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ABSTRACT: Reactor operators may be exposed to significant levels of stress during plant
emergencies and their performance may be affected by the stress. This paper first identified the

potential sources of stress in the nuclear power plant, then discussed the ways in which stress is

likely to affect the reactor operators, and finally identified several training approaches for reducing

or eliminating stress effects. The challenges for effective stress reducing training may seem

daunting, yet the challenges are real and must be addressed. This paper reviewed researches in
training design, knowledge and skill acquisition, and training transfer point to a number of

strategies that can be used to address these challenges and lead to more effective training and

development.
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1 Introduction

The effects of stress on human mind and performance have received more and
more attention for these years. A review of the research literature on stress and human
performance did suggest that a number of ways that human performance may be
affected 11

Reactor operators are one of the key factors to the safety of reactor operation.
During plant emergencies reactor operators may be exposed to significant levels of
stress. This prompted the questions of what are the primary potential sources of stress
during the emergency operation, how stress may affect operator perform-ance in the
response task, and how to train reactor operator for reducing or eliminating stress
effects.

The paper is organized to address these three questions as follow. Section 2
identified the potential sources of stress in the operation especially in the emergency
operation. Section 3 discussed the ways in which stress is likely to affect the reactor
operators. Section 4 provided a number of training strategies that can be used for
reducing or eliminating stress effects.
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2 Potential sources of stress

2.1 Environmental factors

Hockey(1986) classified environmental factors into five classes: (1) Physical
environment, included factors such as noise, heat and cold, lighting and atmospheric
conditions. (2) Drug effects, such as stimulants and depressants. (3) Fatigue states,
included the effects of sleep deprivation and boredom that may come from prolonged
performance. (4) Cyclical changes, such as regular, periodic changes in hormonal
levels, alertness, body temperature, etc. (5) Social environment included performance
anxiety and the use of incentives [2].

Among these environmental factors, physical environment and fatigue states
may have more important role than the other three classes. During a severe accident,
the environment of the control room, well protected in the dairy operation, may
change as losing control of room temperature, lighting, and noise. This will add great
stress on the reactor operator in the control room. The reactor operator fatigue states
caused by sleep deprivation, sudden change in work shifts, and boredom are the other
important factor. Reactor operators in fatigue states are tend to be in confused
condition in the sudden coming emergency

2.2 Task- related factors

The task-related factors are generally more important than environment factors.
Tablel1 lists these task-related factors.

Table 1. Task-related Factors

Factor Description

Novel The phenomenon or event or action is not well understood

Violated Reality and expectation are violated

Information missing Information missing and prediction is more difficult

Conflict goals More than one task goal need to be achieved

High ask dmandsGreater requirement to keep up with event progress, increased
High___task __demands _ monitoring of plant state, increased operating of procedure

Time pressure Action need to be taken in time

3 Stress effects on reactor operator performance

A general performance impairment attributed to stress was identified quite early
in the literature by Selye(1936). Over the years many researches have strived to get
the stress effects on human performance [34*In this paper effects on individual
performnance and effects on team performance are considered.

3.1 effects on individual performance

Individual performance can be impaired in the high stress in three ways: () A
narrowing and shift in attention focus. (2) A reduced working memory capacity. (3)
Time pressure effects in two forms: speed-accuracy'trade-offs and incomplete task
processing.

Stress can ause a performiance attention to become miore narrowly focused ol
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cues central to the task and less sensitive to the more peripheral cues. In the control
room, reactor operator may become more focus on some parameters but ignore other
stillI critical parameters.

Working memory is especially critical in cases in which a complex system must
be mentally simulated to deter-nine potential outcomes of control actions on the
system. Mentally simulating the consequences of system response can incur a large
computational load. So working memory have a large role in decision making during
emergency situation and its reduction will greatly impair the performance of the
reactor operator.

Emergency operation requires extensive, systematic analyses that need to be
executed completely to ensure an appropriate response. This will impose time
pressure in the operator performance and in some times operator can not complete a
series of procedure operation.

3.2 effects on team performance

The complexity of emergency operations requires a coordinated response by
teams of interdependent members. In other words, Reactor operators need to
communicate information n the team to take a coordinated action. Stress can impair
the information communication, so the important informnation may be not available for
the operator leader and also not available for the decision maker in the technical
support center.

4 Training strategies for reducing stress effects

There may be many ways to address the questions caused by the stress except
training such as human factor engineering solutions (e.g., interface design, task
structure) and personnel selection strategies (e.g., select personnel with psychological
stability) f'K However training methods are the primary focus.

4. 1 Addressing sources of stress

4.1L.I Addressing stress sources Of novelty and uncertainty

As discussed in section 2, novelty, violation, information missing, and conflict
goals can contribute to stress in a nuclear power plant setting. To reduce stress from
these sources, there are several general solutions include increase ability to develop
expectations about the event, increase ability to control the event, and increase ability
to obtain feedback of the control action. The primary training approach to address
these abilities is exposure or guided exploration. If operator can be exposed to some
type of simulation of severe accident situation beforehand, the expectations, the
control actions and the feedback information can be more accurate in the emergency.

Operators need to remember the provisions of emergency plans and procedures
over long periods of time until an emergency occurs. So there comes the question that
how training design can produce long-term retention and transfer to more complex
task situations. The traditional training design may be in fostering short-term learning
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and immediate retention, but they may not produce long-term retention.
To facilitate longer-term retention and transfer, training must be guided by

principles that take into account the characteristics of the trainees and the ob
conditions[6

There are three ways. First is fostering a mastery orientation. People have two
very different goal orientations towards training activities. Mastery-oriented
individuals believe that their efforts can lead to improved earning and retention. They
focus on developing new skills, attempt to understand their tasks, and define their
success in terms of challenging self-referenced standards. In contrast, performance-
oriented individuals believe that ability is demonstrated by performing better than
others, even during training tests and practice drills. Mastery and performance
orientations thus represent fundamentally different ideas of success and different
reasons for engaging in earning.

Second is providing learners with control over their own earning. Most training
experiences provide a highly structured environment for the trainee. Trainers organize
a course, sequence the material, set the pace, and evaluate progress. This structured
approach to earning goes counter to an adult earning perspective that highlights most
adults' desire some control over the earning process. From this perspective, adults
enjoy planning and carrying out their own earning experiences as well as evaluating
their own progress.

Third is enhancing the role of the active learner. Adult earning theory highlights
the important role of learners as active participants in their own earning processes.
Recently, efforts have been made to focus on two ways to facilitate active Learning as
action learning methods during training and experienced centered earning
interventions on the job. The action earning approach emphasizes that much learning
can occur by dealing directly with work-related issues during a formnal training session.
The focus of the training is to understand and solve complex eal-life problems by
constructing a smaller, simplified version of the problem. Experience-centered
learning focuses on the importance of employee ob activities that can evoke
continuous earning and improvement. Experience-centered earning is based on the
assumption that challenges in the ob itself can stimulate earning to occur. Thus,
opportunities for experience-centered earning must be created for individuals in their
job assignments to develop critical competencies for success.

4.1.2 Addressing stress sources of high task demand and time pressure

When an operator's capability is not perceived to meet the demand of the task,
his performance will be more stressfuil. The training approach is to directly address
the gap between task demand and operator skill level. Individuals who have mastered
performance of critical tasks are less likely to fell overwhelmed in the operation. This
approach is closely tied to the training solution offered in the preceding section and
the precede training strategies are also suit to this situation.

4.2 Addressing stress impairments

4.2.!1 Addressing High level of arousal
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A severe accident is almost certain to raise arousal level. If this arousal level is
too high, it is likely to impair performance. In this situation, operators can learn some
exercises to relax themselves such as deep breath and muscle relax.

4.2.2 Addressing Narrowed attention and reduced working memory

A training approach to address this impairment is to reduce the mental resources
required for skilled performance, that is make the performnances very efficient in their
use of mental resources. This type of training is referred as "automaticity" training
meaning operator skill becomes "automated". Some kind of skills can be training in
this way such as reading indications, responses to alarms, executing control actions.

4.2.3 Addressing Teamwork impairment

To perform effectively, all team members must understand how their actions
affect and are affected by each of the other team members. That is to say that a team
must have a number of team competencies. To address the teamwork impairment in
the stressful situation, we provide several ways to facilitate the development of these
team competencies within an emergency response operation [67j

First is building teamwork skills. Teamwork skills are those related specifically
to the interaction among team members, largely independent of the task to be
performed, including (a) adaptability, (b) situational awareness, (c) performance
monitoring, (d) interpersonal skills, (e) coordination skills, () communication skills,
(g) assertiveness, and (h) decision making skills. Some research had proposed Crew
Resource Management (CRM) as a useful training program. Recent evaluations of
CRM training programs have provided encouraging results regarding its effectiveness.

Second is to develop shared mental models. Shared mental models refer to
organized knowledge that is common among the team members. A shared mental
model consists of the overlap among individual team members' mental models that
facilitates their adaptation to the ctbanging demands of the task and the accompanying
demands of their teammates. The mental model construct has been implicated as a
significant determinant of success in dealing with emergency situations. One method
for developing shared mental models is cross training, which requires team members
to learn about the roles of other team members. The locus of cross training's
effectiveness is thought to be in the development of interpositional knowledge which,
in turn, can facilitate implicit coordination among team members and greater team
adaptability.

Third is to develop team leaders. Although leaders traditionally have been
conceived of as supervisors of performance, there has been increasing acceptance of a
team leader's role as a facilitator of team development and continuous learning. This
developmental role pertains especially to actions taken by the leader during the
formation and evolution of the team to foster its development into an effective unit.
The leader's role includes: explicitly defining the social structure and promoting an
environment of open communication and self-disclosure in the earliest stages of team
formation, promoting team learning and performance - pre-briefs (preparing for the
upcoming activity) and post-action reviews (provision of both individual- and group-
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level feedback)

5 Conclusion

This paper first identified the potential sources of stress in the nuclear power
plant, then discussed the ways in which stress is likely to affect the reactor operators,
and finally identified several training approaches for reducing or eliminating stress
effects. The challenges for effective stress reducing training may seem daunting, yet
the challenges are real and must be addressed. These challenges can be overcome by
means of eight different training strategies.

The challenge of addressing stress source can be achieved by exposure and
long-termn retention through helping trainees to adopt a mastery rather than a
performnance-oriented. learning strategy, encouraging them to assume greater control
over the learning process, and promoting active learning.

The challenge of addressing high level of arousal can be addressed by some
relax exercises such as deep breath and muscle relax.

The challenge of addressing narrowed attention and reduced working memory
can be achieved by reducing the mental resources required for skilled perforance
through "automaticity" training.

The challenge of addressing teamwork impairment can be achieved by building
teamwork skills, developing shared mental models, and providing exercises that
develop team leadership skills.
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