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Abstract.  The study of ergonomics has evolved around the world as one of the keys to understand human 
behavior in interaction with complex systems as nuclear power plant and to achieve the best match between the 
system and its users in the context of task to be performed. Increasing research efforts have yielded a 
considerable body of knowledge concerning the design of workstations, workplace, control rooms, human-
system interfaces, user-interface interaction and organizational design to prevent worker discomfort, illness and 
also to improve productivity, product quality, ease of use and safety. The work ergonomics analysis consists of 
gathering a series of observation in order to better understand the work done and to propose changes and 
improvements in the working conditions. The work ergonomics analysis implies both the correction of existing 
situations (safety, reliability and production problems) and the development of new work system. Operator 
activity analysis provides a useful tool for the ergonomics approach, based on work ergonomics analysis. The 
operators will be systematically observed in their real work environment (control room) or in simulators. The 
focus is on description of the distributed regulated mechanisms (in the sense that operators work in crew), both 
in nominal and degraded situations, observing how operators regulate collectively their work during an increase 
in workload or when confronted with situations where incidents or accidents occur. Audio, video recorders and 
field notes can be used to collect empirical data, conversations and interactions that occur naturally within the 
work environment. Our research develops an applied ergonomics methodology, based on field studies, that 
permits to identify and analyze situations, factors that may affect the operational performance of nuclear power 
plants. Our contribution is related to the following technical topic: How best to learn from and share operational 
safety experience and manage changes during all life cycle phases? 

Introduction 

The nuclear industry has always demonstrated their concern to avoid and to mitigate the consequences 
of accidents. Since the first plants became operational, the concept of depth defense, reliability 
engineering and postulated accident analysis has been used in nuclear power plant projects. Human 
factors and ergonomics did not receive much formal attention at this time [1]. The operational 
procedures were written in such a way to avoid the risk of a human error and the main task should be 
to follow the procedures to maintain the system operating according to the project technical 
specifications. After the TMI accident, in 1979, ergonomics issues have been received much more 
attention by the nuclear industry based on the recognition that risk management, based only on 
hardware was not enough [2]. 

The work ergonomics analysis emphasizes the examination of the overall situation, which will 
determine the work analyzed. Records concerning normal operation, incidents and accidents may be 
examined and analysis of interviews with operators and supervisors will be very useful. It is not 
possible to separate operational activities from their specific environments, neither separate them from 
other activities performed at the plant. These requirements called for an situated approach such as 
Activity Analysis, which provides the basis for our methodological framework (figure 1). The Activity 
Theory assumes that human behavior is not a set of disembodied cognitive acts (e.g. decision-making, 
classification, remembering) and that the conscious activity takes place in everyday practices.
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FIG 1. Basic methodological steps 

The operators activity analysis can be done through field analysis and allows the observers to identify 
not only actions related to prescribed work but also "side" activities which are either explicit (but not 
formulated in the frame of the task description) or implicit (may be unconsciously done by operators). 
It emphasizes the operators work complexity, the difficulties in monitoring, the strategic that operators 
use to make monitoring more easier and the communication (direct and broadcast) between the 
operators. These features allow the identification of problems that affect the operator’s performance.  

The aim of this paper is to develop an applied methodology, based on field studies, that permits a more 
thorough knowledge of the courses of actions of the main control room’s operators during micro-
incidents, identifying interference situations and restrictive factors imposed by working environments 
that may affect the operational performance of NPPs.  

1. Methodology 

The field studies were realized in the main control room of a nuclear power plant. The basis of the 
methodology is the operators activity analysis during different operational conditions: a complete 
work shift, included the shift changes in the plant planned shutdown; preparatory tests for the startup 
and the startup of the reactor. Paper and pencil to get field notes and electronic media, such as audio 
and video recorders has been used during the research. The operators received only one instruction: 
behave as normal as possible in spite of the presence of the analysts in the control room. The research 
consists of the following phases: data collection; post scenario debrief interviews; verbal protocol 
transcriptions and coding exercise. 

2.1. Data collection 

Some practical issues must be addressed to collect data during actual work activity, such as: the 
physical location; number and technical background of the analysts; how to use multimedia support as 
video cameras and audio recording (micro records in the pocket of the control rooms operators) to 
obtain the desired data and not disturbing the work and what should the best moment (in time and 
task) to collect data.  
Analysts position: the main control room of a nuclear power plant is the focal point of the work 
activity.  
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The number of analysts, task and background: Four analysts inside of the control room, each of them responsible 
to collect data from each one of the four licensed operators. Analysts with nuclear background and experience in 
work ergonomics analysis. 
Observation period: Moments of high workload (planned shutdown and startup), where the probability of micro-
incidents appearance should be greater and where control rooms operators needed to engage in higher-level 
cognitive activities. Micro-incidents (MI) are defined as any event that provokes a rupture with the normal 
operation, something that brings the emergency of a new reality apprehension, sending the operators to work in a 
new type of practical rationality [3]. 

2.2. Post scenario debrief interviews 

During work interval periods debriefing interviews are carried out, where a number of the critical 
decisions made by the operators during their actual work activity is discussed. In order to analyze 
certain decisions more closely some questions are asked, such as: What are the cues used to make a 
situation assessment and response planning? What are the goals the operators had at particular parts of 
the micro-incident?; The courses of actions were considered when making a particular decision?; The 
situation faced operators reminded them of any previous experience?; Is there any relation between the 
courses of action  and the constraints imposed by the working environment? 

1.3. Transcription and coding exercise 

The verbal protocols during and the debrief interviews are recorded on audiotape and later transcribed 
for further analysis. The main purpose of the coding exercises is to identify and to analyze situations, 
interference activities that may affect the operator’s cognitive activities (situation assessment, response 
planning) and monitoring activities. The analysis is conducted following the principles of protocol 
analysis [4] and content analysis [5]: construction, recording, observation, and verbalization data from 
operations during a micro-incident   

2. Micro-incident  

The basic steps in the process of analysis of micro-incidents are: the analyst’s field notes are listed in 
chronological order and organized during various working sessions to rank the MIs according to their 
importance for the study; the recordings of the operator conversations during the selected MIs are 
transcribed; a correlation between the micro-incidents and the verbal protocols are made for each 
operator through systematic analysis of the study protocols and are used to identify the critical 
components related to a given cognitive strategy; cognitive strategies are classified in terms of (a) 
application of existing knowledge and action plans (rule-based) or (b) analytical problem solving 
including inductive and deductive reasoning or according the collaboration of other operators.  

3. Operator’s activities while controlling micro-incidents 

When the operator becomes aware of a MI, his attention turns to information related to the MI, which 
he acquires by reading signals. It is reasonable to assume that there is a strong relationship between 
reading activity, reading instruments, displays, etc as well as verbal and phoned communications. 
There is a temporary mind-set in which the field of attention is focused, temporarily inhibiting and 
excluding everything else. It is precisely this sort of activity that dominates MI operation activity. This 
search for meaning/reading activities are followed by cognitive problem solving strategies and in this 
moment some interference activities can arose. The collaborative strategies emerge moving operators 
to a different location in the control room, talking to each other, adjusting controls, communicating 
with field operators, interpreting instructions and filling checklists (if available).  Every moment, the 
operator has to discern precisely what he perceives, so he restricts his field of visual perception and 
attention focus. In most cases, the reading of signs leads to additional information (procedure, P&I 
diagrams, logical drawings, alarm list, etc) and to another point in the control room. There is then a 
new focus of attention, but the operator must maintain his awareness all the time. The interference can 
then result from changes in activity (and therefore of focus), for instance: while the agent is 
proceeding with an adjustment, something extrinsic to that activity requires him to suspend what he is 
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doing; while the operator is reading off a series of values on a screen, the phone rings, or another 
operator needs an answer to a question. This provides a clear example on how these issues can 
interfere with the operator’s activity and may affect the operational performance. It should be clear 
that certain activities requiring closer attention and the simple fact of being addressed (by a phone call, 
for example) could seriously affect the operator’s state of concentration and commitment to the 
activity in progress. These interruptions are potential source of errors when operators return to an 
activity and try to pick up where they left off [6].  

4. Conclusions 

Our findings show that the competence required for the operators to improve their performance when 
dealing with micro-incidents within interference activities are mainly concerned with developing the 
possibility of constructing situation awareness during the course of actions; understanding the most 
important demands set by the ongoing situation; understanding the procedures and the possible 
different ways to carry out their instructions; managing attention resources; managing conflicts; time 
problems during ongoing task procedures and task planning schedule; dealing with distractions; 
developing skills for collaborative efforts with the other operators and plant staff by accepting, 
postponing or rejecting the interruptions they bring to his own activities and conversely by discovering 
the right moment to interrupt the others’ activities.  

The methodology applied can have an impact upon design issues like those of preparing instructions 
and support activities, developing organizational roles and designing training systems For the plant we 
studied, our field work has made it possible to generate more specific design information to develop 
an operator support system that provides more information about the status of the plant and 
automation system; to do more extensive work on procedures; translating procedures into the 
operator’s native language; to use a senior operator to help the Supervisor deal with work 
authorizations during scheduled shutdowns; to propose a new work design to receive service orders 
during scheduled maintenance  and to study ways to improve the control room communications to the 
external areas of the plant. 
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