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SUMMARY

The report describes a job analysis method which has bees used for
competency requirements and training evaluation purposes on three
jobs in a Swedish nuclear power station. The jobs are the shift
supervisor, the reactor operator and the turbine operator.

The method is based on a system analytical apporach. Through a top-
down analysis of the power generation system a structure is derived
which i i used for an inventory of possible operator tasks. The pri-
mary source for actual task generation was interviews with operators
and with other personnel who are cooperating with the operators.

The method suggests alternative sources for the task generation when
operator interviews are not feasible, e.g. in systems which are be-
ing developed or when operator experiences are lacking.

The result of the job analysis is a set of typical tasks for each job.
These tasks represent the contents of the job to be considered in the
planning of job training and for recruitment requirements.

The same job analysis method was used for training design and evalu-
ation in a Finnish nuclear power station. The concluding remarks of
this report are made in the light of this study also.

This report is based on a research project B15/77 from
the Swedish Nuclear Power Inspectorate.
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PREFACE

In 1977 a Nordic research project was established with participants
from Denmark, Finland, Norway and Sweden for studying safety problems
in connection with control design and with other matters related to
operating personnel of nuclear power stations. The project is supported
and financed partly by the Nordic Ministry Council and partly by natio-
nal organizations and funds. A three year research programme has been
set up for the period 1978-1980. This programme is divided into three
main fields, man-machine problems of the control room, human reliabi-
lity problems and operator training problems.

The participants of this project are involved in different aspects of
control problems, human reliability or training problems within their
own organizations. Thus the primary aim of the Nordic project is a better
utilization of the individual subprojects through joint planning,
through cooperation in carrying out studies and subprojects and through
joint data reporting.

The topic of the present report - job analysis for training design and
evaluation - is based on thinking and field experiences from a sub-
project within the operator training field of the Nordic research
programme. Its main sources have been two job analysis studies, one
being carried out on the Swedish nuclear power station Oskarshamr.
bloc 2 and the other on the Finnish nuclear power station Loviisa
bloc 1.
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INTRODUCTION

This report deals with the job analysis as a tool for job training
design, especially for operational jobs in process industries like
nuclear power stations. A conceptual structure, the system approach,
is discussed with regard to its contribution to planning and design
for job training.

A second part of the report contains the description of a job analysis
method which has been used on operating personnel in a Swedish nuclear
power station. The purpose of the job analysis was job training evalu-
ation and competency requirements generation.

Another study using the same approach and similar techniques has been
carried out in a Finnish nuclear power station. This study has been
reported separately (Tuominen, Wahlström & Timonen, 1978).

In the third part ot the report experiences from the two studies are
discussed and suggestions for further research and development are
given.

Job and organization design

Jobs in process industries are carried out in a highly technically
st'uctured context. Operational jobs are performed in close contact
and interactively with the main processes and with different techni-
cal subsystems which are supporting the main processes. This is the
case in e.g. power production, chemical plants, paper mills and cement
plants.

It is interesting to notice that through production and control techni-
ques available to-day, production which traditionally has been batch-
wise or even piecemeal is turning into continuous production processes.
This is the case for instance in sawmills and forges. A high degree of
^f automatization of the plant control is closely connected with modern
process industries. Reasons for automatization are normally higher
productivity, better quality of the product or safety and security
requirements.

Jobs have changed quite drastically as production has turned into conti-
nous processes. These changes of jobs can be expressed in terms of
responsibility, job content, tasks characteristics or in more value
based terms like job satisfaction.

A high degree of mechanisation and automatization of the plants has
normally been combined with large production units. This means more
responsibility either in terms of investments per employee or in terms
of higher cost for production disturbances.

A fully mechanized and highly automated job also has a quite different
job content for the operator, e.g. there are tower tasks which are
physically demanding. Furthermore there are relatively few tasks where
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man is directly operating in the control loop of the process i.e.
manoeuvring the plant. Instead an extensive part of the job is moni-
toring of automated control loops which take care of normal plant
operation. If there is a disturbance or a fault in the process or in
the control system the demand on the operator rises quickly. The
operator has to take over the control or at least support it. Diagnosis
of potential disturbances and faults and process operation under
disturbances are highly qualified tasks, which may be carried out
under high loading of the operator.

Last but not least jobs in modern process industries are evaluated
by the personnel in positive and negative terns. In general it can
be said that the removal of the monotonous and demanding physical
tasks has been given positive value. Monitoring of automated process
control in combination with social isolation of the operator has
been given negative value. So has a high degree of job pacing from
the process. Automated process control has also resulted in a larger
proportion of qualified maintenance tasks which is probably given a
positive value.

The changing production techniques have consequences on the human in
the process. In spite of this, the development of control systems in
new plants has so far been a purely technical matter, although often
based on an assumption which says that mechanization and automati-
zation should also result in better jobs because mechanization means
less physical load and automatization means less mental load. This
statement is true if there are simple relations between load and
human variables. Research on human stress and load on man has shown
that there are no such simple relations (e.g. Levi 1971).

with regard to overload, underload etc on man at work, and with regard
to actual legislation on the work environment or simply to evident
humanistic principles, the effects of new control techniques on man
have to be considered more carefully when new plants and control systems
are planned, designed and manufactured. This can be done through a
certain kind of qualified human engineering supported by user partici-
pation. A separate planning and design activity called for instance job
2D^_2£3S!]i52ti2n d e si9" c a n preferably be included in a control system
project of a new process industry.

It is obvious that there is an important interface between man and the
process in the control system. The way process and plant intormation is
handled and presented to the operator needs qualified consideration.
Thus the result of a job and organization design should be communicated
with the control system design team and should be implemented in
the man-process interface. This interface does not only include
traditional man-machine problems like design and use of symbols or alpha
numerics, use of colour for information coding, use of push-buttons or
light pens etc. etc. It also includes problems which are more fundamental,
e.g. what should be presented or what should not be presented, how to give
an overview of the process and its main variables, how to give detailed
informatior about subsystems and components, how to present alarms or
state or plant parameters which can lead to an alarm etc.
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Training design

Another important consumer of the results from the job and organi-
zation design is the training design. This concerns the job training
of the personnel who are going to operate or maintain the plant.
Training design in process industries has become important partially
for the same reason as was given for job and organization design. The
fact that the human operator gets limited on-the-job training through
a high degree of process automation also puts certain requirements on
training.

In the sane way that there are normally interactions between several
activities in the development of a new plant there are similar inter-
actions between job and organization design on one hand and training
design on the other. Up to a certain point in the project, personnel
training can be handled as a variable when considering jobs and
organization and vice versa.

The outcome of the training design should in principle and in practice
at least, through logic and qualitative reasoning, be evaluated towards
production system goals and criteria like productivity/availability,
safety and/or job satisfaction.

At a certain point in the system development, jobs and organization have
to be "frozen" and job analysis for training design has to be started.
The aim of the job analysis is to find the training content and training
requirements. The training content will be derived from the job content.
A tool for this derivation is the job analysis.

The procedures for carrying out the job analysis have to be adapted to
the degree of job realization. Job realization influences the extent to
which the analysis can be based on empirical job data. Four different
situations related to job realization will be formulated. These situ-
ations do not at all represent definitive categories. They are examples
of system conditions which are given to illustrate job analysis and
training design principles and procedures.

I. A process system including a control system will be or is
developed. Job and organization design including certain
training considerations will run in parallel with other
analysis and design activities of the control system.

II. A process system including a control system has been designed
and decided upon. After that the job and organization design
starts. Training design runs in parallel or after the job and
organization design.

III. The production system including the process control has been
manufactured and installed. The systems are being tested out.
Some practical, operational experiences are also collected.
Operators have been recruited. Organization and jobs have by
and large beer decided upon. A job analysis and training design
activity is being carried out during the test period.
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IV. The plant has been in operation for a certain period. The
personnel are working on their respective jobs. Thus organi-
zation and jobs are fixed. The job analysis and training design
carried out can be used for trainina r.iodification purposes.
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The system approach

A system analytical approach to training design and job analysis can
be applied to the four situations described above. The system analytical
approach means that the jobs, tasks and actions of the operators are
considered in the context of the production system. The production
system (eg. energy production in the case of a nuclear power plant)
could be considered as three interconnected subsystems the plant, the
automatics and the operators. The plant could be considered as dynamical
system and the automatics and the operators as cybernetical system
(cf. Appendix 1). The behaviour of the plant is controlled by the
actions of the automatics and the operators which again are responding
on different events of the plant. The dynamics of the plant is determined
by the natural laws as a complex relationship between the state of the
plant and the actions of the automatics and the operators. The goal of
the production system is reflected in the dynamics of the automatics ana
the operators. The goal is brought into the automatics during the design
of the automatics system and into the operators during their training.

By considering the jobs, tasks and actions of the operators in their real
context there are several benefits as compared to other methods. The
operators comprehension of their own tasks could be compared to existing
procedures and discrepancies could be identified. The approach also
offers a methodical way of surveying all the tasks of the operator. An
other benefit is that results from one study could be translated to be
applicable also for other similar plants or for the case when a change
either in the degree of automation or the organisation in the plant has
been implemented.

In performing the job analysis the following procedural steps have been
utilized:

1.

3.

4.

Description of the production system in activity terms, e.g.
missions.

Description of the process and its units including the process
control (a brief description).

Description of the plant organization and identification of
the job or the jobs in it.

Generation of a structure e.g. matrices for the identifica-
tion of interfaces between man and the process. Operator tasks
will be found in these interfaces.

Identification of information sources for the generation of
human functions and tasks. Human functions and tasks can be
generated either through deduction or induction or both.
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6.

7.

8.

9.

Formulation of selection principles for operator tasks, the
intention being that the training content of the job will be
derived from a limited set of tasks.

Formulation of description levels - i.e. a suitable degree
of information resolution - for human functions and tas, s.

Collecting information and generating human functions and
tasks.

Iteration between the structure for functions-tasks and the
descriptions of system-organization aiming for completeness
in the set of functions-tasks.

10. Iteration between functions-tasks and organization-jobs
aiming for modifications in organization-jobs, e.g. allocation
of tasks between jobs.

11. Derivation of training goals and training content i.e.
training programme including subjects and exercises from
the final set of human functions and tasks.

12. Derivation of course content and requirements for teachers,
instructors and on training aids.

13. Derivation of recruitment requirements. These requirements
will not be taken care of in the job training.

14. Formulation of goals, content and descriptions of subjects
and exercises of the present training and present recruitment
requirements (applicable only in situation IV on page 6).

15. Checking of the present training against the derived training,
i.e. the evaluation of an actual training programme (applic-
able only in situation IV on page 6).

All these steps will be carried out in different ways depending on
among other things, the degree of production system realization illustrated
by the situations I-IV on the precedeing pages).

A system approach to training planning and design has been described by
e.g. Kaufman (1972) and Butler (1972).

Human functions and tasks

One of the main problems in job analysis for training design is to find
the appropriate or a reasonable resolution in the description of human
functions and tasks. As a general rule of thumb it can be said that one
ought to produce information - functions, subfur.ctions and tasks - which
answer the question "what is being performed". Answers to this question
have the right resolution to be handled in the development of a training
programme which gives information on courses, subjects and exercises. When
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the information has reached the point where it will be an answer to
the question "how is the task performed" it is too precise for the
programme level. This information can be useful e.g. for an instructor
who is preparing the details of the training programme i.e. the lessons
of a course.

The reason for not producing more precise information than needed is
quite obvious. There is a risk of loosing the overview if all the
information is included. It will be too detailed.

Even with a strict limitation of the job analysis to the description
of the whats a risk remains that the information will be excessive,
because there are so many tasks in the job. A description of all tasks,
however, is not necessary for the definition of the training content of
the job. It is likely that certain tasks are more loaded with training
information than others. It is also likely that if an operator knows
all these training loaded tasks he will also be able to carry out the
other tasks of the job.

Bäck (1976) has given some principles for deciding upon which are the
training information loaded tasks. He calls these typical tasks of the
job. The training content of a qualified technical job can be defined
through a set of between 100 and 300 typical tasks.

Some job analysis techniques

A system approach has been formulated for job analysis and training
design and a number cf procedural steps are given on the pages 6 and
7 to carry out the job analysis and training design. The result of the
job analysis will be a set of typical tasks which represents the train-
ing content of the job. Skills and knowledge needed for the job can
be derived from the typical tasks.

An important step in the job analysis is the collecting of information
from which the training content will be derived. There are several
techniques to do it, inductive-empirical based and deductive based
techniques. Some of the empirical based techniques will be presented
briefly and their suitability for process industry operator jobs will
be discussed.

Time sampling techniques: The work of the operator is observed at certain
intervals or according to a certain schedule. The behaviour of the
operator at the observation period is recorded according to action
categories which are formulated beforehand. The result will be presented
in frequency tables e.g. the percentage of time for each one of tne
actions being registered on an hour or a shift.

Time sampling techniques are normally based on the assumption that more
frequent tasks are also more important. It is quite obvious that this
assumption is not valid for jobs in a process industry, where there are
normally few situations in which man directly controls the process, i.e.
being directly involved in the control IOCD. Instead the operator is
monitoring the automatic control for long periods. A time sampling



I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

technique during this period will probably result in a laiority of
observations under categories like "idling", "aonitorinc" or "resting
which may give even a false picture of the job and the task.

On the other hand when a disturbance is developing or a fault
occured in the process or in th? plant it is very important to detect
it and to recognize it and to know the right actions to prevent it
fro* developing further. These situations occur relatively seldo»,
but when they occur the operator »ust understand what is going on and
take the right action. There is a risk with a ti«e-sampling technique.
that these low frequency-high priority tasks will not be registered at
all.

Critical_incident techniques: These techniques are - like the time-
sampling techniques - not very formalized and are to be seen more as a
category of similar procedures. A en—on characteristic of critical
incident techniques is a selection of situations, which are described
together with the behaviour of the person or the persons who are acting
in the situation. A criteria has been set up in advance for the selec-
tion of situations. Descriptions of outstanding behaviour of the
operator or its contrary, deficient behaviour, are norrally chosen. The
quality of the described behaviour is related to the job and job demands
and is normally judged by the person who is reporting the critical
incident.

A large number of critical incidents are collected e.g. from the opera-
tors themselves and from persons who are cooperating with the operators.
The incidents are categorized according to what thr?y will l>e vised for.
For training planning purposes the categorization can, for instance, be
content in training based on subjects and courses. If there is no given
structure for the categorization of incidents it is done through induc-
tion, i.e. the categorizer is looking for a latent structure of the
material.

There are some rules given to the technique which says when a sufficient
number of ciitical incidents have been collected. The categorization
of incidents will be carried out with for instance on hundred incidents
at a time. Several hundreds of incidents may have been collected, when
there are no tiore new categories from a set of a hundred incidents,
no more incidents are needed to cover the content of the job for e.g.
training planning purposes. Several procedures for collecting critical
incidents atf> suggested and have been used, e.g. observations, inter-
views and questionnaires.

Interviews: Interviews can be carried out in different ways, from highly-
structured procedures like in questionnaires to unstructured talks.
Interviews can be used provided that the interviewee has enough job
experience and provided that he is talking about activities and actions
which he can resolve with his consciousness. There is normally no
difficulties for an operator in talking about "what he is doing". A
higher resolution of the information, e.g. answers to the question "how
he is doing it", may be difficult. It is obvious that interviews can
not be used for "hows" in jobs like car driving or flying an aircraft.
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On the whole critical incident techniques and interviews are better
adapted to jobs in process industries than time-sampling techniques
because they can focus on important tasks and job situations. Con-
cerning economy, e.g. costs for information collection and processing,
interview techniques have on the whole better cost/effect potential.

Some job analysis procedure concepts

In summary, in the introduction to this report a distinction is made
between three procedural concepts in relation to job analysis:

The system approach: The meaning of the system approach has
been given on page 6. In this context it is applied to the
job analysis and training design of a nuclear power plant.
The system approach can be looked upon as a logic and a pro-
cedural framework which has some characteristics similar to
a theory, i.e. has a holistic structure which can be used
tor generating hypothesis. These hypothesis can be tested.

Job analysis method: A method should be based on a theory
or at least on a logic or a procedural structure which can be
used for the generation of testable hypothesis. The method
should consist of a set of procedures to carry out infor-
mation collection and information processing in the job
analysis.

Job analysis technique: A technique is a procedure for infor-
mation collecting or information processing, which can be
used in a job analysis method.

A job analysis technique can not legitimate itself in a job analysis.
The technique should be inferred through methodological reasoning
within the framework of the theory or the theoretical structure of the
method.

The system approach which is used as a framework for the job analysis

I method in this report is not a theory but it represents a structure

which can be used at least partly as if it was a theory. Thus a more
thorough job analysis can be carried out within a system framework,
because it is possible to specify the information needed through the

I systematic structures which are inferred. Furthermore the completeness
• and the adequacy of collected information can be controlled. Through

the system approach it is also possible to suggest adequate information
collecting and processing techniques, e.g. time-sampling techniques
(although normally not very suitable in modern process industries) or
critical incident techniques or a combination of techniques as was used

m in the studies in the present report.

I
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A JOB ANALYSIS METHOD

The present method for job analysis was originally developed by Bäck (1976)
and applied in a study of radar technicians in the Swedish army. Recently
it has been further developed and applied in analysis of operator jobs
in a Swedish and a Finnish nuclear power station (Andersson, Bäck,
Wirstad, 1978; Tuominen, Wahlström, Timonen, 1978). The analysed jobs
in these two studies were shift supervisor, reactor operator and turbine
operator.

On page 5-6 in this report job analysis for training purposes was
related to the degree of realization of the production system. The
degree of system realization influences how the job analysis is carried
out.

Four different situations were formulated.

One end situation implied the planning and designing of a new production
system. Here he job analysis and training design were running in parallel
with other system analysis and design activities.

The other end situation was represented by a plant which had been in
operation for a considerable amount of time, long enough to use operator
experiences about tasks and job requirements through interviews. In this
situation the job analysis was normally used for the evaluation or modi-
fication of the present training of the operators.

These latter conditions characterize Oskarshamn bloc 2, where the pre-
sent job analysis was carried out. The bloc has been in operation for
more than four years. The operators have been trained before and after
entering their respective jobs. The purpose of the job analysis was
to evaluate the present training, to suggest modifications and to define
competency requirements for the operators.

On page 7 there was a procedural list of steps in job analysis for
training purposes. What is being reported now represents the first nine
of the fifteen steps described.

Assumptions

An adequate job analysis for process industry jobs must cover tasks of
varying frequency, high frequency as well as low frequency tasks. Very
low frequency tasks are difficult to get hold of in principle and
impossible in practice. For training purposes, however, it is not
necessary to find all tasks in the job analysis. The important thing
is to find those tasks which put special demands on skill and knowledge.
These can be used for finding the content of a job training programme.

The present method for job analysis is therefore based on the assumption
that the almost infinite number of tasks that an operator might be facing
can be reduced to a limited number of typical tasks which define the body
of knowledge needed to do all tasks which belong to the job. That is, if
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a person has sufficient knowledge to do the typical tasks, he will also
have sufficient knowledge to do all other tasks, also those which have
not been foreseen.

Figure 1 illustrates the principle of typical tasks and related know-
ledge. A single task requires several kinds of knowledge to be performed
correctly. For this reason it is possible to select a limited number 'of
tasks which together cover the whole body of knowledge needed for all
tasks belonging to the job.

Experiences from job analysis with the present method on radar techni-
cians in the Swedish army indicate that about 100 to 300 typical tasks
should cover the body of knowledge for qualified operator jobs in a
nuclear power station.

The notion of typical tasks also includes certain demands of task repre-
sentativ'ity, meaning that all task domains or job functions should be
included among the typical tasks. A procedure for task generation and
selection which gives task domain inclusiveness will be applied. If,
for instance, certain task domains will be excluded important areas of
knowledge may be missing when training is evaluated or designed. To
avoid this a top-down approach is used which has potential for discovering
all interactions of the job holder. The interactions are deduced from
various kinds oi descriptions of the main system - e.g. the process, the
plant, the organization.

The analysis

The analysis is conducted in four phases, which contain activities for
structuring, collecting and processing of information. Each phase also
includes a number of controls which in different ways enhance the prob-
ability that the final choice of typical tasks defines the bodŷ  of know-
ledge which is needed for a sucessful performance of all tasks belonging
to the job. During the analysis, iterative steps back to earlier phases
are taken, although they will not be explicitly mentioned at each phase
in the following presentation.

Phase 1 - description of the main system

The initial phase comprises the following activities:

a) System descriptions: These descriptions are aiming for an
Identification of all interaction surfaces between the operators
and the main system, i.e. the production system with its
different support systems. A technical and operational and an
organizational description was made of the nuclear power plant.

The technical description includes an overview of the central
technical and'auxiliary systems like the reactor, the turbine
and the feedwater systems. The operational description can be
looked upon as something like a mission profile for the main
system. It was found that a statejHagram with state changing
procedures fits a nuclear power station. The state diagram is
probably suitable for analysis of operator jobs in process
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Figure 1. Principle for relations between typical task and
body of knowledge in the present job analysis method.
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b)

industries in general. A simplified example of a state dia-
gram for a nuclear power station is given in figure 2.

start up procedures

normal
operation
procedures

shut down
procedures

distur-
bance
situatioemergency

situation

auto-
matic
procedures

Figure 2. A simplified state diagram for a nuclear power
station showing major states and procedures i.e.
the mission profile.

The organizational description used was a conventional organiza-
tion plan of the operating division of the utility in which the
study was carried out.

Information sources for these system descriptions were docu-
ments within the utility and interviews with system engineers
and supervisors among the operating staff.

Goal descriptions and assessments: Information about the goals
of the plant were collected'in interviews with the utility
management. Only qualitative goals were collected, but quanti-
tative as well as qualitative goals should, if possible, be
formulated. Quantitative goals can be used to generate more
precise requirements on the operator, as with goal formulations
like "80% plant availability" or "to make start-up within 8
hours".

Possible conflicting goals ought to be identified, too. The
analyser must be aware of that there can be different kinds of
conflicting interests between management, authorities, unions
and personnel groups. These can be momentary or long-standing.
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c) Localization of the analysed job: The aim is to give a
clear picture of where the analysed job or jobs are localized
in the organization of the plant. The information was
collected through an interview with a supervisor of tne
operating staff.

An important activity in this first phase is the identification of
all interaction surfaces of the analysed jobs. These surfaces will
be deduced from the descriptions made in point a - c on the pre-
ceeding pages. The activity was made more specific and adapted to
the actual power plant. States can be changed either through automatic
or manual procedures or through disturbances or fault conditions in
the plant or in its surroundings. Interaction surfaces between the
operator and the process will be found within manual or manually
supported procedures. A set of states and procedures being used in the
present analysis is found in Appendix 2.

A job also has interaction surfaces towards other jobs in the plant
and its related organization. These have to be discovered. This was
done by analyzing the organizational description.

It is important to realize when one is looking for possible inter-
action surfaces that un operational job may not only contain operational
tasks. The operator of a nuclear power station has, for instance, also
non-operational state independent tasks like planning and testing and
calibration (which belong to maintenance rather than operation).

Therefore, when the job analysis is being made on an already designed
job, as in the present udy on a nuclear power station, it is necessary
to find the general contents of the job before listing the interaction
surfaces. Does the job include operation, maintenance , planning, super-
vising or teaching activities? The answer to the question about the
general job content indicates the type of system descriptions needed
for the derivations of all interaction surfaces.

Thus, the first phase of the present job analysis method is based on
deductions of interaction surfaces between the operator and his environ-
ment made from different system descriptions. The principles of general
job content and the deduction of interaction surfaces are important
steps in assuring that no possible task will be overlooked in the following
phases.

The outcome of the first phase will be system descriptions, a list of
goal formulations and goal assessments, an organizational plan showing
the place of the studied job and a list of interaction surfaces.

Phase 2 - task generation

The aim of phase two is to generate tasks. These are preferably collected
through interviews with operators and with other personnel who are
cooperating with the operators. The organizational description from phase
1 will be used to find jobs or persons who should be interviewed. An
interview technique with relatively open or unstructured questions is
suggested. A working matrix as in figure 3 will be used both as a
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question generator and as a protocol for the interview. This working
matrix is built up from the operational description, e.g. the mission
profile or the procedures of the state diagram from phase 1, along one
of the axes and from the interaction surfaces along the other (also
from phase 1).

The outcome of the interviews will be written task statements which will
be places in the matrix. Examples of such statements are "prepare sub-
systems for start up" or "start main circulating pump after pressure test1

MISSION
PROFILE

INTERACTION
SURFACES

Figure 3. The first matrix being used for task generation.

The choice of rows and columns of the matrix in figure 3 is important.
They must be chosen so that they can serve as an instrument for controll-
ing the completeness of the information. Thus, a cell in the matrix
without any task statement raises the question to the analyser as to
whether the collected information is incomplete or whether there is
something wrong in the mission profile or the set of interaction surfaces.
In the same way, a task statement which does not fit into the matrix
raises the question of whether the mission profile or the set of inter-
action surfaces is incomplete or whether incorrect information has been
given in the interviews. The examples given also illustrate how the matrix
is used for controlling the information being used in the analyses through
a combination of logical reasoning and more thorough analyses. Through
this matrix the information generated in phase 1 - the mission profile,
the system descriptions and the interaction surfaces - as well as the
information generated in phase 2 can be checked and be made more complete
and adequate.

Interviews were carried out with operators on seven shifts of the Swedish
nuclear power station, altogether about 20 operators. The operational
management, system engineers within the utility and within the main
contractor (ASEA-ATOM) and instructors at the school for Operator
Training were also interviewed.
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is rearranged in a new matrix, in which the interaction surfaces have
been replaced by operator functions, e.g. monitoring, testing, error
diagnosing, manoeuvring, planning etc. The type of matrix which will be
produced after rearranging the tasks according to functions is illustra-
ted in figure 4.
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^OPERATORS
^FUNCTIONS

MISSION "
PROFILE

f
Figure 4. Rearranged matrix.

The rearranged matrix can also be fed with further information about
operator tasks. This can be done on logical grounds as well as by addi-
tional interviews. Information can also be collected from written docu-
mentation of various kinds, i.e. fault reports, instructions etc.

Phase 3 ̂  D2b structure generation

The aim of this phase is to make task and operator function formu] at ionr,
which are even. A first selection of preliminary typical tasks is also
made.

Task statements which are too general or carry many or confusing meanings
must be sorted out or be reformulated. It is an important activity in the
analysis and great care must be given to find an appropriate and even
level of generality or resolution of information. It must be kept in mind
that the degree of generality or the degree of information resolution
depends on the purpose of the analysis. As mentioned earlier in this re-
port the rule of thumb of information resolution for training evaluation
and design purposes will be that task statements which teil what should
be done are adequate. If the analysis is continued further tö~ä degree of
detail which says how the tasks are done it is too precise. This level of
detail represents a task analysis rather than a job analysis.

This part of the work presupposes also subject matter knowledge regardinq
the job. A subject matter specialist e.g. an experienced operator ought
to be consulted. He or she can judge whether a statement is well
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or whether it carries a double meaning. It is also easy for subject
matter specialists to see whether task formulations will be understood
by the operators.

A set of preliminary typical tasks will be selected. Selection criteria
are partly representativeness and partly judged relevance. All operator
functions and system states have to be represented among the typical
tasks. Furthermore the tasks suggested must be formulated so that
operators or other personnel cooperating with operators will understand
and feel familiar with the language used.

A principle job structure which was applied on the nuclear power plant
operators will be found in figure 5. An examplifying page of typical
tasks for the reactor operator under the function, Manoeuvre, is found
in Appendix 3.

Itaski
I J

Task {ryp7{ fry p.]
(task, itaski

Task

Figure 5. Principle job structure for the analysed operator jobs.

Phase_4 - performance requirements generation

The aim of the fourth phase is to get estimates of the relevance and
to formulate performance requirements for each one of the suggested
typical tasks.

Different kinds of performance requirements can be formulated which will
be used as a criteria in the final selection of a typical task. It will
also be used when the depth of a training is decided upon.
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From a practical :>oint, however, the number of requirements which can
be generated will be very limited. Two requirements were processed in
the present study. They were combined in one set of categories:

X Do not know/unclear task

0 The task will not be carried out by the operator

1 The task must be done correctly, there is plenty of time,
instructors are available and it is possible to discuss
and get advice from collegues or supervisors

2 The task must be done independently by the operator, under
slight load but with the possibility of following instruc-
tions

3 The task must be done independently, under load and with
no or very limited possibilities of using instructions

The set of preliminary typical tasks were sent out to those operators
and other personnel who had contributed in the interviews in phase 2
of the analysis. They were asked to make an estimation in the above
mentioned categories for each task.

To be selected to the final set of typical tasks there had to be an
agreement among the estimators about the relevance of the tasks. If
there were more than 25 percent X or 0 category choises for a task it
was sorted out. An example of a final set of typical tasks is found in
appendix 1. The figure in the square at the bottom of each task formu-
lation represents the node value for the performance requirement, given
by the group of estimators, to the task.

The end result of the job analysis will be a set of typical tasks of
a job divided into functions and subfunctions. This is also illustrated
by the example sheet in appendix 3. The final job description contains
all statements about typical tasks which have been generated and have
been estimated as relevant. The job analyst also has to think of how to
present the result. There are different ways, one of which is suggested
in the example sheet in appendix 3. The way to present the result must
be adapted to the user of the analysis result. The user must easily
understand it. A good presentation is essential for the usefulness of
the job description and should therefore be considered carefully as a
part of the job analysis work.

The set of typical tasks which come out of the job analysis will be for-
warded to a job training specialist who can use the material for the
planning design or estimation of the job training. He will transform
the content from the job description to a training content in the form
of a curriculum or courses. In the present study the material will also
be used to generate a competency profile and competency requirements
for each one of the three analysed jobs.
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EXPERIENCES AND PROSPECT?

The present job analysis method has been applied in two, slightly
different studies. An aim was to keep the two studies as similar as
possible to facilitate the exchange of methodological experiences.

One study is on the operational jobs of Oskarshamn bloc 2, with a
600 MW nuclear power station with a BWR -reactor built by ASEA-ATOM.
The turbine has been delivered by Stal-Laval. The station has been in
operation since 1974, The purpose of this Swedich job analysis study
was to evaluate the present training of the operating personnel, the
shift supervisor, the reactor operator and the turbine operator.
Competency requirements of the personnel and training modifications
should also be derived from the study. It has been reported by Andersson,
Bäck and Wirstad (1978a and 1978b) and by Wirstad (1978).

The second-Study has been carried out on a 440 MW nuclear power station
with a PWR -reactor, which is designed and manufactured in the Soviet
Union. The turbines are also from the Soviet Union. The station has
been in operation since 1977. The purpose of the job analysis, which
like the Swedish study covers the shift supervisor, the reactor operator
and the turbine operator - was training design. The study has been
reported by Tuominen, Wahlström and Timonen (1978).

There are some differences between the two studies, which has influenced
the job analysis procedure and the results. First there are somo
technical differences between thy main systems. Although operation of
the stations has been divided among the same three jobs there are some
organizational differences between the two utilities. There are also
differences in operational experiences. The Finnish station had been
in operation less than a year when the job analysis was carried out.
The Swedish station had been in operation about four years. In the
Oskarshamn study, managers and system engineers were available within
the utility and within the vender-design-manufacturing company. Both
contributed to the analysis. The Finnish study was limited to utility
contacts. Finally there were some differencies in the background among
those who made the analysis. The Loviisa study team consists of engi-
neers from the Technical Research Centre of Finland. In the Oskars-
hamn study team there was three work psychologists or ergonomists.

The methodological questions touched upon in this report can be divided
inte three levels. These levels are related to

^ an idea of a conceptual framework for system development and
job and organization design, job analysis and training desiqn

9 a conceptual construction for a job analysis method for train-
ing planning, design and evaluation purposes in technical
jobs e.g. in process industries

9 procedures and techniques which can bo used for job analysis
in process operator training design

1)

2)
BWR Boiling Water Reactor

Pi-R = Pressurized Water Reactor
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The first mentioned level on job, organization and training design in
production system will not be taken up further in this report. The
idea will be developed further and needs to be tested out in projects
on new process industries. The idea has its roots in a strong demand
for better work environment or in the humanization of work movement
which is relativly strong in all industrialized countries, at least
these in Western Europe.

The following discussion covers the two remaining levels.

System concepts

The system concept has been applied on the production system as a whole
Le. the plant, the automatics system and the operators. The interaction
between the operators and the plant or the automatics system i.e. the
inputs to the operators and the outputs from the operators have been
considered in the job analysis.

The main system i.e. the plant with its continuous process of power
generation was described by a state diagram (see figure 2). The diagram
consists of system states where the objects of the system has been
assigned some specific attributes. The system is then transfered from
one state to an other oy the actions of either the automatics or the
operators. The attributes of the objects of the system are then changed
as consequence of the actions on the system. The state transitions
obtained from the state diagram where the subjects for the analysis.

The state diagram showed to be very useful when the procedure related
tasks of the operators are studied. There are however also other tasks
of the operators which actually would require a slightly different
structuring. Such tasks are e.g.

diagnosing of plant malfunctions

tests and calibration

communication with the environment

tasks in connection with shift change.

This is a methodological experience, which says that one can not take
for granted that an operator job consists of just operational tasks.
The majority of tasks may be operational but there may be other tasks,
too, which are non-operational, like planning, maintaining, teaching
and informing. Therefore, it is important to get an overview of the
type of tasks allocated to the job which is going to be analysed. The
task overview can be recieved from an experienced operator or a super-
visor on the level above the operator. It must be available before the
actual analysis starts.

The task overview will be used for finding out the type of system
descriptions needed in the analysis. In the present studies it was
found that an operational description - the state diagram - and a brief
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description of technical systems - for e.g. supervising, informing
and planning tasks - were suitable. These types of descriptions will
probably fit most operating jobs in power production. On the other
hand it is likely that the importance of the description of technical
systems will rise in maintenance jobs. In supervising and in manage-
ment jobs the importance of en organizational system description will
probably rise.

The systemanalytical approach in this context starts with goal
formulations and is continued with the generation of a so called
mission profile, i.e. a short description of the main activities of
the production system - in this case a power plant. Further system
descriptions, interaction surfaces between man and the system, matrices
and job structures are generated. The different procedures carried out
form useful tools which together with the build-in controls and
iterations offer a powerful job analysis method.

It is an experience from the two studies that the system concept can
preferably be utilized in a well-structured logical and consequent
way although not rigid - there are also many possible blind alleys
which the analyser must detect and be able to jump out of. It is shown
with the present method that the system concept in job analysis is
not only a popular phrase. It is a concept which has strength and can
be used for enhancing the inclusivness of a job analysis and for
suggesting and evaluating techniques and procedures when carrying it out.

The result of the job analysis - typical tasks, performance requirements
and a job structure - will be used for training purposes. Thus there is
a transformation of job content to training content. How this trans-
formation should be carried out is still fairly undeveloped. At the
present there is an idea of how to do it. It has to be developed methodo-
logically and procedurally in the same way as the job analysis has been
developed from an idea to a method.

It is adventagous if the training design can be baseci on similar con-
cepts and procedures as the job analysis. If possible, the job analysis
should be continued directly into training design. Training derivation
raises among others demands on a model or theory for knowledge struc-
tures and raises demands on rules for how typical tasks should be
translated into knowledge structure.

The state-of-art in psychology indicates that there is no general
theory of human knowledge structures directly available for the present
situation. However, the system concept can be suggested as a framework
also for training derivation because of its formal characteristics
which are similar to a theory. That is hypotheses can be generated anJ
these can be tested through reproducable information processing pro-
cedures. The system concept can at least be used provisionally.

Because of the lack of developed theory on human knowledge structures
there are no obvious and "objective" procedures for making the trans-
formation of job content to training content. The procedures have
to be generated or developed as well. Also concerning procedures the
system concept is an aid and indicates ways to follow.
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An interesting procedural issue is expert judgement. The ideas or
training desigr presented here are also based on an assumption that
operator experiences should, if possible, be utilized. There is.
however, a proolem in finding an adequate for» tc govern and carry
out expert judgements. But to this problem also the systeir approach
will offer a potential method.

In summary the set of procedures which will be used in the derivation
of knowledge from the typical tasks will be similar to the set of
procedures used in generating functions and tasks in the job analysis.
The job analysis method can be characterized as a general set of pro-
cedures for generating and finding functions which belong to a job.
That is, the method has no general theory about som* universal task
structure or function structure. Instead the method contains a set
of procedures which generate a unique set of functions for each job
which has been analyzed. The method also includes some procedures for
controlling completeness of the information. In a similar way a set
of procedures could be developed which systematically utilize expert
judgements about job content and training content. It will be advan-
tageous if the whole set of procedures within training design is based
on parallel concepts to the job analysis.

On page 5 - 6 there are described four different situations I - IV
which can be characterized as job analysis and degree of job realization
of the analysed jobs. The job analyses on the nuclear power station
being reported in the second section of this report represent situation
IV, i.e. the job has been fixed for a long time and there are extensive
operator on-the-job experiences. The analysis in this case leans heavily
on operator experiences as a source of operator task information. This
is quite natural as operator experiences are relatively easy to collect
and easy to process and have good validity, provided that the systeir
has been in operation for considerable time (nore than one year). An
interesting question is, however, how to carry out a job analysis when
there is little and perhaps no operator experiences, wnat alternative
information sources are there? These questions will only be discussed
briefly in this report.

To begin with it can be said that the type of task information source
used will not influence the system analytical approach. Goals of the
main system, possible goal conflicts, a mission profile of the main
system, operational technical and/or organizational descriptions,
interaction surfaces, matrices and job structures have to be generated.
Instead of operators, supervisors and plant management other sources of
information become much more important. It can be project and design
teams and system engineers.

A possible source of information for operator task generation can be
other similar systems which are already in operation. If it is possible
to define similarities and differences between an old and a new systen,
operator experiences t rom an old system may be utilized.

In a complete new system, e.g. it may be a new concept, one has to trust
more or less completely on deductive techniques for task generation
instead of inductive/empirical techniques. The deductions have to be
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made from knowledge about system goals, the process and its components,
the control system with related variables like degree of automation,
the system mission profile etc. It means that to a large extent the
same information which is used for control system design will be used
for job analysis (and for job design).

It is obvious that a job analysis which leans heavily on deductions
will be more uncertain than a job analysis based on operator experi-
ences. It has to be looked upon as a working hypothesis which needs
testing. There should in this case be good possibilities for tests
and modifications.

Procedures and techniques

Disturbed states

A major experience of the job analysis in the nuclear power plant is
that different system descriptions are needed for the derivation of
interaction surfaces between the operator and the main system. A state
diagram, a technical description and an organizational description
were generated and used. These three different types of description
will be generated from a first activity overview of the job given by
an experienced operator or a supervisor on the level just above the
operator.

The state diagram of the BWR-station contains 10 states. There were 23
transitions or procedures to change or remain stable state (appendix 3).
The disturbed states are of great interest because of the thorough
safety demands on nuclear power plants. The operator tasks are also of
great interest in disturbed states or state transitions.

It was found in the job analysis that disturbed state transitions did
not contain a large number of unique operator tasks. On the contrary,
the major of operator tasks in disturbed states also occured in normal
states.

Another observation is the complexity of the meaning of disturbances.
The state diagram simply defines disturbance in one category as something
which influences the power generation of the plant. A more specified
analysis of disturbances could be done through defining a few categories.
One disturbance category could refer to the outcome of some specific
events like a leakage of radioactivity. Another category could be defined
by the fact that the security system is activated. A third category could
define disturbances as the malfunction of the security system and a
fourth could include the malfunction of components lik? pumps and valves
or other parts of the technical systems.

The state diagram and its all-in-one category for disturbances has been
sufficient for analysing operator jobs. For other type of jobs, e.g.
maintenance jobs it may be useful with a disturbance categorisation of
a higher resolution than that offered by the present state diagram, e.g.
a categorization like the one suggested above.
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Task requirements

The Swedish and the Finnish study used different dimensions for task
requirements which were generated through operator judgements in the
last of the four phases of the analysis.

The Swedish study related the requirements to, first of all, relevance
and then availability of instructions, aid from collegues and super-
visors and time constraints or other types of operator load. The cate-
gories used are described on page 18 - 19 in this report.

The Finnish study used two dimensions for task requirements, task
importance and task complexity. Task importance was related to the
effects of the operator action and task complexity was related to the
size of the task as related to human information processing demand.

The dimension or rather the categories being used in the Swedish study are
valuable from the point of view that they are easy to understand by a
person who will make requirement estimations. The categories were
defined through "objective" system and experienced oriented information
- availability of instructors, collegues, supervisors, time, stress etc.

The Finnish dimensions were more complex. The Finnish project team made
an analysis of the two requirements they used. They found that task
importance and tar., complexity were on the whole uncorrclated, i.e.
they represented different dimensions and different task requirements.
They showed in an interesting way how to use task importance and complexity
information through applying criteria suggested in fuzzy set theory for
including or excluding tasks when deriving the contents of a training
programme.

tt can be summarized that the present job analysis method needs a
taxonomy for task requirements. Such a taxonomy has to be developed
further. The task requirements are important criteria when deciding upon
what tasks should be included when the training content is derived.

Competency of the job analysis team

The choice of job analysis method determines to some extent competency
demands of the analyst. It is an experience from the two analyses
carried out that the present method is best conducted with a te-im where
preferably three kinds of competencies are represented, the job analysis
or the methodological specialist, the subject matter or the job specia-
list and the system engineering specialist.

The job analysis competency is very important at least during the devel-
opment and the evaluation of the method. It is clear, however, that the
job analysis specialist can not conduct a job analysis alone. Technical
knowledge and practical experience from the job is also necessary. The
complexity of a modern nuclear power plant precludes, however, that the
analyst learns this in a short time. A person with long practical experi-
ence with the job is therefore an indispensable member in the team. Other
specialists like the designers of the technical systems are also valuable
members of the project teair, specially in a situation where the plant, is
new and where sufficient expedience about the jobf, not yet have been
accumulated among the personnel.
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The concept of systems is defined e.g. by Hall and Fagen (1968). In
this context we shall however adapt a slightly more narrow definition
and speak only of dynamical systems which could be thought as charac-
terized by the following concepts:

• a state (an attribute of the system in which previous actions
on the system could be thought to be accumulated)

• an input (the means by which the environment of the system is
able to act on the system)

% an output (the means by which the system is able to act upon
the environment).

These concepts of a dynamical system could be fitted into a rigorous
axiomatic system (cf. Zadeh and Desoer, 1963).

The actual border between the system and its environment is quite
arbitrary and is a matter of study in consideration. Systems are usually
divided into subsystems on different hierarcical levels. The division
into subsystems is also arbitrary but a "good" division is characterized
by a small amount of signals between the different subsystems.

If two dynamical systems A and B are interconnected and there exists an
objective function defined for the system A such that the system B will
control the system A in the optimal way according to the objective
function then the system B is said to be a cybernetical system.

This concept of cybernetical systems is important because it defines
when a system could be considered as goal oriented.
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Appendix 2

States and procedures for a BWR nuvlear power plant (02)

a Reactor efter refuelling

b Cold subcrit teal plant

c Heated subcritical plant

d Hot critical, reactor power 5 % turbine not running

e Turbine at nominal speed

f Normal operation

9 Disturbed operation

h Emergency operation

i Hot, tripped, subcritical reactor

k Hot, critical reactor, power 5 v.

1 Hot, subcritical reactor
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Transition Procedure

1. General plant preparation

2. Preparation for start up (heating of reactor using residue heat)

3. Start nuclear heating and increase power to 5 %
Start aux. feedwatersystem to control waterlevel in reactor tank
Heat steam pipes and continue nuclear heating using control rods
Dump steam to condenser

4. At 5 % power, switch from aux. feedwater system to feedwater
system
Bring turbine to nominal speed

5. Syncronization and loading of generator
Increase generator power to 20 %

6. Decrease power to 5 %

7. Shut down to hot subcritical reactor

8. Cooling by dumping steam tc condenser

9. Cooling by dumping into containment

10. Incident causing disturbed operation

11. Return to normal operation after disturbed situation

13. Cooling of subcritical reactor

14. Start up of hot reactor

15. or 10-17 Incident causing emergency situation

16. or 12 SCRAM or manual shutdown

18. Refuelling

19. Change of control rod pattern

20. Increase or decrease of power level

21. Change of shift

22. Maintaining state b (residue heat cooling)

23. Maintaining state i to be able to perform trasition 14 later
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