. Kubicek (NRI Řež plc), Using Human Event Data to Validate PSF Multipliers: A Proof-of-
Concept Study 

This contribution presents a methodology and proof-of-concept for data-driven validation of the multipliers 
modeling the impact of Performance Shaping Factors (PSFs). For PSF-based methods, providing more 
accurate PSF multipliers is an important prerequisite for improving HEP estimates. Based on the lessons 
learned from this exercise, the paper presents requirements and recommendations for using data from 
simulators and event databases for the purpose of PSF validation. 

The data sources used in the analysis included the US-NRC HERA database and a modified version of 
HERA containing data from simulator experiments conducted at the Halden Man-Machine Laboratory. 
The process of PSFs multiplier evaluation is described. The paper notes issues with the statistical power 
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and the representativness of the data, the aim was to test the feasibility of the approach and to understand 
the requirements and limitations involved (e.g., what kind of data is necessary for the analysis). 
Consequently, the calculations of PSF multipliers are intended to illustrate the application of the proposed 
concept only. The paper describes the benefits of the proposed approach as well as problems and 
limitations. Although the study suggests that the data stored in the mentioned databases is of sufficient 
quality for validation of PSF multipliers, some improvements would be helpful. Since the HERA database 
currently does not include information concerning situations when human errors did not occur, it is very 
difficult to use it for quantitative assessment of human reliability directly. On the other hand, simulator 
databases include information regarding both human errors and human successes so the proposed concept 
can be easily applied to this data.  

Session 5: Storing HRA data for Re-use and Exchange 

The one contribution presented in this session is oriented to the future. It should be stressed that the topic 
of storing HRA data for use over time is also addressed in the first three papers of Session 1 as well as in 
other contributions, which have addressed past and on-going data collection efforts and the methodologies 
applied in these efforts. 

 

5.1 Y. James Chang (US NRC), The HERA Database – Status and Outlook for Supporting HRA 
Applications 

This contribution presents the on-going development of the U.S. Nuclear Regulatory Commission (NRC) 
Human Event Repository and Analysis (HERA) system. In addition to several areas of improvement based 
on the experience with the use of HERA over the past few years, there are on-going activities to enhance 
HERA in order to better support HEP predictions. The presentation emphasized the need to organize the 
collection and exchange of simulator data for HRA as part of an overall HRA data program. It identifies 
three key elements: data sources, data repository, and use of data. Beginning with the overall objective, 
using the collected data to support HEP prediction, the conceptual approach and specific methods for using 
the data determine what is needed in the data repository. In this case, the data repository is HERA; 
naturally, such considerations would apply to an international repository as well. The requirements on the 
content of the data repository in turn influence the evaluation of the various sources of HRA data that may 
be considered. The paper presents a summary review of data sources, noting that simulator studies are 
among one of the more cost-effective data sources, in particular, when compared to (licensee) event 
reports. The HERA data taxonomy and supporting tool are currently being revised to support the 
framework. These efforts are intended to make HERA a useful, practical tool not only for the exchange and 
use of human performance data from simulators but also for data from other sources. 
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4. WORKSHOP CONCLUSIONS AND RECOMMENDATIONS 

The results of the workshop are summarized in the following sections: 

• current status and priorities in the participants’ countries with respect to HRA data collection,  

• a high-level summary of the experience and good practices discussed at the workshop,  

• the insights on the technical issues for HRA data collection and exchange resulting from the 
workshop, and  

• outlook and overall recommendations. 

4.1. Current status and priorities 

• For HRA applications, observations of crew performance in simulated emergencies are an important 
input. An informal survey of the workshop participants showed that there was a consensus that 
simulator data is or should be an important, essential, or critical component of HRA practice. 

o For HRA practitioners, the most important output of simulator studies are insights on the 
performance of the crews of the PSA reference plant. 

o Simulator studies and data are also very useful in evaluating and improving existing HRA 
methods and models.  

• Some participants are performing domestic simulator studies for HRA; other participants are planning 
such studies.   

o The main objectives of these studies are to support an HRA application by collecting 
qualitative data on PSA scenario contexts, qualitative data on crew/operator behaviors, and 
crew time response data.  

• Aside from HRA uses, many participants also agreed it would be important to exchange information 
on human performance issues identified in simulator studies and to have further discussions regarding 
coordinated studies of shared issues.   

o Simulator studies may identify human performance issues that may be relevant for other NPPs, 
including issues associated with specific PSA scenarios, with required actions, and with 
procedures. 

o At a more general level, information related to crew behaviors and tendencies are also of 
interest. Examples include communication practices or specific features or characteristics of 
procedures, such as their structure. 

• Simulator data is regarded as an important complement to operational experience data.  
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4.2. Experience and good practices 

• A common trait of the past and on-going HRA data collection projects is that they are primarily 
intended for internal use within the organization that is collecting the data.  

o An HRA data exchange activity will likely introduce additional requirements and constraints 
that may not apply to this “own” use of data. 

o The usability of external data is related to the availability of sufficient information on the plant 
context such that the applicability of the data to different plants and situations may be 
determined. 

• For past and current HRA data collection programs, the intended use of the data has been an important 
factor in designing the data collection. Several organizations have also tested their data collection 
approaches and, in efforts to apply the data, confronted data usability issues; the feedback from this 
experience has been incorporated into each organization’s data collection methods. 

• There is significant experience on collecting HRA data in simulators, from which good practices may 
be drawn. These good practices include: 

o Use regular training sessions to minimize cost 

o Ensure that the training scenarios used for data collection are PSA-relevant. Design scenarios that 
challenge the crews but it is important to ensure scenario plausibility; for example, scenarios with 
large numbers of failures need to be credible. 

o Develop a data collection taxonomy and a data analysis methodology beforehand to ensure a 
systematic process 

o Distinguish between errors and deviations when meaningful, the guiding principle being their 
relevance to PSA success criteria 

o Ensure the data collection includes team communications (within the control room, as well as with 
external team members) 

o Ensure collection and analysis of success data 

o Ensure that a multi-disciplinary team (including plant operators, training staff, and HRA, Human 
Factors, and PSA specialists,) is involved in the performance of the studies 

o Use data with care – context (including plant- as well as country-specific conditions) is important; 
recognize limitations and potential biases of simulator studies  

o Recognize that simulator time is normally devoted to operator training and not to inform HRA. 
Meeting the needs of HRA requires modification of existing protocols or additional protocols. The 
alternative is to complement data collection during such training sessions with simulator sessions 
dedicated to HRA data collection.  

o Complement simulator data with operational experience 

• At the international level, a number of past and on-going efforts within the Joint Programme of the 
OECD Halden Reactor Project provide results and insights relevant to HRA data exchange. The recent 
International HRA Empirical Study has been a major milestone for simulator studies for HRA. Further 
relevant work addresses the generalizability of data and insights from the HAMMLAB research 
simulator facility, characterization of context of earlier studies, and organizational/cultural effects on 
behavior. 
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Further technical observations 

• Potential biases in HRA data collected in simulator studies are an important concern. The experience 
shows that there are effective methodological counter-measures to address many of these biases.  

o Running scenarios of varying severity, i.e. including “easy” scenarios, for instance, is a 
counter-measure for the potential bias of the crews’ response and performance introduced 
when they systematically expect the worst in simulated emergencies. (Further examples are 
briefly listed in the summary of the Session 3 discussion.) 

• In some of the past data collection programs, there was an observed tendency, with time and 
experience, to shift the emphasis from quantitative data, especially in the form of time response data, to 
qualitative data. 

• Qualitative data will generally be applicable to a broader range of users than quantitative data, because 
they remain applicable and useful even when the plant types and other context factors (between the 
collecting organization and those organizations that will use the data) may not match. 

4.3. Data collection and exchange in the context of jointly addressing HRA data needs 

• While there has been some learning across earlier HRA data collection programs, these programs have 
largely been independent and have had different objectives. The objective or intended use has a 
significant impact on the preferred type of data, the definition of these data, data requirements, and the 
frameworks for storing these data (data fields, structure of data, etc.).  

• Many types of data are needed for HRA, reflecting not only the methods in use but also the diverse 
objectives of safety studies and study updates.  

o Some examples of types of data include the time to accomplish a task, failure counts, scenario-
specific challenges for crews, and crew operational strategies in specific scenarios. 

o It is important to distinguish between plant-specific data, representing behavior in a specific 
plant or group of similar plants, and generic data representing the behavioral tendencies of 
nuclear power plant crews in general types of response situations. 

o Different user groups will have interest in plant-specific as well as generic data. However, the 
interest in more specific data will be primarily limited to those with “similar” plants.   

o Technically, defining “similarity” when human performance is involved is challenging. It goes 
beyond plant type to control room design, operator, procedures, conduct of operations, and 
organizational characteristics.  

o In addition, differences in the HRA methods employed by the users from the similar plants 
could potentially limit the usefulness of the collected data. 

• To achieve broad-based support for an HRA data exchange, this diversity of needs will need to be 
addressed. One of the technical challenges is the structuring of the data at the multiple levels relevant 
to these needs. These levels form a hierarchy from the performance of specific accident response tasks, 
to the overall response to initiating events, and up to the behavioral tendencies relevant to safety-
related human performance.  

• Member country programs for HRA-related simulator studies are a high-priority prerequisite for HRA 
data exchange.  

o While many participants are planning such studies, relatively few organizations currently have 
on-going programs.  
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o There was a clear interest for further exchange of information on effective methodologies for 
these types of simulator studies.  

• Generic data and insights on the “mechanisms” underlying potential failures are likely to be useful to 
many practitioners. These relate to the patterns of interactions among the crew, their training, the 
procedures, and the human-machine interface that may lead to failures. 

• The concept of “operational expressions” developed in the International HRA Empirical Study may be 
a potential way to transform the results of qualitative analyses for specific plants to other plants and 
other types of scenarios.  Operational expressions refer to how the control room crews respond to the 
scenario and succeed or fail.  

4.4. Outlook and overall recommendations 

• The participants agreed there should be further exchanges on effective methodologies for collecting 
and using simulator data for HRA purposes. 

• A common document on requirements and methods for simulator studies and the collection of HRA 
data would be valuable. In a survey of the participants, all expressed agreement with the value of such 
a common guideline document. 

o Such a document would support both domestic studies and an international HRA data 
exchange initiative.  

o The document would incorporate and highlight best practices and reduce the steepness of the 
learning curve for organizations that are starting (or considering to start) data collection 
programs. 

o The implementation of the guidelines in domestic simulator studies would generate a body of 
consistently collected data that would be available for potential exchanges. 

• A pilot exchange project would help to identify and better define the types of data to prioritize in an 
international data exchange.   

o Data at multiple levels (specific actions, responses to initiating events, and generic tendencies) 
are of interest for HRA. 

o Such a project would also make the potential benefits of a data exchange more visible to plant 
owners/operators. 

o Several proposals were presented and need to be further discussed. However, no consensus 
was reached, partly because the wide variety of HRA methods used by the participants lead to 
diverse data needs (e.g., regarding data types and formats). Moreover, a data exchange is likely 
to need to provide both generic and specific data, recognizing that some types of data may only 
be applicable to plants that are similar technically as well as in terms of emergency 
organization and procedures and that such groups of similar plants may be small. 

o A hurdle for a pilot project is that many of the workshop participants were from regulatory 
agencies and research institutes, and do not own the simulator data.  On the other hand, the 
project would require a broad range of expertise in developing and testing the methodologies. 

o Further discussion is needed to develop a concrete proposal that can be provided to plant 
owners/operators for consideration. 

• Workshop attendees from 7 of the 10 participating countries indicated that, aside from HRA purposes, 
they were motivated to obtain simulator data from other organizations in order to identify safety-
related human performance issues or study common issues. 
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APPENDIX A – APPROVED CSNI ACTIVITY PROPOSAL SHEET (CAPS) 
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APPENDIX B – WORKSHOP ANNOUNCEMENT (FINAL) 
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APPENDIX C – LIST OF PARTICIPANTS 
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APPENDIX D – FINAL WORKSHOP PROGRAM 
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APPENDIX E – SURVEY QUESTIONS 

 

The questions presented below were used in an interactive, roundtable survey of the workshop 
participants.  
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Session 1 

HRA Data Collection in Simulators: Programs and experience 

 

Chair: B. Hallbert (Idaho National Laboratory, USA) 

 

1.1 Simulator Data Collection for HRA Purposes at NPP Paks, Hungary 

 Attila BAREITH, Zoltán KARSA 
 NUBIKI Nuclear Safety Research Institute, Budapest, Hungary 

1.2 EDF experience in running simulators studies and collecting data for HRA 

 Pierre LE BOT, Helene PESME 
 EDF R&D, Industrial Risk Management Department, Clamart, France 
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1.4 Development of the Guideline for the HRA Data Collection and Evaluation Using Simulator 
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Discussion – Successful practices for HRA data collection in simulators 
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Session 2 

Envisioning an HRA Data Project – a sketch and roadmaps 

 

Chair: A. Bareith (Nubiki, Hungary) 

 

2.1 Towards an NEA HRA data exchange 

A - The NEA Data Projects for PRA – an overview 
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 Abdallah AMRI 
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 Vinh N. DANG 
 Paul Scherrer Institute, Switzerland 
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 P. LE BOT 
 EDF R&D, Industrial Risk Management Department, Clamart, France 

2.3 Simulator Studies for HRA: the HAMMLAB Experience 

 Salvatore MASSAIU 
 OECD Halden Reactor Project, Norway 

  

Discussion – HRA Data: different users and their needs  
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Session 3 
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Chair: A. Bye (Halden Reactor Project, OECD) 

 

3.1 Experience in Measuring the Performance of Main Control Room Operators in Nuclear 
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 Man Cheol KIM 
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3.2 Collecting Simulators Data for HRA : EDF Methodology 
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Discussion – How does the HRA viewpoint influence simulator studies? 
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Session 4 
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HRA Methods 
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 Jan Kubicek 
 Nuclear Research Institute Řež plc, Czech Republic 
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5.1 The HERA Database – Status and Outlook for Supporting HRA Applications 

 Y. James Chang 
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Discussion – Getting the data to the users (HRA analysts and developers) 
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Simulator Data Collection for HRA Purposes at NPP Paks, Hungary 
 
 

Attila Bareith, Zoltán Karsa 
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bareith@nubiki.hu 

 
 
Abstract 
 
Observations of crew operations during emergency responses to plant transients were made at the full 
scope replica training simulator of the Paks NPP in Hungary in support of HRA developments and 
applications in the PSA study of the plant. Each of the 24 for main control room crews at the plant were 
exposed to 12 PSA related plant transients of varying complexity. The main objectives of the simulator 
studies were to collect information directly useful for HRA and to obtain insights into operator and crew 
behaviour when combating plant transients. The simulator exercises were conducted in three distinct 
phases between 1992 and 2005. Analysis of simulator data included statistical data analysis, analysis of 
response times, development of a causal hierarchy for operator errors and deviations from the expected 
strategy, as well as a partial review of scenario details from the video records. The results of data analysis 
from the first two experimental phases could be used in combination with expert opinion to construct a 
model representing the relationship between important influences on performance and the probability of a 
human error. Use was made of this model in the level 1 PSA for Paks. The data analysis results from the 
third experimental phase helped to gain an understanding of how deviations from the expected procedural 
response might develop. The full HRA process for human failure events during post-initiator responses 
was updated by making use of this understanding. This updated HRA has been applied in the current Paks 
PSA. 
This paper gives an overview of the simulator data collection exercises at NPP Paks. The experimental 
objectives are discussed. Design of scenarios, development of data collection methods and tools, as well as 
set-up of data collection sessions are briefly summarised. Examples are given on the types of data 
collected. Important features of data analysis are highlighted together with some analysis results. Use of 
the processed data for HRA is briefly described and evaluated. As a concluding remark, a few further 
developmental needs are identified. 
 
Introduction 
 
Observations of crew operations during emergency responses to plant transients were made at the full 
scope replica training simulator of the Paks NPP in Hungary in support of HRA developments and 
applications in the PSA study of the plant. Each of the 24 for main control room crews at the plant were 
exposed to 12 PSA related plant transients of varying complexity. The observations covered almost 300 
simulator exercises. 
 
System and human responses to the transients together with the important process parameters were 
captured using computerised data collection and video recording. Additionally, an observer team – made 
up of PSA/HRA experts, psychologists, and training personnel – collected information on key pre-selected 
operator interventions and made a subjective assessment of the effect of underlying influences on 
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performance with respect to the success of individual actions and overall crew performance. The simulator 
exercises were conducted in three distinct phases between 1992 and 2005. Following is a concise 
description of the simulator observations at Paks, the uses of results from data collection and analysis with 
focus on HRA and the summary conclusions that could be drawn from the data collection exercises. 
 
1. Description of Paks data collection sessions 
 
1.1. Objectives 
 
The general objectives of the simulator studies were to collect information directly useful for HRA and to 
obtain insights into operator and crew behaviour when combating plant transients. More specific objectives 
were defined for the different phases of the simulator studies as described below. 
 
During preparation for the first experimental phase it was conceptualised that an improved and extended 
version of the earlier operator reliability experiments (ORE) project3 of the Electric Power Research 
Institute (EPRI), USA would be applied with the following experimental goals: 
1. Adapt and improve the data collection methodology developed in the ORE project. 
2. Establish a data base to help human reliability analysis in the Paks PSA. 
3. Analyse the database for quantification of human interactions considered in the Paks PSA. 
 
In addition to these objectives, the experiments were also envisaged to yield some insights useful for the 
Paks NPP in support of safety improvement in the areas of operator training, use of procedures and man-
machine interface. 
 
The experiments in the second experimental phase were primarily aimed at verifying the findings from the 
first set of data collection exercises and also to enable a more detailed evaluation of the underlying causal 
relationships in control room crew performance in support of safety improvements. Though the experience 
gained during the first study helped a lot in performing the second set of observations, the modified 
objectives substantially increased the complexity of the experiments, especially in terms of scenario design 
as well as development and use of data collection taxonomies. 
 
Event oriented emergency operating procedures were in use during the first two phases, while newly 
developed symptom-oriented procedures were introduced by the time of the third phase. Therefore, in the 
third experimental phase it was an important goal to gain an understanding of how procedural changes 
influenced the operation of the crews and, in particular, what kinds of observable causes might lead to 
deviations from optimal response pathways as laid down in the procedures.  
 
1.2. Participants 
 
The simulator experiments and the subsequent data analysis were performed as a joint effort of participants 
from  
− PSA/HRA analysts of VEIKI (NUBIKI), 
− NPP Paks, 
− the Technical University of Budapest, 
− supporting U.S. consultant. 
 
VEIKI was responsible for organisation and management of the data collection sessions. Three PSA 
analysts worked in the program. The Paks plant made the operating crews, the trainers, the simulator and 
                                                      
3 Spurgin, A. J. et al, :”Operator Reliability Experiments Using Power Plant Simulators”, EPRI NP-6937, Vol. 1 - 2, Project 2847-

1, Final Report, Electric Power Research Institute, Palo Alto, CA, USA, July 1990. 
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its associated equipment available for the purposes of the project. Three training instructors participated in 
the design of training scenarios and conducted the simulator sessions. Two additional engineers from the 
simulator developments section of the training department made a valuable contribution to data collection 
and analysis too. Also, two members from the PSA team of the plant took part in the exercises as 
observers. The Technical University delegated two human factors specialists with university degree in 
engineering from their Department of Ergonomics and Psychology during the first phase of the 
experiments. Both data collection and analysis were performed by the Hungarian participants, while a U.S 
expert who had had a leading role in the ORE study provided guidance and expertise as technical 
assistance, especially in the first two phases. 
 
1.3. Phases 
 
The operator reliability experiments at Paks were performed in three phases. Each phase consisted of three 
major stages according to the schedule given in Table 1. The data collection and analysis required 
approximately 15 man-years of effort in total, excluding the time of the plant operating personnel and the 
simulator staff. 
 

Table 1. Schedule of simulator data collection exercises at NPP Paks 
 

Stages Schedule 
Phase 1 Phase 2 Phase 3 

Stage 1 
Preparation for the experiments: 
− Design, development and test of 

scenarios 
− Training of observers 
− Development of data collection 

taxonomy and equipment for 
data collection  

Nov. 1991 – Aug. 
1992 Jan. – Oct. 1995 Mar. – Sep. 2003 

Stage 2 
− Pilot studies 
− Data collection at the Paks 

training simulator 

Sep. – Dec. 1992 Nov. – Dec. 1995 Jun. – Nov. 2004 

Stage 3 
− Analysis of plant data collected 
− Interpretation of analysis results 
− Use of data for HRA 

development/application 

Jan. – Dec. 1993 Jan. – Oct. 1996 Mar.. – Nov. 2005 

 
2. Approach 
 
The experiments were based on pre-selected and carefully designed plant transients. The main data 
collection task was to 
− monitor the responses of the Paks control room crews when coping with these simulated transients, 
− set up a data base with all plant and human responses, important parameter changes, 
− capture information useful for understanding crew operation and its determinants including what 

factors/conditions influence performance and how. 
During scenario design those expected operator responses were defined in detail that were the key targets 
of the observation including expected (procedural) responses as well as potential alternative operational 
strategies of the crews. The observation addressed the pre-selected responses as well as those factors that 
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were thought to be important influences on the success and effectiveness of or deviation from these 
responses. In order to gather all this information, proper tools had to be developed and used for data 
collection. These tools included purpose-specific data forms, computerised data collection systems and 
video taping. 
 
Selection and training of the observer team was also indispensable to a successful data collection. Since 
practically all the observers took part in the preparation process from the very beginning, their training was 
performed parallel to the design of the experiments. 
 
2.1. Selection and design of scenarios 
 
During the selection of plant transients for the data collection sessions both the main experimental 
objectives and the training requirements of the simulator department had to be taken into consideration.  
 
As regards the PSA/HRA developmental needs the following major requirements were taken into account: 
− The scenarios were to be chosen from the accident sequences modelled in the plant specific PSA study. 

There had to be a sufficient number of scenarios and key operator interactions for statistical data 
analysis. 

− To provide a useful data bank of crew performance the definition of at least three scenarios was 
considered to be necessary in each experimental phase with 3 to 5 key human interactions as a 
minimum. 

− It was considered that the selection of malfunctions (initiating events) with different severity of 
consequences representing primary side loss of coolant accidents (LOCAs), transients caused by 
secondary side breaks, and equipment failures could also serve PSA purposes. 

− Due to the nature of PSA, some of the initiating events needed to be supplemented by additional 
equipment unavailability so as to simulate complex event sequences with multiple failure events. 

− Variability had to be assured in the conditions and circumstances of the required operator actions to 
allow for comparative analysis of operator responses under varying situational characteristics. 

− From PSA point of view, it was desirable to design accident sequences to be complex enough to call 
for the interactions of all control room members and team work, which could help to draw conclusions 
over crew reliability as compared to the performance of an individual operator. 

 
Because of the fact that the experiments were carried out during the regular continuing training of the 
operators, the training needs necessarily took precedence over the PSA and HRA related experimental 
goals. Most importantly, it was a definite requirement from the plant management that the scope, 
objectives, structure and duration of the training program should not be modified substantially due to the 
experiments. 
 
In order to meet both the PSA/HRA objectives and the training needs, the program for the exercises was 
set up in the following steps: 
1. A proposal was made by the members of the PSA/HRA team on the main scenarios and operator 

interactions to be observed making use of the level 1 PSA model for Paks. 
2. The proposed scenarios were analysed by staff members of the Simulator Centre from the point of 

view of training requirements. Then a modified proposal was made jointly by the PSA team and the 
trainers on the scenarios. 

3. Using the selected main scenarios a preliminary plan of the exercises was outlined by the Simulator 
Centre. 

4. The key observation points (i.e., the responses to be observed) were jointly selected by the PSA team 
and the Simulator Centre by also considering review comments by the U.S. consultant. 

5. The training personnel finalised the design of scenarios by producing a detailed program and the 
associated instructors’ guides as well as lesson plans for the scenarios. 
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It is important to note that, unlike in the first two phases, the observation in the third phase was not focused 
merely on some pre-selected interactions and on the associated performance conditions. Rather, an attempt 
was made to explore to what extent the operators followed the so-called optimal recovery pathway laid 
down in the procedures and to identify deviations from the optimal strategy. 
 
Table 2 gives a summary list of the scenario definitions for the different phases of the observations. Of 
course, a detailed description was developed for each scenario that is not discussed further here due to its 
large extent. 
 

Table 2. Types of scenarios applied in Paks data collection 
 

Phase 1 Phase 2 Phase 3 
− Small size loss of coolant 

accident with loss of a diesel 
generator and a high pressure 
safety injection pump 

− Steam generator tube rupture 
with failure of main gate 
valve to isolate the affected 
loop 

− Simultaneous loss of 3 
reactor-coolant pumps 

− Feedwater line rupture outside 
containment with multiple 
failures of feedwater isolation 
valves 

− Inadvertent closure of main 
steam isolation valve and 
stuck open steam generator 
safety relief valve 

− Medium size loss of coolant 
accident with unavailable high 
pressure emergency core 
cooling pumps 

− Main steam line break with 
loss of feedwater supply due 
to adverse effects of high 
energy line break 

− Loss of electric load to self-
consumption. 

− Medium size loss of coolant 
accident with unavailable 
high-pressure emergency core 
cooling pumps 

− Main steam line break with 
loss of feedwater supply due 
to adverse effects of high 
energy line break 

− Multiple ruptures of steam 
generator tubes with stuck 
open steam generator safety 
relief valve 

− Loss of normal power supply 
from safety buses with 
degraded diesel generators 

 
After scenario definition a specification of operator interactions was developed for each scenario including: 
− definition of malfunctions, 
− description of plant symptoms along with the identification of control room displays (annunciators, 

parameter changes) or other cues demanding attention that the interaction(s) were about to begin, 
− identification of expected human action(s), i.e., crew response(s) to the cues. 
 
The purpose of the precise definition of key interactions was to make sure the observers could fully follow 
the sessions as well as collect and subsequently analyse data for the important operator responses and for 
the deviations from the expected operational strategies. 
 
A modified approach was used in the third experimental phase when the optimal (or nominal) pathway of 
emergency responses was determined for each sequence as required by the emergency operating 
procedures (EOPs). Extracts were made from the EOPs indicating all the procedural steps of an optimal 
pathway to help the observers follow the process of emergency operations by the crews. An exact match 
with the optimal pathway was considered nominal performance. The observations were focused primarily 
on the deviations from the nominal performance. 
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2.2. Development of data collection methods and tools 
 
2.2.1. Data collection taxonomy 
 
To generate a useful data bank in the first two phases data collection was focused on a number of areas 
considered to be meaningful with respect to: (1) modelling and quantification of human actions, (2) 
understanding the strengths and weaknesses of the crews, procedures, control and instrumentation. These 
areas were as follows: 
− chronology of simulated transients and detailed plant transient data, 
− operator/crew performance characteristics with focus on observable factors that influenced crew 

operation and responses, 
− errors and deviations from the expected operational strategy with associated observable causes, 
− crew competencies as assessed through “global” performance measures, 
− operators’ qualification, skills and experience, 
− video records. 
 
Data collection taxonomies were developed to cover all types of data in a structured and systematic manner 
during observation. In this process the important data attributes were defined and the data collection 
process and tools were designed to enable the capture of information in accordance with these attributes. 
 
The data available from the simulation computer could not in itself provide sufficient information for the 
purposes of the experiments. Therefore the automatically recorded data had to be supplemented by 
subjective information collected by human observation. In order to collect credible data it was essential to 
try to minimise data biases introduced by such subjective observations. 
 
The taxonomy for observer data was concerned with information on the various influences on crew 
performance, the data needed for causality analysis of errors and deviations made by the crews and with 
measures on overall crew competencies. Some data related to performance influences could not be derived 
from the experiments, e.g. operator experience and past training record. The computer data included the 
records of the simulated malfunctions, the operator and instructor interventions and those parameter 
changes necessary for a full understanding of the scenarios. Finally, the video recordings were also a part 
of the data collected automatically on crew actions. 
 
As regards the factors that could influence crew performance the following effects were studied: 
− task complexity/operators’ knowledge, 
− stress, 
− communications, 
− man-machine interface, 
− use of procedures, 
− supervisory leadership, 
− fatigue, 
− operating experience of crew members, 
− psycho-physiological background of crew members. 
 
Behaviourally anchored five-point rating scales, check lists, free-form notes and post-test operator 
interviews were used during the observations to address the above factors except for operating experience 
and psycho-physiological background of the operators. The advantage of using the scales was twofold. 
Due to the fact that in Hungary five-point scales are extensively used in the education from elementary 
schools to universities, the observers were quite familiar with such rating systems. Moreover, the scales 
made it easier to perform statistical data analysis. The attribute that the scale referred to was precisely 
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defined for each scale used in the experiments, and illustrations were given on what were meant by the 
rates of the scale. 
 
In addition to those influences that could be observed during a simulator session, some data on relevant 
internal performance influences/shaping factors were also collected including skills, qualification and 
operating experience of the operators. Since useful data on these influences could not be generated directly 
by the observers, the simulator training data bank and operator interviews were used to access them. The 
operating experience of the crew members was collected with respect to both “real operational” and 
training experience. 
 
For human factors evaluation purposes the plant’s psychological laboratory made the results of the regular 
physiological, psycho-physiological and psychological examinations available to the analysts. Naturally, 
this information was strictly confidential and it was practically of no use in HRA development. 
 
During the experiments the following information was collected on an operator error/failure to take a pre-
defined interaction and on deviations from the expected strategy: 
− a note that an error/deviation was observed, 
− error type, 
− the context in which the error/deviation occurred, 
− error/deviation cause(s). 
 
In addition to the observer notes, errors could also be traced down by looking at the computer data. A pre-
defined breakdown of error causes was used which decomposed the influences into various equipment and 
human related error inducing effects. If there was an operator error, then the observers used this 
categorisation to identify the error cause(s). The main error causes were identified by marking the 
appropriate cell in the “ERROR CAUSE” and “ERROR TYPE” fields of the observers’ data form. A 
subset of this form from the second experimental phase is shown in Figure 1. The observers also made 
notes on whether the error occurred during (1) diagnosis, (2) decision making, or (3) task execution, 
though it was not always straightforward to collect such data. 
 
Typically, critical errors of omission only rarely occur during simulator exercises. However, there may 
well be non-critical and/or recovered errors when the crews combat a scenario. It was not possible to 
correctly define all the possibilities for such errors in advance. For this reason, free-form observer notes 
were used to identify them, and an effort was made to define the type of error and the associated error 
cause(s), similarly to critical errors. 
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Figure 1. Extract from data forms for observer notes 
 

SCENARIO: S1 - MEDIUM LOCA CREW: OBSERVER:
Event Event Mental Behaviour Leadership Communication Diagnosis Use of Procedures Man-Machine Interface

ID Description Cogn. Routine Know- Exists? Style Within External Partners Ad- Problem Used? Ad- Display Control
Basis ledge Crew equacy Cause equacy Detection Read-out

Observed? Quality Cause Problem Adequacy Cause

S1E1
Turbine trip w/o sufficient vacuum 
loss

1   2   3  
4   5

1   2   3  
4   5

1   2   3  
4   5

1   2   3 
4   5

1   2   3  
4   5

S   R   TO  
STO   LE

1   2   3  
4   5

TL   LI  
CI   KA Y    N    I 1   2   3  

4   5
1   2   3  

4   5
TL  LO  

LA

S1E1C1
“Turbine oil pump p < 0.4 bar 
protection” alarm (X1GB02) Y     N Y     N

S1E1C2
“Turbine isolation valves closed” 
alarm (X1GB02) Y     N Y     N

S1E1C3
“Trip of turbine No. 1” alarm 
(X1GB02) Y     N Y     N

S1E1C4
State indication of turbine isol. 
valves X1SA10S801-804 Y     N Y     N

S1E1C5
State indication of valve 
X1SD10S201 lost (X1GB01) Y     N Y     N

S1E1A1
Attempt to cl. valve X1SD10S201 
from MCR (X1GA01)

1   2   3  
4   5

1   2   3  
4   5

1   2   3  
4   5

1   2   3  
4   5

1   2   3  
4   5

1   2   3 
4   5

1   2   3  
4   5

S   R   TO  
STO   LE

1   2   3  
4   5

TL   LI  
CI   KA Y    N    I 1   2   3  

4   5
1   2   3  

4   5
TL  LO  
LA  KA

ERROR CAUSE
ERROR TYPE Slip Lapse Mistake Intentional

S1E1A2
Order to close valve 
X1SD10S201 locally (instructor)

1   2   3  
4   5

1   2   3  
4   5

1   2   3  
4   5

1   2   3  
4   5

1   2   3  
4   5

1   2   3 
4   5

1   2   3  
4   5

S   R   TO  
STO   LE

1   2   3  
4   5

TL   LI  
CI   KA

Y    N    I 1   2   3  
4   5

1   2   3  
4   5

TL  LO  
LA  KA

ERROR CAUSE
ERROR TYPE Slip Lapse Mistake Intentional

S1E1F1

S1E1F2  
 
During the third experimental phase modifications were made to the data collected by the observer team 
due to the shift in the focus of the observations towards procedural actions. The observations were focused 
primarily on the deviations from the nominal performance. Deviations were identified by the associated 
steps in the procedures. Efforts were made to characterise the underlying circumstances and causes of a 
deviation based on the observable features of performance. The categories given in Table 3 were used for 
this characterisation. 
Similarly to the first two phases, additional observables were related to global crew competencies in phase 
3 too, but these were included for training purposes mostly. 
 

Table 3. Categories used to describe causes to deviations from nominal procedural pathway 
 

− Effects related to use of procedures 
= procedure quality 
= error in use 
= misinterpretation 
= circumvention 
= wrong path 

− Communication between unit shift supervisor 
and other crew members 

− Reading displays/indications 
= display quality 
= faulty reading 

− Processing displayed information 
= distraction due to workload 
= knowledge 
= unidentified cause 

− Action – use of controls 
= layout 
= distraction due to workload 
= knowledge 

− Decision making by unit shift supervisor 
− Inherent cause – unexpected process dynamics 

 
2.2.2. Data collection tools 
 
The following equipment and tools were in use during the experiments: 
− simulator computer and its associated data retrieval capabilities, 
− observer data forms, 
− bar-code readers and bar-coded data sheets (in phase 2 only), 
− electronic EOP-tracking system (in phase 3 only), 
− equipment for recording audio-visual data. 
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The process computer was applied to the collection of information useful for the reproduction of important 
scenario details and for comparative analysis of crew performance. The archive data produced by the 
simulation computer was used to gain access to all the necessary analogue and digital variables with the 
associated time stamps/markers. 
 
During the experiments dedicated forms were applied to collect observer data. Although some forms were 
specific to given observers and observables, there was a main observer form in each phase of the 
experiments that was used by all the observers even if the data collection tasks were divided among them. 
It simplified the information exchange during observers’ meetings held after each scenario and it enabled 
the observers to make notes about those aspects of crew behaviour that were initially out of the scope of 
their observation. 
 
Trial applications for bar-coding observer notes were made during some exercises in phase 2 of the 
experiments with an idea to introduce such kind of data collection in support of the regular training. 
However, the trainers did not find this tool useful for their purpose. 
 
An electronic version of the emergency operating procedures was used by one of the observers in phase 3. 
This observer went through the same procedural steps as the crews. The electronic “footprint” of procedure 
usage was helpful in the analysis and comparisons of the procedural steps taken by the different crews. 
 
Each simulator exercise and the subsequent evaluation session were captured by the built-in video system 
of the Simulator Centre. 
 
2.3. Organisation of data collection sessions 
 
The data collection sessions took place during the regular continuing training at the Simulator Centre 
within the dates indicated in Table 1. All the 24 control room crews working for the 4 reactor units at NPP 
Paks were tested for each scenario. So the observations covered 288 exercises in total for the 3 
experimental phases. Before the tests the crews were informed of the purposes of data collection, the way 
of observation and the roles of the observers. Also, they were asked not to reveal scenario details to other 
crews. 
 
A simulator session took approximately 90-120 minutes on average. The observer team was usually made 
up of 5 to 6 members including analysts from the developers of the Paks PSA/HRA models, members of 
the training department, the PSA team of the plant and delegates from the Technical University of 
Budapest. 
 
The simulator sessions were, as usual, followed by a debrief session between the crew and the trainers as 
plant appointed observers. The debrief sessions were observed by the observer team too. During phase 1 
and phase 2 the observers stayed in the simulator room, while they resided in the instructors’ cabinet 
during phase 3 of the observations.  
 
The observer team adopted an approach of consensus. The individual observations were compared and 
discussed after each exercise and a summary data sheet was completed as a final resolution on the 
observables. Open questions were left for subsequent review based on the electronic data records. The data 
package set up for a simulator session included the completed data forms, the data files and computer 
printouts, as well as the video tapes. Merely for the purpose of illustration, Figure 2 shows a transcript of 
observer notes in English from one of the simulator exercises taken from the third phase of the 
experiments. 
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Figure 2. Example of observer notes from simulator studies at NPP Paks 
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Prompt recovery by unit shift supervisor.

ROP stopped pump TR by himself.
ROP missed to verify measurements. Video: observation 
deleted.
Failure to restart procedure upon ZÜHR13 signal.
Uncertainty in diagnosis.

Move down.
Warning not read out.
Appendix → Noticed at 24.
Attempt to start autonomous pump in spite of active 
containment pressure 100 m bar protection signal.
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ROP closes 2 inlet lines on system TQ.

BS: steps treated together then revisited. Video: observation 
deleted
BS: Step b) skipped. Video: observation deleted.
Warning not read out.
BS: error. SP: no error. Video: no error.
Difficulty to start make-up pump.
Step b) is read out too, see BA's data sheet.
Warning is not considered.

5

Crew 
Competencies

Overall 
Perfromance

Complience with 
Procedures Communication Compliance with 

Safety Requirements
Treatment of Minor 

Events
Treatment of Warnings and 

Comments in Procedures
Safety Function 

Monitoring
Diagnosis of 

Failure Event

 
 
2.4. Uses of data collection results and insights 
 
In accordance with the experimental objectives, the data taken from simulator observations at NPP Paks 
was analysed to support (1) HRA for the plant specific PSA, and (2) safety improvement efforts at the 
plant4. The discussion below is restricted to HRA-related data analysis. First, some important features of 
data analysis in phase 1 and phase 2 are listed and a concise description is given on the use of analysis 
results in HRA. This is followed by a discussion about a specific part of data analysis during phase 3 to 
yield some insights into the relationship between information from simulator observations and some actual 
HRA modelling tasks in the Paks PSA. 
 
The analyses performed during the first two experimental phases were focused on the following areas5: 
− evaluation of response time data including 

= generation of time-reliability curves, 
= comparisons of crew responses using control charts and time sequence plots, 

− analysis of correlation between crew performance and the various factors that affected operator 
responses, 

− identification and ranking of major influences on crew responses and establishment of a causal 
relationship of group responses for developing a tool for application to HRA. 

Initially, considerable attention was paid to analysis of response time data in an attempt to use time-
reliability curves to directly arrive at estimates on error probabilities. However, such estimation and the use 
                                                      
4 Bareith, A., “Simulator Aided Developments for Human Reliability Analysis in the Probabilistic Safety Assessment of the Paks 

Nuclear Power Plant”, Report No. 20.51-217/1, VEIKI Institute for Electric Power Research, Budapest, Hungary, October 1996. 
5 Bareith, A., Hollo, E., “Analysis of Operators’ Performance and Operator Reliability during Accidents”, VEIKI Report No. 20.13-

204 (21.13-216), Budapest, Hungary (in Hungarian), December, 1996. 
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of the HCR correlation model, in particular, could not be supported by the Paks simulator data. The 
information from the simulator runs on the role of performance influences and on the causes of errors and 
deviations were found more applicable to HRA needs than time-reliability correlation. 
 
Based on the data analysis results a decision tree approach was adopted to capture the observations and 
insights gained from the experiments to produce a way of predicting human error probabilities. The key 
performance influences were obtained from the processed simulator data along with their relative ranking. 
The following scenario dependent influences were used in the decision tree: 
− task complexity (difficulty of scenario), 
− time available, 
− crew knowledge of situation, 
− quality of man-machine interface, 
− required degree of crew integration, 
− quality and availability of procedures. 
 
These influences were arranged so that the most important effect was first and the least important last. The 
number of branches was adjusted to reflect the influence of a given heading as well. In those cases where 
there was insufficient data to provide HEP’s, estimates could be made using expert judgement guided by 
the time responses and observations of the crews’ responses during the experiments. The probabilities for 
errors (human failure events) are dependent on the pathways within the tree. Insights from the simulator 
data were used together with expert judgement to assess the distribution of error probability over the 
decision tree pathways. (No direct estimation of error probability was made on the basis of simulator data 
due to the limited number of failures and opportunities from statistical point of view.) Dependence 
between performance influences was considered during the construction of the logic of the decision tree 
and during the estimation of failure probabilities. 
 
In phase 3 a simple high-level breakdown was used to address the major failure classes related to a human 
failure event when using the EOPs as given in Figure 3. Failure to reach the appropriate EOP entry can be 
considered a diagnosis/decision error. Various lower level decisions can contribute to this failure event. 
Failure to take the required action is basically an execution error made on the condition that the diagnosis 
was correct, i.e. the right EOP entry was identified and used during response. 
 

Figure 3. Failure of EOP action 
 

Human Failure Event for 
EOP Action

ACTION FAILED

Failure to Reach EOP 
Entry

NO ENTRY

EOP Entry Reached but 
Action Failed

NO EXECUTION

EOP Entry Reached

ENTRY

Failure to Perfom Action 
Despite Instruction

EXECUTION FAILED
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The data from simulator observations could be applied in support of modelling and quantifying the 
diagnosis part of a failure event. All the procedure entries in the optimal pathways for the four types of 
observed scenarios were treated as low-level decision points. These decision points were categorised on the 
basis of 3 factors each having 3 quality attributes as follows: 
– Procedure quality 

This factor was used to describe how well or otherwise the given procedure entry was formulated in 
terms of layout and wording to support decision-making (1 – poor, 2 – fair, 3 – good). 

– Quality of human-machine interface (HMI) 
This factor was meant to describe quality features of the control room environment concerning 
diagnosis required in relation to the given procedure entry (1 – poor, 2 – fair, 3 – good). 

– Other effects on performance 
These were introduced as a surrogate to characterise whether there were additional situational features 
that hindered decision (1 – yes, strong effect, 2 – yes, moderate effect, 3 – no). 

 
The above triplet with the values of the associated quality attributes were used to group the various 
decision points, e.g. all the procedure entries described by, say, the 232 triplet were put into a common 
group. Each observer record from the simulator runs was then analysed. The observed problems during 
operator responses were classified as follows (the original Hungarian abbreviations are given in this 
listing): 

H – erroneous decision at the given decision point, 
N – near miss, i.e. observable signs of difficulties in decision without an error, 
A – non-EOP action taken without aggravating consequences, 
T – commission error without aggravating consequences, 
F – failure in using warnings or fold-out pages in the EOP, 
L – procedure entry skipped, 
V – failure during task execution, 
U – procedure selection error. 

 
Using this classification the number of observed problems was summed up for each problem area. For 
erroneous decisions this summation was made in accordance with the triplet-based grouping of the 
decision points e.g. the number of ‘Hs’ was calculated for the decision points described by the 232 triplet. 
It is emphasised that the figures obtained in this manner do not in themselves represent human 
errors/failures from PSA point of view since the crews subsequently recovered from most of the observed 
problems. However, these problems were thought to contribute to the failure of an intervention modelled in 
PSA. 
 
The number obtained for a given problem area was compared to the number of opportunities in view of the 
procedure pathways the crews took in their responses. This yielded intensities (relative frequencies) for the 
different problems. The relative frequencies calculated for the categories of ‘F’, ‘L’ and ‘U’ were retained 
for direct use during HRA quantification. For category ‘H’, the observations provided intensities for 10 
triplets of the theoretically possible 27 combinations of the quality attributes used to characterise the 3 
factors (procedure, human-machine interface, and other effects) for a decision point. Interpolations and 
extrapolations were made to generate relative frequencies for all these 27 combinations. The approach 
adopted was non-linear optimisation using regression analysis. Sum of relative differences was used as the 
loss function in the regression analysis because it provided better curve fitting than sum of squares. It was 
assumed in this analysis that relative frequency would increase by a given multiplication factor if the 
quality attribute for a given decision point factor worsened. Also, multiple factors were assumed to have 
multiple effects on the relative frequency, i.e. changes in the relative frequencies were estimated by the 
product of the associated multiplication factors. Optimisation was based on a total number of 6 
multiplication factors. Table 4 summarises the results of this analysis step. 
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Table 4. Estimates for decision point level relative failure frequencies 

 
Entry level quality attributes for Relative frequency of decision error 

Procedures HMI Other, hindering Observed Approximated 

1 

1 
1  1.00E+00 
2  6.30E-01 
3  2.75E-01 

2 
1  9.43E-01 
2  3.24E-01 
3 1.42E-01 1.42E-01 

3 
1  5.35E-01 
2  1.84E-01 
3 1.25E-01 8.04E-02 

2 

1 
1  8.31E-01 
2  2.86E-01 
3  1.25E-01 

2 
1 4.17E-01 4.27E-01 
2  1.47E-01 
3 6.62E-02 6.42E-02 

3 
1 2.50E-01 2.43E-01 
2 8.33E-02 8.33E-02 
3 3.57E-02 3.64E-02 

3 

1 
1  2.77E-01 
2  9.53E-02 
3 4.17E-02 4.17E-02 

2 
1  1.43E-01 
2  4.90E-02 
3 2.14E-02 2.14E-02 

3 
1  8.10E-02 
2  2.78E-02 
3 7.54E-03 1.00E-02 

 
The above process yielded information from the simulator observations that could be integrated into the 
framework depicted in Figure 3 for quantifying error probabilities. For this purpose a lower level 
decomposition was developed for the human failure events in the PSA model. This was achieved by 
identifying the potential pathways and the associated decision points that the operators can take so that 
they finally fail to successfully perform the required intervention as assumed in the PSA. The 
decomposition is represented by a fault tree for each human failure event with basic events characterising 
the decision point level successes and failures in the various pathways. The fault trees include both 
decision errors (as the diagnostic part of a failure event) and execution errors as well. Decision errors 
cover: decision point level errors (indicated by ‘H’ above), skipping of a procedure entry (see ‘L’ above), 
procedure selection errors (see ‘U’ above), errors in using warnings and fold-out pages (see ‘F’ above), and 
failures in built-in recovery processes (an effect that could not be observed extensively on the simulator) in 
the EOPs. The advantage of this approach is that it directly shows dependencies between actions in the 
same pathway. The process is illustrated in Figure 4 on the example of ensuring intensive heat removal 
towards the secondary side when, after a (small) LOCA initiating event, the high pressure (HP) emergency 
core cooling system (ECCS) is unavailable and the low-pressure (LP) ECCS pressure set point should be 
reached. The instruction for the action is given in step 8 of procedure ES-1.2. The “optimal” path to reach 
this entry is E-0, step 24 (change for E-1) – E-1, step 12.b (change for ES-1.2). The fault tree for the 
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intervention takes into account possible erroneous decisions at the identified decision points of the 
“optimal” path, as well as further failure or success of decisions made on a wrong track. Thus, the sample 
fault tree contains the errors that can be committed in procedure E-0 before reaching the transfer point to 
E-1 resulting in premature quit from E-0, the failure of the decision at the transfer point resulting in failure 
to transfer to E-1, errors that can be committed in procedure E-1 before reaching the transfer point to ES-
1.2 resulting in premature quit from E-1, the failure of the decision at the transfer point resulting in failure 
to transfer to ES-1.2, and the errors that can be committed in ES-1.2 resulting in failure to perform the 
required action. Finally, it gives the failed and successful decisions the combination of which can lead to 
the failure to perform the required intervention. 
 

Figure 4. Decomposition of failure paths using EOPs 
 

Fails to reach step E-0:24 Fails to change to E-1 Fails to reach E-1:12b after 
deciding to enter E-1

Fails to change to ES-1.2 Fails to perform in ES-1.2 after 
successful entry

PERFORM ES-1.2

Erroneosuly determines primary 
pressure above 7 bar and LP 
injection above 130 t/h

Erroneously identifies damaged 
SG in step E-1:1a and changes 
to E-2

Inadvertently takes wrong 
procedure instead of E-1 and 
fails to recover

Erroneously changes to ES-1.1 in 
step E-1:7 despite decreasing 
pressure and low PRZ level

Erroneously identifies LOCA 
and changes to ECA-1.2 in step 
E-1:11

Erroneously changes E-0 after 
step 24, no recovery possibility 
towards E-1

Error in step E-0:24

Erroneously identifies damaged 
SG in step E0:22a and changes 
to E-2

Erroneously changes to ES-0.1 
in step E-0:4 despite upcoming 
ECCS signals

Erroneously changes to FR-S.1 
in step E-0:1 despite successful 
RP-1 operation

Fails to initiate intensive 
secondary side heat removal 
according to step 8 of ES-1.2

E-1:12A BJ

E-1:1A BB CHANGE E-1:7 CHANGE E-1:11

q = 8.80E-03
3

E-0:24 BB CHANGE E-0

E-0:1 BJ E-0:4 BJ E-0:22A BB

Q = 2.25E-02

INTSHR_1 -EO

REACH_E-0:24 CHANGE_TO_E-1 REACH_E-1:12B CHANGE_TO_ES-1.2 PERFORM_ES-1.2

E-1:12A_BJ

WRONG_PROC_E-1 E-1:1A_BB CHANGE_E-1:7 A

E-0:24B CHANGE_E-0

E-0:BJ E-0:22A_BBE-0:1_BJ

 
 
A fault tree representation has been developed for all the human failure events modelled in the plant PSA 
in relation to the use of the symptom-oriented EOPs6: 

                                                      
6 Bareith, A., Karsa, Z., Siklossy, P., “Evaluation of Operator Reliability and the Complex Effect of Symptom-Oriented   

Emergency Operating Procedures”, Report No. 210-31-000/1, VEIKI Institute for Electric Power Research, Budapest, Hungary 
(in Hungarian), November, 2005. 
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– Most basic events representing diagnosis (decision related) failures have been quantified using relative 
frequencies either from Table 4 as approximated from simulator observations or directly from 
simulator data. 

– Expert judgement has been used to estimate the probability of certain basic events related to diagnosis 
in the fault trees (e.g. recovery potential).  

– A simplified version of the earlier decision tree model has been developed and used to assess basic 
event probabilities for execution failures in the fault trees. 

– The error probability for a human failure event can be obtained by solving the associated fault tree 
completely. 

 
3. Conclusions 
 
Experience from a relatively large number of special-purpose observations at the Paks Simulator Centre 
shows that information collected on operator responses at training simulators can be usefully applied to 
human reliability analysis. Insights into understanding the determinants of crew operation and the 
conditions under which operators may make errors or deviate from expected responses appeared most 
important. Direct numerical estimation of probabilities for human failure events was rarely possible due to 
statistical limitations. A lot more observations would be required for better-founded conclusions and uses 
of simulator data, especially to cover a more complete range of contextual conditions representative for 
human failure events in a plant PSA. However, such special purpose exercises are costly. Therefore it 
would be desirable to use the normal training routines at simulator centres for data collection. It appears it 
requires further developmental efforts to determine to what extent and how data recording during normal 
simulator training sessions can support HRA in the long run. Some aspects are highlighted from that 
respect: 
– The types of information needed for HRA should be clearly defined for the trainers so that they can 

understand and accept its usefulness from training point of view too. 
– Contextual conditions must be known for HRA. It appears most challenging to determine how this 

kind of information can be recorded to such an extent and level of detail during regular training 
sessions that would be an appropriate basis for in-depth analysis. 

– Manpower and appropriate tools should be available at the simulator for data collection. 
– Data should be stored and made accessible to PSA/HRA analysts. 



NEA/CSNI/R(2012)1 

 86

 
 

EDF experience in running simulators studies and collecting data for HRA 
 
 

Pierre LE BOT, Helene PESME  
  

EDF R&D, Industrial Risk Management Department, Clamart, France 
 
 

Extended Abstract  
 
In 1996, at a IERE workshop in Tokyo, EDF R&D presented an appraisal of the feedback EDF had gained 
after more than years of observations on its full-scope NPP simulators. Thirteen years after, this paper will 
update that appraisal to show the durability of the concepts and the adaptation of the methodology to 
multiple objectives. More than several hundreds of dedicated observations have been performed from 1984 
to 1996: after that period till today that data collection for HRA has continued with the same type od 
dedicated tests and it has been enriched with lighter observations in parallel of training simulations. We 
have to mention also the particular campaigns for N4 series and today for the new EPR series, in order to 
validate the innovations in the interface, the procedures and/or the team organization. We will summarize 
the different methods we used to understand the behaviour of the team, as they have been developed by the 
collaboration of HRA analysts and ergonomists (a second paper will describe more precisely the actual 
methodology.  We will focus on the different source of difficulty and biases that can compromise an 
observation and the different means to reduce their effect that have been imagined.   

We will describe our point of view about the inherent requirements of simulation organized for HRA data 
collection. We can mention the difficulty to define scenarios that are more or less plausible without being 
“piece of cake”, the difference between actual and potential performance, and the necessary protocol to 
guarantee the representativeness of the observations. 

Finally we will discuss about the results that can be obtained from data collection on simulator for HRA.  
We are convinced that firstly the qualitative issues are more relevant and significant than the quantitative 
issues, even if the latter have obviously not to be neglected.  Secondly the expertise of the observer that 
increased by direct empirical observations is an unavoidable objective of this type of observation. Thirdly 
we have to promote a paradigm about the meaning of data for HRA, considering that it is more knowledge 
than data, and taking into account that all knowledge about potential failing operation and maintenance is 
data for HRA. 

We will conclude by some issues about the improvement of observations or alternative means as 
operational feedback and storytelling. 

. 
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Simulator Studies for HRA: the HAMMLAB Experience 
 

 

Salvatore Massaiu 
OECD Halden Reactor Project, Norway 

 

 

Over the last fifteen years the Halden Reactor Project has performed numerous HAMMLAB (Halden Man 
Machine LABoratory) studies explicitly directed at improving the discipline of Human Reliability 
Analysis (HRA). The close interaction established between the Halden staff and the HRA community has 
helped to reach a shared understanding on how to design, analyze and report the results of simulator 
studies in order to better meet HRA needs. This understanding is based on the recognition that there are 
three classes of HRA relevant information that simulator studies can provide, and that these are associated 
with specific HRA needs and different methodological requirements. The three classes of information that 
can be obtained from simulating control room operation are: (1) knowledge on crew operation of 
emergency situations, (2) human factors knowledge, and (3) quantitative data. These, in turn, meet HRA 
needs in specific ways. For instance, operational knowledge (1) is needed in order to perform realistic task 
representations or identification of “commission errors” – e.g. what conditions contribute to the operators 
not being able to mitigate an accident, what makes the crew to lose control of the plant. Human factors 
knowledge (2) is needed for model development and application – e.g. how to address both team and 
individual performance, how to improve cognitive models – or implementation of safety interventions – 
e.g. how to modify procedures and training. Quantitative data (3) is sought after for validating and 
improving the numerical accuracy of the HRA methods – e.g. time responses, error counts.  
The HAMMLAB experience is that it is possible to provide all three types of information, even within 
single studies. However, when setting up a set of simulator sessions, one should clearly specify the HRA 
need(s) to be satisfied and what type of information one will use to the scope(s). This is necessary, as the 
different design and analysis requirements cannot be optimized simultaneously. Furthermore, while strong 
progress has been made in producing relevant and useful information of the first two types – operational 
and human factors knowledge – little advancement has been made on the quantitative side. In other terms, 
while it is feasible to produce quantitative information, this requires a great deal of analysis and 
interpretation before it could be used for HRA quantification.  

By capitalizing on the HAMMLAB experience of simulator research for HRA, this paper illustrates the 
relationships between HRA needs, information types and simulator methodological requirements. 

Introduction 

One common idea in the area of human reliability research is that simulator studies are the natural arena 
for obtaining basic HEP (Human Error Probability) data, both on nominal error probabilities and on 
performance shaping factors (PSFs). The idea is that from a set of several scenarios containing the same 
human action, and from large sample of crews, it is meaningful to at least count frequencies of the unsafe 
instances of the human actions. The main obstacle for succeeding in this exercise is that, given the typical 
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human failures events (HFE) modelled in probability risk analysis (PRA), extremely high number of 
sessions and crews (sample size) would be needed to observe HFE failures. Yet, the denominator problem 
(the sample size issue) is only one side of the coin: the other is the numerator problem, which failures 
belong to a sample and which to another. The problem is that it is not trivial whether an action is to be 
considered the same in different scenarios, where the conditions of executions are not equal (e.g. is Feed 
and bleed the same action when it occurs in different PRA scenarios?). The issue here is the importance of 
the context for crew actions: HAMMLAB experiments have shown how relatively small changes in 
performance conditions can cause the outcome on a HFE to change from 100% success to 100% failure. 
And this is the case for both PRA level failures (like establishing feed and bleed before dryout) and lower 
level operator errors (like not giving a closing order to a valve within a given time window). As a result, 
given that in a PRA model a specific scenario is typically chosen as representative of the spectrum of 
scenarios that can result from the particular initiating event type, simulator crew failure data cannot be 
used for direct estimation of basic HEPs. 

This notwithstanding, simulator studies can still inform HRA (and PRA) in various ways: 1) they can 
inform HRA practitioners in the use of HRA methods, both relating to the occurrence of contexts in PRA 
scenarios and the relation between context and crew performance; 2) they can inform HRA method 
development and calibration through the production of industry relevant human factors knowledge; and 3) 
they can provide input to generic data bases or repositories (Bye et al, 2006). Furthermore, in addition to 
knowledge relevant for HRA and PRA, any well-designed simulator study or program will generate 
insights for crew training and for control room tools development.  

HRA-experiments at HAMMLAB: a selective overview 

The Halden Project HRA research can be summed up in three HAMMLAB programmes: The Human 
Error Analysis Project (HEAP) form 1994 to 1999, the Task complexity experiments from 2002 to 2006, 
and the PSF-masking/International Study 2007-2010. Several other experiments have been performed in 
HAMMLAB since the early eighties, typically in the area of system design and evaluation. The HRA 
implications of a number of these are analysed in two Halden Work Reports (HWR) (Collier, 2002; 
Collier, 2005).  

The Human Error Analysis Project (HEAP) 

The Human Error Analysis Project (HEAP) was initiated in 1994. The primary objectives of the project 
were: “a) to provide a better understanding and explicit modelling of how and why cognitive errors occur, 
and b) to improve design guidance for the development of advanced integrated control rooms which can 
avoid or compensate for cognitive error” (Kirwan, 1994a, p. 2).  

The major part of the programme was devoted to the development and assessment of methodological tools, 
like verbal protocol analysis, eye tracking measurement and validation of error classification and 
prediction techniques (see Table 1). The main experiment of the programme investigated the effect of 
complexity on diagnostic errors (Follesø, 1995). Complexity was operationalised as the number of 
underlying faults in the scenarios. Fault-distance was another hypothesized dimension but was not 
manipulated for practical reasons. The study showed that the number of faults was uncorrelated with the 
number of errors made. The study concluded that a complexity profiling system was needed in order to 
characterize the complexity of a scenario.  

Methodologically the program had an individualistic orientation: in order to better isolate the topic at issue, 
i.e. diagnostic behaviour, the main experiment employed single operators instead of crews, and asked them 
to solve the scenarios without the help of operating procedures. The program envisaged a set of stepwise 
experiments ending up with real crews using procedures, yet the paradigm was one of operator/crew 
diagnostic errors given a safe design: that is, an investigation into deviations from designed responses, 
rather than on breakdowns of the designed emergency operating system.  
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As for the quantitative level, the HEAP program agreed that “quantitative data would at least be collected, 
for possible later usage” but only “after it had been fully interpreted and understood, and pending 
determination of its validity for NPP PSA modelling”, as “provision of numbers based on little or no 
understanding of their nature would merely lead to the availability and possible use of meaningless 
numbers in the PSA arena” (Kirwan, 1994).  

Table 1. The phases of the Human Error Analysis Project (HEAP) 

Period 1 

1994-96 

Phase 1. To review problem solving models. 
Phase 2. Methodological questions. To elicit operator diagnostic strategies and test verbal protocol 
methodology. Test eye tracking measurement. Develop measures of scenario complexity.  
Phase 3. Main experiment. Complexity was operationalised as number of underlying faults in the 
scenario. The study showed that the number of faults was uncorrelated with the number of errors 
made. Fault-distance was another hypothesized dimension but not manipulated for practical reasons. 
(HWR-430) 
Pilot 4, Protocols analysis. (HWR-495) 

Period 2  

1996-98 

1st study: Test of CREAM error classification. 4 SS and four crews of 2 operators in the study. 
2nd Study: CREAM classification + detection & recovery. No clear result on detection and recovery: 
“no relationship was found between error detection/recovery and human performance measures”. 15 
operators from the Halden experimental reactor on a VVER simulator. 2 scenarios. (HWR-622). 

The Task Complexity Experiments 

By task complexity experiments we indicate two large studies performed between 2002 and 2005: the 
Recovery experiment (Laumann et al, 2004) and the Task complexity and Plant Conditions experiment 
(Laumann & Braarud, 2005). These studies applied a classical experimental design were control room 
crews responded to different levels of the manipulated variable, task complexity. Performance was 
quantitatively measured through the Operator Performance Assessment System (Skraaning, 1998) and 
subjective human factors measures (questionnaires). 

The Recovery experiment utilized eight loss of coolant accident (LOCA) scenarios with varying levels of 
task complexity. The scenarios were designed to represent three levels of complexity, and were rated by 
process experts against the dimensions of time pressure, information load, and masking characteristics, as 
well as by using the HRA method SPAR-H. This resulted in 3 easy, 2 medium and 3 difficult scenarios. 
Eight three-manned control room crews consisting of licensed operators participated in the study. Each 
crew consisted of a shift supervisor, a reactor operator and a turbine operator. The task complexity 
categories did not completely predicted consistent and statistically significant effects on crews’ 
performance. In particular, the scenarios rated as medium complex turned out to be either easy or difficult. 
The reason for the discrepancy between predicted and observed difficulty was attributed to the fact that 
“some scenarios have the potential for the crew to determine a large part of the task complexity by the 
operation of actions that affect the task complexity of subsequent tasks” (Laumann et al, 2004). In other 
words, the design and rating of scenario complexity did not fully capture the dynamics of the crew-process 
interactions. The subjective measures of performance followed similar patterns of results.  

An observational analysis of one low complexity scenario and one high complexity scenario was 
performed based on transcripts of the crews’ communication during the scenarios. One conclusion of the 
analysis was that “existing procedures did not seem to support planning and decision making sufficiently 
in highly complex accident scenarios”. In particular: 1) the strategy incorporated by the procedures was at 
times sub-optimal for the situation; 2) the was a case of lack of detailed guidance on operation (e.g. 
operators had to remember the logic for closing valves in sequence, but often forgot it); and 3) there was a 
lack of warning on a delayed system response which was important for the scenario. 
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The Task complexity and Plant Conditions experiment continued the investigation of the effects of 
scenario complexity. Here additional tasks were added to base scenarios to cause high time pressure, high 
information load, and high masking. The general framework was to explore how additional tasks affected 
the operators’ performance of the main tasks. Seven three-manned crews of licensed operators, five main 
types of scenarios, and 20 scenario variants were run. The data from the experiment were analyzed by 
completion time for important actions and by in-depth qualitative analyses of the crews’ communications.  

Also this study testified the difficulty in interpreting and generalising the effects of the manipulated 
variables when these are chosen to represent broad concepts (i.e. task complexity and crew performance). 
Here, base cases of different scenarios turned out to pose different levels of difficulty for the crews and not 
all levels of the manipulations performed as expected. For instance, while the results showed that high time 
pressure decreased some of the crews’ performance in the scenarios (but not all), high information load did 
not affect the operators’ performance much and in general the crews were very good at selecting the most 
important tasks in the scenarios. Similarly to the results of the main HEAP experiment, a complexity factor 
(information load) operationalised quantitatively (number of alarms here, number of faults there) did not 
impair task performance: “None of the crews prioritized the information load alarms above the more 
important tasks” (Lauman & Braarud, 2005). In such cases one cannot generalize about the effects of 
complexity on performance without ad-hoc interpretations: one can either stick to the results, e.g. the 
number of extra faults does not degrade performance, qualify the operationalisations, e.g. the number of 
alarms is not a sufficient cause of task complexity, or conclude that the design did not isolate from other 
non manipulated factors, e.g. priorization was not controlled so that the crews prioritized the main alarms 
and the important tasks. 

Extensive qualitative analyses assessed the importance of teamwork aspects to effectively solve the 
scenarios: for instance, good communication and good allocation of tasks within the crew were singled out 
in high time-pressure situations. Furthermore, the results showed that scenarios with an added complex, 
masked task created problems for some crews when solving a relatively simple main task.  

As in the recovery experiment, potential procedure insufficiencies were also identified. In particular, the 
immediate response strategy to a reactor trip through the “first checks” procedure, was not efficient in a 
scenario with extreme time pressure:  “In those scenarios with high time pressure (also compared with the 
scenarios with low time pressure) the work practice of first checks did not work well. There did not seem 
to be enough time to perform the first checks and to report them within 10 minutes” (Lauman & Braarud, 
2005). 

The PSF/Masking and the International HRA Study  

The PSF/Masking study prolonged the investigations on complexity by narrowing the focus on the 
masking dimension. 14 crews of three licensed control room operators participated in the study, this time 
performed on a PWR plant simulator. In this case the original analysis plan was disrupted by the fact that 
the International HRA empirical study decided to utilise the empirical data of the PSF/masking study for a 
benchmark study of HRA methods. This had important impacts on the analysis, as the data had to be 
formatted in way to allow HRA methods prediction to be evaluated against the empirical evidence.  

Performance was therefore analyzed at the HFE level where quantitative and qualitative information had to 
be combined. Starting form a PRA model of the simulated scenarios (two base versions of a SGTR and a 
LOFW and two complex versions) the HFEs were defined for the purpose of comparing methods’ 
predictions to empirical evidence. This was often done by defining very precise, and at times somewhat 
artificial, time windows for the success of the required actions (e.g. 15 minutes for depressurize the intact 
SGs), in addition to system performance criteria. 

For each HFE: 1) the number of successes and failures were counted, 2) the PSF were rated, and 3) the 
observed performance difficulties were expressed in operational terms. It is important to notice that all 
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these outputs needed a number of expert judgments in order to be produced, including the numbers of 
success and failures. 

Also this study identified a number of procedure insufficiencies, particularly for the complex scenario 
versions. Eight procedure features were singled out and classified (Massaiu, 2009). Also, teamwork 
patterns were indicated as important determinant of performance and work is in progress for a 
classification of these. Procedure features and teamwork patters will be considered for inclusion in tasks 
analytic tools for task/scenario complexity profiling and on-line performance assessment systems. Table 2 
summarizes the four main HRA experiments performed in the HAMMLAB simulator.  

Table 2. Summary of the main HAMMLAB HRA experiment 

 HEAP – pilot 3 Recovery 02/03 Task complexity 
03/04 

PSF/Masking 06/07 
International HRA 
Study 07/09 

Complexity 
factors 

Number of underlying 
faults 

Time pressure 
Information load 
Masking 

Time pressure 
Information load 
Masking 

Masking 

Simulator VVER BWR BWR PWR 

Scenarios 3 (one SGTR) 8 Medium LOCAs 20 (5 PRA types with 
variants) 

4 (2 SGTR – 2 LOFW) 

Participants 7 individual operators 8 three-manned crews 7 three-manned crews 14 three-manned crews 

Significant 
results of 
hypothesis-
tests 

Partial Limited Not performed* Not performed* 

Operational 
stories 

No* Limited (2 scenarios) Extensive Complete (aggregated) 

Level of 
analysis 

Task (including 
diagnosis errors) 

Scenario Scenario and task HFE 

Main 
implications 

Number of faults 
uncorrelated with 
errors. 
Recommendation: to 
develop a complexity 
profiling system 
 

Crews determine a large 
part of the scenario 
complexity through 
actions that affect the task 
complexity of subsequent 
tasks 

Information load from 
alarms did not directly 
affect the 
performance, it only 
disturbed. 
Prioritization 
compensates the 
information load.  
Importance of extra 
malfunctions – extra 
tasks 

Procedures’ features and 
teamwork patterns as 
building blocks of a 
complexity profiling 
system 

*Caveats apply 

Experimental and observational approaches to simulation 

Once the objectives of a simulator data collection have been decided, i.e. the research questions, the next 
decision is to choose the research approach: this determines how the information will be obtained and 
analysed. In principle, there are two alternative ways of setting up and analyzing simulator studies: the 
classical experimental design and the active observational approach. In practice there is a continuum of 
designs where elements of the two ideal extremes are combined. This could be seen in the previous 
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section, where the HAMMLAB experiments were set-up in the form of traditional experiments but that, 
especially over the years, they were analysed extensively in observational ways. 

This section discusses the advantages and drawbacks of the experimental and observational approaches as 
experienced in the HRA HAMMLAB research. This applied focus is important, since “critics of non-
experimental research too often compare the ideal experiment to observational studies in practice. The 
most relevant comparisons are experiments in practice to non-experimental studies in practice. Such 
comparisons reveal strengths and limitations of each” (Bollen, 1989). 

The classical hypothesis testing experiment is rooted in the experimental psychology tradition. Here 
empirical evidence produced in the laboratory is used to test hypotheses about limited sets of variables, and 
the interaction between them. In this tradition, one or two variables are typically manipulated, while all 
other factors are kept constant through statistical control (e.g. covariates) and randomization. The classical 
hypothesis testing experiment has the following advantages: 

• Enable to establish causal relations, since effects of observed performance can be attributed to 
variations of the manipulated variables 

• Can typically find the effect of well defined factors on performance aspects, and how these interact 

• The results are analyzed through well established methods (e.g. ANOVA) 

The experimental paradigm also presents a set of drawbacks, especially in the case of realistic simulations 
of complex socio-technical systems like control room operation: 

• Difficult to operationalise the manipulated variables: this is a problem of construct validity of 
causes: the interpretation of the manipulations outside the simulation is difficult when broad 
phenomena are investigated (e.g. does a higher number of underlying faults correspond to higher 
complexity? How ‘masking’ relate to a complexity PSF in a HRA method?) 

• Construct validity of effects: standardized measures of performance tend to miss the dynamics and 
the specificity of the situations and are too generic for practical HRA applications (e.g. need to 
know how workload cause unsafe performance in a specific scenario, rather than it will be high or 
low). 

• It can be difficult to isolate and vary the independent variables, if these are task/scenario dependent 
(e.g. ‘complexity’ as opposed to the typically more task-independent ‘interface’) 

• In realistic simulations (where the crews intervene freely on the system) control of performance 
conditions is difficult if not impossible to be maintained after the crews’ initial interventions. 

In addition, there are some general limitations of the experimental design, which are normally 
underestimated:  

• Randomization does not resolve the omitted variable problem (left out intervening variables and 
common causes, Bollen, 1989) 

• The more variables whose effects are randomized (and not modelled), the more noise in the data, 
and the more difficult to detect experimental effects (this is particularly serious in realistic 
simulations of complex systems where we know several variables affect the outcomes). 

The active observational approach in a simulation research consists of setting up the conditions of interest 
(e.g. a scenario type), as opposed to waiting for their natural occurrence, and observing human-system 
interactions as they unfold. In this approach new phenomena can be discovered, issues of interest 
described, and causal relations inferred (through theory and statistical modelling, e.g. causal models). In 
other words, the active observational approach can fulfil the full range of research types: exploratory, 
descriptive and causal.  
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The advantages of this approach for simulation of control room operation are: 

• High degree of realism (ecological validity) 

• Can describe crew performance in detail and in operational terms 

• Can deal with the high number and degree of interrelation between the studied variables and the 
dynamic nature of plant control 

• Can give insights into the relations between plant conditions, context and crew behaviour 

• Can give insights into accident/scenario progressions 

• Can provide both qualitative and quantitative results. 

However, there are also practical disadvantages related to this approach: 

• It demands high levels of subject matter and cross-discipline expertise for analysis and 
interpretation of results 

• Data analysis tends to be resource intensive (e.g. transcriptions of communications, review process) 

• Subjectivity can be present in the analysis (e.g. coding the observations, although techniques are 
available to control it, e.g. inter-rater reliability tests). 

The last drawback, subjectivity, is often used as the main argument against observational and qualitative 
approaches. Subjectivity is attributed to the lack of clear operational procedures for isolating the effects of 
the manipulations and for measuring the dependent variables. In this operationalist view, the presence of 
clearly defined sets of operations for measuring the variables of the study is the guarantee of the objectivity 
of the experimental approach and the reason for its highest scientific status.  Although operationalism 
rightly insists on the requisite for well-defined empirical content, as reflected by clear application of 
procedures, a strict adherence to this principle has been abandoned both in the social sciences and in 
philosophy of science (Hempel, 1966; Chung, 2007). Suffice it here to say that, given the drawbacks 
discussed for the experimental approach, and reminding the examples from HAMMLAB research 
discussed in section 2.2, the difference between the two approaches is not so much on the quantity of 
interpretations required, but at what stage of the research process they are made. That is, ‘subjective’ 
judgements will be required and made mostly during the interpretation of the results in the traditional 
experimental approach (e.g. generalisability and applicability), as opposed to during the analysis phase in 
the observational case. 

HRA needs and information types from simulator research 

Three general workshops have been organized by the Halden Project to review and discuss the HRA 
research performed in HAMMLAB (Andresen et al., 2000; Braarud et al., 2003; Laumann et al. 2007). The 
workshops discussed the studies performed and suggested themes and solution for the next phases, in the 
light of the HRA community needs. Although some requests are recurrent (e.g. quantitative data, practical 
relevance), some progress can be seen over the years in the clarification of a number of issues and on the 
strategies proposed to achieve the desired goals.  

The different requests, needs and suggestions received through the workshops can be classified in relation 
to the three ways of how simulator studies can inform HRA: 1) support HRA methods use; 2) inform HRA 
method development and calibration; and 3) provide input to generic data bases. These also correspond to 
three types of information that can be obtained form simulator studies (see Figure 1). From specific to 
general type these are: 

1. Empirical data  

2. Operational information  
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3. Human Factors knowledge  

Empirical data are simulation-specific results in quantitative format. Quantitative data are typically about 
timing-related information and PSFs. Although it is widely recognized that there are important limitations 
to the collection, interpretation and use of this type of data (especially beyond plant and scenario specific 
applications), analyses using data mining techniques are trying to overcome some of the difficulties. This 
data is highly specific to the crews, scenarios, interface, procedures and plant simulated.  

At a higher level of analysis, and less simulation-specific, is operational knowledge. This can be little 
analysed, ‘raw’ description of what was observed, as communication transcripts, time line representations, 
and narratives of individual crew performances. An example could be: 

“The crew 
detects 

that 
they 
still 

have 

indications on leakage from the relief system. At about 04:30 the reactor operator looks at process format for 
Task 1, and closes the containment valve. The shift supervisor continues to investigate the main relief valve 
of Task 2. At about 06:00 the crew concludes that the main relief valve is open and cannot be closed, and the 
shift supervisor decides to start shut down.” 

At this level, the information is still simulation-specific but the qualitative nature of the descriptions allows 
informed readers to infer the relevance of the observed behaviour to other contexts. When several 
individual crews are analysed on aggregate, operational information can more directly become operational 
knowledge. Examples are (1) libraries of recorded error of commission (EOC) situations, or (2) 
understanding the variability in human performance when following emergency procedures, e.g. in what 
conditions the crews choose actions alternative to those literally prescribed by the operating procedures. 

Human factors knowledge is operational information and knowledge organized and generalized through 
human factors theories and models. Example of human factor research that can be performed with 
simulators are: 1) testing and modification of crew performance models; 2) development of tools (e.g. 
cognitive task analysis) for estimation of scenario task complexity; 3) test of support tools (interfaces, 
procedures). Model and tools, especially when of generic kind, can be informed and modified against the 
empirical and industry relevant data from the simulations. 

Figure 1. Information from simulator studies 
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Table 3 provides more examples of the different types of information from simulator studies and couple 
them with specific comments and suggestions that were advanced in the workshops. 

Table 3. Examples of HRA information and HRA needs 

Info type and HRA needs Workshops quotes 
Human Factors knowledge  
For improving HRA practice 
and support model 
development  
Modelling and understanding 
individual and team 
performance 
Inform/validate cognitive 
models 
Study how context influences 
human performance 
Identify error detection and 
recovery mechanisms 
Study procedure following  

Provide recommendations on 
crew training 
Inform guidelines development 
for displays and procedures 

“Measures should be developed depicting the variability in human performance and 
not necessarily of errors committed: overall performance measures of parts of the 
scenario, also referred to as “global” measures are suitable for testing the broad 
impact of interface solutions” 
“Review various HRA methods to understand data needs including the level of detail 
needed in an analysis, the PSFs taken into consideration, and the underlying 
assumptions of human performance” 
“Crew characteristics and impact on training are the most important information we 
got from the study, more than input on probabilities” 

“Since most events have applicable operating procedures, the task activity specified 
by procedures is an important issue to study. For example the variability in human 
performance when operating by procedures, to what extent are procedure steps 
skipped by the crew, and in what conditions do humans choose alternative actions to 
those prescribed by the operating procedures.” 

 

Operational knowledge  
For understanding 
crew/system performance in 
emergencies 
Understand what conditions 
contribute to the operators not 
being able to mitigate an 
accident 
Compile a library of Errors of 
Commission (EOCs) 
Understand what makes the 
operators to lose control of the 
plant 
Human performance issues 

“Observations are needed to explain operator/team variability in performance. The 
observations will help explain the different types of performance due to changes in 
strategy and goals of the crew as well as changes in plant conditions as the accident 
evolves. Observation will also help to take into consideration the full range of 
conditions”. 
“Narrative description of what is observed is a very important aspect of the 
usefulness of simulator studies in HRA”. 
“It was pointed out that first generation methods would ask for concrete numbers 
from omission of doing procedure steps and that second generation methods say that 
the potential for human error is driven by contexts. Contexts have a big influence on 
whether crews do actions or not and could be a driver for a failure. These 
experiments are set up for us to understand these kinds of actions in severe 
accidents, by simulating conditions that crews could potentially face. We want to get 
an understanding of what drives human failure in accident situations. People should 
understand the usefulness of this information in second generation methods”. 

Quantitative data  
For improving the 
quantification algorithms of 
HRA methods 
Estimations of PSFs weights, 
time responses 
Address interaction issues 
Populate international 
databases 

“Measures are needed at the ‘local level’, as opposed to the overall ‘global’ types of 
measures, typically developed for human factors research: ‘local’ performance 
measures capture the elements related to the human events defined by the 
PRA/PSA” 
“Estimate frequencies of possible errors of omission: from a set of several scenarios 
containing the same human action, and from several crews, it is meaningful to at 
least count frequencies”  
“You need some scale as reference point for decision about error probabilities. It is 
important to be able to locate points on such a scale. HRP could establish a ranking, 
that could then be used to conclude in numbers that can be used in HRA”. 
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As the discussion of the PSF/Masking and International HRA Study testifies, the distinction of the three 
types of information is not necessarily one of raw ‘objective’ data versus interpreted data. In those studies 
even the apparently simple number of failures for the HFEs required interpretations to be meaningfully 
obtained. Instead, the information types differ on other dimensions: the degree of simulation specificity 
(how much they depend on the plant, crew, scenarios, procedures, interfaces, etc.), the format (qualitative 
versus quantitative/tabular), and their integration into theory (pure narrative descriptions versus model 
based explanations). 

Conclusion 

Like HAMMLAB, training simulator facilities can be used to produce knowledge and data to address HRA 
modelling and quantification issues. Part of the expertise and methodological requirements can be learnt 
from the HAMMLAB experience. 

If there is agreement that it is more useful for HRA to improve the operational and theoretical 
understanding of emergency operation, rather than seeking reliability data for the ‘human components’, 
then the basic question for an international data exchange programme is what specific means are needed to 
the scope, in addition to the already existing channels for scientific knowledge dissemination. And, at any 
rate, we should keep in mind that our goal is not only to organize more simulations and exchange 
information, but to improve the safety of the NPPs all over the world. 
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1. Introduction 
 
From the review of many different methods for measuring team performance as outlined in various 
literatures, it was found that those methods can be categorized into two categories, objective evaluation 
methods and subjective evaluation methods. Each method has its advantages and disadvantages, and 
therefore the method for the team performance measurement should be selected with the consideration of 
the purpose of team performance measurement, available data and resources, and so on. It can be said that 
OPAS(Operator Performance Assessment System) which is developed by OECD Halden Reactor Project 
(HRP) is an example of the event-based measurement method. 
 
2. Performance measurement 
 
For the purpose of the team performance measurement of main control room (MCR) operator teams of 
nuclear power plants (NPPs) during the management of simulated abnormal situations in a full-scope 
simulator, an approach with only an objective evaluation was used as the first step for the research in team 
performance measurement.  
The scenario used in the team performance measurement is developed by the subject matter experts 
(SMEs). For the objective evaluation, the performance criteria were developed based on the abnormal 
operation procedures (AOPs), with the consideration of an operators’ operating style. The performance 
criteria provide the required operations for the given abnormal situation and the importance of each 
required operation.  
Data was collected for five seasons from 2007 to 2009. Because the different scenario sets are used for the 
different seasons, data was collected for five different scenario sets and corresponding performance 
criteria. Overall, 62 NPP licensed operator teams participated in the data collection. Each operator team 
was asked to properly manage all abnormal situations. 
For the analysis of the collected data, the following four different kinds of data were analyzed: 

Action logs 
Plant parameters 
Communication log 
Workload measurement 

Action logs show when and what kind of actions are given by the instructors and the operator teams. By 
using these action logs, an analysis on the response time is possible. For example, if the abnormal situation 
is given at 0:11:15 and a required action is performed at 0:14:27, the response time is calculated as 0:03:12. 
In fact, the response time is not very important in many abnormal situations, unless the situation is very 
urgent. But, the response time provides an important insight into the performance of the operator team. 
Trends of plant parameters show the effects of the abnormal situation to the plant and how the operator 
teams respond to the abnormal situation. For some trends of plant parameters, it can be said that there are 
some correlations between the performance of the operator teams and the trends of plant parameters. For 
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example, if an abnormal situation occurs in the secondary side, it can be said that the trends of the levels of 
steam generators have some correlations with the performance of the operator teams, because the levels of 
steam generators are sensitively affected by many abnormal situations in the secondary side. 
Communication logs show the communication among the operators. From the communication logs, the 
way the operators understand the situation can be deduced. Communication logs are also important in 
performance analysis because they show what kind of alarms operators recognized and what kind of 
actions are implemented at the plant.  
Workload measurement shows the subjective workload measured by the operators after training in the 
simulator. It can be expected that there is a tendency of the teams with the lower level of workload to show 
the higher performance. But, due to the uncertainties in the subjective workload measurement, it seems that 
it is not easy to quantitatively show such a tendency. 
 
3. Lessons learned 
 
One of the most impressive results from the analysis of operator performance in simulated abnormal 
situations is the excellent performance of the operator teams. Most important operations are completed 
even if no procedures for the situation are provided to the operator teams. The difference in the 
performance of operator teams comes from relatively minor operations which are not very critical in the 
management of the abnormal situations. This lesson implies the difficulty in determining the performance 
criteria. 
From the team performance measurement, it is found that it is better to develop the criteria for team 
performance based on the explicit and observable actions of teams instead of implicit or unobservable 
actions. For example, during the analysis of team responses according to the predefined criteria for team 
performance, it was relatively easier to judge whether the team started a pump or not, instead of judging 
whether the team considered the starting of the pump or not. 
In case of the management of abnormal situations in NPPs, the information from and the mitigation actions 
performed by the field operators are very important. It was observed that the interaction between MCR 
operator teams and the instructors who take the roles of all field operators are generally similar but slightly 
different in details. For this reason, different MCR operator teams receive different amounts of 
information, and sometimes different forms of information from the instructors. Measuring team 
performance with the consideration of all these diversities is not very simple. 
From the viewpoint of human reliability analysis (HRA), few human errors in the operator responses were 
observed. This implies how difficult in will be to collect data from the simulator study and make use of the 
collected data for HRA purposes. 
 
4. Conclusions 
 
In conclusion, it is found that from the definition of the standards for team performance to the actual 
analysis of team performance, measuring team performance is not very simple even if only an objective 
evaluation is used. There are many other factors which need to be considered in measuring the team 
performance but are unable to be included in the predefined criteria for team performance. For this reason, 
the integration between objective evaluation and subjective evaluation is necessary in order to measure 
team performance. 
Related to the use of simulator data for HRA purposes, a lot of discussions is necessary to find a way of 
using the simulator data for the purpose of HRA despite of the lack of human error data. 
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1. Introduction 
 
EDF7 has a long experience about HRA8 data collection and related methodology9. In this paper we will 
present the different needs for HRA data collection and precise which simulator observations are suitable 
for HRA. Then we will describe the current method for data collection used at EDF with the MERMOS 
HRA method with some examples, and the related tools. 

 
 

2.  The needs for HRA data collection at EDF 
 
Data collection methodology is highly related to the HRA method which will use the data, so EDF has 
developed several data collection methods successively, depending on the changing needs.  
 
The first method for data collection was mostly quantitative, following the example of  the THERP/ASEP 
methodology with the aim to adapt it to the specificities of EDF (“FH6” French initial HRA method). HRA 
engineers observed on full-scope simulators how NPP’s operating teams cope with severe situations and 
counted the failures of the teams regarding the following of the procedures. However, later, these data 
could not be reused for the new N4 NPP series (with computerized interface). FH6 includes its data so is 
not suitable for new series or new organizations on NPPs (the whole method needed to be updated). Then 
EDF chose to develop a new method with separated data and better taking into account the human sciences 
views : MERMOS. 
 
Along with the development of the MERMOS method for HRA, data collection became more and more 
qualitative (and not focused on the procedure) in order to save knowledge and to trace it in the analyses. 
The quantitative part is mostly expert judgement supported by this qualitative data collection, which we 
consider is a strength for HRA. HRA engineers observe on full-scope simulators how NPP’s operating 
teams cope with severe situations regarding their behaviour and regarding PSA requirements. The 
reference for success is no more the following of the procedures. Indeed we are convinced that small errors 
are not “the indicator” of big potential failure. Regarding PSA requirements, failure cannot be individual 
                                                      
7 EDF : Electricité de France 
8 HRA : Human Reliability Analysis 
9 - RESS 2003 : “HR data, Human Error and accident model illustration” (P. Le Bot) 
   - PSAM 9 : “Collecting data for MERMOS using a simulator” (P. Le Bot, H. Pesme, P. Meyer) 
   - PSAM 10 : “HRA data collection as knowledge : how to build it and share it?” (P. Le Bot, H. Pesme) 
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thanks to the redundancies in this high-reliable industry that is a NPP. Then we collect data at a collective 
level, considering afterwards which observed configurations or orientations of the team could lead to 
failure when transposed to very specific situations that we have to imagine. 
 
At EDF we sometimes also collect data for research purposes, as for trying to define performance criteria10 
for incidental or accidental operation. This work has been led by HRA engineers along with ergonomists 
specialised in collective work. 
 
Nowadays the need for HRA data collection are in a more lasting perspective. Since 2003 a regular data 
collection program has been launched at EDF by the R&D with the engineering departments in order to 
help the development of the expertise of the HRA analysts and the reliance in the HRA analyses. This 
regular collection suits the need for PSA quality but also for PSA applications, to keep updating HRA data 
because of operation changes (new procedures, new organisation, new process…). 
 
Last but not least, data collection can disseminate Human Factors culture within engineering : indeed the 
engineering analysts are involved as observers of simulations, along with the HRA research experts, and 
work on other fields than PSA. 
 
 
3.  Which simulators observations are suitable for HRA ? 

 
 
3.1  Different uses of simulators observations 
 
Simulators observations are used for different purposes at EDF : testing of the procedures ; ISV11, HRA, 
other Human Factors purposes (for example : better understanding of the role of the supervisor or the 
collective performance, …) ; finding performance indicators of EDF Emergency Operating System. 
 
Data collection depends on its use. The following part of the article focuses on its use for HRA at EDF. 
 
 
3.2  Requirements for the simulations and the observations 
 
In order to collect data suitable for HRA, the requirement is to be as close as possible to reality, that 
means:  

 
- The observations should be on a full scale simulator ; 
- The crews should be licenced (not in initial training), each operator playing its usual role ; they 

should agree to be observed ; 
- The scenarios should be close to PSA situations but plausible (not too many independent failures) 
- There should be no interruption of the scenario by the trainer. 
- The observers should know the usual operation of a plant in the observed conditions and the 

MERMOS method ; they should not disturb the team. 
- The “external” word should be simulated as realistically as possible (at least by the trainer) 
 

                                                      
10 - PSAM 9 : “Emergency operation in nuclear power plants: proposition of an analysis 
protocol to highlight collective team performance in simulation situations” (C. De la Garza - P. Le Bot). 
11 ISV : Integrated System Validation 
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Given those conditions, we try to improve the quality of HRA observations by limiting the biaises. For 
example, we start the simulation with small problems to make the crew come in the operation of “the 
plant”. Moreover as often as possible we participate to the debriefing of the teams, in order to complete the 
data collection and better understand the individual and collective choices. 
 
The video recording is only used for dedicated sessions and research purposes, to limit the amount of work 
for data analysis. 
 
In order to meet these requirements at EDF we observe crews on some dedicated sessions (organized by 
the R&D) and on special regular training sessions named “putting in situation” (which are not interrupted 
by the trainer). During the training sessions there is usually two observers, not in the simulated control 
room but besides the trainer, not to disturb the training session’s objectives. During the dedicated sessions 
we take the opportunity to observe also in the simulated control room, with one observer for each member 
of the team. For each observation we need one day to prepare and one other day for the report (three days 
for each observation). The work for preparation is much larger when we have to organize dedicated 
sessions, and the number of observers too so dedicated sessions are not regular but rather when there is a 
special need for them (R&D objectives, or PSA scenarios not met during the training sessions). 
 

 
3.3  Links between simulator observations, HRA data and HRA results 
 
 

6

Simulator observations, HRA data 
and HRA results

Observation
method

Simulators 
observations

(small failures,…)

HRA data
(Reports & syntheses :

components 
of potential big failures)

HRA method

HRA result
(Description and 
probabilities of

potential big failures)

HRA database

Model of accident
&

Expert judgement

 



NEA/CSNI/R(2012)1 

 118

4.  The data collection method for use with MERMOS 
 
 
4.1  Before observation 

 
HRA analysts prepare the observation by reviewing the scenario and the main actions to be done by the 
crew. They explain the aims and condition of the observation to the trainer and ask him to find crews that 
agree to be observed. They remind him that the scenarios should not be known by the crews. The scenario 
should be tested on simulator by the trainer before the observation. 
 
The day of the observation, they explain to the team the HRA needs and the cautions. 

 
4.2  During observation 

 
HRA analysts and researcher directly note most of the information in a book. Therefore we use a very 
simple structure with four columns. 
 
Here is an extract of some data gathered during observations : 

 
 

TIME EVENT OPERATION COMMENT 
14h35 Call from Maintenance : can inhibit 

I&C part ? 
OK  

14h44 I&C board loss OPR: « the valves open..it’s the 
autos!

 

14h45 Auto Reactor Trip 
SI start up 

« The I&C board has been lost » 
Call of SE and CE

 

14h48  OPR marks RT in the notebook  
14h51  OPV phones CT: « SI and I&C 

board loss » 
Incessant alarm bells 

  Entry in DOS procedure
Confirmation of SI 

 

 
Just after observation, there is a small break and then the observers participate to the debriefing of the 
team.  

 
 

4.3  After observation : data analysis  
 

As soon as possible after the observation, the analysts rewrite their notes, forgetting the unrelevant details. 
The aim is to have still in mind the observation at this time and to write it as a story in the four columns 
table. This table is the main material from the observation. 
 
Then from this table the analysts picks up information in a format that is easily reusable within the 
MERMOS method :  
 

- main actions (example : implementation of feed and bleed within 40 minutes (LOFW) 
- situation elements : specific contexts, individual errors (examples : many phone calls in the control 

room, problems to make an action on the field, misreading an indicator,…) 
- supervisor and safety engineer attitudes and behaviour (examples : are the supervisors close to the 

operators or not, do the safety engineers tell their opinions strongly or not,…)  
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- collective operating behaviour : configurations and orientations, communications… (examples : 
delegation of the surveillance of a parameter to the computerized interface ; suspension of the 
following of the procedure to try to understand a problem,…) 

 
Here are examples of HRA data after analysis : 

 
 
MAIN ACTIONS 

Time Initiating event Main action Reference
12 mn LOCA No reset of SI, recovered by CT after 12mn.  

SI confirmation
… 

30 mn LOCA + electric loss SI manual start 30 mn after the break and 10 mn after 
leak = 180t/h 

… 

 
 
 
 
SITUATION ELEMENTS 

Scenario Context  Reference
SGTR + Elec Loss Sollicitation from the local crisis team regarding the number of 

tube ruptures 
… 

SGTR + Elec Loss OPV alone with the management of the sheets for elec. loss … 
 
 
SUPERVISOR ELEMENTS 

Scenario Sup Situation Features Reference
Loss of Cold Source CT accelerates the team (pressurizer level is increasing after 

isolation of discharge) 
… 

Elec. loss CT alone decides the strategy without control by CE/IS … 
Elec. Loss + SGTR CT anticipates thanks to his ease … 
 
 
SAFETY ENGINEER ELEMENTS 

Scenario CE/IS Sit.F. Reference
Elec.loss + LOCA CE/IS prioritize the actions to make … 
Elec.loss + SGTR CE/IS reorientates CT within a procedure … 
 
 
CICA12 ELEMENTS : CONFIGURATION OF THE TEAM 

Scenario Configuration Reference
Cold source loss distribution of the OP roles … 
Electrical loss CT leads the team … 
 
 
CICA ELEMENTS : ORIENTATION OF THE TEAM 

Scenario Orientation Reference
Loss of cold source Team stops the following of the procedure, disturbed by external 

demands out of the procedures 
… 

Loss of cold source Priority o the preservation of the personnel and the materials … 
                                                      
12 CICA : important configuration/orientation of accidental operation 
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Elec. loss avoiding of the R trip (Sensor indicating  a drop of the SG level)  
 
 

For each scenario, the analyst writes a report including the description of the simulation and the data 
gathered in this MERMOS format. 
 
Every year, a synthesis is written gathering the data from the observations of the year and drawing some 
insights regarding safety and reliability. 
 

 
5.  The tools for HRA data collection 

 
 
5.1  MERMOS database : Data storage and reuse 

 
All the annual syntheses and simulation reports are published within EDF and recently gathered in the 
same database (called IDAFH) as the HRA analyses. So the data are more easily available and can be 
linked to the analyses that refer to them. What is interesting too is that the HRA analyses themselves can 
be input data for new HRA analyses (with the “by delta” approach of MERMOS). 
 
The HRA data are knowledge in a global sense ; they are of two different kinds : 

 
- HRA data reports and syntheses : individual errors, important actions and related response times, 

orientations and configurations of the teams, specific contexts, … 
 
- MERMOS analyses : little stories of failures, associated CICA and contextual properties. 
 
This living reference database is for share at EDF. 

 
5.2   EDF Guideline on collecting simulators data for HRA 

 
EDF has written a Guideline for HRA data collection in 2001. This Guideline details the present 
communication  on the different following topics :  
 

• Framework of the observations : 
– Cautions 
– Specific demands 
– Participation to the debriefing  
– Conditions of validity 

 
• Requirements for the observers : 

– Knowing of procedures, control room and operation 
– Knowing of MERMOS concepts  

 
• Preparation of the observations : checklist  

 
• Information gathering 

 
• Informations analysis 

 
• Scenarios for simulation. 
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Given the numerous observations lead from 2001, the presentation of the data have been improved in the 
reports and this Guideline needs to be updated to take it into account.  
 

 
6.  Conclusions 

 
Simulator observations are the most suitable material for post-accidental HRA. 
 
However, their use is mainly to improve and inform expert judgement related to cues linked to the HRA 
method. At EDF we are convinced that statistic approaches for HRA are not the most relevant methods 
regarding PSA needs. 
 
Regular observations are needed to keep close to reality. The data are stored and can be reused, however 
nothing can replace the knowledge from direct observations by each HRA analyst. 
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Introduction 

Whether they belong to the 1st generation or to the 2nd generation, HRA (Human Reliability Analysis) 
models need data. Hopefully, the use of Emergency Operating procedures (EOPs) in the main control room 
is not so frequent and fortunately, apart from training the operating teams, EOps they have never been 
implemented in full. 
As a consequence, everywhere in the world, HRA teams rely on simulator data.  
But, to what extent can we trust simulator data for HRA purposes? Do simulator data project the right 
image of operators facing an incidental or accidental situation? The purpose of the article is to try to 
answer this question or more modestly to make a list of the questions that have to be asked. 
The article analyses a few simulation biases. It ends with the description of a real event and the successful 
management of small tube generator leak.   
 

Simulation biases 

Because of the lack of experience feedback from reactor operation, simulator studies are compulsory to 
obtain the data necessary to HRA models.  However the simulator studies involve a number of biases. Five 
of them are identified and detailed in the following: 

the first one named “the simulator bias” covers the relationship between the operators and the simulator; it 
is easy to understand but much more difficult to evaluate. 

the four others are more technical points :  

the modelling of actions outside the control room,  
the modelling of long term actions, 
the limited number of simulator runs, 
other technical limitations of the simulator. 
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“The simulator bias” 

The limitations of the simulations are of two types: first the relationship between the operators and the 
simulator and secondly the limitation of a simulator itself to reproduce all the aspects of an even in the real 
life.  
It is obvious that a simulation differs from reality. When an operating team enters a simulator room, 
operators know that they will have to mitigate an incident or an accident. They know that lot of 
components are to fail. On the basis of their former experiment on simulators, they anticipate which of 
them will probably fail. That probably helps them to be more efficient or to react faster, particularly for the 
first hour of the simulation. Moreover, on the same full scope simulator, they are trained to their every day 
activity. Simulator instructors usually say that at the end of a week of training, operators react better and 
quicker than at the beginning.  
One must also takes into account the fact that the operator’s activity is observed and that could disturb 
them. However, it is generally accepted that it is not the case.  
It is more difficult to get rid of the limitations of the machine itself.  A simulation is not a real incident. A 
simulator can reproduce the technical mechanism of an incident as alarms and component failures but not 
its atmosphere. It can’t either reproduce the surprise effect of an incident that disturbs operators at any 
moment during their shift.  
Particularly in case of hazards, events differ from simulator training by many details. The consequences of 
a fire or a flooding are unpredictable. Smoke or fire brigades are lacking.  To cope with these difficulties, 
HRA analysts use performance shaping factors. Experience feedback from real events can help to chose 
them but simulator runs can’t help for their quantification.   

The modelling of actions outside the control room  

Actions outside the control room are not easy to simulate, however their failure can contribute to the 
failure of actions inside the main control room. 
EOPs can demand actions outside the control room. Generally these actions are few. They are operated by 
assigned operators (field operators) and they don’t impact much other operator’s activity. But for particular 
incidents, for example the losses of main switchboards, actions outside the control room are numerous and 
they can disturb operators in different manners: 

if it is a failure: a human failure outside the main control room can disturb operators’ EOPs path inside the 
control room ; 

if they are completed too late: some of these actions are stopping points in EOPs and control room 
operators have to wait for there completion to go on. 

Often during simulator studies outside the control room actions are roughly modelled. A standard duration 
is allocated to each of them. When the time is finished it is always considered a success.  
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Also in HRA, these actions are roughly modelled. A few years ago, I tried to have information on this 
subject. I was supported by an inspector and three times with colleagues, operations of the same EOP were 
simulated on a different PWR reactor. The selected EOP was one of those dedicated to cope with a fire. It 
was selected because of its numerous outside the control room operations. We followed field operators and 
measured the time necessary for each action. Interesting results were obtained: 

a mean time for operations in electrical equipment rooms ; 

a different mean time for operations in the nuclear auxiliary building ; 

few actions lasted longer (45 minutes to an hour).  

Considering the information above, a single duration for outside the control room actions must be 
considered as a simulation bias. Depending on situations this bias may or may not impact simulation 
results. 

The modelling of long term actions 

PSA level 1 sequences start from an initiating event and stop when core damaged conditions are reached. 
In order to calculate failed sequences, a duration of 24 hours is used. Even if the HEPs that are modelled 
are more numerous during the first hours of a sequence, important human actions that can lead to core melt 
take place after the first hours of an incident. The refuelling of the feedwater tank or the management of 
switchboards’ losses are actions of this type.  
Generally a simulator run lasts few hours (roughly tree hours) and long term actions are not simulated. 
Sometimes, two sessions are organised to obtain an extended time frame one separated from the other by 
hours or days. A different team can be called to play the end of a scenario. The time rupture or the team 
rupture are also biases.  
Experience feedback from reactor operation yet shows that errors are committed several hours after the 
occurrence of the initiating event or others at the end of an incidental situation, just before coming back to 
normal operating procedures. This subject is closed the one of the analysis of dependencies between 
human failures.  It could be explored and improved. 

The limited number of simulator runs 

Simulations are expensive and need a lot of time to analyse the results. In consequence, a limited number 
of situations are done. Probably all the combinations of supporting systems losses (electrical switchboards 
or air supply) haven’t been explored. 
On another hand, if a quantitative issue is expected from simulations a reasonable number of simulation 
studies are necessary. A solution to obtain more data is to aggregate several simulation studies that are not 
strictly identical as different break sizes of LOCA or SGTR: even though the criteria that initiate the 
human action is the same, the thermohydraulic phenomenon is different. 
In this situation the quality of the data relays on the analyst which guarantee that the aggregation as a 
limited effect on the result. 
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Other technical limitations of a simulator  

A simulator relies on thermohydraulic models and that consists in a limitation too. Several plant conditions 
as the open vessel sates can’t be simulated because of the simulator limitations. PSA level 2 scenarios and 
the severe accident management guide actions either and nuclear crisis teams training exercises are played 
on the basis of paper written scenarios. PSA level 2 HRA models rely mainly on expert judgment. 

A case study 

Someone who observes operators operating on a full scope simulator is always impressed seeing their 
professionalism and their efficiency. When the first signal of derivation from normal operation appears 
(alarm or activation of a safety function), operators takes EOPS and start operating as if they were robots. 
But can we expect a same behaviour during a real incident? 
 
In order to balance the analysis presented above concerning the weak points of the use of simulator studies 
for predictive HRA purpose, the last part of the article presents a case study taken from the experience 
feedback of reactor operation. The incident, a small leak of a steam generator tube, can actually be 
compared to a simulation run. The operating team was quick and efficient and the observed duration of the 
main actions were of the order of magnitude of the durations observed during simulator runs for the best 
teams.  
The operating team detected the leak based on the measurement of the radioactivity of the nitrogen-16 gas. 
This primary/secondary leak increased rapidly and the operating team started to use EOPs. Partial isolation 
of the affected steam generator was done in 8 minutes. Immediately after that the load was reduced and 33 
minutes after the beginning of the incident, a manual shutdown was performed when the reactor power 
dropped below 10% nominal power. The affected steam generator have been completely isolated by 
closing the associated steam intake valve in 35 minutes and the leak was eliminated after 85 minutes by 
balancing the primary and secondary pressures of the affected steam generator.  
A comparison with a team that would had a quick path through the OEPs shows that the partial isolation of 
the affected steam generator would have done in 7 min 30 s, the manual shutdown in 29 min and the total 
isolation of the affected steam generator in 31 minutes. 

Conclusion 

Due to the poor experience feedback from reactor operation, post accidental HRA models rely mainly on 
simulator studies. The article makes a list of simulation biases but doesn’t intend to rank them or give 
advice to try to get rid of them. It could be another subject. However, experience feedback must not be 
neglected even if it is not complete. It is way to keep aware of the reality and the simulation biases.   
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Extended abstract (revision of 29/10/09) 

 
Can we trust simulator data for hra purposes? 
 
HRA (Human Reliability Analysis) models, whether they belong to 1st generation models or to 2nd 
generation models, need data. Hopefully, the use of Emergency Operating procedures (EOPs) in the main 
control room is not so frequent. Fortunately EOps have not been implemented in full. 
As a consequence, everywhere in the world HRA teams rely on simulator data. But to what extent can we 
be trust simulator data for HRA purposes? Does the simulator data project the right image of operators 
facing an incidental or accidental situation? The article will try to answer this question or more modestly 
will try to make a list of the questions that have to be asked. 
The first part of the article analyses simulation biases.  
The second part of the article presents a case study taken from the experience feedback of reactor 
operation. It shows that an operating team can behave just as if they were operating a simulator. 
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Abstract  
Simulator data has since long been identified as a natural source of information for HRA (Hirschberg, 
2004), (NEA/CSNI/R(2008)9). One way of exploiting simulator data is to use it as a basis for evaluating 
HRA methods. The International HRA Empirical study was based on a comparison of observed 
performance in simulator runs in the HAlden Man-Machine LABoratory (HAMMLAB) with the outcomes 
predicted in HRA analyses. This was a novel way of utilizing HAMMLAB human performance data. The 
value of such simulator exercises for evaluating HRA methods was confirmed, and the study provided 
insights on issues related to human behavior that can be used to improve HRA methods. This paper 
describes the approach related to the empirical data, and how these were compared to the HRA analyses. 

Introduction 

There is substantial interest in assessing HRA methods and ultimately in validating the approaches and 
models underlying these methods. The aim of the International HRA Empirical Study is to develop an 
empirically-based understanding of the performance, strengths, and weaknesses of the methods. It is 
expected that the results of this work will provide the technical basis for the development of improved 
HRA guidance and, if necessary, improved HRA methods. The study was based on a comparison of 
observed performance in HAMMLAB simulator runs with the outcomes predicted in HRA analyses. 
Several HRA teams received an information package with descriptions of HAMMLAB, the procedures, the 
intefaces etc, as well as the definitions of the Human Failure Events. The HRA teams then performed HRA 
analyses that were compared to the actual empirical outcome in HAMMLAB. This way of utilizing 
HAMMLAB performance data is completely new. Traditionally, HAMMLAB has been used to study 
separate factors (e.g., improved interfaces or alarm systems) in a controlled manner in realistic settings. 
Examples of such studies and how they support HRA are given in (Massaiu, 2009). Also a workshop in 
Halden in 2005 focused on this aspect to support HRA, see (Laumann et al., 2007). Thus, a necessary 
condition for the success of the HRA Empirical Study was the development of a sound methodology for 
comparing observed simulator performance to predictions from the HRA methods. 
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The study was organized in three phases, and comprised analysis of two variants of two types of scenarios, 
a Steam Generator Tube Rupture (SGTR), and a total Loss of Feedwater (LOFW). The study is reported in 
(Lois et al., 2008a) and (Lois et al., 2009). A shorter overview of the study is given in (Lois et al., 2008b).  

HRA analyses from teams 

There are differences in the underlying models, the number of performance shaping factors, the definition 
of their scope, and in the terminology used in different HRA methods. In addition, the documentation of 
HRA analyses in PRA is typically oriented to tracing how the information on the performance conditions 
obtained in the qualitative analysis has been incorporated into the estimation of the Human Failure Event 
(HFE) failure probability rather than to predicting specific outcomes in terms of behaviors and actions. To 
address the terminological differences as well as to provide predicted outcomes that could be compared 
with the outcomes obtained in the simulator study, the HRA teams were asked to deliver predictions for 
each HFE in a three part "open-form” questionnaire, in addition to the “normal” documentation of their 
HRA analysis and quantification, as in a PRA. The open form questionnaire contained: 

1. the human error probability (HEP),  
2. the driving factors (PSFs), and  
3. “operational expressions” (see below). 

 
Thus analytical predictions were compared with experimental outcomes for each of the following: 

• The level of difficulty associated with the operator actions of interest (the HFEs). For the HRA 
predictions, the level of difficulty was represented by the HEP. 

• The factors that most influenced the performance of the crews in these scenarios (PSFs), called 
driving factors. 

• The reason for the difficulties (or ease) with which the crews performed the tasks associated with 
each HFE, and how these difficulties were expressed in operational and scenario-specific terms 
(“operational expressions”).  

The latter served as a basis and underlying documentation for the causes of the drivers. In addition, for 
some of the second generation methods in the study, e.g., ATHEANA and MERMOS, the operational 
stories from the simulator runs could be directly compared to the operational scenario descriptions that 
these methods develop as part of their analysis. The above points are evaluated in what we call the 
“predictive power” of the HRA method.   

Empirical HAMMLAB data, HFEs and PSFs derivation methodology 

The analysis methodology required for obtaining the empirical reference data for comparison included the 
following phases: 

• Collection of raw data 
• Crew-level analysis 
• Determination of the number of failures 
• Aggregate level analysis: writing of the operational descriptions (summaries of how the crews 

performed under the various HFEs) and derivation and rating of the PSFs. 
• Assessment of the relative difficulty of the HFEs and their ranking. 

 
The raw data included logs; audio/video, including fixed and head mounted cameras; crew interview after 
each scenario; operators’ PSF ratings; operator background questionnaire; observer PSF ratings and 
comments; OPAS (task performance) and overall performance rating; and observer comments. 
 
For the present study, audio/video recordings coupled with simulator log data, constituted the main sources 
for writing narratives about crew performance of the HFEs, for deriving the PSFs, and in general, for 
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allowing detailed understanding of what the crews did, when they did it, and why. This process is 
described below.  

Crew-level analysis 

The strong focus on the method-to-data comparison on qualitative aspects of HRA predictions required the 
analysis to investigate crews’ performance on a detailed operational level. This included the identification 
of specific conditions of execution that resulted from dynamic crew-system interactions, and the 
understanding of the decision processes involved in observed non-procedural activities. As no quantitative 
measurements exist able to provide this type of information, a qualitative, in-depth analysis approach was 
employed.  
 
The cornerstone of the in-depth qualitative analysis was the review of the audio-video recordings coupled 
with data logs of simulator and operators activities. These were analyzed by interdisciplinary teams 
composed by human factor specialists and NPP process experts. The analysis teams viewed the video and 
transcribed key communications and events. They also wrote explanatory comments about salient aspects 
of crew performance. The accuracy and validity of the reviews were enhanced by the possibility provided 
by on-line access to log data to reconstruct plant conditions at any given time.  
 
Immediately after viewing each scenario phase corresponding to a HFE, the analysts commented the crews 
performances by following a list of predefined items (i.e. predefined operational issues) and filled a table 
of dynamic performance shaping factors (i.e. factors observable in actual performance and not constant for 
all crews) by assessing their presence and strength of effect on the performance of the HFE. 
 
The following were the operational items evaluated for all HFEs: 

• Operation modus. A description of how the crew performed the tasks included in the HFE. E.g. 
“The operation is quick and controlled. The core exit temperature is below 280 degrees when the 
crew enters step 7 (due to late reduction of AFW to SG1). They then start directly with steam 
dump to condenser …”. 

• Planning. How the main task was planned. E.g. “The crew follows the procedure”. 
• Supervisor workstyle. E.g. “SS overviews the situation and does not intervene”. 
• Procedure reading & following. E.g. “RO reads and follow the procedure”. 
• RO/ARO workstyle - issues not mentioned in the former point. E.g. “RO and ARO coordinate and 

cooperate well”.  
• Ongoing discussion of events in previous phases. E.g. “FO gets a local call on local isolation 

actions. This does not distract in any way (but still no action has been done on SG1 steam dump 
since RO forgot to order to check if it was closed). 

 
The operational items were used together with the observed PSFs to fill in the aggregate PSF tables later 
on in the analysis process.  
 
The PSF table listed the following dynamic factors: time pressure, stress, complexity, procedure use, 
interface, communication, (individual) work processes and team dynamics. These are only a subset of the 
PSFs considered in the study, the ones that vary according to the specific performances of the tasks. Each 
dynamic factor deemed to be present was commented, rated as positive or negative, and weighted on its 
assumed effect on the success of the HFEs  (as small, big or no effect).  Scenario complexity at the crew-
HFE level was interpreted in terms of “How the crew solves problems and copes with the task” so to 
include also dynamic issues, e.g., does the crew complicate the task by doing unnecessary actions. The 
remaining PSFs, sometimes called ‘static PSFs’ were assessed at a later stage of the analysis. These were: 
Adequacy of time, indications of conditions, execution complexity, procedure quality, training and 
experience. 
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Crew performance and HFEs failures 

By combining the information contained in the crews/scenarios’ reviews with quantitative performance 
data (e.g. performance times, ruptured SG level) it was possible to form an idea of individual crews’ 
performance. This information was used to aggregate the crew-HFE level performances into aggregate (all 
crews) performance summaries and PSFs assessment. The first step was, however, to evaluate the crews’ 
performance on each of the HFEs, i.e. to establish the HFEs successes and failures.   
 
The HFEs were for the SGTR scenarios defined on a functional level, i.e., failures to perform X within t 
minutes, where X typically consisted of several actions and/or verifications (e.g. isolations, valve closures, 
pumps stoppages), and the time window t was based on typical/expected responses for the performance of 
the given tasks (see 2.3.4). In the LOFW scenarios, this definition was a little different, since it relied more 
directly on the PRA criterion for “Bleed and Feed”.  

Operational descriptions 

The aggregated operational descriptions are summaries of how the crews performed under the various 
HFEs. Since one could reasonably argue that the 14 crews represent 14 different modes of operating under 
each HFE (solving the main tasks of the scenarios), the process of summarizing 14 different observed 
performances into one is not obvious. The strategy followed here was twofold. First, averages and ranges 
were calculated relating quantitative dimensions of the HFEs such as start and completion times. This step 
provided information on typical observed performance and variability on quantitative aspects. Secondly, 
the crews were grouped into operational modes, i.e., salient differences in the way the tasks were executed, 
reasons for why the tasks were done (e.g., why Bleed&Feed was performed in the LOFW) and/or the 
situation evolved under the HFEs. Each operational mode can result in different outcomes relative to the 
performance of the HFE, as crews at the opposite ends of the performance spectrum could share the same 
operational mode or approach. In addition for each mode a possibility for deviating from the main pattern 
of operation observed in the majority of the crews is present, e.g., a crew acts exactly as the others (the 
same general operational mode) but for some reasons waits for the fulfilment of some conditions before 
starting the actions. This was also described.  
 
It should be stressed that operational descriptions and especially the modes of operations were kept, as 
much as possible, at a descriptive level, in order to be independent of the process for assessing the driving 
factors. 

PSFs assessment 

 Observational HRA ratings 
The following procedure was followed in order to aggregate individual crews PSF observations into 
similar-performing crews PSFs and, finally, into overall-HFE observed PSF ratings: 

1. Crew by crew ratings: after observing each crew’s performance of the HFEs, a PSF table was filled 
where, for each PSF, it was evaluated whether it was present, and if so, whether it had a small, 
large or no effect for the fulfillment of the HFE success criteria.  

2. Grouping of crews: based on the characteristics of their performance (failures, near misses, 
operational problems), the crews were assigned to groups, normally well performing vs. less well 
performing crews. Less well performing crews included ‘failing’ crews as well as crews close to 
failure (i.e. approaching the HFE criteria for failure). 

3. PSF aggregation for groups of crews (well and less well performing): the crews within each group 
typically showed consistent configurations of PSFs, e.g. less well performing crews had negative 
team dynamics where well performing crews had positive. Depending on the number of observed 
issues and their original ratings an observed group rating was expressed on a 9 points scale. The 
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ratings were also adjusted for improving across-PSFs consistency and for avoiding double 
counting as far as possible. Ratings at this level were expressed for only observed dynamic factors, 
not for factors constant for all crews. 

4. Contrast analysis. PSF aggregations for well performing crews were contrasted with aggregations 
for less well performing crews, in order to produce the overall observed PSF rating for each HFE.  

 
In multi-group cases, the majority of the crews belonged to the well performing group. Hence the majority 
group dominated the main effect evaluation of the final PSFs. If both groups had the same sign on a PSF 
(e.g. good communication) the final rating had the same sign and the weight assigned was based on the 
number and weights of the observations out of the number of total crews. If the two groups had different 
sign (e.g. team dynamics was positive for the well performing crews and negative for the others) then a 
secondary effect was singled out and rated as the rating of the minority group (as a general rule). 
Then, PSFs that were assumed to be constant or not different for the groups, like training and procedures, 
were rated. These ratings took into account the ratings of the other more dynamic PSFs for generating a 
consistent total PSF profile of the HFE. Further, only at this stage the PSFs that were not assessed at the 
individual crew-HFE level (i.e. adequacy of time, indications of conditions, execution complexity, training, 
and experience) were evaluated by relying on the information obtained from performance data, operational 
descriptions, and background information on the crews and the plant/simulator. 

 HRA PSF ratings 
The integration of crew-level PSFs into overall-HFE observed PSF ratings did not try to use a single 
“orthogonal” set of PSFs. Some of the PSFs were recognized as partly overlapping and judgments were 
made to assure consistency within each HFE and across HFEs. Thus, although the overall observed PSF 
sets are not performance models, the comments provided in the tables, together with the operational 
descriptions, helped figuring out causal stories or models of PSFs interaction. Yet, as long as consensus 
does not exist across HRA methods on a single set of PSFs, let alone on a model of their interactions, the 
overall observed PSFs were translated into a format appropriate to HRA, i.e. in terms of factors familiar to 
the HRA community and consistent with the general assumptions of HRA (e.g. nominal conditions are 
good). HRA methods are designed to evaluate the probability of a human failure, the probability being 
evaluated by averaging over the population of crews. Therefore, the PSF ratings needed for most HRA 
methods are averaged in some sense. The observational ratings were mapped on the following scale for 
HRA ratings: 

• MND = Main negative driver 
• ND = Negative driver 
• 0 = Not a driver 
• N/P = Nominal/Positive, i.e. contributes to the overall assessment of the HEP being small (Note 

that some methods use the term “Nominal” to denote a default set of positive circumstances and 
the use of the N rating is consistent with that terminology).  
 

A number of rules were utilized to translate overall observational PSF ratings for the crew data into HRA 
PSF ratings, see (Lois et al., 2009) for details. For some HFEs, one PSF was identified as main factor 
(MND) meaning that, although it might have had an observational rating no larger than other PSFs, it was 
judged to have had the larger total effect on the performance of the HFE (e.g. by causing other PSFs to 
assume non-nominal, non-zero values). 

HFEs difficulty and ranking 

The HFEs were ranked relative to their difficulty. This evaluation was made by considering all available 
information on the performance of the tasks making up the HFEs. This implies that the HFE ranking is not 
based on mere counting of ‘failing crews’. Rather, the ranking took into account:  
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• The number of ‘failing’ crews and ‘near misses’  
• Difficulty in operational terms 
• Information provided to the HRA teams – if any conditions were not described that they would 

need to assess the HFE, this would be taken into account in order to be able to compare. 
 
The final ranking was agreed upon by group consensus, where both experimentalists and the assessment 
group participated. Despite the large uncertainties in the reference HEPs (what is the true error rate), it was 
possible to obtain a strong consensus on which HFEs that appeared to be more difficult, with the 
expectation that the probability of failure was higher. 

HRA method assessment based on comparison to the simulator data 

The assessment of each method addressed multiple criteria. The assessments of the methods’ qualitative 
and quantitative predictive power were based on comparisons between each method’s predictions and the 
reference data obtained in the HAMMLAB simulator, see below.  
 
The assessments of other criteria were primarily based on examination of the submitted HRA analyses. 
These criteria were:  

• Traceability, both traceability of the qualitative analysis employed and how it translates into the 
model and analysis used in the methods, and traceability of the quantification process itself, e.g., is 
it based on a simple mathematical repeatable algorithm or expert judgment.  

• The guidance for how to perform the qualitative analysis, guidance for HFE modeling and 
decomposition (if applicable), and guidance for the quantification, e.g., how to rate the factors in a 
factorial method or how to include expert judgment and ensure its consistency. 

• Insights for error reduction, does the analysis of driving factors and understanding of potential 
failure mechanisms support the identification of potential fixes in areas where errors might occur 
(e.g.., procedural or training improvements).  

Qualitative predictive power 

The qualitative predictive power considered two basic aspects: 
• In terms of drivers/PSFs, how well did the method predict the specific performance issues and 

drivers identified in the reference data 
• In terms of operational expressions, how well did the method predict failure mechanisms in 

operational terms that were identified in the reference data 

 Drivers of performance 
Not all HRA methods use the same set of factors that were used to represent the crew data and quite often 
use somewhat different terminology. Therefore, in order to be able to compare the driving factors 
identified by the HRA methods with the crew data, the driving factors identified by the HRA methods had 
to be translated into the same set of PSFs. See Table 2.2, (Lois et al., 2009) for the complete list of PSFs 
and their definitions. Similar to what was done with the HAMMLAB crew data, the assessors assigned 
ratings of the extent to which the various factors were predicted to affect crew performance. These ratings 
were based on the discussions provided by the HRA teams in the open form with respect to the important 
driving factors and the operational stories of what would be affecting the crews in completing the relevant 
actions. In addition, the documentation of the HRA application provided by the teams was examined by the 
assessors to assess the extent to which the various factors appeared to contribute to the overall HEP for 
each HFE. The same scale was used by the assessors to rate the impact of the various factors as was used 
to characterize the empirical PSFs. In addition, N/A was used if the PSF was not addressed by the method. 
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When evaluating the predicted drivers in the HRA analyses, we also judged whether the method explained 
why the predicted driver contributes negatively to HFE performance. Given some of the differences in 
factor definitions among the methods, this emphasis on the drivers in operational terms and in terms of 
specific issues bypasses possible ambiguities with the assignment of issues to specific PSFs (the 
“translation” problem).  If some methods did not identify specific performance issues but identified the 
correct drivers, they would be ranked lower with respect to this criterion than methods that did identify the 
performance issues.  
 
There may also be cases of predicted factors and issues that were not supported by the reference data. Of 
these, there may be issues that are correctly predicted but simply not observed given the sample size.  

 Operational expressions 
Predictions of failure mechanisms in operational terms were evaluated. Although HRA analysts need to 
understand how crews will approach a given task in order to predict the HEP, some methods rely strongly 
on these operational aspects and many methods predict specific modes or mechanisms of failure. This 
subcriterion deals with the accuracy of these predictions. Did the HRA analysis characterize correctly how 
the crews would fail or where they would have problems?  It can be seen that the “driving factors and 
issues” subcriterion above focuses on the problematic performance conditions while this subcriterion 
focuses on how degraded or failed performance manifested itself. 

Quantitative predictive power 

The empirical HEPs were estimated on the basis of a sample of 4 scenarios and at most 14 crews.  When 
there are significant numbers of observed failures, they can provide reasonable estimates of the failure 
probability.  However, for many of the HFEs there were no observed failures, and therefore it was not 
possible, on purely statistical grounds to derive exact HEP estimates.  
 
Nonetheless, the comparison of the quantitative HRA predictions to the empirical success/failure data was 
addressed. The comparison addressed both the absolute values as such (HFE by HFE), including Bayesian 
bounds, and the ranking of the HFEs based on the HEPs (across the HFEs). The small sample of 
observations resulted in large uncertainties in the reference HEPs. However, in many PRA applications, the 
relative values of the HEPs (i.e., the ranking of the HFEs) are sufficient to draw conclusions and derive 
safety insights. The subcriteria for assessing the methods in the list below are listed with the highest 
priority first and in order of decreasing priority. 

1. HFEs where several failures were observed in the empirical data can be regarded as very 
difficult tasks that should have correspondingly high HEPs. If an HRA method produced low 
HEPs for such HFEs, the submission was examined in more detail in order to identify 
indications of method optimism. 

2. Consistency of the ranking of the HFEs (by predicted HEP) with the reference difficulty 
ranking.  

3. Predicted HEPs relative to the confidence/uncertainty bounds of the reference data. Were the 
HEPs within the bounds, which in this study have been estimated by a Bayesian update that 
uses the observed performances as evidence. 

4. Quantitative differentiation of the HFEs by HEP. Were the predicted HEPs for the most 
difficult HFEs significantly larger than those predicted for the least difficult HFEs? The 
quantitative predictive power of the method is judged to be reduced if the predicted HEPs all 
fall within a narrow band. 
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Discussion and conclusions 

We have not provided results of the comparisons here, for this, see (Lois et al., 2009). The focus here is on 
the use of simulator data for method benchmarking and on the methodology this implies. In this sense, we 
can safely conclude that it was possible to compare empirical data and predictions from HRA methods and 
that a methodology was successfully developed.  
 
In this benchmark the definitions of the HFEs were predefined. This was a lessons learned from earlier 
benchmarks, to avoid that the various HRA methods would define their own HFEs and that would have 
made it more difficult to compare the outcomes. The strategy proved successful as it was possible to 
compare how the methods had analyzed the same HFEs. This comes at a cost though, especially that some 
methods did not manage to reveal their whole potential. E.g., in a method like ATHEANA, an important 
advantage is the error identification phase, in which one may identify various types of context and 
situations in which it might be more probable for crews to err. So the study only tested parts of some 
methods’ abilities.  
 
The kind of empirical data described in this paper may also be of great value to HRA in itself. One aspect 
of it is the evaluation of the PSFs that is done, which may support studies looking into this. Another aspect 
is the knowledge contained in the empirical operational expressions, including qualitative descriptions of 
the timelines in the evolving scenarios. This may be of use for HRA practitioners for gaining knowledge 
about detailed operation of difficult accident scenarios.  
 
Regarding the drivers or PSFs, it is a challenge to judge the impact on performance when no manipulation 
is done. If the goal is to investigate one driver at the time, this may more easily be done by manipulating 
this driver in a classical experiment. However, in this case we have used a more observational approach. 
For discussions on these approaches to providing data on factors for HRA, see (Bye et al., 2004) and (Bye 
et al., 2006). The approach developed for this study resulted in an evaluation of all the PSFs involved for 
each HFE, which could then be compared to the predicted PSFs or drivers of performance from the HRA 
methods. This was particularly central for many of the factor-oriented HRA methods. The approach 
seemed appropriate for the comparison. 
 
Operational expressions were introduced in this study, in order to get more information on the qualitative 
aspects of both the HRA analyses and of the empirical data. These operational expressions proved to be 
very useful for comparing direct outcomes from the empirical data to concrete scenario descriptions 
provided by second generation methods like ATHEANA and MERMOS. These methods typically describe 
predicted scenario parts, as “little stories” or as part of descriptions of possible failure mechanisms, 
descriptions of how the human failures could occur. These are an important part of their analyses before 
they utilize any quantification algorithms. These predicted operational expressions are actually easier to 
compare to empirical data than the impact of PSFs, since a number of operational situations are observed 
in the simulator, and for this study, they are also described, both on a single crew level, and as “operational 
modes” aggregated for many crews. These predicted and observed operational expressions could thus be 
directly compared.  
 
In addition, the operational expressions in this study were used to understand the basis for the PSFs. In the 
empirical data, we needed operational understanding in order to be able to rate the PSFs. In the predictions, 
the qualitative analyses described in operational terms were used to understand the analyses done by the 
HRA teams and to judge the basis for their rating of PSFs and their analysis in general.  
 
In Barry Kirwan’s review of the first part of the study (Kirwan, 2009), he discusses these operational 
expressions as a rather novel artifact for HRA. He finds them interesting and discusses a potential use of 
these operational expressions as a bridge between first and second generation HRA methods. Since they 
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are easily recognizable in the second generation methods, and also they are linked to the qualitative 
analysis that should be done for many applications, they might form a basis for combined applications of 
first and second generation methods. Maybe a first step for a hybrid method is taken? Kirwan also 
emphasizes the better use of these operational expressions in difficult scenarios, while for more simple 
straight forward HRA cases, standard first generation methods might be applied more directly.  
 
This benchmark exercise has confirmed that simulator exercises that are well designed with extensive 
documentation and analysis can provide significant insights to support HRA method benchmarking and 
development.  While the quantitative comparisons of the benchmark exercise, namely those based on the 
empirical HEPs, were somewhat useful, the comparison results that are of most value are primarily those 
of a qualitative nature. The quantitative comparisons served as good starting points for how to study the 
qualitative aspects of the applications of the methods. E.g., if a HRA method predicted optimistic values 
for a difficult HFE, in which several of the crews failed, it was easy to understand from a detailed study of 
the qualitative part of the HRA analysis why they had predicted an optimistic HEP. This is a specific 
feature of this study due to the presence of an empirical counterpart.   
 
Another advantage of utilizing empirical data as a reference basis for HRA predictions, compared to a 
traditional comparison study where HRA predictions are only compared to each other, is that discussions 
about judgments of modeling and what is the more correct way to do an analysis, was almost completely 
avoided. The reason for this may be several. One point is that the empirical data is present as the answer to 
many of these potential discussion issues. Of course, other discussion topics arise as the relevance of the 
data and for which types of operational cultures the predictions are done, and are these comparable to the 
ones entailed by the crews forming the empirical data. Some of these issues are to be addressed in follow-
up studies. Another reason might be that the presence of the empirical data forces the discussions to be 
very concrete and detailed about the operational issues actually observed in the simulator runs. Then the 
method analysts discuss how these results apply to their own method, forming constructive discussions on 
how to further develop the analysis or the method itself.  
 
The empirical data collected and analysed for this particular exercise identified a number of issues whose 
consideration could be used to improve HRA methods.  These include recognizing the value of: 

• Understanding of the context for the crew actions, including its dynamic aspects, e.g., the need for 
monitoring changes in plant parameters to determine when to terminate the task. 

• Recognizing the significance of crew-to-crew variability, including team dynamics and work 
processes, as reflected, for example, in different operational modes of performing required actions. 

• Identifying potential failure causes (i.e., explanations of why the human failure occurred), 
recognizing that it may be different for different operational modes.  

HRA methods take these issues into account to varying degrees. Future topics for research is to investigate 
how these issues should be taken into account, and which types of HRA analyses and methods should be 
used, or combined, in order to take them into account.  
 
While impressive for a simulator study, the number of sessions (4 scenarios) and crews (14 crews) were 
small in relation to the expected levels of performance of the crews for many HFEs. As a result, the study 
was a stronger test of the qualitative insights rather than the quantitative results obtained with the methods, 
i.e. more a test of the ability of the methods to predict the driving factors of performance and the 
tendencies in the scenarios than a test of the methods' accuracy in matching the ‘empirical’ HEPs. 
 
As a conclusion, the study confirmed the value of such simulator exercises for evaluating HRA methods. A 
new data analysis approach was developed that optimizes the comparison of HRA methods predictions to 
empirical observations. The approach also improves the usefulness of simulator data for HRA purposes. 
The study provided insights on issues related to human behavior that can be used to improve HRA 
methods.  
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Characteristics of NPP Operator Teamwork 
 
Operator teams are highly differentiated from other teams through exclusive membership of expert 
specialists, where the team members represent different special fields. Professional teams’ efficiency rely 
upon appropriate information flow between team members, where the individuals have to integrate their 
specific knowledge in order to operate the technologically complex system on team level. The teams 
execute operations repeatedly under technologically complex conditions, which require extended 
professional training and preparation from the organisation as well from the individuals.  
NPP operator teams work in high risk environment, where it is expected to avoid irreversible failures that 
endanger human life or cause material damage. High risk environments are environments in which there is 
a more than normal chance for serious material or life damage.13  
The operator team is exposed to face with several environmental task load factors which may have 
significant effect on the team performance. Task load as a demand is inherent in the objective 
circumstances, such as noise (e.g. high number of alarms activated, disturbing the concentrated activity of 
an operator in npp control rooms), prolonged work, work shifting (most of nuclear power plant operators 
have to experience the negative effects of night shifting), complexity, novelty, uncertainty, time pressure. 
An unexpected mechanical failure, when the appropriate actions are not known immediately, can 
intensively load the mental resources of team members. While there are some positive effects associated 
with high level of task load, such as the induced arousal, the high level of vigilance, wide range of 
cognitive skills may be affected at both individual and team level. Time pressure, novelty, uncertainty 
appear to cause lapses and narrowing of attention, impaired concentration, increased reaction time, reduced 
ability to cope with multiple tasks, working memory deficits. Narrowing of attention could be harmful 
especially for simultaneous multiple small task management (to keep others informed about the ongoing 
event, while performing task related actions), mental monitoring and integration of multiple sources of 
information (different screen indicators, information from other team member). During high task load, due 

                                                      
13 Dietrich, R.-Childress, T. M.: Group interaction in high risk environments. The GIHRE Project. ASHGATE, Burlington, 
(2004). 
 



NEA/CSNI/R(2012)1 

 138

to the impaired cognitive skills, it is likely that the team member will have critical information that is less 
accessible to the decision maker or to the other member involved in the same coordinated action. In this 
way high level of task load impairs performance by reducing the effectiveness of the communication 
between team members.14  
In the field of NPP, where the importance of promoting and evaluating safety culture it has always been 
emphasized, the relevance of standardization is unquestionable. In order to avoid the negative 
consequences of uncertainty, task load, there have been strong efforts to foresee as many non routine 
situations as possible deviating from normal operations and to develop standardized procedures.  
High level of standardization can make the system’s behaviour more predictable and controllable.15 In a 
technologically complex situation like the NPP, instead of the strong attempt to foresee all that could 
happen, the team members’ competencies has to be increased to efficiently cope with unforeseeable events.  
The operator team members were trained to perform successfully and to maintain the standards of safety. 
The organisation puts high level of standards for their employees, establishing the basis for the 
professional culture. The strong need for perfection, the eternal endeavour to perform or behave in a 
professional manner, to achieve and exceed the own potential could have some important side effects, such 
as the (false) belief in personal invulnerability to stress, to fatigue, denying the harmful effect of task load 
on performance.  
As long as operator teams have to work under various, changing condition of task load it is important to 
develop mutual coping strategies, which constitute efficient coordination, cooperation, terminally 
communication.  
 
The importance of efficient communication  
 
The relevance of communication is already confirmed by several investigations of human errors. Analyses 
of major incidents, accidents, disasters in high risk environment emphasized the role of individual 
(inadequate situation assessment, erroneous decision making, adverse stress reactions), as well as team 
errors.16 The revealed team deficits were more likely to reflect failures in team communication than 
deficiencies in professional knowledge, such as roles not being clearly defined, the lack of explicit 
communication and miscommunication problems.  
Communication proves to be an important key factor of efficient team functioning, especially in routine, 
normal periods, helping the team to prepare for emergencies, high task load phases.  
 

 
 

                                                      
14 Mumaw, R. J. The effects of stress on NPP operational decision making and training approaches to reduce stress effects, 
(NUREG/CR-6127). US Nuclear Regulatory Commission. (1994). 
 
15 Gudela, G.-Zala-Mező, E.: Group interaction in high risk environment of the Daimler-benz-Foundation. Report ont he 
psychological part of the project. Swiss Federal Institute of Technology Zurich (2004) 
 
16 Fukuda, R.-Voggenberger, T.-Sträter, O.-Bubb, H.: Analysis of communication in nuclear power plant’, Quality of work and 
products in enterprises of the future: Proceedings of the Annual Spring Conference of the GfA on the Occasion of the 50th 
Anniversary of the Foundation of the Gesellschaft für Arbeitswissenschaft e.V. (GfA) and the XVII Annual Conference of the 
International Society for Occupational Ergonomics & Safety (ISOES) (2003), pp. 615- 618. 
Flin, R.,-Maran, N.: Identifying and training non-technical skills for teams in acute medicine. Quality & Safety in Health Care, 13, 
(2004), pp. 180-184 
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Figure 1. Complex perspective of team knowledge 

 

 
 
The main question in studying operator teamwork is how the team members representing different special 
fields are able to operate and manage a technically complex system, in a high risk environment.  According 
to theoretical approaches of team knowledge each individual has two different models: individual mental 
model, containing long term knowledge structures (professional knowledge related to task, and team 
members) and individual situation model, describing a momentary, transient understanding of the current 
situation. In order to run a complex system it is needed to integrate the information and knowledge of the 
individual team members. The integration of long term knowledge, as well as the continuously changing 
environmental cues and information may be acquired and transferred through team process behaviour such 
as: communication, coordination, leadership, decision making. In the present study we focus on the most 
pertinent team process, team communication. It is remarkably important the interaction of team members, 
since the individual knowledge is transferred to team knowledge through these team processes. The output 
of this process will be two kinds of team level cognitive constructs: team mental model, referring to the 
collective task and team relevant knowledge (roles and responsibilities, knowledge of teammates, skills, 
abilities, beliefs), and team situation model, describing team collective understanding of the specific 
situation. Team performance will be maximized to the extent that team knowledge is accurate, 
appropriately apportioned among team members, structured in a way that supports the development of 
effective strategies.  
These team level knowledge constructs guide the team in assessing and interpreting cues and patterns of 
the current situation.17  Furthermore the shared team level knowledge allows team members to reliably 
predict each other’s needs, actions and to act on these without explicit communication. 18 In this way the 
team process, specially communication is the most appropriate means to prepare for a coordinated 
cooperation in emergencies, non routine problems creating a shared understanding of the situation. The 
ecological advantage of the established team knowledge, common ground manifests in less 
communications frequency. It is assumed useful to prepare for high task load situations by the help of 
explicit communication, building shared models that allow the reduction of communication and 
coordination „costs” in the subsequent high task load phases.  

                                                      
17 Cooke, N. J.-Salas, E.-Cannon-Bowers, J. A., Stout, R.: Measuring team knowledge. Human Factors, 42, (2000), pp.151-173. 

 
18 Cooke, N. J.-Salas, E.-Kiekel, P. A.-Bell, B.: Advances in measuring team cognition. IN E. Salas and S. M. Fiore (Eds.), Team 
Cognition: Understanding the Factors that Drive Process and Performance, Washington, DC: American Psychological Association, 
(2004), pp. 83-106. 
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The communication is essential for the coordination within the team, and for the way how a team handles 
and manages difficult, high task load situations, where the prompt, accurate information flow is crucial 
especially in a technically complex environment such as NPP. In this sense appropriate communication can 
reduce and manage both the causes and the consequences of high task load.  
 
Purpose of the Study 
 
The study focused on the NPP operator teams’ communication, in order to identify and understand those 
key communicative behaviours that support the joint assessment of the current situation and help to 
develop adequate team strategies to face unpredictable emergencies.  
The analyses aimed to describe team members’ communication under different levels of task load and to 
focus on the predictability of team performance on the bases of communication.  
 
Method 
 
The data collection was based on operator team interactions analysis in the Simulator Centre of a Paks 
Nuclear Power Plant.  
Since communication is the central factor of our research, the empirical studies of a “lively” interaction can 
best be carried out by analyses of carefully chosen simulator sessions.  
The main advantage of simulator studies is the possibility to manipulate variables according to the aim of 
the researcher, and also the level of work load can be varied, satisfying the specific demands. Although, 
some insufficient aspects of simulator studies have always to be taken into consideration, the Paks NPP 
Simulator Centre’s actual “full scale” simulator is a very realistic, high-fidelity tool that is widely used in 
training and examination, creating the required level of face-validity, to be relevant for real life situations.  
The Nuclear Power Plant’s operator teams consist of four professional fields, requiring the interaction of 
six members: Unit Shift Supervisor, Reactor Operator, Turbine Operator, Field Operator, Unit Electrician, 
and Shift Leader.  
Data from 16 operator teams’ interaction have been collected. Each team had to follow the same scenario, 
however, the operator’s reaction may have led to some slight differences.  
Choosing the simulation, we took into consideration that the scenario had to be oriented toward 
communication, all team members had to be involved in solving the control task. Possessing 
complementary knowledge, they had to share information with each other to manage the problems 
occurring during the simulated malfunctions.  The scenario should also include varying levels of task load, 
providing the required conditions to compare specific communication features under different levels of 
task load. In order to obtain specific characteristics evoked under highly task load conditions in the control 
room we explored - based on previously applied questionnaires to front line personnel – the main task load 
variables such as: shift work, overregulatedness, responsibility and decision making, increased need for 
attention and concentration, novelty, uncertainty, time pressure, permanent learning, and examinations. 
The selected particular simulator scenario attains two of these identified variables: novelty and uncertainty. 
Based on the major aspects mentioned above the scenario was selected working together with the 
instructors of the Simulation Centre.  
In order to provide a complete picture of simulation the scenario will be described briefly (“Failure of one 
turbine unit”): according to the annual schedule used by instructors, a live switchover test needs to be 
performed, while an unjustified operation of the turbine protection occurs resulting in the failure of one 
turbine unit. The failure of the equipment is followed by the malfunction of the primary circuit pressure 
control, creating a condition that also needs to be managed. The mean duration of scenario is about 35 
minutes. The scenario was divided by the instructors into 3 phases, according to the level of task load. 
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Table 1. Phases of scenario according to the estimated level of task load 
 

Phases of scenario Estimated level of task load Short description of scenario 

Phase 1 Moderate level of task load The execution of live switchover test 

Phase 2 High level of task load Identification, announcement and 
management of sudden, unjustified 

turbine operation 
Phase 3 Moderate level of task load Indications of pressure control failure 

as well as the drop of one safety 
shutdown, request support service, 

resolve the situation. 
 
Performance evaluation  
The performance scores were made by the instructors’ evaluation, both at individual and collective levels. 
The individual performance was based on the evaluation how the role related tasks were accomplished, 
using the 3-point Likert scale (1 – poor, 2 – medium, 3 - excellent). The team performance was assessed by 
the instructors’ impression about the teams’ efficiency under the different phases of the scenario using the 
same 3-point Likert scale. Based on the assessments of expert instructors the data can be considered 
reliable.  
Eliciting data from performance assessments we developed four team performance categories:  
(1) Excellent team: the whole team performance was evaluated excellent, through all the phases of the 
scenario. 
(2) Medium team:  the team performance is medium continuously through all the phases of the scenario. 
(3) Unbalanced team: the team performance was varying from excellent to poor through the scenario.  
(4) Poor team: the team performance was evaluated steadily as poor through the complete scenario.  
Video records of operators’ activity during the selected scenario have been also used for collecting and 
analyzing data. In order to keep the operators’ real life behaviour the instructor informed them at the 
beginning of the simulator study about video recordings during the ongoing training session, but they did 
not know exactly which of the programmed scenarios would be videotaped. Video recordings were made 
with the operators’ joint consent.  
All the recorded conversation of the operators was transcribed in chronological order, identifying the 
operators’ verbal utterances. Difficulties occurred in transcribing videotapes due to communication density 
during some period of the interaction, much simultaneous conversation flow between members, 
additionally we had the problem with a noisy control room environment. For all these reasons we have few 
blind points in the transcribed videotapes, where the speaker of some utterances cannot be identified 
properly.  

Communication analyses:  
In order to capture the most relevant aspect of team communication some task specific communication 
dimensions have been developed expanding and specifying the communication dimensions used in similar 
environments (Conversation Analysis by Sacks, H.; Speech Act Type-inventory for the Analyses of 
Cockpit Communication, STACK by Diegritz and Fürst19). The final major communication dimensions 
were the following groups:  

 Information collecting question: The aim of the question is information acquisition, for example 
asking about certain indicators or resources. This can be formulated in the following two ways: 

                                                      
19 Krifka, M.: Structural Features of Language and Language use, In: Dietrich, R., Childress, T. M.: Group interaction in high risk 
environments, The GIHRE Project. ASHGATE, Burlington. (2004). 
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o Open Question Information: The question is addressed in order to complete the 
proposition with certain information, therefore it is likely to receive a long answer. It 
usually starts with words like what, when, who, etc.   

o Closed Question Information: The aim of this question is verification, to judge the truth of 
a position; therefore the answer is expressed with either a single word (yes, or no) or a 
short phrase. For example “Can we start the program?” 

 Information Providing: the team members inform each other about some relevant aspect of the 
mission related to human or technical indicators. This may be grouped into three categories 
according to the time focus: 

o Information Providing Past: The speaker informs the addressee about technological 
information, certain indicators that happened in the past, or about the crew’s past status, 
personnel resources in the past. 

o Information Providing Present: The speaker informs the addressee about some actual, 
present technological information, certain indicators, or about the crew’s present status, 
personnel resources. 

o Information Providing Future: The speaker informs the addressee about some 
technological information that may change in the future, foretells about certain indicators, 
or about his intentions and future actions. 

 Affirmation: It is the manifestation of two-way communications. It may be formulated in two 
ways: 

o Simple Affirmation: Answers to yes/no question or commands. For example affirmations, 
acknowledgements, acceptances, answer such as ‘yes’, ‘no’, ‘ok’, ‘good’.  

o Affirmation with Information: A feedback, reinforcement on a status report or information, 
or command completed with additional information.   

The team communication sequential analyses focused on the coherence analyses. The anchored point of 
the coherence analyses was the new thought (that can be a question, information, etc.) initiated by one of 
the team members. The main condition of the coherent conversation is the turn-taking, taking up this 
thought, the interlocutor develops a new question, information or command related to the previous 
information. Otherwise, if an initiated thought is not taken up by any of the team members, it will be 
considered as a thought without turn taking.  
All the communication utterances may be related to the task, suggesting that the conversation is focused on 
the actual task. In the case the team members’ attention is not focused on the task, their conversation will 
contain non-task related thoughts.  
 
Summary of Results 
 
Appropriate information collection and distribution allows the team to understand better the situation, 
helping to build a shared conceptualization of the faced problems.  According to the analyses, several 
specific communication dimensions were related to performance both on individual and team level. 
Particular forms of questions proved to be the best way to dispel uncertainties, and to realize safe 
communication. The results revealed that the excellent performing teams use fewer open information 
collecting questions than the lower performing teams (F= 4,690, p<0,05).  
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Figure 2. The mean frequency of Open Information Question in function of the team performance  
 

 
 
The frequent use of open questions suggests that when lower performing teams word their questions, they 
have less information, knowledge about the environmental cues, so they formulate the question in a less 
complete form. In turn the excellent performing teams do not use open information questions so frequently, 
since they have a more stable professional knowledge about the ongoing events, being able to face the 
challenging of situation. The open questions are incomplete and force the addressee to use the cognitive 
resources to complete the proposition. However, it is necessary to emphasize the usefulness of open 
questions in establishing team knowledge, but only during low workload, when the cognitive resources are 
not overloaded, so postulating an open question will not lead to any negative consequences. In this way 
effective communication that helps to establish team knowledge, and improve performance includes the 
ability to apply simple and succinct vocabulary. 
For the efficient information flow between team members it is also important to answer the supposed 
question, to provide the information in timely manner.  
 
Figure 3. The mean frequency of providing information about past, present, or future according to 

the team performance 
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The results show significant differences between different performing teams’ communication in the case of 
information providing utterances about the past (F=4,779 p<0,05) and present (F=7,109 p=0,005), but not 
in the case of information providing about the future (F=1,337, p>0,05). Describing the results we may 
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find a general tendency of the team communication to focus on the present and to orient less about the past 
and future. Furthermore there are also some significant differences in the use of information providing 
activity between different performing teams. Compared with the other teams, the unbalanced teams show 
the highest communication density, regardless of the time orientation. These teams use the more frequent 
information providing activity about the present, past and future as well. In this sense they fail to focus on 
the relevant present information. If the team mainly focus on the past, they inhibit the team to capture the 
relevant information from the present, failing to develop a comprehensive picture of the current 
environment. High density of communication without any special focus indicates the failure to capture the 
most relevant aspect of the ongoing episode. The results indicate that excellent performing teams focus on 
the present during their information providing activity, orient least of all about the past. The high 
performing team’s communication is focused on the status, attributes, and dynamics of relevant actual 
elements in the environment, involving the processes of monitoring, cue detection, perception which leads 
to the awareness of their current status.  
These results provide the empirical confirmation for the need to develop an established, focused 
communication process that supports the creation of team knowledge, focusing more on the relevant 
environmental cues from the present and less about the past. It is also important to use the relevant 
information to project future situations in accordance with the team’s goal.  
The indicators of efficient communication include also confirming the received information. The use of 
simple affirmation helps the team to clarify and acknowledge the received information, in this way to 
establish an accurate shared understanding of the situation. Conversely the affirmation completed with 
additional information will overload the cognitive resources of both the information provider and receiver.  
 

Figure 4. The mean frequency of two types of affirmation according to team performance 
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Although the differences are not significant, the results can be regarded as a tendency that describes 
excellent performing teams using more simple affirmations and fewer affirmations with information, 
conversely with the low performing teams, where team members exchange more affirmations with 
information. The result indicates the need for a clear information change that helps to establish accurate 
team knowledge, instead of creating an interference with additional, not so relevant, information.   
The team members, who use the cognitive resources to speak more elaborately, acknowledging the 
received information by adding some information, do so at the expense of decreased situational 
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awareness.20 Krifka, M., advise: “Make your contribution as informative as is required, BUT do not make 
your contribution more informative than required”.21   
Analysing the communication under different level of task load it has been observed the tendency of 
decreasing communication density during high task load, furthermore the increasing communication after 
high task load.  
 
Figure 5. The mean of different communication dimensions during the three phases of task load 

 

 
 
Generally it can be concluded that as the task load increases the frequency of communication dimensions 
decreased. During high task load the communication is severely impeded, which can be explained by the 
operators’ overloaded cognitive resources. The unexpected problems, failures intensively load the team 
members’ cognitive capacity, being unable to share their attention between the accomplishment of the task 
and communication. Furthermore as the allocated resources disengaged, the collective need to process the 
causes and the consequences of unexpected event resulted in more frequent communication. 
It has been also explored that the poor teams’ conversations indicate an incomplete flow of information 
between team members.  
 

Figure 6. Team performance and coherence of information flow 
 

                                                      
20 Sexton JB-Helmreich RL.: Analyzing cockpit communications: The links between language, performance, error, and workload.  
Hum Perfor Extrem Environ; 5(1), (2000), pp. 63-68. 
 
21 Krifka, M.: Structural Features of Language and Language use, In: Dietrich, R., Childress, T. M.: Group interaction in high risk 
environments, The GIHRE Project. ASHGATE, Burlington. (2004). 
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The coherent information flow between team members proved to be an efficient communication strategy to 
attain high performance. Coherent communication means that the team members are aware of the 
information distributed by others, and react to the received information (either with a simple affirmation, or 
with a question, or providing additional information), creating a semantic connection in the information 
sharing activity. In this way coherent communication is one of the key elements of the effective 
establishment or modification, fine tuning of accurate and complete team knowledge. The conceptual chain 
in the conversation helps the team to focus and maintain the attention on the exchange of information, 
avoiding the loss of relevant information.  
Appropriate communication during normal as well as abnormal operations proved to be an important 
means to realize a coordinated and appropriate action of operator teams.  
In our view team knowledge emerges from the dynamic interaction of team members, transferring, 
distributing and sharing information, individual knowledge through team processes. Thus the study 
considers some specific aspects of communication that could be directly linked to establishing team 
knowledge, such as using open and close information questions, affirmations, information provision, and 
coherence of information flow. The use of effectively formulated information collection utterances, the 
development of a well established effective communication strategy that focuses on the ongoing events and 
projecting the environmental cues to future situations, affirming the received information could all help the 
team to build, modify accurate team knowledge and to improve team performance. 
The future work should go also beyond communication, studying other team processes, such as 
coordination, decision making, and also capturing the professional knowledge structures, mental model, or 
situational awareness at both individual and team levels.  
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Abstract 

 

This paper presents a data analysis method. The objective is the derivation of estimates of probabilities of 
the failure of recovery of errors of commission (EOCs). The particular feature of the method is the 
utilization of the Bayesian theorem in case of sparse data. In a trial application, a small sample of cases of 
EOC recovery demands - identified from operational events - is described by the factors Shortage of Time 
(available for EOC recovery), Difficulty of Diagnosis (of the need for EOC recovery) and Difficulty of 
Execution (of EOC recovery), and an interval scale of an index regarding the overall reliability is 
developed. It is shown how the Bayesian theorem can be used to calibrate the scale if adequate calibration 
points are missing. The failure probabilities returned from calibration cover the range from 6E-2 for the 
best constellation of the levels of the considered factors to 9E-1 (worst constellation). The uncertainties 
involved in the trial application are due to the sparse information available from the event reports and due 
to the expert judgments made on the importance ranking of the considered factors. It may be worthwhile to 
examine whether the data obtainable from simulator experiments can support the reduction of the 
uncertainties.  

Keywords: Bayesian data analysis, Human reliability analysis, Errors of commission, Human error 

 

1. Introduction 

In the context of human reliability analysis (HRA) in probabilistic safety assessment (PSA) for a nuclear 
power plant (NPP), an error of commission (EOC) is a human failure event (HFE) that results from the 
performance of an inappropriate operator action. As outlined by the U.S. Nuclear Regulatory Commission 
(NRC) [NUREG-1792, 2005], 

• explicit modeling of (post-initiator) EOCs has generally been beyond current PSA practice;  

• it is recommended that future HRAs attempt to identify and model potentially important EOCs;  

• it is particularly important to consider the role that plant indications will play in supporting a crew’s 
ability to detect and recover from EOCs. 

This paper deals with the latter point, namely the assessment of the probability of failure of EOC recovery. 
In this context, EOC recovery is defined as challenged if an inappropriate action initiating an aggravation 

                                                      
22 DISCLAIMER: This paper reflects the author’s view and does not necessarily reflect the view of the Swiss Federal Nuclear 
Safety Inspectorate ENSI. 
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of a scenario is carried out, and is defined as successful if this action is reversed before the manifestation of 
the system failure of interest, i.e. before the aggravation becomes significant so that the criterion used for 
the associated HFE is met. 

In trial applications of the method ATHEANA (A Technique for Human Event ANAlysis), the EOC 
recovery failure probability is obtained by direct numerical estimation [NUREG-1624, 2000] [Fukuda, 
2000]. Expert judgment is involved as well in approaches, e.g. [Lanore, 2000], that utilize the dependence 
model of the method THERP (Technique for Human Error Rate Prediction [Swain & Guttmann, 1983]), 
since this model is based on a subjective definition of a discrete scale from zero to complete dependence, 
and its application requires choosing an appropriate point of this scale. More detailed analyses [Kim et al., 
2008] [Reer et al., 2004], explicitly addressing time available and procedural guidance for EOC recovery 
as input factors, adapt estimates of human error probabilities (HEPs) proposed in other HRA methods like 
THERP. Reproducibility and applicability of these HEP estimates is however an open issue. The HEPs for 
EOC recovery returnable from the analysis approaches outlined above are in the range from 2E-2 to 1. 

HEPs are out of the scope of the handbook [Atwood et al., 2003] on data analysis for PSA. Nevertheless, a 
feasibility study on the employment of empirical data and Bayesian methods in HRA [Hallbert & 
Kolaczkowski, 2007] expresses the “vision” to develop for HEPs a document similar in nature to this 
handbook. In the context of safety in the chemical industry, a future option is outlined on the utilization of 
the Bayesian theorem for the assessment of failures probabilities of safety barriers in case of management 
deficiencies [Duijm & Goossens, 2006]. 

This paper presents a Bayesian data analysis method. The objective is the derivation of estimates of EOC 
recovery failure probabilities as a function of input factors addressable in HRA. The particular feature of 
the method is the utilization of the Bayesian theorem in case of sparse data. 

2.  EOC recovery data analysis 

Fig. 1 gives an overview of the process of analysis of EOC recovery data. The individual steps are briefly 
explained and illustrated in the next sections. 
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Fig. 1. Data analysis on EOC recovery. 
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2.1 EOC cases with feasible recovery  

This step collects cases of EOC recovery demands, in which success of recovery was possible before the 
system failure of interest. Operational event reports on human errors provide a usable source for the 
identification of cases of EOC recovery demands. Criteria to exclude those cases in which recovery was 
impossible are: 

• The system failure of interest occurred immediately after the EOC to be recovered.  

• It is obvious that recovery execution will take longer than the time available for recovery. 

• Recovery is neither cued by an indication nor by an instruction in the applicable procedure.  

• Execution of recovery is disabled due to hardware or access problems. 

Recovery is usually not credited in HRA if one of these criteria is met meaning a HEP is not needed.  

In a trial application, 29 cases of recovery demands are collected from event reports (mostly from NPPs). 
For 25 cases, recovery is identified as possible. Some details are presented in Table A.1. These 25 cases 
are addressed by the further steps of the data analysis. 

2.2 Failure and success cases 

This step determines those cases in which recovery failed. It makes sense that the definition of the failure 
criterion is closely related to the purpose of use of the HEP to be estimated. In this paper, the applied 
failure criterion corresponds to a wide extent to the definitions of HFEs in HRA. Table A.1 presents 
excerpts of the results of the trial application of this step. Recovery is identified as failed in seven out of 25 
cases. At this point it is possible to estimate the total failure probability (pF) as the average value over all 
cases in which recovery was possible:  

18.2
25
7

−=== E 
n
 np

D

F
F   (1) 

Here are nF the total number of failures and nD the total number of demands. 

2.3 Structured description 

This step describes the cases of EOC recovery demands by factors relevant for the reliability of recovery. 
The aspects that may be considered in the selection of the set of factors include: Are essential aspect 
considered? Is the number of factors manageable in the steps of the further data analysis? Are the factors 
assessable on the basis of the information available in event reports on the EOC cases, and are they 
addressable in HRA practice? 

The structured description (of the recovery demands) is achievable by means of the levels defined for each 
factor. A distinct combination of levels of factors is defined here as a context, briefly denoted as Cj, where 
j is the identifier of the combination. 

Based on the considerations presented above, the trial application developed a set three factors: Shortage of 
Time (ST), Difficulty of Diagnosis (DD)23, and Difficulty of Execution (DE). Their levels are defined in 
Table 1. Factors like procedural guidance or training - used in contemporary HRA methods - are supposed 
to be addressed implicitly; e.g. procedural guidance and training are supposed to be considered when 
assessing whether the diagnosis is expected to be difficult.  

                                                      
23 According to the definition proposed in [Swain & Guttmann, 1983], diagnosis is supposed to involve as well detection and  

decision-making.  
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Table A.2 presents excerpts of the results of the assessment of these factors in the trial application, Table 
A.3 defines the 27 possible contexts generated by these factors, and Table A.4 shows the respective 
numbers of failures and demands identified in the trial application. 

2.4 Scaling  

This step transforms the results of the assessment of factors to a discrete interval scale defined from 0 
(most adverse) to m (most favourable). As a result, each case of an EOC recovery demand is represented as 
a point on a reliability index (i) scale. In principle, this is achievable by the expert elicitation methods, e.g. 
[Seaver & Sizewell, 1983] or [Embrey et al., 1984], developed for HRA purposes. This paper presents a 
process based on these methods. The process is an adaptation of the Paired Comparison method. The 
adaptation is driven by the goal to minimize the number of required expert judgements. Fig. 2 gives an 
overview. The key elements of the process are described next.  

The result of a comparison of two contexts, say between Cj and Ck, is expressed by a pair-wise value 
denoted as vj:k, which can have tree possible values (1, 0.5, 0) according to the notation below: 

• vj:k=1 if the reliability (of recovery) in Cj is greater than in Ck, 

• vj:k=0.5 if the reliability (of recovery) is equal in both contexts, or 

• vj:k=0 if the reliability (of recovery) in Cj is smaller than in Ck. 

Determination of 
notation and rules 
on paired 
comparisons

Application of rules 
to the set of contexts 
to be addressed by 
paired comparisons

All comparison 
results available

Overall evaluation  
of comparison results

Expert judgment on 
a critical 
comparison

no

yes

 
 

Fig. 2. Adapted process of paired comparisons. 
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Table 1. Factors relevant for the reliability of EOC recovery. 
 

Factor Level Some hints (for coarse orientation) 
Shortage of 
Time (ST) 

yes Fast recovery performance required. Little or no time margin (reserve) to deal with 
potential recovery problems. 

 probably Difficult to say whether there is a shortage of time. Unclear from the information 
available. Grey zone between yes and no. 

 no No or negligible time constraint. Time window allows for accurate and careful 
performance of recovery. 

Difficulty of 
Diagnosis 
(DD)  

yes Feedback (of the EOC to be recovered)  
- is displayed together with a variety of other indications while filtering (of the 

relevant information) is inadequately supported by procedures and training,  
- appears delayed which is accompanied by irritation or diverted attention,  
- is difficult to interpret (in view of procedures and training and ergonomic design),  
- is as well likely associated with an alternate action that does not serve recovery,  
- or matches the desired goal of the inappropriate action (EOC). 

 probably Difficult to say whether the diagnosis of the need for EOC recovery is difficult. Unclear 
from the information available. Grey zone between yes and no. 

 no Feedback (of the EOC to be recovered) is compelling and clearly associated with the 
recovery. 

Difficulty of 
Execution 
(DE) 

yes Execution of EOC recovery  
- involves a long list of actions out of the scope of frequently practiced tasks,  
- requires - in view of the state of training - complex alignments inadequately 

supported by written procedures,  
- requires local actions out of the scope of frequently practiced tasks, 
- or involves a somewhat unrelated subtask likely to be skipped (e.g. reset opening 

signal before valve reclosure, to avoid that the valve would reopen automatically). 
 probably Difficult to say whether the execution of EOC recovery is difficult. Unclear from the 

information available. Grey zone between yes and no. 
 no Execution requires a simple set of well-trained and functionally related actions. 
 

The rules applied to determine the comparison values without expert judgement are presented in Table 2. 
In addition, five expert judgments (Table 3) were required to obtain all comparison results.  

From the set of pair-wise values (vj:k, k = 1, …, nC) of the comparisons, the overall value (vj) for each 
context (Cj) is calculated as follows. 

∑
=

=
Cn

k
kjj vv

1
: )(    (2) 

Here are nC the number of contexts and vj:k the value of the comparison of context Cj against context Ck. 
Table A.4 shows the results. As the next step of the overall evaluation, a so-called z value is calculated for 
each context: 

)/(1
Cjj nvz −Φ=   (3) 

Here is Φ-1 the inverse function of the cumulative function of the standard normal distribution. And finally 
the reliability index (i), defined as a discrete variable on an interval scale from 0 (most adverse) to m (most 
favorable), returns from Eq. 4. 
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Table 2. Rules applied in paired comparisons. 
 

Rule Additional explanations and examples 
(1) Concerning the reliability of EOC recovery, the factor levels 

(Table 1) represent a ranking as follows: “yes” is more error-
forcing than “probably”, while “probably” is more error-forcing 
than “no”.  

In other words,  “probably” is worse than 
“”no”, and “yes” is worse than “probably” 

(2) Success in two contexts is as likely if both contexts have identical 
factor levels. 

The comparison of a context with itself is 
counted as well to ensure that Eq. 3 returns a 
finite number. 

(3) Success in Cj is less likely than in Ck if: 
(3.1) all factor levels (of Cj) are worse,  
(3.2) one factor level (of Cj) is equal and the other factor levels are 

worse, or 
(3.3) two factor levels (of Cj) are equal and the other factor level is 

worse. 

Success in C3 is less likely than in C9 because 
both contexts have identical levels for factors 
ST and DE, and C3 is more error-forcing with 
respect to factor DD (Rule 3.3): v3:9=0 

(4) The inverse value of a comparison returns from: vj:k = 1 - vk:j  v1:4 = 0 => v4:1  = 1  
(5) Transitivity is maintained as follows: 
(5.1) IF vj:k = 1 AND vk:h>0 THEN vj:h = 1  
(5.2) IF vj:k = 0.5 THEN vj:h = vk:h  
(5.3) IF vj:k = 0 AND vk:h<1 THEN vj:h = 0  

Success in C9 is assessed as more likely than 
in C21. And it is known that success in C21 is 
more likely than in C10. Rule 5.1 yields that 
success in C9 is more likely than in C10:  
v9:21=1 AND v21:10>0 => v9:10=1  

(6) The importance ranking of two factors is maintained for any 
comparable level of the third factor. 

In case of no difficult execution, a difficult 
diagnosis is assessed as more error-forcing 
than shortage of time: v9:21=1.  
The rule means that this ranking is as well 
valid in case of a difficult execution: 
v9:21=1 => v7:19=1  

 

}0;{
minmax
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z z

mROUNDi j

−
−

=  (4)24 

Here are zmin and zmax the lowest value and the highest value, respectively, of the z values returned from Eq. 
3. The choice of an appropriate size - represented by parameter m - of the scale is up to the discretion of the 
analyst. In the trial application, a scale of four points (meaning m=3) has been chosen based on the 
following considerations: 

• the desired and the realistically achievable25 level of accuracy; 

• the number of discrete points used in other, somewhat related HRA approaches, e.g. in the THERP 
dependence model; 

• the numbers of contexts (nC=27) and recovery demands (nD=25); 

• the coarse orientation provided by Eq. 5.  

})]/1([;{ 21
maxmin DnzzMINm −Φ−≈   (5) 

                                                      
24 The notation is consistent with the EXCEL function “ROUND”; e.g. ROUND (2.4; 0) returns 2.  
25 HEP predictions are usually associated with a relative low accuracy standard; e.g. in [Kirwan et al., 1997] validation criteria with 

respect to precision are defined in terms of factors of three and ten in relation to an empirical HEP value. 
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Table 4 presents the results of this scaling process.  
 

Table 3. Judgments made in paired comparisons. 
 

Judgment Reasoning 
(1) Factor DD (Difficulty of Diagnosis) is assessed as 

more important than factor ST (Shortage of Time); 
e.g. a difficult diagnosis is more error-forcing than 
shortage of time: v9:21=1 

 

This reflects the assessor's knowledge about many 
operational events in which well-prepared operators 
responded correctly in spite of small time windows. 

(2) Level "probably" for factor DD is assessed as 
equivalent to level "yes" for factor ST: v9:24=0.5  

The involvement of level "probably" (for factor DD) 
makes it difficult to compare C9 against C24. 

(3) Level "yes" for factor ST together with level 
"probably" for factor DD is assessed as equivalent to 
level "yes" for factor DD: v6:21=0.5 

The involvement of level "probably" (for factor DD) 
makes it difficult to compare C6 against C21. 

(4) Factors ST and DE (Difficulty of Execution) are 
assessed as equally important (e.g. a difficult 
execution is as error-forcing as shortage of time): 
v9:25=0.5 

This reflects the assessor's knowledge about many 
operational events showing both sufficient time available 
allowed the correction of execution slips and executions 
succeeded in spite of shortage of time. 

(5) Level "probably" for factor ST together with level 
"probably" for factor DE is assessed as equivalent to 
level "yes" for factor ST or DE, respectively: 
v9:17=0.5, v17:25=0.5. 

The involvement of levels "probably" (for factor ST and 
DE) makes it difficult to compare C9 against C17. 

 
Table 4. Scale of an index (i) of the reliability of EOC recovery: assignment of contexts (Table A.3) 

and numbers of failures (nF|i) and demands (nD|i) in the sample of the trial application. 
 

i Contexts nF|i nD|i 
0 C1 (C2)* (C10)*          1 1 
1 C3 (C4)* C5 (C6)* C7 C11 C12 (C13)* (C19)* C20 C21 C22 6 11 
2 C8 C9 (C14)* C15 (C16)* C17 C23 C24 (C25)*    0 10 
3 C18 (C26)* C27          0 3 

* Not an element of the set of cases addressed in the trial application. 
 

2.5 Calibration  

The step denoted as calibration estimates for each point (i) of the index scale - developed in the previous 
step - a probability (pF|i) of failure of recovery.  

If the number of demands for each point of the index scale is sufficiently large, the pF|i values can be 
estimated directly. This is not the case in the trial application: Fig. 3 shows that the uncertainty intervals of 
pF|i - calculated from nF|i and nD|i (Table 4) under the assumption of a beta distribution - are significantly 
overlapping. In particular, the data do not allow to prove that there is significant difference between the 
failure probabilities for the worst context (i=0) and the best context (i=3). Furthermore, the number of 
demands (nD|3=3) for the best context is too small to obtain a realistic HEP estimate. 

If at least two pF|i values are known, it is possible to estimate the complete set of pF|i values via regression 
analysis. This requires the assumption of a model about the functional relationship between the failure 
probability (pF|i) and the reliability index (i). For a failure probability that can vary over orders of 
magnitude, it is common practice [Duffey, 2004] [Embrey et al., 1984] [Szwed et al., 2006] to assume an 
exponential function26 for this purpose: 
                                                      
26 Strictly speaking, Eq. 6 is a geometric function, since i is defined on a discrete index scale.  
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)( dic
F|i ep −−=    (6) 

Table 5 shows the results of the regression analysis made with the pF|i mean values displayed in Fig. 3 as 
input. It can be seen that the results are biased due to the sparse data for the bounds (i.e. the points at i=0 
and i=3) of the index scale. A regression analysis without these points however is assessed here as too 
arbitrary. 
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Fig. 3. Percentiles and mean value of the recovery failure probability. 

 

The trial application therefore concludes to proceed with the third option, denoted Bayesian calibration, of 
step 5 (Fig. 1). For this purpose the conditional failure probability is expressed by means of the Bayesian 
formula: 

i

FiF
iF p

p p
p |

| =  (7) 

Here are pF the total recovery failure probability (Eq. 1), pi the probability of a recovery demand with a 
reliability index of i, and pi|F the probability of a recovery demand with a reliability index of i under the 
condition of a failure (of recovery).  

It can be shown that a binominal type of distribution is consistent with formulae 6 and 7, i.e. using 
formulae 8 and 9 as input to formula 7, the pF|i values (returning from formula 7) would follow an 
exponential function. 
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( ) imim
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Parameter m is a direct result of the scaling process of the previous step (Section 2.4). Estimates of 
parameters w and q return from the scaling process results as follows: 
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Here are zmin and zmax the lowest value and the highest value, respectively, of the z values returned from Eq. 
3, zj the z value for context Cj (from Eq. 3), nC the total number of contexts (e.g. 27 according to the 
number of combinations of factor levels presented in Table A.3), nD the total number of demands, nF the 
total number of failures, nD|Cj the number of demands under context Cj, and nF|Cj the number of failures 
under context Cj (Table A.4). 

The parameters returned in the trial application are w=0.55 and q=0.33. Table 5 (pF|i, Bayesian 
calibration) shows the resulting failure probabilities. 
 

Table 5. Estimates for the probability (pF|i) of failure of EOC recovery under the condition of a 
context with a reliability index of i. 

 
i  0 1 2 3 
pF|i from regression analysis 5.2E-1 3.5E-1 2.3E-1 1.6E-1 
 from Bayesian calibration 9.3E-1 3.7E-1 1.5E-1 6.0E-2 

 

3.  Conclusions 

In case of quantification of post-initiator errors of commission (EOCs) in HRA, the appropriate treatment 
of recovery of EOCs is important to obtain realistic estimates of the EOC contributions to the plant risk 
(c.f. [NUREG-1792, 2005]). Reproducibility and applicability of the probability estimates used to quantify 
recovery are problematic points. This paper has presented a data analysis method for the estimation of 
context-specific probabilities of EOC recovery failures. Contexts demanding recovery are described by 
three factors (Shortage of Time, Difficulty of Diagnosis and Difficulty of Execution) with three levels each 
(yes / probably / no). Paired comparisons, with iterative applications of rules and judgments, are carried out 
to develop a functional relationship between a combination of factor levels and a point on a reliability 
index scale.  

The presented options for the calibration of the scale include the application of the Bayesian theorem. It 
can be used if adequate calibration points are missing. In this case, the calibration is driven by the mean 
values of the indices for both failures and demands. 

The applicability of the method is illustrated in a trial application addressing 25 EOC cases in which 
recovery was possible. The failure probabilities returned from Bayesian calibration cover the range from 
6E-2 for the best constellation of the levels of the considered factors to 9E-1 (worst constellation). This is 
nearly identical with the range of the results returnable from the THERP dependence model.  

Besides the small sample size, the limitation of the trial application is the sparse information available from 
the event reports. This is somewhat reflected by the results of the assessment of factor levels: 25% of the 
assessments resulted in “probably”. Thus it is possible that the numbers of cases (of EOC recovery 
demands) at the bounds of the index scale are somewhat underestimated.  

Uncertainties are as well associated with the expert judgments made on the factors’ importance ranking, 
e.g. a shortage of time is assessed as less error-forcing than a difficult diagnosis. The presentation of the 
judgments as, by-and-large, verifiable (or falsifiable) hypotheses (Table 3) facilitates the collection and 
evaluation of additional data in order to reduce these uncertainties. In this context, it may be worthwhile to 
examine whether the data obtainable from NPP simulator experiments can support the verification (or 
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falsification) of hypotheses on the importance ranking of factors considered as relevant for the reliability of 
human performance. 
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Appendix: Technical details (excerpts) 

Table A.1. Cases of EOC recovery demands (excerpt). 
 

Initiating event / Initial disturbance  EOC-induced aggravation 
(unsafe state or process) 

References Recovery 
possible 

Recovery 
successful 

Degraded RHR operation27 during reactor pressure 
reduction 

Boil-Off of Coolant Inventory 
(Hope Creek 1, 1995) 

[Belles et al., 1997] yes yes28 

Inappropriate grounding configuration of 12kV 
auxiliary transformer during refueling  

Fire and Loss of Offsite Power 
(Diablo Canyon 1, 1995) 

[Belles et al., 1997] no29 N/A 

Loss of main feedwater during power operation Total Loss of Feedwater (Davis 
Besse, 1985) 

[NUREG-1154, 1985] yes no30 

Loss of main feedwater during power operation Unavailability of Automatic Start 
of AFW (North Anna 2, 1993) 

[NUREG-1624, 2000] yes yes 

 
Table A.2. Structured description of cases of EOC recovery demands (excerpt). 

 
EOC-induced aggravation (unsafe state or process) ST  DD DE  
Boil-Off of Coolant Inventory (Hope Creek 1, 1995) no31 yes32 no33 
Total Loss of Feedwater (Davis Besse, 1985) yes34 no35 yes36 
Unavailability of Automatic Start of AFW (North Anna 2, 1993) probably37 probably38 no39 

 

                                                      
27 Residual heat removal (RHR) return water bypassed the reactor and returned directly to the RHR supply line. 
28 As a consequence of the EOC (one RHR train removed from service), boil-off conditions occurred, but neither core uncovery 

nor loss of suction of the residual heat removal (RHR) pumps. 
29 As an immediate consequence of the EOC (bus energized under inappropriate grounding conditions), a severe short circuit 

occurred, and immediately led to both a fire at the auxiliary transformer and loss of offsite power. 
30 The operators started the operation of the auxiliary feedwater (AFW) system 12 min after the EOC (inadvertent AFW isolation). 

However, the criterion for the initiation of feed and bleed cooling was met already 10 min after the EOC. 
31 Rather slow process of boil-off; nearly negligible time constraint regarding fuel uncovery. 
32 The corrective action (return RHR train) occurred relatively late, namely 35 min after the EOC (one RHR train removed from 

service), although the EOC’s feedback (boil-off conditions) occurred immediately. This suggests that the relevant 
indications were somewhat masked. The temperature indication was misleading due to the cause of the initial 
disturbance (degraded RHR operation). 

33 Recovery (return RHR train) is assessed here as a simple action. No execution problem is reported. 
34 Feedwater recovery is an urgent requirement to prevent that the criterion for the initiation of feed and bleed cooling is met. 

Furthermore, the loss of heat sink may yield to lifting of a pressurizer (PZR) relief or safety valve; a potential re-
closure failure may result in a LOCA (loss of coolant). 

35 The immediate feedback (e.g. steam generator level decrease) of the EOC (inadvertent AFW isolation) was in the focus of the 
operator's attention, since the EOC occurred when he was involved in the task of start-up of AFW. 

36 The execution of recovery (start AFW) was complex due to adverse circumstances: local actions required; special tool needed to 
open a manual valve. 

37 The EOC (automatic start function of AFW disabled) was part of the actions that the operators carried out to switchover from 
AFW to main feedwater (MFW) operation. The time constraint is of probabilistic nature: the reversion of the EOC is 
needed before a disturbance occurs, which safe control would require an automatic AFW start. In the event, such 
disturbance did not occur: MFW was operating after the EOC. 

38 18 min after the EOC, recovery (enable automatic AFW start function) was cued (directed) by an instruction in the procedure for 
returning systems to ‘normal’. An AFW demand may occur before the operators refer to this instruction. There was no 
compelling feedback directly after the EOC. 

39 Recovery is assessed here as a simple set of actions. No execution problem is reported. 
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Table A.3. EOC recovery contexts generated from three factors with three levels (Table 1) each. 
 

  ST         
  yes   probably   no   
  DD   DD   DD   
  yes probably no yes probably no yes probably no 
DE yes C1 C4 C7 C10 C13 C16 C19 C22 C25 
 probably C2 C5 C8 C11 C14 C17 C20 C23 C26 
 no C3 C6 C9 C12 C15 C18 C21 C24 C27 

 
Table A.4.Context-specific (j) numbers of failures (nF|Cj) and demands (nD|Cj), and overall values (vj) 

from the comparisons. 
 

j 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

nF|Cj 1 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
nD|Cj 1 0 1 0 1 0 2 0 2 0 1 1 0 0 5 0 1 2 0 1 3 1 1 1 0 0 1 
vj 0.5 2 5 5 9 13 13 18 22 2 5 8.5 10.5 15.5 17.5 18.5 22 25 5 8.5 12.5 13 18 22 22 25 26.5
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1. Introduction 
During last few decades, probabilistic safety assessment (PSA) has become an important tool for 
estimation of nuclear plants operation risk, including the specification of main contributors to the total risk 
level. The methods of risk management based on everyday risk-oriented decision making have been 
extensively used in NPPs operation control and support. 
As HRA is a significant source of uncertainties within PSA analysis, it is necessary to devote more effort 
to reduce these uncertainties. Main reason of these significant uncertainties is the lack of data on human 
performance in complex system during accident scenarios. This problem could be solved by enlarged and 
systematic effort focused on data collection (simulator data and operating experience data) on international 
level. Such international HRA data repository would have much more statistic power then separated 
national repositories and consequently would provide more accurate human performance data for PSA 
purposes. 
As a lot of aspects and different viewpoints considering the human data collection exist, the main goal of 
this paper is to look at the issue from viewpoint of HRA methods developers. Then, the recommendations 
to the data collection presented in this paper support the HRA method development activities by defining a 
basic concept of PSFs multipliers evaluation and assigning what kind of data (including format, level of 
detail, different sources,...) should be collected. The better assessment of PSFs multipliers should lead 
consequently to improving of HEP estimates and desired decreasing of PSA results uncertainties. 
The paper is meant primarily for HRA professionals and HF experts dealing with activities connected to 
the data collection from simulator runs and operating experience. 
 
2. Data sources 
For the analysis presented in this paper were used three different sources of information:  

• (1) Human performance data from US commercial NPPs stored in HERA repository 
• Human performance data stored in modified versions of HERA coming from two different 

simulator experiments conducted at the Halden Man-Machine Laboratory 
− (2) Task Complexity Experiment (2003/2004) and 
− (3) HRA Empirical Study (2007) 

 
2.1 US-NRC HERA database 
Human Event Repository and Analysis (HERA) system, ref. [1] and [2], was developed by the U.S. NRC 
with the support of the Idaho National Laboratory to collect and analyze human performance information 
from commercial NPPs and other related technologies to support regulatory applications in human 
reliability analysis and human factors. 
As stated in the “Overview of HERA System” [1], HERA should serve a three-fold goal to: 

• Identify Error Sources 
• Refine Human Failure Modeling in the PSA 
• Quantify the HEP 



NEA/CSNI/R(2012)1 

 160

The 11-item list of PSFs used in HERA system, see table 1, comes mainly from the SPAR-H list [10], and 
is supplemented by three factors from “HRA Good Practices Guide” [3].  
The HERA database currently contains only information from actual NPP events reported in licensee 
events reports (LER). Till these days, there were evaluated 22 operations events which are broken down 
into over 1000 sub-events including among others 395 human actions. 244 (62%) human actions were 
evaluated as failures and the 151 remaining as successful human actions. 
 
2.2 H2ERA – HRA Empirical Study 
The HRA Empirical Study [13] is an international project focused on developing an empirically based 
understanding of the performance, strengths, and weaknesses of various HRA methods. The HAMMLAB 
simulator at the OECD Halden Reactor Project was used to run some accident scenarios, and HRA teams 
were tasked with analyzing and making predictions about the simulator crews’ performance using different 
HRA methods. Results of the HRA analyses were then compared to the simulation results.  
There were used two different scenarios with 14 operating crews during the simulator runs. The first, or 
base, scenario was a straightforward steam generator tube rupture in a Pressurized Water Reactor, and the 
second, complex, scenario was an SGTR preceded by a main steamline break and isolation with additional 
equipment and indicator failures. Each of the scenarios were divided into 4 human failure events (HFE) so 
the overall amount of HFEs is 112 (=2x4x14). 
For the purpose of the simulator runs was created modified version of HERA, called Halden HERA or 
H2ERA, as documented in [4] and [5]. H2ERA contains only the factors deemed relevant by subject matter 
experts for analyzing simulator data. The final list of the 11 selected PSF factors is shown in the table 1. 
H2ERA (HRA Empirical Study) currently contains detailed evaluation of 103 human actions from SGTR 
scenarios. 17 (16.5%) human actions were evaluated as failures – indicated by x and 86 (83.5%) remaining 
as successful human actions. 
 
2.3 H2ERA – Task Complexity Experiment 
Task Complexity Experiment [5], conducted at the OECD Halden Reactor Project, was supposed to 
explore how tasks added to base case scenarios affected the operators’ performance. These additional tasks 
were in different scenario variants intended to cause high time pressure, high information load, and high 
masking.  
The experiment was run at Halden Man-Machine Laboratory’s BWR simulator with seven participating 
crews during 2003/3004. 5 main types of scenarios and 20 scenario variants were run. Three scenario types 
were included to test how additional tasks that caused high time pressure and high information load 
affected the operator’s performance of the main task. These scenario types were: “Incomplete scram/start 
of the boron system”, “Loss of outside power/transfer of bus bars to the 70 kV grid” and “Medium LOCA 
/start of auxiliary feed water pumps.”  
The Halden HERA was developed to include experimental data. Till this time, the Halden HERA database 
(Halden Beta Version 1.3, June 2005) includes description of 28 scenario runs with 451 human actions 
from Task Complexity Experiment.List of the PSF factors used in this experiment is shown in the table 1. 
Halden HERA database (Task Complexity Experiment) currently contains detailed evaluation of 151 
human actions (4 scenario variants for crew A). 16 (11%) human actions were evaluated as failures – 
indicated by x and 135 (89%) remaining as successful human actions. 
 
2.4 Final list of PSFs 
The final set of the Performance Shaping Factors (PSFs) used in this report is given by the common 
intersection (in bold) of the relevant data sources as shown in the following table. 

 



 NEA/CSNI/R(2012)1 

 161

Table 4: Lists of PSFs used in the relevant data sources 
 

US-NRC HERA HRA Empirical Study Task Complexity Experiment 
Available Time Available Time 1. Available Time 
Stress and Stressors Stress and Stressors 2. Stress and Stressors 
Complexity Complexity 3. Complexity 
Experience and Training Experience and Training 4. Experience and Training 
Procedures and Reference 
Documents 

Procedures and Reference 
Documents 

5. Procedures and Reference 
Documents 

Ergonomics & Human-
Machine Interaction 

Ergonomics & Human-Machine 
Interaction 

6. Ergonomics & Human-
Machine Interaction 

Fitness for Duty/Fatigue  Fitness for Duty/Fatigue 
Work Processes  Work Processes  7. Work Processes  

- Planning / Scheduling   
- Supervision / Management - Supervision / Management  
- Conduct of Work - Conduct of Work  
- Problem Identification & 
 Resolution / Corrective 
Action Plan  

  

Communication Communication  
Environment   
Team Dynamics and 
Characteristics Team Dynamics and Characteristics  

 
3. Evaluation of PSF multipliers 
This chapter describes the process of PSFs multipliers evaluation on the sample of data described above. 
Two different approaches were applied to the gathered data: 

• “Non-influenced sequence” approach (applied to all data) 
• “Influenced sequence” approach (applied to simulator data only) 

Purpose of this part is not accurate evaluation of the PSF rates (which is for such limited number of data 
apparently impossible), but showing the way, how this evaluation can be carried out, proving the feasibility 
of the analysis and defining what kind and format of data is for the analysis necessary.  
The last part of the chapter is devoted to short presentation of PSF multipliers used by different HRA 
methodologies (CREAM, THERP and SPAR-H) and to their comparing with the results calculated in this 
report.  
 
3.1 “Non-influenced sequence” approach 
 
Step 1 - PSFs Assignment 
Influence of each of the PSFs (described in the previous chapter) on any human action defined and 
observed during simulator runs or NPP operation can be assessed by using 3-level scale (poor -1, nominal 
0, good 1). For cases where a PSF state is poor, the PSF is coded as -1. Cases where a PSF state is good are 
coded as 1. Cases where a PSF is listed as nominal are given a 0. PSFs with insufficient information are 
coded 0 (same as the cases where a PSF state is nominal), because the lack of information is interpreted as 
no evidence that the case is anything other than nominal.  
Every human action is then described by specific sequence/pattern made of the trinity -1, 0, 1, see the next 
tables. In case of this analysis, where 7 PSFs are considered, this sequence consists of seven figures, see 
the following example. 
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Example (a subevent described in US NRC-HERA repository): 
Description: “Persons discovering the fires did not adhere to the provisions of the Emergency Procedure 
in that they did not initiate the fire alarm.” 
Following 3 PSFs negatively influenced the human performance:  
High stress (inferred high stress due to the cable fire) 
Poor training on fire fighting and emergency procedures (construction personnel had not received training 
on fire fighting or on emergency procedures) 
Poor conduct of work (poor procedural adherence) 
None of factors were evaluated as positively influencing. The rest 4 factors (available time, complexity, 
procedures, ergonomics & HMI) were evaluated as nominal.  
The sequence of -1, 0, 1 describing the human (in)action when personnel did not initiate the fire alarm is 
shown in the following table. 
 

Table 5: An example of sequence describing a human action (not initiating fire alarm) 
 

PSF Available 
Time 

Stress & 
Stressors Complexity Experience 

&Training Procedures Ergonomics 
& HMI 

Work 
Processes 

Sequence 0 -1 0 -1 0 0 -1 
--------------------------------------------------------------------------------------------------------------------------- 
Step 2 - Probability of failure of the relevant sequence 
For the best evaluation of PSF multipliers it is necessary to find all the sequences/patterns which include 
just one poor occurrence of the relevant PSF and nominal occurrences of all other PSFs (Action i in the 
Table 4).  
Probability of the failure in the case of just one poor PSF factor occurrence is done by dividing number of 
failures (one poor PSF factor occurrence only) by all cases (failures and successes) of the relevant 
sequence.  
 
Example (failure rate computing of PSF Stress): 
Probability of human errors in sequences including just one poor occurrence of the PSF “Stress & 
Stressors” and nominal occurrences of all other PSFs is calculated as follows: 

pi = 3 errors /22 actions = 0.14 
The all relevant sequences – human actions – taken into calculation are presented in the next table. 
 

Table 6: All sequences including just one poor occurrence of PSF Stress 
 

PSF's / 
Action 

Available 
Time 

Stress & 
Stressors Complexity Experience 

&Training Procedures Ergonomics 
& HMI 

Work 
Processes 

HS17 0 -1 0 0 0 0 0 
HS 0 -1 0 0 0 0 0 
HS21 0 -1 0 0 0 0 0 
HS8 0 -1 0 0 0 0 0 
HS14 0 -1 0 0 0 0 0 
HS12 0 -1 0 0 0 0 0 
HS07 0 -1 0 0 0 0 0 
HS13 0 -1 0 0 0 0 0 
HS14 0 -1 0 0 0 0 0 
HS12 0 -1 0 0 0 0 0 
XHE3 0 -1 0 0 0 0 0 
HS19 0 -1 0 0 0 0 0 
XHE1 0 -1 0 0 0 0 0 
XHE4 0 -1 0 0 0 0 0 
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PSF's / 
Action 

Available 
Time 

Stress & 
Stressors Complexity Experience 

&Training Procedures Ergonomics 
& HMI 

Work 
Processes 

HS23 0 -1 0 0 0 0 0 
US-hs13 0 -1 0 0 0 0 0 
US-hs11 0 -1 0 0 0 0 0 
HS10 0 -1 0 0 0 0 0 
HS24 0 -1 0 0 0 0 0 
HS27 0 -1 0 0 0 0 0 
HS13 0 -1 0 0 0 0 0 
HS11 0 -1 0 0 0 0 0 

 
Analogously can be calculated probability of non-influenced sequence (5 errors per 100 actions), where 
all PSFs are assessed as nominal:  

pj = 5 errors/100 actions = 0.05 
 
Step 3 – PSF multipliers evaluation 
The multiplier (=strength) of the given PSF (MPSF) can be obtained by comparing with the probability of 
the non-influenced sequence, where all PSFs were assessed as nominal.  

MPSF = pi / pj, 
where pi is probability of failure with only 1 poor PSF occurrence and 
           pj is probability of failure of the non-influenced sequence. 
 
Example: 
Multiplier (=Strength) of PSF “Stress & Stressors” can be obtained by comparing the probability of 
human errors in sequences including just one poor occurrence of the factor “Stress & Stressors” with the 
probability of the non-influenced sequence:  
MStress = pi / pj = 0.14/0.05 = 2.6 
 
Comment 1: It is possible (and because of anticipated lack of data also necessary) to use for the PSF 
strength assessment also the sequences with more then one deviant PSF. This method is presented in the 
following chapter 3.2. 
 
“Non-influenced sequence” approach application 
The sequence analysis described in this chapter was applied to the data gathered from US HERA and 
H2ERA databases, which are described in detail in the chapter 2. These three databases include altogether 
thorough characterization of 649 human actions from which 277 are evaluated as failures and remaining 
372 as successful actions. All these 649 subevents are sorted into 126 different sequences of -1, 0, 1. 
 
Probability of failure of the relevant sequence  
PSF multipliers (or strengths) evaluation is based on the analysis of the seven-digit sequences consisted of 
the trinity -1, 0, 1, as described in the previous chapter. In this sample is probability of non-influenced 
sequence (5 errors per 100 actions), where all PSFs are assessed as nominal, calculated as follows:  

pj = 5 errors/100 actions = 0.05 
Analogously are calculated probabilities of human errors in states including just one poor occurrence of the 
relevant PSF and nominal occurrences of all other PSFs: 
 
Available Time (1 error per 9 actions):  

pi = 1/9 = 0.11 
Stress & Stressors (3 errors per 22 actions):  

pi = 3/22 = 0.14 
Procedures (2 errors per 3 actions):  
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pi = 2/3 = 0.67 (only 3 relevant events in statistics) 
Work Processes (41 errors per 41 actions):  

pi = 41/41 = 1 (unrepresentative sample) 
 
PSF multipliers evaluation 
Multiplier (M) of each factor, which quantifies the influence of every particular PSF on human reliability, 
can be obtained by comparing with the probability of the non-influenced sequence:  

MPSF = pi / pj, 
 
Available Time (pi = 0.11):  

MAvailable Time = 0.11/ 0.05 = 2.2 
Stress & Stressors (pi = 0.14):  

MStress = 0.14/0.05 = 2.6 
Procedures (pi = 0.67):  

MProcedures = 0.67/0.05 = 13.4 (only 3 relevant events in statistics) 
Work Processes (pi = 1):  

MWork Processes = 1/0.05 = 20 (maximum possible rate) 
 
3.2 “Influenced sequence” approach 
The previous chapter shows results based upon the combined HERA + H2ERA data. As discussed above, 
this approach brings difficulties because of “unbalanced” US-NRC HERA database, which doesn’t include 
sufficient amount of successful human action. For that reason, this chapter presents results computed 
separately for simulator data coming from H2ERA database only.  
The disadvantage of this approach is even more limited amount of data than in the previous case (overall 
254 human actions, 33 failures, 221 successful actions). For that reason there couldn’t be used only the 
sequences with just one negative/positive factor occurrence (“Non-influenced sequence” approach) but 
were used all available sequences, see the following example.  
 
Step 1 - PSFs Assignment 
This first step - PSF assignment - is the same as used for the “non-influenced sequence” approach, applied 
to combined HERA + H2ERA data and described in the chapter 3.1, see the relevant example. The 
“influenced sequence” approach also uses 7 PSFs, so the sequences characterizing any human actions 
consist of seven figures. 
 
Step 2 - Probability of failure of the relevant sequence 
As stated before, for the evaluation of PSF multipliers we can take all the sequences/patterns which 
include poor occurrence of the relevant PSF and arbitrary states of all other PSFs, see the following table. 
Probability of the failure in such case is calculated by dividing number of failure sequences (all failure 
sequences with poor/good occurrence of the relevant PSF factor) by number of all relevant sequence 
(failures and successes with poor/good occurrence of the relevant PSF factor).  
--------------------------------------------------------------------------------------------------------------------------- 
Example (failure rate computing of PSF Available time): 
Probability of human errors in sequences including poor occurrence of the PSF “Available time” and 
arbitrary states of all other PSFs is calculated as follows: 

pi = 11 errors /42 actions = 0.26 
The all relevant sequences – human actions – taken into calculation are presented in the next table. 
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Table 7: All sequences including poor occurrence of PSF Available time 
 

Code Available 
Time 

Stress & 
Stressors Complexity Experience 

& Training Procedures Ergonomics 
& HMI 

Work 
Processes 

XHFE#1_cmplxC -1 -1 -1 -1 -1 0 -1 
HS12 -1 -1 -1 -1 0 0 0 
XHE2 -1 -1 -1 -1 0 0 0 
XHE08 -1 -1 -1 -1 0 0 0 
XHFE#51_cmplx_H -1 -1 -1 0 -1 0 0 
HS11 -1 -1 -1 0 0 0 0 
XHE3 -1 -1 -1 1 0 0 0 
XHE1 -1 -1 -1 1 0 0 0 
XHE3 -1 -1 -1 1 0 0 0 
HS25 -1 -1 0 0 0 -1 0 
HS29 -1 -1 0 0 0 0 0 
HS38 -1 -1 0 0 0 0 0 
HS15 -1 -1 0 0 0 0 0 
HS24 -1 -1 0 0 0 0 0 
HS16 -1 -1 0 0 0 0 0 
HS23 -1 -1 0 0 0 0 0 
HS21 -1 -1 0 0 0 0 0 
HFE#4_baseC -1 -1 0 1 -1 0 -1 
HS28 -1 -1 0 1 0 0 0 
HS26 -1 -1 0 1 0 0 0 
HS9 -1 -1 0 1 0 0 0 
HS20 -1 -1 0 1 0 0 0 
HS14 -1 -1 0 1 0 0 0 
XHE2 -1 -1 0 1 0 0 0 
HFE#2_cmplxM -1 -1 1 1 -1 0 -1 
XHE7 -1 0 -1 -1 0 0 0 
XHFE#51_cmplxN -1 0 -1 0 -1 0 0 
XHFE#51_cmplxD -1 0 -1 1 -1 0 -1 
HFE#52_cmplxA -1 0 -1 1 -1 0 -1 
HFE#52_cmplxE -1 0 -1 1 -1 0 -1 
HFE#2_cmplx_H -1 0 -1 1 -1 0 0 
HFE#3_cmplx_H -1 0 -1 1 -1 0 1 
HFE#3_cmplxM -1 0 -1 1 -1 0 1 
HFE#2_cmplxJ -1 0 -1 1 0 0 0 
HS35 -1 0 0 0 0 0 0 
HS6 -1 0 0 0 0 0 0 
HS43 -1 0 0 0 0 0 0 
HS18 -1 0 0 0 0 0 0 
HS44 -1 0 0 0 0 0 0 
HS37 -1 0 0 0 0 0 0 
HS29 -1 0 0 0 0 0 0 
HS36 -1 0 0 0 0 0 0 
 
Analogously is calculated human error probability of sequence (22 errors per 208 actions), where PSF 
Available time was assessed as nominal (no matter how all other factors were assigned):  

pj = 22 errors/208 actions = 0.11 
 
Step 3 – PSF multipliers evaluation 
The multiplier (=strength) of the given PSF (MPSF) can be obtained by comparing with the probability of 
the sequence, where the relevant PSF was assessed as nominal (no matter how all other factors were 
assigned).  

MPSF = pi / pj, 
where pi is probability of failure with poor/good PSF occurrence and 



NEA/CSNI/R(2012)1 

 166

           pj is probability of failure of the sequence where the relevant PSF was assessed as nominal 
 
Example (multiplier evaluation of PSF Available time): 
Multiplier (=Strength) of PSF “Available time” can be obtained by comparing the probability of human 
errors in sequences including just one poor occurrence of the factor “Available time” with the probability 
of the non-influenced sequence:  

MTime = pi / pj = 0.26/0.11 = 2.5 
 
“Influenced sequence” approach application 
The following tables show data inputs and results of the “non-influenced sequence” approach application 
described above. 
 

Table 8: Evaluation of PSFs multiplier based on the H2ERA 
 

Available Time # of 
Actions 

# of 
Errors 

Probability of 
Error 

PSF 
Multiplier 

Poor (-1) 42 11 0.26 2.5 
Nominal (0) 208 22 0.11 1 
Good (1) 4 0 0.00 0 
Stress & Stressors 
Poor (-1) 69 21 0.30 4.7 
Nominal (0) 185 12 0.06 1 
Good (1) 0 0 - - 
Complexity 
Poor (-1) 45 20 0.44 6.4 
Nominal (0) 172 12 0.07 1 
Good (1) 37 1 0.03 0.4 
Experience & Training 
Poor (-1) 13 9 0.69 8.6 
Nominal (0) 149 12 0.08 1 
Good (1) 92 12 0.13 1.6 
Procedures & Reference Documents 
Poor (-1) 42 13 0.31 3.2 
Nominal (0) 163 16 0.10 1 
Good (1) 49 4 0.08 0.8 
Ergonomics & HMI 
Poor (-1) 9 3 0.33 2.7 
Nominal (0) 245 30 0.12 1 
Good (1) 0 0 - - 
Work Processes 
Poor (-1) 21 11 0.52 4.2 
Nominal (0) 178 22 0.12 1 
Good (1) 55 0 0.00 0 

 
Comment: Beside the negative influence, there was possible to evaluate also positive influence for some of 
the considered PSFs, as illustrated in the previous tables. 
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3.3 PSF multipliers used in selected HRA methods 
This chapter shortly presents examples of PSF multipliers currently used in selected HRA methods and 
compares these multipliers with values calculated in this report. For the comparison were selected 
following 3 methods: THERP, CREAM, SPAR-H. 
The following table summarizes PSF multipliers calculated in this report and compares them with values 
used in some of currently used methods. 

 
Table 9: PSF multipliers comparison 

 
PSF “Non-influenced 

sequence” 
approach 

“Influenced 
sequence” 
approach 

THERP CREAM SPAR-H 

Available Time 2.2 2.5 10 5 10 
Stress & Stressors 2.6 4.7 5 (2-25) - 2 (5) 
Komplexity - 6.4 2 2 (5) - 
Experience & Training - 8.6 2 2 (5) 3 
Procedures 13.4 3.2 10 2 (5) 5 (20) 
Ergonomics & HMI - 2.7 6 (10) 5 10 
Work Processes 20 4.2 - 2 (5) 2 

 
4. Summary 
 
4.1 Different data sources comparison 

• There is a different level of detail and decomposition in the three considered data sources. The 
subevents defined in H2ERA differ from the subevents definition of US-NRC HERA. US-NRC 
HERA includes mainly pre-initiators (operational events) while the simulator databases include 
only post-initiators. 

• In US-NRC HERA was in case of human errors identified only one positive PSF (available time). 
No positive influence of PSFs Stress & Stressors and Ergonomics & HMI in any of databases. 
Very rare observations of positive or negative influence of PSFs Communication and Team 
Dynamics/ Characteristics  in US-NRC HERA 

• Despite the differences described here, the overall level of agreement was evaluated as high and 
results from different sources as (surprisingly) highly comparable and consistent. 

• Since US-NRC HERA database doesn’t include the instances when human errors didn’t occur, it’s 
very difficult to use it for quantitative assessment of PSF multipliers directly. The database 
includes more or less random set of human errors but it doesn’t present any information 
concerning the overall number of similar human actions, when operators or maintenance personnel 
succeeded. Then, in the current state of the art, analyst needs to make additional consideration of 
the number of opportunities for the actions, which can be apparently very difficult. For that reason 
was the US-NRC HERA repository used in this study only as an example to illustrate, what format 
of data is suitable for conducting sequence analysis. 

 
4.2 Sequence analysis 

• It is necessary to highlight that the attention should not be paid to the final values coming out of 
the presented analysis (the values are very much affected by the insufficient amount off data), but 
to the way, how the evaluation can be carried out, to the content and format of gathered data. 

• Quality and format of the data (=PSFs evaluated for each human action by 3-scale: poor, normal, 
good) stored in the presented databases was for the purposes of PSF multipliers quantification 
evaluated as very good. 



NEA/CSNI/R(2012)1 

 168

• On the other hand, the amount of data currently included in HERA and H2ERA databases is for 
PSF multipliers quantification rather insufficient. Additional data would increase statistical power 
and usefulness of the databases. 

• Due to the lack of available data there were evaluated only four out of seven PSFs by using “non-
influenced sequence” approach applied to all available data (649 human actions: 277 failures, 372 
successful actions.):  

o Available Time (M=2.2), 
o Stress & Stressors (M=2.6),  
o Procedures (M=13.4), 
o Work Processes (M=20).  

• Due to above mentioned “unbalanced” US-NRC HERA data was conducted separated analysis of the 
simulator data only. Because of limited amount of this data could not be applied “non-influenced 
sequence” approach which uses only small amount of all sequences, but was applied so called 
“influenced sequence” approach, which takes into consideration all sequences (not only those with one 
deviant PSF occurrences). 

• The final PSF multipliers coming out of “influenced sequence” approach applied to the simulator data 
(254 human actions: 33 failures, 221 successful actions) stored in H2ERA databases are following: 

o Available Time: M = 2.5 
o Stress & Stressors: M = 4.7 
o Complexity: M = 6.4 
o Experience & Training: M = 8.6  
o Procedures: M = 3.2 
o Ergonomics & HMI: M = 2.7 
o Work Processes: M = 4.2 

• Despite the limited amount of data used for “influenced sequence” approach, the results coming out of 
this analysis are highly comparable with the multipliers used in well-known HRA methods presented 
in this paper. 

• The lack of available data affected the results coming out of “non-influenced sequence” approach 
much more then in the case of ‘influenced sequence” approach. For that reason there were evaluated 
only 4 out of 7 PSFs and furthermore the values of these four multipliers are affected by the amount of 
data. The main reason of this is that the approach uses only small part of all available sequences, which 
include only one “deviant” PSF. The disadvantage of this approach is excessive demands on the 
amount of data. Advantage of the approach is that it evaluates “pure” impact of each PSF, not 
influenced by other PSFs. 

• The advantage of “influenced sequence” approach (comparing to the “non-influenced sequence” 
approach) is that it can be better applied to limited data sources. The disadvantage is that the results are 
affected by dependencies between individual PSFs.  

• Another reason of differences between PSF multipliers calculated by “influenced sequence” approach 
and the relevant HRA methods (THERP, CREAM, SPAR-H) is, beside the limited amount of data, 
different definitions of these PSF factors in different HRA methods. It shows how important topic is 
strict definition of all PSFs in advance, especially for collection of data from different sources carried 
out by different experts and analysts. 

 
4.3 Recommendations and outlook: 

• To launch joint international data collection program focused on human performance and provide a 
support to HRA method developers. 

• To include information about PSF (format corresponding to sequence analysis described in this 
study) into these extended HRA repositories. 



 NEA/CSNI/R(2012)1 

 169

• US-NRC HERA should deal with a problem of unbalanced information (it is focused mainly on 
human errors) to be useful for HRA quantification, e.g. include estimates considering human 
successes. 

• To define most appropriate final list of PSFs, including their strict definition. 
• To take into account differences between pre-initiators (operational events) and post-initiators 

(simulators) or/and planning versus execution (cognitive versus executive part) 
• To apply Bayesian approach, at least to “non-influenced approach”. 
• To include into calculation also dependencies between individual PSFs (e.g. with using orthogonal 

taxonomy). 
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Lack of suitable data for human reliability analysis (HRA) has been a key factor affecting the 
reproducibility in predicting human error probabilities (HEP) in probabilistic risk assessment (PRA) 
applications.  A data framework has been developed in the U.S. Nuclear Regulatory Commission (NRC) to 
support better HEP predictions.  For best use of simulator data, the collection and exchange of simulator 
data for HRA should be discussed as part of an overall HRA data program.  This paper discusses simulator 
data collection from the view of the data framework.  The Human Event Repository and Analysis (HERA) 
system [1, 2] is an import tool for the NRC to support the data framework.  The HERA operational 
experience of the past few years has identified several areas of improvement, and there are ongoing 
activities to enhance the HERA methodology and tool to support better HEP predictions.        
 
Section 1 provides an overview of the data framework.  Section 2 discusses the three key elements of the 
framework: data sources, data repository, and use of data.  These three elements are discussed in a reversed 
order.  The discussion of the use of data provides the conceptual approach of the overall framework to 
support HEP predictions.  The discussion of data repository specifies the types of data to be collected.  The 
discussion of data source compares pros and cons of various data sources.  Section 3 discusses the 
perceived technical challenges in applying the framework and the prospective solutions to the challenges.  
Section 4 discusses aspects of collecting and exchanging simulator data in the framework.  Section 5 
discusses the HERA current status and outlook for supporting HRA applications.  Section 6 is the 
conclusion. 

1. Data Framework Overview 
A data framework consists of three key elements (i.e., data sources, data repository, and use of data) and 
has been developed in the NRC to support data-based HEP predictions in HRA.  The framework assumes 
that the human failure events (HFEs) for HEP predictions have been identified and the contextual 
information of the HFEs can be specified. 

Figure 1 shows the framework.  Block 1 of Figure 1 shows a PRA event tree that contains HFEs of interest.  
The HFEs in PRA are typically defined at plant functional level, which in some situations contain too 
much uncertainty for predicting their HEPs.  The HRA analysts may represent the HFE by a set of sub-
HFEs (Block 2) so that the contextual situation of each sub-HFE can be specified more precisely to reduce 
uncertainty.  In order to prevent terminology confusion, this paper uses performance profile (PP) to 
indicate all possible forces that would affect HEP value in HRA applications.  If two different tasks to be 
performed have the same performance profiles, we expect that the HEPs of these two tasks will be in close 
vicinity.   
 
Blocks 3, 4, and 5 are the three key elements: data sources, data repository, and use of data , respectively. 
Block 3 indicates two types of data to be collected.  The first type of data is from detailed analysis of each 
individual event.  This includes identification of all human response opportunities within the event, 
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specifying the PPs of these response opportunities, and evaluations of the human responses to these 
response opportunities.  The second type of data is task performance statistics (i.e., the failure probability 
of completing certain tasks).  The data could be obtained by reviewing the operational logs (most likely the 
equipment maintenance activities) to obtain the number of times that the tasks have been performed and 
the number of times that the tasks were not successfully completed.  Other industries’ data also can be 
included.  For all these data, the analysts need to specify their PPs in order to be used in the data 
framework.    
 
Once the data is collected, the data are deposited in a data repository (Block 4).  In the data repository, 
each data point has its PP that was characterized by a set of factors.  The state of PP of every data point 
(i.e., human response to a response opportunity or performing a certain task) in the database is specified.  
Because data collection is a retrospective event analysis activity, the opportunities of human responses 
within an event scenario can be identified.  The successes or failures of the human responses to these 
opportunities can be determined, and the PPs of the response opportunities can be specified. Consistent 
with the types of data collected in Block 3, two types of data are stored in the data repository to support the 
data framework.  The first type data is the detailed analysis of human responses to each response 
opportunity.  The prospective data repository is the NRC’s HERA system which represents each response 
opportunity as a subevent.  The second type of data is the HEP of completing a task.  Currently HERA 
does not collect this type of data.  The analysts would mainly rely on the PPs to identify the data points in 
the database to be used for HEP predictions.  
 
Block 5 uses PP similarity as the venue for the use of data.  The PPs are represented by a set of factors 
conveniently take advantage of computer power.  In Block 5, data (in Block 4) with the same or similar 
PPs to the HFE/sub-HFE of interest (in Block 2) are identified.  This process is called similarity 
assessment.  An HEP is calculated based on the Block 4.1 data.  Bayesian methods would be needed if the 
data of Block 4.1 are incomplete.  After obtaining the HEP from Block 4.1 data, the Bayesian update 
would be used to generate final HEP estimate of the HFE/sub-HFE shown in Block 2 by data inputs from 
Blocks 4.1 and 4.2.  Repeat the process for all sub-HFEs of Block 2 and the HEP of the HFE in Block 1 
can be obtained.      
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Figure 1 A data framework for data-based human error probabilities predictions  

2. Key Elements 
This section discusses the three key elements of the data framework in a reversed sequence.   Section 2.1 
discusses the use of data.  The idea of using response opportunities as the basic analysis units for 
calculating HEPs are discussed.  This lays out the theoretical foundation of the framework.  Data 
repository (section 2.2) discusses the types of data collected in current HERA and perceived information 
that may be added later.  Section 2.3 discusses various data sources that HERA has been used or intended 
to use, and the pros and cons of these options. 

2.1 Use of Data 
As mentioned earlier, two types of data will be used for HEP predictions: analyses of human responses to 
human response opportunities and HEPs of performing certain tasks.  A HEP will first be calculated from 
the first type of data.  Then the HEP will combine with the HEPs from the second type of data using the 
Bayesian update to calculate final HEP.  This section discusses the process. 
 
HEP is the probability of human failed to respond to a response opportunity given the success criteria 
specified to the response opportunity.  Thus, HEP can be simply represented by Eq. 1: 
 

 
 
Human performance is sensitive to the contextual situation in which the human activities were performed.  
The contextual situation is characterized by PPs.  Therefore, Eq.1 can be modified to Eq.2. for a PP-
specific HFE. 
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The numbers of failures and successes in eq.2 are expected to be obtained from HERA human subevents 
(Block 4.1 in Figure 1).  Currently, HERA represents an event’s timeline as a list of important 
chronological subevents.  The subevent types include human subevents (including successes and failures), 
plant subevents (e.g., components unavailable), and external subevents (e.g., extreme weather).  For the 
purpose of HEP quantification, only human subevents are used in Eq. 2.  In the situations in which the 
numbers of failures and successes are inadequate for calculating an HEP due to incomplete data, Bayesian 
methods may be used to combine other information to calculate the HEP. 
 
If there are HEPs in Block 4.2 having the same PPs as the HFE of analysis, the Bayesian update can be 
applied to calculate the final HEP of the HFE with inputs from the HEP obtained from Blocks 4.1 and 4.2. 

2.2 Data Repository 
HERA is the prospective data repository to support the data framework discussed in this paper.  HERA 
provides the basic infrastructure to support the framework but modifications and enhances are needed for 
HERA to support the framework in a practical manner.  Currently, the HERA system is undergoing a 
significant revision to improve its taxonomy and tool in order to more effectively and efficiently support to 
the framework.  Some capabilities discussed in this paper do not exist in the current HERA.  These are 
considered for future HERA improvements.  

A HERA data taxonomy has been developed [2] and a world wide web based database software has been 
implemented [3].  The data taxonomy specifies the types of information to be collected.  The HERA 
software is to streamline the data collection and analysis process.  Currently, the types of information 
collected in HERA from detail event analysis include:  

• General information 

Event type, (i.e., pre, is an, or post initiating event), plant type (i.e., PWR or BWR), date/time of 
the events, operation mode, power level, types of workers involved,  affected plant function, and 
system and components are in this class. 

• Event description 

Narrative event description and event timeline are used to describe an event.  The event narrative 
highlights the dynamics during the events.  The event timeline divides an event into a 
chronological set of subevents for explicit event sequence.   

• Human performance summary 
This provides a short summary of the key human failures and the causes and impacts on the plant 
operation.  

• Index of success or failure of a human subevent 
HERA represents each human response opportunity within events as a subevent.  Based on the 
context of the situations, the human performance within a subevent will be either judged as a 
failure (e.g., human induced a system fault) or a success (e.g., human recovers a system fault).    

• Human activity types 
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Four methods of specifying human activity types are used including: (1) the standard nuclear 
operation work types (e.g., balance of plant operation in control room, testing a system or 
components, and calibrating equipment); (2) common nuclear plant operations (e.g., change 
electrical lineup or instrumentation configuration, restore component/system back to service after 
maintenance); (3) generic human cognitive process (i.e., perception, interpretation, planning, and 
execution); and (4) cognitive complexity (i.e., skill, rule, or knowledge based responses). 

• Human error types 
In addition to failures of the types of human activity discussed in the previous bullet, two 
commonly accepted error taxonomies are included.  These are error of commission vs. error of 
omission and the classification of slip, lapse, mistake, circumvention and sabotage. 

• Performance shaping factors 
HERA divides the performance shaping factors (PSFs) into two classes depending on whether the 
PSFs having positive or negative effects on human performance in a subevent.  A three-level 
hierarchical structure containing about 250 PSFs are in the current HERA.  The top level contains 
11 PSF classes. 

 
Some of the above data can be used to characterize PPs such as human activity types, human error types, 
and PSFs.  Recently, an ongoing study indicates that error mechanism may also be a good option to be 
added into the list.  Once the error mechanism approach has been fully developed, the information is 
expected to be collected in HERA. 

As mentioned earlier, currently both the HERA data taxonomy and tool are undergoing significant 
revision.  Key focuses of the revision are to better support data-based HEP predictions and ease of use of 
HERA methodology and tool.  After the revision, HERA is expected to be a handy, useful tool to support 
the data framework. 

2.3 Data Sources 
The potential data sources include event reports, event investigations, simulation observations, and event 
statistics.  Event reports are products of event investigations that include licensee’s corrective action event 
reports, and the events met the event reporting criteria [4] such as licensee event reports, and NRC’s 
inspection reports, special inspection reports, and augment inspection reports.  Using event reports as a 
data source, the HERA event coders can only rely on the information within the reports to reconstruct the 
event sequence and perform analysis.  Because the HERA event coders would not be able to interview the 
individuals who were involved in the events and the reports typically do not provide information in 
sufficient detail to identify human response opportunities and the PPs, obtaining information from event 
reports is less cost effective.  In the past, event reports were the main data source for HERA.  In the future, 
HERA may shift toward more cost effective data sources (e.g., event investigations and simulator 
exercises). 

Event investigations are used when the HERA event coder is a member of an event investigation team.  
The coder is able to obtain the operating procedures and interview the individuals who involved in an 
event.  Simulation observations refer to when the HERA event coder is an observer of simulator exercises.  
Therefore, not only are the procedures and interview available, the HERA coder is also a witness of the 
event.  Information obtained from event investigations and simulation observations have high fidelity and 
require less effort to code into HERA.  This is mainly because the event timeline can be quickly 
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constructed in these cases.  Event investigations and simulation observations would be more cost effective 
data sources for HERA than event reports.  

Event statistics are based on credible counts of numbers of response opportunities and successes and 
failures of human responses to the response opportunities. Systematic simulator exercises (e.g., the 
international HRA empirical study [5]) could obtain HEPs of operating crews in performing certain tasks.  
The data also could be from industries other than nuclear industries such as hospitals’ treatment to their 
patients and commercial aircraft operations.  Use of data from the industries other than nuclear industry 
requires understanding the task details, the contextual information of performing the task, and the system 
fault tolerance to human errors.   

3. Technical Challenges 
Three key technical challenges are identified in implementing the data framework described in section 
2: 

• Challenge 1: Define the unit of measurement for Eq. 2 
• Challenge 2: Specify the PP 
• Challenge 3: Inform HEP quantifications with incomplete data 

  
Challenge 1 is about that the HERA human subevents (i.e., data point in the Block 4 of Figure 1) and 
the HFE/sub-HFE (in Block 2) need to be identified with the same basis so the numbers of successes 
and failures are valid to be used in equations 1 and 2.  Challenge 2 is about identifying the human 
success subevents and failure subevents in the database that can be used to calculate the HEP of the 
HFE/sub-HFE of interest.  This relies on the PP similarities between data and applications.  Challenge 
3 recognizes that HERA data are unlikely to be perfect (e.g., not having all human successes and 
failures in real events) so Eq. 2 alone cannot be used to calculate HEPs.  Other forms of data (e.g., 
event statistics from simulator exercises and available generic HEP values) need to be incorporated 
within a Bayesian framework to calculate HEPs.  
 
In addressing Challenge 1, a workshop was held in October 2009 by the NRC to develop guidance on 
developing a set of rules for HERA subevent parsing.  The same set of rules is expected to be applied 
to PRA HFEs (Block 1 of Figure 1) and represented by a set of HFEs/sub-HFEs in HRA (Block 2 of 
Figure 1).  The workshop participants’ expertise includes HRA, PRA, cognitive engineering, and 
nuclear plant operation.  The workshop follow-up activities would provide a draft set of detailed rules 
for review.   
 
Regarding Challenge 2, a review of HRA methods’ approaches to PP similarity found that human 
activity types, error mechanisms, and performance shaping factors (PSFs) are common elements used 
to characterize PPs.  On human activities types, SPAR-H [6] and CBDT [7] classify human activities 
into two types: diagnosis and action.  CREAM [8] classifies human activities into 15 types including 
coordinate, communicate, compare, diagnose, evaluate, execute, identify, maintain, monitor, observe, 
plan, record, regulate, scan, and verify.  Other methods use combinations of action type and partial 
contextual situations to classify activity types.  For example, “perform rule-based actions when written 
procedures are available” is used in THERP [9], and “carry out simple single manual action with 
feedback and, therefore, not necessarily with procedure” is used in NARA [10].  On error mechanisms, 
CBDT identifies 8 error mechanisms for diagnosis activity such as “the required data are physically 
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not available to the control room operators” and “the relevant step in the procedure is skipped.”  On 
PSFs, almost all HRA methods explicitly or implicitly provide a set of PSFs to be considered that 
would affect HEP values.  The above examples suggest that substantial work has been done in 
characterizing PP in HRA.  A key criterion for choosing a PP characterization method for HERA is 
that the method needs to be practical for data collection.  Some considerations on practicality include: 

• clear and orthogonal definitions of the factors to characterize PP 
• the factors that characterize PP can be identified with ease and their states can be objectively, 

easily assessed by event investigators 
• the factors that characterize PP should include the influence of earlier subevents within the 

same event on the current subevent.  In other words, the dependency effects between different 
subevents should be included in the PP of the current subevent.     

 
Regarding Challenge 3, incomplete data include insufficient data and incomplete data.  Insufficient data 
indicates that there is no sufficient data relevant to the HFE of analysis to make statistically significant 
prediction on the HFE’s HEP.  Incomplete data indicates that some human successes or human failures 
were not identified because the detailed information not available.  Systematic simulator exercises (e.g., 
the international HRA empirical study) to obtain statistic human performance information can be evidence 
to be integrated into the Bayesian framework.  Other HEPs available may also be used in the Bayesian 
framework if the detailed information is available for HFE parsing and PP characterization. 

4. Simulator Data Collection and Exchange 
Simulator data collection should be discussed as part of the overall data collection program for HRA.  For 
different HRA needs, the level of information detail and the types of information to be collected may be 
different.  Therefore, the discussion of simulator data collection and exchange also cannot be separated for 
its intentional purposes.  For example, a key purpose of the international HRA empirical study is to 
compare HRA methods’ predictions against simulation results.  Therefore, a set of HFEs defined in PRA 
are the analysis units in the empirical study.  In the international empirical study, the human performance 
analysis and HEP results are based on the analysis units.  Performing data analysis at the HFE of PRA is 
appropriate for the purpose of comparing methods’ predictions against simulation results; however, PRA 
HFEs may not be the optimal analysis units for a wider use of the simulator data for HRA.  The first 
technical challenge discussed in Section 3 addresses this issue.  It is expected that the optimal level of 
analysis units should have segmentations equal to or finer than the PRA HFEs.   
 
For the convenience of use and exchange of simulator data, a central data repository platform would be an 
essential tool to facilitate the efforts.  Currently, HERA has the basic infrastructure to support the effort.  
The HERA database can be accessed through the internet (the accessibility must be granted by the NRC).  
The HERA database is segregated into a number of sub-databases to control accessibility and protect 
proprietary information.  Currently HERA is undergoing significant enhancements.  Once the 
enhancements are complete, the HERA is expected to be a handy, useful tool to support the exchange of 
simulator data and the development of a larger scope HRA data program.  
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5. Prospective HERA Enhancements 
As mentioned earlier, a world wide web based HERA database software has been implemented.  Currently, 
ongoing HERA enhancements focus on usability and implementation of the data framework.  The specific 
revisions were developed based on lessons learned from past HERA operation experience.   

Improving HERA software usability is the first step to increase the acceptability of using HERA.  An 
intelligently designed graphical user interface would guide the event coders to identify the desired 
information with ease instead of going through a long check list.  This would significantly benefit PSF 
identification in HERA.  Currently, HERA contains about 250 PSFs in various levels of detail.  Prospective 
changes to the PSFs include: (a) consolidating the positive and negative PSFs into a set of PSFs with 
neutral language; (b) removing non-PSF items.  Currently some HERA PSFs are behaviors rather than 
PSFs.  An example is “adhesion to procedures less than adequate;” (c) identifying the likely causal chains 
and hierarchical structures among the PSFs; (d) defining PSFs in an orthogonal and intuitive manner; and 
(e) providing reference points for specifying PSFs’ states.  Currently, HERA’s PSFs only have two states: 
present and not present.  A multiple-state scale would improve the usefulness of HERA data for HRA.  
Other items on improving usability are to remove unnecessary information to reduce the workload of event 
coding. 

On establishing a clear and practical path for the use of HERA data for HEP predictions, the previous 
approach is to provide data for HRA methods to calibrate their parameters.  The current approach is to use 
HERA data in a Bayesian framework to support HEP predictions.  In other words, the HERA data will be 
directly used to support HEP predictions instead of through HRA methods.  Under the current approach, 
overcoming technical challenges 1 and 2 stated in section 3 is a key to success. 

Trending of human performance is of interest to the human performance discipline rather than to HRA; 
however, human performance is a stakeholder of human events.  Adding function to perform trending 
analysis in HERA data would gain the support from human performance stakeholders.  That, in turn, could 
support HERA event coding to speed up the use of HERA data. 

6. Conclusion 
The collection and exchange of simulator data should be discussed within a data framework that 
incorporates data from all sources (simulator data and others).  This paper discusses a framework for data-
based HEP prediction.  This would reduce the use of expert judgment in HEP predictions which would, in 
turn, enhance the reliability and accuracy of the HEP predictions.  The framework also provides a 
transparent method on the use of data for HEP estimates.  HERA is under revision to enhance its data 
taxonomy and tool to support the framework.  In the future, HERA will be a useful and handy tool to 
support not only the exchange of simulator data but also data from other sources and formats.   
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