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Abstract: Including the Fukushima disaster, most accidents that have occurred for several 
decades in nuclear power plants (NPPs) commonly pointed out the criticality of an 
inappropriate human performance to their operational safety. Consequently, a huge 
amount of effort has been spent to reduce the possibility of critical human errors that 
probably contribute to the safety of NPPs, and one of the most disseminated approaches is 
to conduct an HRA (Human Reliability Analysis). Unfortunately, although HRA 
practitioners generally require a lot of information pertaining to the comprehension of 
contexts being exposed to human operators, one of the frequently raised problems is a lack 
of available information.  
     For this reason, KAERI (Korea Atomic Energy Research Institute) issued a 
standardized guideline that can be applied to clarify how to systematically collect HRA 
data in the full-scope simulator of NPPs. To this end, through the review of existing 
documents that specify (or suggest) required data items for supporting HRA practitioners, 
a total 89 generic HRA data items are identified. After that, a detailed data collection 
guideline that allows us to distinguish collectable HRA data items with the associated fact-
based measurements (i.e., direct observables and objective surrogates) is proposed. In 
addition, in order to demonstrate the role of the proposed guideline, a couple of 
worksheets that are helpful for collecting HRA data from simulations in a systematic way 
are designed based on simulation records gathered from the requalification training 
sessions of domestic NPPs. As a result, although several pending problems still exist, it is 
possible to expect that fact-based HRA data can be secured from simulations, which will 
be useful for HRA practitioners to reduce the uncertainty (or subjectivity) of HRA results. 

Keywords: Human reliability analysis, human performance, simulation data, collection 
guideline 

1.  Introduction 
There is no objection on the fact that the effect of human error on the safety of socio-
technical systems, such as NPPs (Nuclear Power Plants), is very critical. For this reason, 
as one of the disseminated approaches to manage the occurrence of human errors, many 
organizations as well as countries used various kinds of HRA (Human Reliability Analysis) 
methods. For example, in the case of NPPs, the safety of NPPs has been evaluated by the 
technique of PSA (Probabilistic Safety Assessment) for many decades. According to US 
NRC (Nuclear Regulatory Commission), PSA is defined as: “The method or approach (1) 
provides a quantitative assessment of the identified risk in terms of scenarios that result in 
undesired consequences (e.g., core damage or a large early release) and their frequencies, 
and (2) is comprised of specific technical elements in performing the quantification [1].” 
     In this light, the role of HRA is to: (1) assess the risk of a system attributable to 
human error, and (2) come up with practical ways to reduce the vulnerability of a system 
due to human error [2]. Unfortunately, since the performance of human operators could be 
drastically changed with respect to the nature of contexts being faced with, it is not easy to 
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estimate the likelihood of human error without sufficient amount of information (i.e., 
HRA data) explaining why they did like that in this situation? This implies that the 
provision of sufficient data that are helpful for understanding the nature of human error in 
a situation of interest (especially an accident condition) is very important for conducting 
HRA [3]. 
     From this necessity, the collection of HRA data by using the full-scope simulator of 
NPPs is one of the long lasting issues to unravel this problem [4-10]. Ironically, one of the 
frequently raised issues among HRA practitioners is a lack of available data [11, 12]. One 
promising explanation on this contradiction is that HRA data have been gathered with 
respect to a unique objective, such as the provision of HRA data to quantify the failure 
probability of human error based on a specific HRA method. In other words, since each 
HRA method requires a particular set of HRA data, it is not easy to share HRA data with 
others who would like to use different HRA methods. This strongly implies that a 
systematic framework for collecting method-independent HRA data from simulations is 
prerequisite to unravel the paradox of HRA data.  
     For this reason, KAERI (Korea Atomic Energy Research Institute) developed a 
standardized guideline that can be applied to specify what kinds of HRA data can be 
collected under the actual environment of a given collection setting, such as the objective, 
scope and accident sequence to be simulated, and various constraints of simulations (i.e., 
simulator ability, simulation resources, data collection capability). In addition, it was 
demonstrated that the suggested guideline is very helpful for creating worksheets 
specifying what kinds of measures should be observed during the simulations [13].  
     In this paper, from the point of view of providing human performance data for 
supporting HRA, the HRA data collection guideline is briefly explained. To this end, this 
paper will describe the contents of the HRA data collection guideline in Section 2. After 
that, in Section 3, the design of worksheets will be demonstrated based on training records 
gathered from Westinghouse 3-loop PWRs (Pressurized Water Reactors). Finally, general 
discussions on the proposed guideline will be presented in Section 4 with the associated 
further works.  
2.   The contents of the HRA data collection guideline 

From the point of view of developing a HRA data collection guideline, one of the 
promising strategies is to identify generic HRA data items that can be commonly applied 
to existing HRA methods (or any kinds of HRA methods in ideal). At a glance, it is likely 
to regard the generic HRA data items as a super-set of data items to be used by each HRA 
method. Unfortunately, this super-set does not seem to be sufficient because it mainly 
focuses on the quantification of human error. In other words, since HRA should support 
the identification of practical ways to reduce the vulnerability of a system due to human 
error, another catalog of HRA data items, which has a broader spectrum than this super-set, 
is necessary.  
     For this reason, existing HRA related documents that have been issued by not only 
HRA practitioners but also HF (Human Factors) engineers were reviewed because HF 
engineers want to enhance human performance through the provision of a well-designed 
HMI (Human Machine Interface) that is fit for types of tasks to be done by human 
operators [11, 14, 15]. That is, since HF engineers usually need information on significant 
factors that are decisive for human performance under a given performance context, it is 
strongly expected that both HRA practitioners and HF engineers eventually pursue the 
same goal (i.e., enhancing the safety of a complicated system by minimizing and/or 
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preventing the occurrence of human errors). This strongly alludes to the fact that the 
review of existing documents issued from the perspective of HF engineering are useful 
because it can provide compensatory and/or additional data items that are not considered 
by HRA practitioners [16]. Therefore, the contents of related documents that have been 
issued from the perspective of HRA practitioners and HF engineering are reviewed in this 
study (refer to Table 1).  

Table 1: The list of existing documents being issued from two kinds of different perspectives 
Adapted from Ref. [13] 

HRA Perspective [11],[17],[18],[19],[20-22],[24],[25],[1,25] 
HF Engineering 
Perspective 

[11,26,27],[28],[29] 

     As a result of this review, a total of 89 generic data items belonging to seven 
categories (i.e., Environment, HMI, Organization, Procedure, Task, Evaluation criteria, 
and Performance context) were identified. For example, Table 2 shows generic data items 
pertaining to HMI and Organization category. In addition, the types of measurable 
instances (i.e., direct observables, objective surrogates and subjective surrogates) and the 
associated simulation periods during which they can be collected are identified from the 
review of existing documents. 
Table 2: Selected Generic HRA Data Items belonging to HMI, Organization and Performance 
context category 

Category Subcategory HRA data item 
HMI Panel design The conformity of standards, conventions and 

nomenclature 
The availability of indications  
The clarity of cues/ indicators 
… 

… … 
Organization Individual KARS 

(Knowledge, Ability, 
Resources and Skill) 

Expected knowledge of each operator 
Expected ability of each operator 
… 

… … 
Performance 
context 

Status indication The use of decision criteria being provided 
The clearness (easiness) for cue identification  
The possibility of information misleading in HMIs 

Crew KARS Crew dynamics 
… … 

     Here, direct observables refer to facts directly observable and/or measurable from 
simulations (such as the room temperature, the absence of necessary indications, or the 
existence of a wrong indication that probably misleads human operators). Meanwhile, we 
have to think about surrogate measures when a data item is not directly observable or 
difficult to measure. Let us consider HRA data items such as Expected knowledge of each 
operator or Expected ability of each operator. The original intention of these HRA data 
items is to clarify what kinds of knowledge and ability are expected in order to properly 
conduct a required task. Unfortunately, it seems to be evident that the specification of 
direct observables for these HRA data items is very difficult.  
     In this regard, we are able to consider the use of two kinds of surrogate measures. 
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The first one is an objective surrogate that has a firm definition and/or consensus to be 
measured by direct observables or their combination. Typical example of an objective 
surrogate is probably Years in current position/role pertaining to the representation of the 
HRA data item of Expected knowledge of each operator. In other words, it is assumed that 
human operators will have sufficient knowledge needed for conducting the required task, 
if they have worked in the current position/role for many years. Since Years in current 
position/role can be measured by an objective number, it is possible to say that an 
objective surrogate is used in this case. However, there are times when the collection of 
personal information on human operators is not allowed or not possible. In this situation, 
as an alternative idea, we are able to ask SMEs (Subject Matter Experts) to rate the 
knowledge level of human operators based on 5- or 7-point Likert scales. After that, with 
respect to the ratings of SMEs, we are able to postulate whether or not human operators 
have necessary knowledge for conducting the required task. 
      However, it should be emphasized that there could be the specific period of a 
simulation during which the collection of information on measurable instances is possible. 
For example, without loss of a generality, it is possible to assume six kinds of time periods 
from which the information on HRA data items can be obtained. They are: (1) Desk-top 
analysis period (including the walk-through of NPPs, the review of operating and/or 
administrative procedures, and interview with training instructors prior to simulations), (2) 
Test run period without crews, (3) Dry run period with training instructors (or SMEs), (4) 
Main simulation period, (5) Debriefing period (with training instructors, SMEs, and/or 
crew members), and (6) Data analysis period. Therefore, through the review of existing 
documents, measurable instances with the associated simulation periods are distinguished. 
Table 3 shows measurable instances with the associated periods to be collected for 
selected HRA data items belonging to HMI category. 

Table 3: Measurable Instances and the Associated Period for their Collection – Selected Examples  
HRA Data Item Measurable Instance  Period for Data Collection 
The conformity of 
standards, 
conventions and 
nomenclature 

• Consistent use of measurement units  
• Consistent use of information coding  
• Consistent use of device configuration 
• Standard nomenclature  

Desk-top analysis, Test run, 
Dry run, Main simulation, 
Debriefing  

The clarity of 
cues/indicators 

Not specified from existing references, but 
comparison between the required 
indicators and actual provisions seems to 
be appropriate 

Desk-top analysis, Test run, 
Dry run, Main simulation, 
Debriefing 

Expected 
knowledge of each 
operator 

Not specified from existing references but 
appropriate instances can be suggested 
based on interviews and walk-through 

Desk-top analysis, Dry run, 
Debriefing 

Expected ability of 
each operator 

Not specified from existing references but 
appropriate instances can be suggested 
based on interviews and walk-through 

Desk-top analysis, Dry run, 
Debriefing 

Crew dynamics Definition is unclear and overlapped Main Simulation, Data 
Analysis 

      For example, several documents issued from the HF engineering perspective 
strongly recommended that The conformity of standards, conventions and nomenclature 
can be verified by a couple of direct observables, such as consistent use of measurement 
units (e.g., MKS vs. British unit), information coding (e.g., red = stop, blue = operation), 
device configuration (e.g., right to left), and standard nomenclature defined from the 
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administrative procedures of NPPs. In contrast, since there is no suggestion on a direct 
observable that is able to specify The clarity of cues/indications, it is necessary to define 
an objective surrogate, such as the location of a certain alarm providing an important cue. 
In addition, since the location of the alarm can be identified from five kinds of simulation 
periods (i.e., Desk-top analysis, Test run, Dry run, Main simulation, and Debriefing), it is 
possible to decide the time period when the alarm location should be collected along with 
the constraints of simulations. Let us suppose that there is an organization trying to collect 
HRA data from simulations. To this end, this organization contacts a training center that 
has the full-scope simulator of NPPs. Unfortunately, since the prime goal of the training 
center is to educate human operators working in NPPs, the organization fails to secure 
training instructors for dry runs and test runs. In addition, information collection from 
Debriefing period is not possible because any debriefings are not allowed because of 
administrative reasons. These constraints clearly indicate that the organization should 
collect all the information of measurable instances from Desk-top analysis or Main 
simulation period. This implies that it is indispensable to make a concrete plan specifying 
what kinds of information can be actually collected from these two time periods. 

3.  Development of Worksheets – A Case Study 

As explained in the previous section, an HRA data collection guideline is developed, 
which is able to specify what kinds of information can be actually collected from which 
simulation periods. In order to demonstrate the role of the HRA data collection guideline, 
explanations on how to design worksheets are provided in this section with simulation 
records gathered from the requalification training sessions of domestic NPPs.  
     The simulation scenario was an ISLOCA (Interfacing System Loss of Coolant 
Accident) that is one of the typical DBAs in Westinghouse 3-loop PWRs. In order to 
simulate the ISLOCA scenario, a full scope simulator that has traditional HMIs such as 
alarm tiles, indicators, trend recorders and analog control devices was used. The behavior 
and communication of MCR operators coping with the ISLOCA was recorded by audio-
visual recording equipment installed in this simulator. In addition, detailed action logs 
describing what has manipulated by MCR operators are available with the associated 
event logs (e.g., the response of NPPs) and parameter logs (e.g., the change of process 
parameters). All the contents of these data logs can be extracted by digital files (i.e., CSV; 
Comma Separated Value).  
     Using these apparatuses, simulation records for nine MCR operating crews that 
consist of five MCR operators, such as SS (Shift Supervisor), RO (Reactor Operator), TO 
(Turbine Operator), EO (Electrical Operator), and STA (Shift Technical Advisor), with 
predefined roles [30] have been gathered. Unfortunately, since the schedule of the training 
center is too tight to sufficiently support simulator data collection, it is not possible to 
assign training instructors for dry runs and test runs. In addition, any debriefings with 
MCR operators are not allowed at that time because of administrative reasons. Therefore, 
the period of Main simulation is only available for gathering simulation records. 
Fortunately, since a meeting time was allowed to setup the conditions of Main simulation, 
a couple of questionnaires (such as a training schedule, training scenarios, general 
information about trainees) can be filled in a short interview with training instructors at 
this time. 
     From the abovementioned constraints, three kinds of worksheets were developed 
[13]. As a result, 88 kinds of data fields that represent actually collectable information 
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from the ISLOCA simulation records were identified. Table 4 summarizes selected data 
fields included in the worksheets. For example, data fields belonging to Plant and 
simulation overview provide general information on each simulation, while those of Crew 
give rationales for surrogates pertaining to KARS (Knowledge, Ability, Resources and 
Skill). It is evident that the KARS of each human operator is very critical for evaluating 
an HEP (Human Error Probability) in conducting a given task. For this reason, most HRA 
methods incorporate the effect of the KARS on the HEP by considering various aspects, 
such as (1) whether or not each human operator has sufficient knowledge for conducting 
the required task and (2) whether or not the ability of each human operator is good enough 
for accomplishing it. 

Table 4: Selected List of Collectable Information included in the Worksheets 
Category Data field 
Plant and simulation 
overview 

Plant/simulator name 
Plant type 
Operating mode (full power, start-up, etc.) 
… 

Crew (SS, RO, TO, 
EO, and STA) 

Age 
Work experience of plant operation (year) 
Work experience in current position/role (year) 
Certified license (SRO; Senior Reactor Operator, RO; Reactor Operator) 
Work experience in current team (year) 

Crew dynamics Leadership of SS 
Cooperative attitude 
… 

 
The problem is that there is no direct measurable for identifying the KARS of human 
operators. This means that several kinds of objective surrogates should be defined in order 
to collect necessary information for assuming the KARS of human operators. In this 
regard, five kinds of objective surrogates (e.g., age, work experience of plant operation, 
work experience in current position/role, work experience as a team, and certified licenses 
being possessed by human operators) are included in the worksheets.  
Unfortunately, since it is very difficult to come up with direct observables or objective 
surrogates pertaining to data fields included in the category of Crew dynamics, a couple of 
subjective surrogates are assigned to them. For example, Leadership of SS can be 
measured by selecting the most appropriate one from six kinds of representative 
leadership styles such as Commanding, Visionary, Affiliative, Democratic, Pacesetting, 
and Coaching. Similarly, the data field of Cooperative attitude can be measured based on 
the behavior of BOs (Board Operators, such as RO, TO and EO) observed during 
simulations. Typical behaviors include Cooperative attitude, Self-initiative, and Often 
reporting/suggesting. 
     It should be noted that the abovementioned data fields are very important for 
describing a situation in which human operators have to conduct a given task. However, 
as manifested in Section 1, HRA practitioners require information explaining why human 
operators made a mistake in this situation? This implies that worksheets should be 
capable of providing information on not only pertaining to the performance context but 
also clarifying the types of mistakes made by human operators. For example, if KARS 
related information (i.e., age, work experience of plant operation, work experience in 
current position/role, work experience as a team, and certified licenses being possessed by 
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human operators) can be collected, it is possible to scrutinize its effect on the possibility 
of human error. In this light, the worksheets are developed so that all the necessary data 
fields to be used for distinguishing UAs (Unsafe Acts) can be included in them.  
     Without loss of generality, a UA is defined as an action inappropriately taken or not 
taken by operating personnel, which is able to actually degrade the safety of a target 
system [31]. From this concern, Fig. 1 shows five kinds of UA candidates with the 
associated relations explaining how the behaviors of human operators can be investigated 
based on an on-going situation and required tasks.  

 
Figure 1: The Meaning of UA Candidates 

     The light gray boxes in Fig. 1 are information which describes situations, tasks, and 
the behaviors of human operators. In the case of the ISLOCA scenario, the information 
can be obtained by the data expressed in the parentheses of the boxes, e.g., how the plant 
was changed is tracked by process parameters, and what the human operators speak about 
can be identified from their communication logs. Accordingly, UA candidates can be 
easily recognized by examining the communication logs and manipulation of human 
operators. For example, the first path of Fig. 1 can be investigated by observing whether 
or not a BO incorrectly replied to SS inquiring the status of an important process 
parameter. Examples of other paths are as follows. 
 Path 2: During continuously regulating a process parameter by a certain component, 

whether or not a BO manipulated a controller in the wrong direction can be seen. 
In addition, a BO-initiative act or an act under an abstract instruction can be 
inspected when the action does not reflect the plant situation. 

 Path 3: Whether or not an SS instructed a BO to obtain process parameters or to 
manipulate a component can be found. It can be also determined that the SS 
inappropriately transferred or followed the steps of procedures. 

 Path 4: It can be determined whether a BO manipulate a wrong object and whether 
the BO manipulate the right component in the wrong direction. 

 Path 5: A case in which a BO did not manipulate a component even when an SS 
instructed the manipulation can be observed. By examining paths 4 and 5, 
unauthorized actions, which are based on neither a procedure nor the order of the 
SS can be identified (e.g., EOC; error of commission). 

     From the UA candidates, actual UAs to be analyzed in detail are determined by 
considering rationales such as the instructions of procedures, expert judgment, thermal-
hydraulic analyses, success criteria used in the PSA, and status of CSFs (Critical Safety 
Functions). For example, in terms of the CSF of Maintain heat removal from RCS 
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(Reactor Coolant System), the following process parameters should be satisfied with the 
associated allowable limits when a LOCA (Loss of Coolant Accident) has occurred.  
 Steam generator level (in a narrow range): between 7% to 50% 
 Steam generator pressure: less than 88.6kgf/cm2 
 Feed water flow rate: greater than 32.5 LPS (liter per second) 

     This means that one of the plausible UAs being observed from simulations is an 
unauthorized behavior of a human operator to close a valve resulting in the reduction of a 
feed water flow rate. In other words, even though the level of a steam generator remains 
within the allowable limits, this behavior should be marked as an UA because it directly 
affects one of the important plant parameters pertaining to the given accident (i.e., LOCA). 
More detailed criteria for determining the actual UAs can be found from Ref. [13]. 
4.   General Discussions and Further Works  
As already mentioned, the aim of the proposed guideline is to clarify how to 
systematically collect HRA data in the full-scope simulator of NPPs. For this reason, 
through the review of existing documents that specify (or suggest) required data items for 
supporting HRA practitioners, the catalog of generic HRA data items are identified first. 
Then a data collection guideline that allows us to distinguish collectable HRA data items 
with the associated fact-based measurements (i.e., direct observables and objective 
surrogates) is developed. As a consequence, it is possible to design a couple of worksheets 
that are helpful for collecting HRA data from simulations in systematic way. This 
indicates that fact-based HRA data can be secured from simulations, which will be useful 
for HRA practitioners to reduce the uncertainty (or subjectivity) of HRA results by 
understanding the nature of human error in a situation of interest.  
     However, the proposed guideline still has several unresolved issues, such as (1) the 
minimum number of simulations that are able to provide statistically meaningful results 
(i.e., how many crews should we enlist?), (2) the clarification of an acceptable range for 
determining UAs, (3) the incorporation of insights and/or wisdoms from HF engineering 
in order to identify direct observables and/or objective surrogates with respect to a given 
HRA data item, and (4) the support of HRA methods that emphasize the cognitive aspects 
of performance more strongly (e.g., the 2nd generation HRA methods) [13]. However, the 
most critical problem to be resolved first would be the reduction of the number of 
subjective surrogates. As shown in Table 4, instead of direct observables or objective 
surrogates, there are times when subjective surrogates should be assigned to a certain data 
field, such as Leadership of SS, and Cooperative attitude. The problem is that it is not 
easy for an HRA practitioner to fully accept the assessment of subjective surrogates rated 
by other people because of the inherent subjectivity of SMEs. In other words, the 
assessment of subjective surrogates could be largely affected by the knowledge and/or 
experience of SMEs, which is not directly related to a situation in which human operators 
have to accomplish required tasks. One promising solution for this problem is to revisit 
the results of existing studies that could be helpful for specifying fact-based measurements.  
For example, Serfaty et al. articulated that “Highly experienced crews can maintain their 
performance under a severe time pressure because human operators provide important 
information to their leaders before requesting it [32].”  
     In other words, the performance of highly experienced crews seems to be robust 
under severe time pressure because they adaptively change their communication style. In 
addition, Tichy and Fombrun stated that “The organic structure is more effective in 
situations where there is high uncertainty from the environment, the task demands and/or 
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the degree of task interdependence. Here, the organic structure can be characterized as: (1) 
the continued redefinition of individual tasks, (2) a network structure of control, authority 
and communication, and (3) with the content of communication being information and 
advice [33].” These results denote that typical behaviors of human operators could be 
direct observables for representing Crew dynamics. That is, the number of utterances done 
by an RO who tried to keep an SS updated by reporting the trend of pressurizer pressure 
with the associated subcooling margin could be one of the appropriate direct observables 
representing the provision of important information.  
     In this regard, in addition to Crew dynamics, it is necessary to specify a series of 
direct observables as well as objective surrogates for several aspects, such as (1) Safety 
culture, (2) Stress, (3) Task load, (4) Nature of decision making, and (5) Operator's 
evaluation process. In addition, if fact-based measurements are properly identified from 
simulations, they can be used as reference information for scrutinizing the performance of 
human operators being faced with more harsh environments (such as seismic events or 
severe accidents). This is because, although it is not possible to shake an MCR to emulate 
a seismic condition, the implementation of typical situations caused by the seismic event 
(such as the loss of significant cues or misleading indications) can be considered in 
simulations. For the abovementioned reasons, KAERI is now planning a new project to 
reanalyze simulation records that were collected from the full scope simulators of 
domestic NPPs based on the guideline suggested in this study. This project will be 
continued to 2017, and after the complete of this project, it is anticipated that we are able 
to use more detailed information that are helpful for HRA practitioners. 
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