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ABSTRACT

This report addresses issues and research related 2. There is ample evidence that the applica-
to the implementation of NUREG-0700 . . . tion of human engineering design criteria
specifically, transfer of training considerations will enhance operational effectiveness,
associated with control room modifications, increase system safety, and allow operators
retrofits, and general upgrades. The ultimate greater ease and efficiency in system
purpose of this effort is to identify literature and control and information extraction.
data which would indicate any specific negative
effects of instrumentation and control board 3. Several studies also pointed out that close
changes on operator performance, especially adherence to human engineering design
under high stress conditions. An exhaustive search criteria during control room retrofit will
for these types of applied technical studies failed create a greater degree of acceptance by
to reveal anything substantive due to the lack of operators and plant managers to inese
definitive applied work in this area. However, a changes.
successful review of the theoretical and human
performance literature was completed with

4. There is evidence to indicate that someemphasis placed upon the generalizability of
transfer of training studies to control room design changes,if not thoroughly examined

,

modification scenarios. Based upon the studies and analyzed, could lead to negative
reviewed and many years of experience relative to transfer of training effects for operators.

retrofit activities, the conclusions drawn in this
,

report are: Several research approaches and discussions
which would increase our understanding of the

1. There is no evidence to predispose one to impact negative transfer of training may have
presume that the judicious and systema- upon recently modified (retrofitted) systems are
tic application of human factors engi. outlined in the summary. The lessons learned
neering design criteria would degrade from such studies would, in our estimation, have
operator performance in nuclear control substantive implications from a plant design and
rooms-either short- or long-term. human performance perspective.

.

,

FIN No. A6108- Augmented Operator Capability
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EXECUTIVE SUMMARY

The Problem Transfer of Training
Research Findings

*

Within recent years it has become increasingly
apparent that human error affects plant safety and
that many human errors are induced by the failure The majority of transfer research has been
of control room design to conform to established c nducted in college and university laboratory*

human factors standards and criteria. As a result, settings and reveals the basic conditions, opera-

utilities have added new instruments and controls tions, and processes which influence the direction

voluntarily and in compliance with NRC requests, and extent of transfer of training. Such research

and even more extensive modifications can be has dealt primarily with such variables as stimulus

expected as detailed control room human factors and response similarity, stimulus predifferentia-

design reviews are undertaken. tion, response difficulty, amount of practice, and
conceptual task simularity; in addition, such

Changing a control room to conform to good see ndary variables as warm-up and amount of

human engineering practice, while important, is practice have been studied.

not the only step in achieving improved per-
formance or reduced operator error. Modifica- Substantial research also has been conducted on

tions to control rooms must be examined and transfer of training from dynamic and procedural

considered in relation to existing patterns of simulators (e.g., cockpit simulators) to opera-
learned crew behavior, tional equipment and systems (e.g., actual air-

craft). The degree of simulation fidelity req iired

Crews will acadily adapt to or learn to use many f r p sitive transfer depends greatly on the type of

control room additions and modifications. In task being trained. For example, procedural tasks

other words, there is a positive transfer of training are as effectively trained on low fidelity as high

from the original design to the modified design. fidelity simulators,
,

.

llowever, there is a possibility that some changes,
though they conform to good human engineering 13ased on the reviews of basic and applied

literature summarizing principles describingstandards, promote negative transfer of training,,

That is, the habits and patterns crews used before p s tive and negative transfer, effects are
the modification interfere with learning and use of presented in Table ES-1.

the changed controls, displays, or procedures. In
every case modifications must be examined to

Impi, Cations forlassess whether or not they will disrupt or facilitate
the process of transfer from the old to the new Control Room Modifications
control room situation.

Purpose While the principles discovered in laboratory
and simulation settings have been shown to be
applicable to a wide range of real world settings,

The goal of this project was to survey applied there are difficulties in directly applying them to
and theoretical studies dealing with the effect of new areas such as nuclear power plant control
control room change on operator performance rooms. The major problem in a complex opera-
under high stress conditions. Our survey did not tional environment is defining the actual stimulus
find any directly applicable applied studies, hence and response. Since no transfer research has been
our attention centered on the theoreticalliterature conducted in the area of control room operations,
dealing with transfer of trai' ling. These findings the effects of large-scale changes (e.g., major.

were then used to develop a series of examples control board and procedural modifications) upon
which illustrate the kinds of modifications that operator performance are difficult to predict.
enhance control room performance and those that flowever, fairly modest and straightforward,

detract from it. control / display enhancements and backfits are

ES- I

_ _
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Table ES 1. Basic principles of the transfer effect
1
1

Primary Principles i
-

ta. Negative transfer will be prod.sced when responses which conflict with the |
original ones are introduced in it e modified design. |

1b. A possible exception to this priiciple is the case where pre-modification controls
and displays either conflict with population stereotypes or are not designed ,

consistently. In such cases, r.egative transfer may already exist and can be |
|eliminated only through modif cation.

2. Positive Transfer usually will occur when responses are unchanged, even when
substantial stimulus changes are made.

3. The greatest amounts of positive transfer are generally produced by maintaining
the conceptual similarity of the original and modified tasks.

Mediating Principles (Technical Titlein Parentheses)

4. There is a continuum of sin?larity/ difference for stimuli and responses. The
amount of positive or negative transfer varies depending where the new (post- -

change) stimulus or response falls on that continuum (see Figure 1). (Stimulust
response similarity gradient)

.

5. Any time operators understand how stimuli and responses relate to subsystem
operation, i.e., the value or function of the information displayed or control
moved, positive transfer will be enhanced. (Mediation)

! 6. Learning or practice under varied stimulus or task conditions will enhance positive
transfer. (Stimulus generalization)

7. If the stimulus and response tasks are thoroughly learned prior to any control-

'

display (C-D) changes, this will facilitate either relearning and/or positive transfer
|

after C-D modification. (Original learning effects)

8. When verbal cues or names can be associated with the C-D changes and learned
!

| by operators, positive transfer will be enhanced. (Predifferentiation)
_

1
e

1

ES-2 j

_ _
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another matter. Both controls and displays have developed both to separate the effects of specific
definable stimulus and response characteristics. and nonspecific phenomena and to provide a tool
Some of the stimulus components are position, for the evaluation of the learning processes which

shape, size, color, information, informational underlie both positive and negative transfer.

change, and spatial relationships. Response*

components include identification, reading, direc- In the area of theoretical research a great
tion of movement, discrimination, and sequential number of operational approaches have been
readings and control movements. In adding employed in the study of transfer. Among the

-

enhancements or making design changes, negatise more interesting variables w hich have been studied

transfer may be produced if the modifications are are stimulus-response similarity, predifferentia-
not carried out with reasonable care. liasically, the tion of stimuli, response difficulty, amount of
introduction of behavioral requirements which practice, and conceptual task similarity. Such
conflict with the old ones can lead to interference variables as stress, task variety, and warm-up also

from the originally learned behaviors. The con- have been employed in transfer research. Among

sequence is operator error of one type or another the conclusions which apply to positive and
such as misidentification, incorrect sequence negative transfer, a few are particularly deserving

reading or controlling, misreading, etc. of mention. In respect to negative transfer,
changing the pre and post-task responses seems

Modest changes in controls and displays can be to have the greatest decremental effect upon
achieved with minimum likelihood of errors due second-task performance, although concurrent
to negative transfer. Granted that there may on changes in stimulus similarity can reduce negative

occasion be temporary decrements in the per- transfer. On the other hand, decreases only in
formance of experienced operators, these should stimulus similarity, at least up to a point, often
rapidly wash out i ith a minimum of retraining on produce little reduction in positive transfer and no
the changes. In addition, changes may in fact negative transfer. On the positive transfer side, it
eliminate a great detI of negative transfer already appears that a number of variables and learning
existing in the coi.troi room due to inconsistencies phenomena contribute to transfer of training.
or nnflicts with popdation stereotypes. Finally, Response learning, stimulus discrimination, and~

in the present study a number of examples (see large amounts of first- or second-task practice all
Figure ES-1) were created to illustrate ways in appear to increase positive transfer and/or
which negative transfer can be produced or eliminate negative transfer. With sufficient first-*

avoided in modifying instrumentation. The or second task practice, for example, any
illustrations are important because they show in a interference from the initial task seems to virtually

concrete manner the way in which simple redesign disappear. Also, the conceptual relationship
and enhancement mistakes (e.g., control-display between tasks seems to be critical, and positive

reversal, sequential change, etc.) can greatly transfer often is found in situations where the
increase the probability of operator error due to original and transfer task are physically quite
negative transfer. dissi,nitar. Finally, there seems to be little evidence

regarding the influence of stress on transfer
Summary and Discussion performance.

Historically, transfer of training has been of in regard to the human performance research,
interest in both academic and applied-learning the data generally support the above conclusions,

settings. While earlier views often held that although the amount of experimental manipula-
rigorous training in repetitis e tasks strengthens or tion has been much more limited. Motor $ ills
develops one's memory in some fashion, research indicates that when response (control)
somewhat different views prevail today, in characteristics are changed substantially, negative

general, two fundamental categories of transfer transfer is likely. Simulation research reinforces

phenomena are videly recognized: specific and the notion that cognitive aspects or original,

nonspecific transfer. Specific transfer refers to learning may be of equal or greater importance in

those phenomena which are related to the physical transfer performance than are physical
or procedural commonality of two tasks. characteristics. Even paper-and-pencil simulation,'

Nonspecific transfer encompasses a number of for example, can produce substantial positive
cognitive processes and warm-up effects. transfer in some training situations (e.g.,

Different experimental paradigms have been aviation).

ES-3

_ _ _ _ _ _ _



_ . . -.

...............

....a= = Demarcation lines ...... .........

ORIGINAL LABELING I

(I
mF

PREFERRED , , , , , _ _ , , , , , ,

IEa;

(0%,/
(7 ...............

* U
'

~

;

(7
in

. ............s

E
.

.
I,

LESS
PREFERRED

,

'

O
'
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Further Research is Necessary. In respect to changes. Using the matrix and the list, a great
the question of system modification and transfer, number of fairly simple research projects or
some caution is necessary. Although some of the experiments could be generated. The next step is
motor skill work shows that control reversals and to select those research projects that will quickly
partial reversals will produce negative transfer, and efficiently address the basic question: Do the

,

little apparent research has been done in situations transfer principles apply to NPP control room
where substantial system modification has been changes? Some basic types of applicable

,

done. Nonetheless, it would appear that the prin- experiments addressing such questions and
ciples abstracted from the fransfer literature requiring minir.ial resources immediately come to
should be applicable to the redesign situation as mind. A series of small-scale experiments using
well. The problem is not that of identifying new low-fidelity simulation (cardboard mock-ups with
principles but one of identifying the stimuli and drawings or photos of several panels from an NPP
response characteristics of tasks which are to be control room) that systematically vary task
modified. For example, given the complexity of characteristics could be attempted in examining
NPP control rooms, one can ask the question, negative and positive transfer effects. Also, using
"What does and does not constitute change from the same simulation equipment, task complexity
the perspectite of the operator?" could be varied for selected cells from the matrix

(three levels of complexity, e.g., one display-
control link; one panel; one system). If negative

To address this and a variety of other issues, a transfer effects are produced, variation in
matrix is shown in Figure 21 on page 59. The rows response similarity (particularly full and partial
and columr 0 respectisely, represent the basic mirror imaging conditions) would help to define
types of procedural and display / control changes fundamental conditions of negative transfer,
possible, while the variables listed below the Also, research on varying training conditions
exhibit represent numerous task and plant factors would help to define the training necessary to act
which could be studied in conjunction with such as a countermeasure.

.

W

9

9
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NUCLEAR CONTROL ROOM MODIFICATIONS AND
THE ROLE OF TRANSFER OF TRAINING
PRINCIPLES: A REVIEW OF ISSUES AND

.

RESEARCH
|

I' INTRODUCTION

Background modifications and to potential disruptive effects
on operator performance (i.e., such as increased
'" '5 ''5" ng from shifting from a familiar,

The life cycle of a nuclear power plant is
prem dificat. ion conirot room to one that has been

approximately 40 years. During the plant's life changed and in some respects may be unfamiliar).
cyc!c numerous modifications are usually made,
particularly in the control room. It has been found e c sts of control room modifications can bethat extensive changes had often been made in

substantial. Estimates for a surface enhancementcontrol rooms after only a few years of plant pr gram (simple impr vements such as adding or
,

operation.3 Within recent years, control room changing paint and tape, or using better labels)
modification has accelerated as utilities have may range h m @ to N. A program that
added new instruments and controls voluntarily or

entails the relocation or replacemcat of
in compliance with NRC requests. Even more struments, c ntrols, or annunctators may mn as
extensive modifications can be expected to occur high as $1 million (NRC Advisory Committee on
within the next few years as utilities undertake Reactor Safeguards, transcript of the January 5,detailed control room human factors design 1982, meeting of the Subcommittee on lluman
reviews of the type outlined in NRC NUREG-0700

Factors). As control room modifications are
and NUREG-0801.-

made, procedures and other documentation must
als be changed concurrently. Changes in the

NRC's rationale for calling for control room
P "I simular r also will almost certainly beI

reviews is based on the argument that human error- required. These changes will increase the total.

is a major factor in plant safety. Many human
# ''errors are caused by or related to poor human

factors design and poor control room layout. If These potential, although temporary, disruptive
existing control rooms are retrofitted to eliminate effects of control room changes on operator
human rngineering discrepancies (IIEDs), the perf rm nce are more difficult to assess than the
probability of human error and plant risk will c st of those changes. Some mdustry opponents
decrease. There is abundant evidence and years of f c ntrol room change have seized upon the
experience to support this position; most human p ssible negative aspects of control room change
errors in complex man-machine systems can be on operator performance to argw against makingtraced to deficiencies in human factors engi-

any changes at all. ror the most part, those who
necting (IIFE) rather than to willful mischief or take this position are persons who have heard of
random human error. A .arefully planned

the concept of " negative transfer of training," but
program of control room modifications can be have little understanding of the theory or research
expected to reduce the probability of human error related to it. A negative transfer of traimng is
and plant risk. These control room modifications when an perator reverts back to responding to
would be accompanied by gains in objectively situations m the manner which he was previously
measurable parameters of plant performance such

tramed.
as availability and near-miss incidences.*

Despite the potential benefits of a well. planned purpose and Use of This Report
and carefully implemented program of control*

room human engineering improvements, potential
liabilities may exist. These liabilities are attributed The purpose of this report is to summarize
to the costs associated with these engineering existing literature or data which could be used to

1
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anticipate the negative effects of control room The fourth section, " Control and Display
modifications on operator performance, Illustrations," contains a series of illustrations,

especially under "high stress" conditions. Since that deal with control and display modification.
the initial search for applied studies in this area Each incorporates an original design that
failed to reveal concrete data, a review of represents a human engineering discrepancy
theoretical issues was undertaken with special (HED) and one or more options for redesign. *

<

emphasis placed upon application of these' These illustrations are intended to demonstrate in
principles to control room settings. a practical way the concepts contained in the

" Control Room Changes and - Transfer of -

This report was prepared primarily for NRC
Training" section. They are not intended to cover .

personnel and human factors professionals wh
, all cases, and they should not be used as a formulavill evaluate and modify design decisions for making retrofit design decisions. Their

i:pgrading control room changes compliant with
purpose is mainly to clarify concepts by means of,

NUREG-0700.i

concrete examples.,

The second section, " Control Room Changes
and Transfer of Training," gives a brief
description of the two major classes of changes-
enhancements and retrofits-that will be made in: Neither the second or fourth sections require

special knowledge or prior trammg m the,

'
control rooms. The topics of learning and transfer
of training as they relate to operator performance psychology of learning. For a review of the basic

in a control room are discussed. The basic and applied literature on transfer of training,

principles underlying the transfer effect are sum- c nsult Appendix A. This Appendix also presents

marized. Conditions under which transfer effects suggestions for future research that were
of various types can be expected so occur are generated m the course of this brief study. The

,' identified, suggested research topics are intended to either
#

confirm hypotheses for which there is only weak
,

The third section, "The Effect and Control of evidence or to answer new questions that have not

,

Change," discusses changes in society and the yet been addressed but that seem particularly
i negative or positive effects these changes can germane to control room operator performance -

have. following change.,

.
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CONTROL ROOM CHANGES AND TRANSFER OF TRAINING

Nature of the Anticipated groupings of controls and displays are identified.

Changes From this analysis it is evident that each type of
control room component has both stimulus and.

response characteristics. A component's stimulus

A conscientious control room review will and response value may vary as a function of
disclose from 200 to 300 human engineering whether it is responded to during normal or~

discrepancies (liEDs).2 Some llEDs will be emergency operations. Awareness of this point is

major, others minor. IIEDs may be scattered important because there is a tendency to equate
uniformly across all controls and displays or displays with stimulus and controls with response,
concentrated on a few panels. Since both have stimulus and response properties,

these characteristics must be recognized if a
For each lied the utility will, in most cases, be proper understanding and application of human

responsible for determining: engineering and transfer of training principles are
to be achieved.

1. Its probable effect on human performance
(i.e., its potential to indoce error) These characteristics provide a conven.

ient framework for describing the two major
2. The consequence of incorrect performance categories of change: enhancement and retrofit.

on plut risk
Enhancements. Enhancements refer to

3. Whether or not to reduce or diminate the paint / label / tape additions and changes. They are

llED by some form of surfa;c change or by made primarily to reduce identification and
major redesign. discrimination errors. Enhancements are used to

correct inconsistencies between present labeling

Assuming that all llEDs have been identified, and/or color coding on different panels. On
.

and that the three steps outlined above have been controls, added markings may help signify the
taken, the utility most next ask if the proposed correct direction of movement necessary for a

correction or noncorrection of each fled will specific operation. For both controls and displays,

improve or impair operator performance. Will the enhancements can improve the deliacation of,

change require some, a considerable amount, or functional groupings.

no operator retraining? During the process of
retraining, what are the prospects for negative Limitet/ons to Enhancementst Populet/on

transfer of training to occur? Or to state it stereotypes-Ingrained response tendencies result

differently, if a change is made and an operator from long-term exposure to technology and its
has not been thoroughly retrained on the tendency to be standardized. These habit patterns
modification, what are the chances that he will are called population stereotypes or preferences.

revert to his previously trained manner of Such patterns may be characterized as expect-

responding? These questions must be asked not ancies for controls and displays to move in certain

only for individual llED modifications but for all directions when controlling or representing such

fled modifications because the sum total of conditions as off and on; high and low; increase or

modifications represents either major or minor decrease; or the value of a specific parameter on a

changes in the " stimulus and response environ- scale, dial, meter, or other display. For example,

ment," which will determine the effect of change we have learned to expect light switches to be on in

on operator performance. The basic stimulus and the up position and off in the down; for the brake

response characteristics of the control board (s) to be in a certain location in cars; for keys to lo;k

shape human performance. ano unlock in the clockwise and counterclockwise
.

directions, respectively; and for screws to tighten
when turned clockwise and to loosen when turnedThese behavioral characteristics are su m-

marized in Table 1, where control room counterclockwise,
,

components are broken down into behavioral
components. The general stimulus and response Design standardization facilitates ease of use

characteristics for displays, controls, and but also promotes stereotypes. When the design

3
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Table 1. Behavioral components of NPP control room panels

Control Room
Behavioral ComponentComponents

Stimulus Characteristic Resp.>nse Characteristic

- Position - Localizing, reading

Display - Shape, size, color, labeling - Identification, discrimination

- Informational change - Evaluation of system status and problem / decision-
making

- Position - Localizing, reaching, discrimination
6 - Size - Identification, discrimination

- Scope - Identification, type of movement

Control - Markings / labeling - Identification, direction of movement

- ''F eel" - Fine adjustment

- Proper control or display identification

Related or grouped - Spatial relationships - Proper control response to displayed information
controls and displays
(e.g. annunciators)

- Proper sequential response to cor.trols and/or
displays

j - Consistency - Consistent response to similar controls and/or
displays

;

i

.
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stereotype cf an occupational group is contrary to Learning can be defined as a progressive,
that of the general cultme, competition exists incremental change in an individual's

between the two stereotypes. In genent an performance level as a function of reinforced
individual will respond, based on the more practi::. In human performance situations,

|- dominant stereotype, where dominance is a reinforcement may consist of formally designated

I function of the previous experience with the object rewards (e.g., pay increases or promotion) or
working in an expected way or being in an more informal rewards (e.g., successful task

. expected place. completion, praise, sense of accomplishment,
etc.). Performance feedback from successful task

Since even the best enhancements usually will completion is probably the most powerful
not overcome conditions that are contradicting to reinforcer in most work situations. In skilled
these response stereotypes, more extensive tasks, training usually occurs under highly
equipment modifications or retroPts of the type structured conditions, and when asymptopic
discussed next will be required. performance is reached, learning is considered

complete.
Retrofits. Retrofits or backfits are more
substantial design changer in which actual hard- When a task has been learned to a high level of
ware modifications are necessary. They often proficiency,if the nature of that task is changed,it
involve positional changes or control / display s important to understand the potential influence
modifications or substitutions which may be of the already learned habits upon performance
recommended for any one of a number of reasons. under the new conditions (referred to as the
These changes frequently entail mechanical and transfer task).
back-panel electrical changes. Retrofits may be
required in order to overcome any one of a series Positive and negative transfer, respectively,
of IIEDs. A control may be difficult to reach, for refer to the facilitative or inhibitory effects of
example, on a display may be too distant from the prior Icarning upon transfer performance. In
operator's visual field for easy identification and nuclear power plant (NPP) control rooms, the
reading. Controls or displays may need to be conditions of performance are changed when (a) a

,

reconfigured due to the fact that they are out of trainee goes from a simulator to a control room;
sequence or not functionally grouped. Related (b' licensed operator goes from the control room
displays and controls may be repositioned because back to a simulator for requalification training;

-

their functional relationships were not logically (c) a major or minor change is made in the man-
apparent. Changes m control or display design machine interface in the control room, including
(shape, scale, control movement, etc.) may be procedural changes; and (d) an operator is
made to make them more discrimmable, compara- reassigned from one control room to another or
ble to other functionally similar components, or t changes jobs to another control room. All repre-
conform with population stereotypes. Retrofits, sent differences in the conditions under which
because of the expense mvolved, are ordinar- learned performance occurs. Both 11FE changes
ily employed only when an llED cannot be and the transfer effects from pre-design tasks
ehminated by enhancement techniques. contribute to improved operator performance.

Potential Effects of Control The remainder of this section is devoted to the
Room Changes on Operator following questions:

Performance-Transfer of
Training from Pre- to 1. What is known about transfer?

2. What are the implications of transfer for
.

Defining Transfer. Since transfer of training operator performance following control

generally refers to the effects of past learning room redesign?

upon future learning and performance under a.

new set of conditions, a basic understanding of Illustrations that embody the principles and
learning is necessary before transfer can be fully conclusions derived from this discussion are
understood, presented in the third section.

5
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Transfer Findings and Princi des. Most ros/tive Trensfer-A number of variables that
research on transfer has been conducted in contribute to positive transfer have been isolated.
laboratory settings. However, from this research One, for example, is predifferentiation (or
come findings and generalizations which have prelabeling) of stimuli; learning to discriminate
been validated in more realistic applied settings. stimuli in a training task produces substantial .

The bulk of the theoretical research (see Literature positive transfer to a post-change task. Another
Resiew Section) has been conducted in the area of source of positive transfer is response learning. If
verbal learning. The principles derived from this the responses on two tasks are both similar and ,

work have been, to varying degrees, operationally fairly difficult, having learned them on the
tested. Simulation studies, especially with aircraft, original task may greatly facilitate learning of the
are also of interest since they deal with transfer second task.
between a simulator and the actual aircraft, which
differ in many significant ways. Probably the most important variable in many

transfer situations, depending upon the nature of
the tasks, is the cognitive and conceptual relation-

Although many problems, situations, and ships (psychological fidelity) between the training
variables have been studied in the diffment areas and the transfer tasks. In aircraft simulationof transfer research, ihose basic findings and studies, low (physical) fidelity simulators have
related prmciples which are generalized can be generally produced a high degree of positive
summarized concisely; these are summarized in transfer to actual operation of the real aircraft
Table 2 and discussed next. because of the strong psychological fidelity of

simulator tasks to actual flight demands placed
Neger/ve rienster-There seems to be one upon the pilots.

fundamental way substantial negative transfer is
The Effects of Stimulus and/or Response Sim#srity-produced. This occurs when new, conflicting

responses on the transfer task are required while As mentioned in Table 2 under " Mediating Prin-

stimuli identical or similar to those used in the ciples," there is a continuum of similarity and
difference between the stimuli and/or theoriginal task are retained. This is true primarily in ,

transfer situations in which the response dimen. responses on the pre-change and post-change task.

sion (e.g., directional movement of a control or This is illustrated in Figure 1, in which the outer

control position) remains the same for second " Post-Change" area represents the stimulus and

task. In particular, reversing the responses to response similarity in the pre- and post-change *

different stimuli produces the greatest negative tasks. Starting from the upper-left quadrant

transfer. Negative transfer of this type is also the (Sg - Rg), in which the post-change stimuli and
most resistant to being relearned or retrained. As responses are identical to those in the pre-change

an illustration, Stewart (1981) discusses a change task, changing the responses without changing the
stimuli (S} - R ) is likely to produce negative2which a major automotive manufacturer made in

the design of a new model: they reversed the transfer. Thus, for example, retaining a switch

relative position of the light switch and cigarette while changing the settings on that switch is likely

lighter from that of the old model. A number of to produce negative transfer due to interference

drivers, who changed from the old to the new from the operator's established responses. On the

model, pushed what since had become the light other hand, changing both the switch and the

switch while they were preparing to light a required response will usually produce little
transfer of any kind since both the stimuli andcigarette; in some cases the consequences was a
responses have been altered (S - R ). A stimulus2 2fatal accident.
change in the switch (e.g., size, shape, etc.)
without any change in the response (e.g., locating,

it should be pointed out that response changes identifying, moving, etc.), represented by S - R g,2
t which involve rev dimensions or modalities do usually willlead to positive transfer.

*

not necessarily produce negative transfer and
sometimes produce just the opposite, positive The Effects of Practice-A few comments should
transfer. For example, in experiments in which be made about the effects of practice upon
subjects are shifted from verbal responses to transfer. As one might expect, increasing the *

motor responses for the same stimuli, positive amount of practice on a training task willincrease
(rather than negative) transfer is frequently found. the amount of positive transfer to be found in a

l

!
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Table 2. Basic principles of the transfer effect*

Primary Principles.

la. Negative transfer will be produced when responses which conflict with the
original ones are introduced in the modified design.

Ib. A possible exception to this principle is the case where pre-modification controls
and displays either conflict with population stereotypes or are not designed
consistently. In such cases, negative transfer may already exist and can be
eliminated only through modification.

1 2. Positive Transfer usually will occur when responses are unchanged, even when
substantial stimulus changes are made.

3. The greatest amounts of positive transfer are generally produced by maintaining
the conceptual similarity of the original and modified tasks.

Mediating Principles (Technical Title in Parentheses)

4. There is a continuum of similarity / difference for stimuli and responses. The
amount of positive or negative transfer varies depending where the new (post-

,

change) stimulus or response falls on that continuum (see Figure 1). (Stimulusi
response similarity gradient)

,

5. Any time operators understand how stimuli and responses relate to subsystem
operation, i.e., the value or function of the information displayed or control
moved, positive transfer will be enhanced. (Mediation)

6. Learning or practice under varied stimulus or task conditions will enhance positive
transfer. (Stimulus generalization)

7. If the stimulus and response tasks are thoroughly learned prior to any control-
display (C D) changes, this will facilitate either relearning and/or positive transfer
after C-D modification. (Originallearning effects)

8. When verbal cues or names can be associated with the C-D changes and fearned
by operators, positive transfer will be enhanced. (Predifferentiation)

,

4
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Figure 1. The role of stimulus and response differences upon transfer effects in post-change performance.

highly similar task. Ilowever, some evidence required. This should overcome both short- and
indicates that when neFative transfer exists, high long-term operator adaptation difficulties.
amounts of learning on thefirst task will reduce or

The cuestion of stress-There are little data toeliminate negative transfer. Also given negative
supp rt or refute the popularly hem nodon thattransfer to the second task, increased practice on
incre.nents in stress level produce regression tothat task will not only eliminate errors due to
pri r habits durmg task performance. In fact, theinterference from the original task but will make
findings regardmg the miluence of stress uponeven occasional transfer errors unlikely. One

r!ginal learning are not conclusive. Thus,evenexplanation for the factlitating effects from
while it is possible that stress may predispose someincreased first- er second-task practice is that such individuals to return to earlier conflicting habits, -

practice produces tasi "dN---,tiation" or a
at this pomt any conclusions would be puremental representation of each task as a whole,
speculation. More research is needed m order tohelping the subject or trainee discriminate one
establish the effect of stress on performance after .task from the other,
a control room change. ,

in general, whenover Principle la or Ib applies The Marrer of Applicabl/ity- A final consideration
(see Table 2) more extensive retraining may be is that of how applicable the described principles

t
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are for a contral room setting. Two problems studies ,4,5 have found that operators in both2

exist. First, it is not always easy to determine what control room and non-control room settings tend

the stimuli and the responses are in control room to support control and display modifications that
operations. The principles of transfer-of-training conform to human factors standards.
and learning were generated in laboratories where

,

very simple and describable stimulus / response Overall Implications for NPPs. In general,
conditions prevailed. In a control room, long control and display modifications made to
procedures and sequences of events combined eliminate HEDs, if introduced at once, will
with hundreds of displays and controls can make improve performance almost immediately after,

precise stimulus and response specification being introduced. Unless the conceptual and
difficult.3 Therefore, without research to procedural nature of the operator tasks is radically
determine the generality of the transfer principles changed, one can expect positive transfer from the
there is no assurance of their applicability or original panel layout and design to the modified
accuracy in a nuclear control room setting. one. Much of what experienced operators have
Second, none of the primary mediating principles learned is of a cognitive (decision-making) nature

are quantifiable. Thus, for example, there is no that transfers effectively from the old to the
common metric for readily measuring stimulus or modified control room. This is distinct from skill
response similarity and difference. or rule-based behaviors which are more subject to

negative transfer effects. Experienced operators
The implication of these two problems is that also will have learned the discriminations and

while the principles of transfer of training and responses common to both the original and
learning provide a useful way of explaining what modified tasks and therefore will outperform

happened in various laboratory experiments, these relatively inexperienced and untrained operators,

principles do not fully and precisely account for thus making fewer errors. For new opera-
effects that occur in the real world.3 In any tors-or operators transferring from other
specific application, these principles suggest what plants-redesign in itself should not pose a
to do or not to do avoid negative transfer, but the transfer problem; thus, personnel turnover should
. wree to which the various principles are used is a tend to reduce many potential transfer problems.

-

matter for expert judgement or empirical
investigation. For example, existing principles Of course it is possible that some changes will

cannot predict the amount of training needed to produce at least temporary decrements in per-
,

ocercome old habit patterns (operator preserva- formance. As Figure 2 indicates, design changes

tion) for various types of displays or control might be expected to temporarily detract from the

change. Nor can one place a particular control performance of both experienced and inexper-
and/or display change accurately on the ienced operators, assuming that the latter have
continuum represented in Figure 1. had some training on the old design. However,

retraining should quickly reverse such effects,
in summary, more research must be done on

transfer as a function of change before these
"

principles can be applied with absolute confidence
to control rooms. In the mean time, these prin-

* * * *
ciples provide general guidance, although they yg

""

must be interpreted and applied with caution. Iy | -

R '
Acceptance of Change- Although operator accep- q .,1,, ,

tance of control and display modifications is not a p8
L'

traditional transfer-of-training question, it
deserves comment since it theoretically could have

! a bearing upon post-change performance. C 7", O *J Lo-

Logically, one would not expect major resistance
to change unless very basic aspects of a task were

~

%

being changed. While substantial changes in.

technology are sometimes prone to operator rejec- Figure 2. Theoretical performance curve for
tion, there is no reason to expect this with simple inexperienced and esperienced operators

control-display modifications. Also, a number of following design modifications.

9



and experienced operators should reach peak Negative transfer can occur if the stimulus.

efficiency rapidly, followed by inexperienced and response relationships between the
operators. original and redesigned controls and

displays are not carefully considered.
Fo!!owing the principics given in Table 2.Based on the overall findm.gs in the transfer- '

should minimize the potential for negativeof-training area, the implications for NPP
transfer.redesign can be summarized as follows:
Given that control room modifications are*

,

carried out with the question of transfer in
Generally, positive transfer to the redesign mind, problems of negative transfer should.

situation should be substantial. be reduced to a minimum, or quite possibly
climinated. What negative transfer exists

Proper redesign should eliminate much should be eliminated with retraining,.

confusion resulting from inconsistencies Plant turnover and the influx of newO

among panels and violations of population operators should further mitigate any
stereotypes. problems associated with negative transfer.

.
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THE EFFECT AND CONTROL OF CHANGE

Introduction

It has been said, "Nothing remains constant The first observation we can make is that our-

except change." This adage alone should make perception concerning the time span when change
one sensitive to change and difference, if for no becomes necessary has decreased considerably. In
other reason than today man and machine are ancient Egypt, things were done exactly the same| -

another day older. Change can often be thought way for entire dynasties, lasting millenia. In the
of as stress on a system which was previously in a Middle Ages, things were done the same way for
state of dynamic equilibrium. Change can also be centuries. In this century, change has taken place
viewed as anything which positively or negatively in terms of generations, i.e.,15 to 25 years. Now,
disturbs the planned or normal functioning of a however, our world is changing so fast that even
man-machine system. History bears out the fact things that are only two to five years old require
that a relationship between change and increased change. What is the relationship between the
risk can exist. It has been demonstrated that for effects of change over time. Figure 3 shows a
any functional system which has been operating rather pessimistic view of the exponential effects
satisfactorily (i.e., up to some standard), when of changes over time as contrasted with the slow
problems do arise, deleterious changes and growth of safety-related counterchanges.
differences associated with personnel, plant,
hardware, procedures, or managerial controls ,

have often proven to be actual causalfactors in i

the creation of these problems. Changes also have e'
'

an indirect relationship with impending danger. f

For example, the jungle dweller has an acute ,'
awareness of his surroundings, a sense that |

'

remains dormant in most of us. This sensitivity j ,'
'warns him not only ot direct danger, but of i ,-

*

changes and differences in the patterns of jungle ,' gya
,

' ---

life, such as the eating habits of animals and the ,- -

singing of birds, which could be preludes to*

impending danger. Not only in primitive societies, , , , ,
" " ' " "but in the modern industrial settings as well,

change control and analysis should become essen-
tial el,:ments in hazard identification and risk Figure 3. Effects of change versus time. The

exponential effects of change over time
management. are contrasted with the slow growth of

safety counterchanges.
The Change Analys.is Process

Many examples can be found of systems where
Change analysis techniques were developed at the commonly used indicators and guidelines

the Rand Corporation, and improved by two (accident / injury rates, the absence of bad
former Rand employees, Charles H. Kepner and accidents, etc.) indicate an acceptable program.
Ilenjamin II. Tregoe. Their book, "The Rational However, the application of quite simple risk
Manager" is a valuable resource in applying the projection techniques could reveal a high
techniques. Change analysis is a systematic probability for a severe accident. This could also
approach to problem solving which can aid the be done by simply comparing the same overall
manager in decision making, the appraiser in system with itself as it existed earlier. The number
evaluating system functioning, and the accident of changes which have occurred without analyzing

,

investigator in identifying accident causes. The their consequences would probably amaze the
concept of change analysis allows the system evaluator.
analyst the latitude of determining w hether

,

(a) changes are needed in a stable operating The need for safety-related human engineered
system, or (b) if operational changes require counterchanges is linked to the simple fact that
safety-related counterchanges, any "real life" operational system is constantly

11
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experiencing changes in personnel, procedute A voiding invalid Use of Old Solutionsfor.

systems, and equipment. Unfortunately, when New Problems-Some managers have
such changes are made, often the effect on the canned solutions for problems possessing
entire system is not evaluated. These oversights or certain characteristics. When a similar
onnissions may potentially lead to accidents or problem occurs, they apply the solution
incidents. that worked the last time, only to find

*

themselves treating symptoms of problems,

Change-based analysis techniques are used in all rather than diagnosing and curing the

walks of life from the nuclear control room cause. The application of change analys,s *
i

can help avo,d the improper use of oldidesigner to the medical doctor to aid in the
following areas: s lutions for new problems.

Change analysis should be used by the analyst in
Trouble Shooting-Knowing what addi- two ways:.

tional facts are needed. Very often, the
relevant facts are quickly available if their 1. Operational Change Control-As a
need is pinpointed. A change-based method of analyzing change in a system
question format (i.e., what has changed?, "before-the-fact." One m ust analyze
or what is different?)is an efficient way to known or suspected change:, in a system,
search for additional information. subsystem, or procedure to evaluate its

effect on the process, along with recom-
Finding Obscure Cause-At the initial mending possible safety-related counter.

stages of problem solving, who knows what changes.

the human causal factors might be?
2. Accident / Incident Change and DifferenceTherefore, it is important that all changes

and differences are identified whether they Analysis-As a method of pinpointing
appear to make any behavioral difference changes and differences that may have had

or not. Cnange and difference analysis potential in causing an accident or near .

quickly pierces the obscurity and helps miss. A change analysis used in this manner

prevent wasteful and ineffective actica on would be an after-the-fact analysis and
false causes. The method helps to identify w uld be used to supolement suspected

,

critical performance factors which are not causal factor analysis and identification.

obvious.
These two techniques are the topics of the next

section and should indicate what effects theAnalysis of Stress Behavior-If change is.

change had or will have on the immediate human
not identified and controlled, it may soon and equipment components of the system. One
compound and produce stress behav:ct. should remember that all parts of a system are
An example of stress behavior is where you

interrelated and a determination must be madehave knowledgeable and competent per- as to its effects on other components and,
sonnel who nevertheless tend to make subsequently, the entire system.
serious errors under abnormal or emer-
gency conditions, if this is the case, the
chances are quite high that they have been Operational Change Control
overwhelmed with change. Likewise, the
initiation of uncontrolled or unmonitored Change analysis is an effective tool in searching
change can compound or cascade t out potential problems associated with proposed
produce, the same effect.1

design changes in a stable operating systems. A
; formal change review system is essemial in the -

| Quick Entry 1nto Problem Solving-When control of this change, which would review.

time is short for problem analysis and the proposed changes in personnel, plant and hard-
need for remedial action is urgent, change ware, oc procedures and managerial controls.

.

analysis techniques provide a systematic Also necessary in operational change controlis the
approach for quick entry into problem need for supervisory documentation change, and

| solving with very high credibility. the need to monitor for its effect. The role of NRC

12
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in change analysis and the management of change human factors expertise can be brought to bear.
cannot be overemphasized. An organization that Experience indicates this low-cost form of analysis
is aware of change analysis techniques can correct is amazingly effective in drawing appropriate
problem areas which are sometimes inadvertently attention to the causes of future problems and will
built into a new facility or equipment modifica- give visibility to changes and differences which

*

tion. Change is essential in our modern technology would otherwise be overlooked.
but the management of these changesfor safety is
paramount. If a particular control room change is a cause of

*

potential trouble, why wait for the problem to
Change Review Syste,m. Systems that surface before doing the necessary analysis?
encounter extensive hardware changes may
generate additional unintended behavior hazards. Monitoring for Change. It seems apparent that
One needs to be sensitive to the nature of change most complex systems depart from original plans
and to chang, g s:tuations-transfers, newm and procedures to some degree over time.
mach, es, new materials, new operations * Therefore, the need exists to detect deviationsm
modifications, shutdowns, startups, etc. Sensi- (changes), initiate corrections (counterchanges),
tivity to chang : and the possible need for an off- and in general ensure that goals are attained,
setting counterchange is a mark of excellence for a Below are listed some of the elements necessary in
manager, supervisor, or safety professional. One monitoring for change:
needs to explore training methods and data to
sensitize supervisors to detect and react to signifi-

1. Planned Change Versus Unplanned
cant negative changes. In systems theory, review

#"8#and counterchange should follow every significant
change. In complex systems, particular attention
must be given to the compounding of change. For a. Planned change may require a scaled
example, in one case investigated, a change made hazard analysis process (11 AP) review, and

affirmative safety action for certainfive years previously and a change made shortly
before an accident combined to produce undesired specific control board modifications.

,
.

consequences. Another factor which must be
considered is the introduction of gradual change b. Unplanned change (Behavior of Operators)
(e.g., deterioration of equipment or growing laxity must first be detected by monitoring. When

,

in administrative controls) as compared with the detected, immediate preventive action
discontinuous change (e.g., a modified hardware should be taken when necessary, and a
configuration or presence of a new employee). scaled HAP review should be triggered.

Also, strong human engineering review
Traditionally change-based analytic techniques requirements can help detect unplanned

are not being used for preventive, before-the-fact and unreviewed changes.
work to decrease both operating and safety
problems. The needs seem to be: 2. Actual Change Versus Potential or Possible

Establish the significance of any control.

room changes in causing trouble, beginning a. Actual change is identifica by reports and
with top management statements and

, , drawings.
action. Then sensitize and tram middle
management. Then do the same for

b. Potential or possible change requiressupervisors,
behavior analysis and may be coupled with

bservations.Establish a routine analytic format for effi-.

cient, effective analysis of changes-a.

reviewable, visible method. 3. Time Changes

The potential problem worksheet in Figure 4 A management monitoring system should be,

can be initiated at the inception of new modifica- able to identify the deterioration of a process
tions and expanded as the project develops. As the over time, and the interaction with previous
differences from the past are exposed, appropriate changes.

13
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*

Change-Based Potential Problem Analysis Worksheet

-

Specify Problem

Prior Differences, Affecting Counter
Factors Present Comparable Distinctions Changes Changes

.

.

INEL-A 16 364

Figure 4. Change-based potential problem analysis worksheet. The thange-based potential problem analysis
worksheet shows a preventive counterchange column. The changes in a project as compared with recent
conditions or comparable projects can be specified.

.

b

e
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4. Organizational Changes 4. List all the differences without evalua-1
'

tion 'or' value judgment or significance
Shifts in ~ unit responsibilities may leave (seemingly insignificant differences can'

interface gaps, particularly when the hazard work together to cause serious problems or
analysis process is ill-defined. The monitoring accidents) and obscure causes can emerge!

i. system should help detect these types of So list all differences.*

problems.

5. Analyze the differences for effect on
5. Operational Change causing the undesirable behavior, Icoking

-

i
. for both independent and collective con-

Monitoring should help detect changes in tributions and not overlooking any of the;

procedures and processes which require safety man-machine interfaces.
L review.

!

The change-based accident analysis worksheet 6. Integrate the information relative to causal

(Figure 5) provides examination of 25 potential factors into the design decision appraisal
factors, but even that number is not fully process. !

,

definitive, and the analyst should not hesitate to'

add to the list as the actual event dictates. Figure 5 This is a simple six-step process to analyze and
provides a basic format for change analysis. This integrate the results into your system improvement
format is mtended to provide general gu, dance efforts. This process is indicated schematically in

,

i

and suggestions m exploring potential affective Figure 6.;

changes which might be contributory to this acci-

: dent. Figure 5, as presented, will seldom be used
to tabulate the analyst's findings. Large easel or Also, one needs to consider the use of different'

desk pad pages, ruled in column format, can be reference bases for analyzing different aspects of*

used as worksheets. the same change. For example:'

'

initially, the findings and comparisons do not Compare the new hardware operation with.

come out in logical or subject order from various a comparable hardware and . operating .
witnesses and documents. Rough notes can then situation before the' modification

,

,

be reorganized on a sheet with rows similar to
Figure 5, but modified to fit the event. Headings

Compare with a high stress situation; forwhich reflect a time or process often improve the -

| analysis. example, one in which emergency action-
amelioration was handled well for purposes

;

in Figure 5, the first three columns, the present of evaluating deficiencies in the emergency'

f situation, prior comparable, and differences action amelioration phase of the accident.

j (regardless of potential effect), should usually be
completed prior to completing the fourth column In seeking relevant distinctions, it is productive -
which represents judgments as to whether the to compare the present problem in terms of the

,

,

chariges affected the accident itself. Be flexible. In same object the day before, the week before, the
the columnar spaces the characteristics of the month before, the year before. At first, the ques-
accident /mcident situation should be specified as tion "How is~ this different from the week

,

precisely as possible: g7gg., seems a little silly. But, when the distinc-->

.
tions and changes emerge, they often prove to be

! 1. Consider present control board con-
, important.

figuration and operation.
a

.j

|
2. Consider planned modiised situation (or When causes are not easily perceived, the

most nearly comparable situation). visibility given by the matrix to known informa-
tion allows human factors analysts to exercise

3. Compare the two to detect potential their knowledge or expertise in identifying causal. '

changes of differences in operator behavior factors. if possible, however, experimental
under high stress situations. verification of cause is recommended.

4

15
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Change Based Accident Analysis Worksheet

*

Subject

l Present Situation? Prior, Comparable? Differences? Affective Changes?
'

|
| What

Object (s)
Energy
Defects
Protective Devices

Where
On the Object
in the Process
Place

When
in Time
in the Process

Who
Operator
Fellow Worker
Supervisor
Others

Task
Goal

*
Procedure
Quality

Working Conditions
Environmental -

Overtime
Schedule
Delays

Trigger Event

Managerial Controls
Control Chain
Hazard Analysis
Monitoring
Risk Review

INEL-A-16 363

Figure 5. Change-based accident analysis workshect. The factors are only suggestive, and the worksheet is not a
form to be completed. Analysis is done with a blank sheet, ruled as in the figure, and tabs modified to fit
the event.

.

O
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.

.

1

Before change

I '

3 4 5 -

Set down Aria!yze
Compare differences _ differences
behavioral -

between before
-

for effect
response and af ter changes on behavior

i t

i l

2 0Integrate
information

Af ter change into.

decision
process

INEL 2 2303

Figure 6. Change analysis schematic-the six steps in change analysis.

.
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CONTROL AND DISPLAY ILLUSTRATIONS |

Illustrations dealing with control and display not to be interpreted as rules for redesign, and
modifications are presented on the following should not be considered absolute,,

pages. Table 3 lists avoidable types of negative
transfer errors most likely to occur as a result of Each illustration incorporates an original design )design changes. The following illustrations and one or more options for redesign. Although 1

*

(Figures 7 through 20) help to clarify the condi- the situations are intended to be realistic, some of
'

tions under which negative transfer is likely to the " bad" options may seem unlikely. However,
occur and suggest some ways to avoid it. These are most are based upon actual situations.

Table 3. Avoidable types of negative transfer errors most likely to
occur as a consequence of design changes

Type of Error Reason for Negative Transfer

1. Control or Display Misidentifi- - Reversal of relative position of a control and
cation display

- Change in label position without appropriate
demarcation

- Repositioning near similar controls or displays
without proper precautions

- Moving instrument in location previously occupied
by another

,

- Correcting mirror image (full or partial) without
suf ficient demarcation

.

2. Improper sequence in reading dis- - Reversal or partial reversal of original sequence
plays or activating controls - Change in arrangement without indication of

horizontal or vertical sequence

3. Misreading a display or control - Change in scale directionality

4. Incorrect control movement - Reversing control direction without sufficient
labeling or color coding

.

9
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PROBLEM: Some utility operators have expressed' concern over the use of CRT
r

graphic displays and controls over- conventional hard-wired control'

; boards.
.

EXPLANATION: Human response to one stimulus (conventional control boards) tends to
generalize to other similar stimuli. If one wishes to minimize the danger
of negative transfer then a completely different stimulus (new medium of

!display) would serve this objective. For example, if one is concerned that
extensive control room modifications could result in operator response
Schavior which is inappropriate to the new design, then CRT graphic

'

displays represent a totally new and different stimulus medium which -
would substantially reduce competitive response.t

.
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PROBLEM: The labels are underneath the controls and can be obscured by the
operator's hand. Thus, the labels will be moved.

EXPLANATION: The danger of negative transfer in this situation lies in the fact that
operators are accustomed to associating a label with the control posi-
tioned above it. The top alternative eliminates that possibility with the
use of demarcation lines, while the bottom one does not.
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Figure 8. Example problem using demarcation lines to avoid negative transfer.
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PROBLEM: The decision has been made to change the "on" toggle switches since
they are reversed from those on the other panels and also since they
contradict population stereotypes.

EXPLANATION: Given that the "on" "off" positions are being reversed, appropriate
coding and conformity to population stereotypes will make the reversed
positions as clear as possible to the operators.

.

.

4
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REVERSED SWITCHES WITH APPROPRIATE

ORIGINAL "ON" AND "OFF" POSITION COLOR CODES ADDED

OFF OFF OFF g

d ut d d @ J/
ON ON ON

.

f

.

i

! Figure 9. Example problem showing the need to conform to population stereotypes.
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PROBLEM: Display color codes for the different system labels are difficult to
discriminate and should be changed.

,

EXPLANATION: While the labels in both the top and bottom alternatives are easy to
discriminate, the bottom exampic represents a simple oversight which

| could create transfer problems. If an operator retained an association
between " blue-green" and display 3, he would be predisposed to4

misidentify display I readings.

.
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l'igure 10. Ihample problem showing label discrimination problems and a transfer problem that could arise if label
colors are not selected properly.
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PROBLEM: The top legend-controls are ' difficult to reach and thus should be
lowered.

EXPLANATION: The top alternative is preferable because it retains the basic perceptual
; relationship among the controls while at the same time moving the top
i controls within easy reach. Although the bottom alternative is not

necessarily a . bad one, because of prior experience (conditioning)-
operators may have some problem identifying the array rapidly.
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ORIGINAL POSITION

A B
.

CLOSE CLOSE

OPEN OPEN
A B

CLOSE CLOSE

|

OPEN OPEN

%
C O C O

CLOSE CLOSE CLOSE CLOSE

OPEN OPEN OPEN OPEN

|
*

.

-- -- -

LESS PREFERRED

A B C O

CLOSE CLOSE CLOSE CLOSE

OPEN OPEN OPEN OPEN ,

!

Figure 11. Example problem showing possible control board modifications when a control is difficult to reach.
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PROBLEM: A : partial mirror image is being corrected by control-display
rearrangement and demarcation.

EXPLANATION: A partial mirror image presents the same kind of problem as a full mirror
image-there is some possibility of negative transfer within the control
room and in some cases within a given panel. However, climinating the
problem means reversing some of the control-display relationships, and
this may produce some negative transfer from the old to the new array.
This problem can be virtually eliminated by grouping the controls with
their associated displays by means of demarcation lines.*

.

.

.

.
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ORIGINAL CONFIGURATION
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Figure 12. Example problem showing a partial mirror image being corrected by rearrangement and denurcation..
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t PROBLEM: The label needs to be changed to avoid misunderstanding / misreading.

EXPLANATION: Among the three alternatives-A, B, and C, Alternative A is the1

preferred one since there is virtually no change other than spelling out
"feedwater." Alternative B is acceptable, but C could cause problems.
Not only does C contradict flFE standards, but it may produce negative
transfer since operators are accustomed to identifying the label with the
display below it, not above it,
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Figure 13. Example problem showing how to correct an casily misundentood/ misread label,,
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PROBLEM: The displays are not functionally grouped, and thus need to be
rearranged.

EXPLANATION: Alternative (a) is good because it preserves the sequential relationship
horizontally between the functionally related displays (A, A'; B, B'),
and it will facilitate direct comparisons or sequential readings. Also,
demarcation lines should eliminate any negative transfer resulting from
diagonal comparisons made by operators with the original grouping.

Alternative (b) represents a reasonably likely modification having poten-
tially serious consequences. Should B and A' (original) be reversed
(Alternative b), the vertical display sequences would become A, A', and
B', B. The reversal of one sequence but not the other would constitute a
more difficult problem than if both were reversed. In the latter case
operators could at least learn a consistent rule (reverse order) in dealing -

with the new array.

.
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Figure 14. Example problem showing how to rearrange displays so they are functionally grouped.
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PROBLEM: The controls are close together and consequently are likely to cause;

discrimination errors or accidental activation.j
- EXPLANATION: Assuming that smaller J-handles are appropriate for the required opera-

tion, the top alternative reduces the possibility of discrimination errors
or accidental activation. The bottom alternative may lead to errors in

f . sequential operations since some operators may be inclined to respond
top-down unless the array clearly indicates otherwise.r
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Figure 15. Example problem showing the best solution when controls are grouped too close together.
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; PROBLEM: The pushbuttons are too close together, both vertically and horizontally.
;

i EXPLANATION: The top alternative preserves the configuration and sequence of the - t

pushbuttons, while the one on the right retains the basic sequence but not -

the configuration. However, the bottom alternative represents relocation
' of the right-hand buttons (A and B/4,5, and 6) and a resulting breakup ~

in the control sequence.
;
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PROBLEM: Counter 1 is too high and should be repositioned for easier reading.

EXPLANATION: Alternative A (top) brings Counter i down into the operator's effective
viewing area and maintains the relative positions of the displays,
preserving both the visual and response characteristics of the array.
Ilowever, the placement of Counter I in B (bottom)is likely to result in
reading errors since operators are accustomed to reading the bottom
display as Counter 5, not as 1.
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Figure 17. Example problem showing how an instrument (counter) can be repositioned for easic reading.
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PROBLEM: The functional display groupings (1, 2, and 3) are too close together and I

are likely to be confused. !

EXPLANATION:' Ideally, the horizontal alignment of the displays will be retained (as in
Alternative A); however, B may be acceptable if space limitations make
that more practical. Alternative C represents a likely transfer problem in
that operators accustomed to responding from left to right on the same
row might respond to Display 3 as 2.
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Figure 18. Ea le roblem showing how a display grouping that is too close together can be regrouped for easier
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PROBLEM: - A difficult-to-reach switch (X) must be moved.

EXPLANATION: Among the two alternatives rhown, the top one is preferable since the
control being moved is still casy to discriminate from the array located

I near it (A through E). But in the other example, moving each control one
; position to the right could result in massive negative transfer, X being

j perceived as A A as B, etc.
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Figure 19. Example problem showing how a difficult switch to reach (X) can be repositioned in a way to avoid
operator error.
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PROBLEM: A mirror image needs no be corrected, but extensive redesign is not
possible.

EXPLANATION: If the actual mirror image configuration cannot be changed, color coding
will reduce the likelihood of negative transfer between the arrays by
reducing the nossibility of an operator confusing the two arrays.
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Figure 20. Example problem showing how to correct a mirror image with color coding when extensive redesign is
not possible.

.

47

_ _ _ _ _ _ _ _ . . _ _ _ _ . _ _ _ _
_ . _ -



LITERATURE REVIEW

|ntrOductIOn students' ability to master totally new material. In
more recent times, managers in industry, govern- .

ment, and military settings have become
1he purpose of this review is to describe and con- increasingly concerned with the relationship
solidate new and tested information about between what is learned in training and actual .

tra :sfer of training now being used by designers performance on the job. Researchers have
engaged in the modification of nuclear power addressed the transfer problem across a wide
plant (NPP) control rooms. In order to achieve spectrum of theoretical and methodological
'his goal, principles of transfer have been approaches. One of the earliest recorded studies
extracted from the literature and evaluated for was that of James (1890), who analyzed the
relevance to the question of equipment redesign. effects of memorizing one work of poetry upon
Since very little research bearing directly upon the the learning of a secor:1; he found no facilitative
redesign question has been conducted, the effects. As discussed by Hogan (1978), a number
literature discussed in this review was selected of researchers studied the problem of improving
from theoreti al and human performance areas memory through training, but they found no
deemed by the authors to be most applicable. transfer via improved memory functions. In
Reviewing the theoretical literature serves t general, the notion that the mind can be
reveal and clarify conditions, operations, and strengthened in discernible ways through
processes which may be important in determining memorization tasks received little confirmation.
the nature of transfer in a variety of situations. The emerging view was that transfer depended
The human performance literature provides a upon the existence of common dements shared
degree of reality testing; in that it helps to define by the two tasks (Sleight,1911; Thorndike &
the limits between laboratory research and actual Woodworth,1901). The " common-elements"
work situations. The present review is useful in approach was rejected by Judd (1908), who
assessing those operations and phenomena that argued that principles abstracted from an original *

have been isolated under laboratory conditions in training task are what transfer to a second one,
respect to their pertinence to the complexities of The common-elements and principles-learning
more realistic performance situations. theories to some extent foreshadowed the later a

research in " specific" and " nonspecific"
The main subsections of the review are transfer, respectively.

Background, Literature on Transfer Processes
and Phenomena, Literature on Human Per-
formance, and Summary and Discussion. The As Ellis (1969) pointed out, by the 1930s
background discusses the historical trends, basic approaches to transfer had shifted, particularly in
theoretical positions, and methodology associated respect to the level of analysis. Such researchers as

with transfer research. The discussion of transfer McGeoch (1931), Yum (1931), and McKinney
processes covers a number of operational (1933) performed detailed studies on the question
approaches to transfer (e.g., predifferentiation; of similarity and transfer, and the trend from that
variation in learning). The human performance point on generally has been to uncover transfer
discussion deals with transfer research in such processes via standardized experimentation in
areas as motor skills, controls / displays, and which well-defined variables are manipulated. A
simulation. The summary and discussion tremendous amount of such experimentation has
integrates the literature findings and discusses the been conducted, encompassing a variety of
question of application. approaches in both animal and human research.

For example, Spence (1937) and Harlow (1949)
perf rmed anim I rese rch dealing with transposi- .

Background tion and learning sets, respectively. Their findings
,

and conclusions influenced the theories of those
Interest in transfer of training has existed in one performing transfer research with human ,

form or another for centuries. Teachers and subjects. Academic transfer researchers, who had
scholars always have wondered how much largely adopted the use of verbal materials, have
influence specific learning experiences have upon approached transfer from such perspectives as

48



_ _ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

stimulus-response associations, mediation, atten- independently manipulate CVC meaningfulness
tional processes, and cognition. The data of given they accept the meaningfulness dimension
Spence (1937) and 11arlow (1949), among others, used as reasonable.
contributed greatly to the conceptualizations that
have been developed in the theoretical arena of Transfer experimental designs could be con.,

human transfer research. sidered special cases of within-subjects design;
they are intended to demonstrate sequence effects

By no means has all transfer research been rather than climinate or counter balance them.,

conducted with verbal materials or within the For some period of time the most frequently used
framework of theory-building. Some experi- design was that shown as follows:
menters have employed sensory stimuli and/or
motor response options in laboratory settings, and Task i Task 7
a great deal of transfer-of-training research has |
been conducted in the area of simulation. Studies Experimental Ss (E) A B
in simulation rarely are dictated by theoretical -

questions but rather by the nature of training Control Ss (C) - B
problems confronted by the users of actual ~

systems, especially military ones. Thus the This was used to measure specific transfer factors
experimental manipulations and designs employed related to shared characteristics of the two tasks.
are constrained by both the nature of the problem Ilowever, since Task i learning could produce
at hand and the practicalities associated with nonspecific transfer as well, a more acceptable
limited subject (S) populations and expensive design is the following:
equipment. Nonetheless, such research does serve
to test the generalities of those principles Task i Task 2
abstracted from the more basic theoretical
research.

E A B

- A short discussion of the materials, designs and
C Irrelevant Bparadigms used in laboratory transfer research

""' "' "8will help to bring the subsequent review topics into
focus. The use of verbal materials, of course,-

. . .

The irrelevant learn.ing task for C in theory willevolved from Ebbinhaus's (1885) development of
pr duce as much nonspecific transfer as that of" nonsense syllables," often referred to as CVCs
the experimental condition, thus ::ontrolling for it.(consonant-vowel-consonant). lie originally
The addition of a third group, receiving onlyemployed them in scrial learning tasks, but verbal

learning studies in the area of transfer typically Task 2(b), would be ngessary for the evaluation
f n nspecific transfer in C.use CVCs in " paired-associate" tasks. In such

tasks, Ss (or subjects) are required to learn the
Various paradigms are employed in transfer

,

associations between a list of CVC stimuli and
research, but they often tend to be confusing fordesignated CVC responses (Rs), althcugh other
two reasons. First, the tasks, as well as the stimuli

types of response modalities sometimes are used.
and responses, are designated with capital letters,The advantage of paired associates is that they
Sec nd, the paradigms represent the relationalallow independent manipulation of stimulus and
aspects of the tasks, not the sequential. Forresponse characteristics, as well as their
example, m, a p sitive transfer paradigm, such asassociative properties. Thus, such things as
tk one below,stimulus discriminability and response complexity

can be varied systematically without altering the
Task A Task Boverall nature of the task. CVCs also have the

advantage of low extant meaningfulness to Ss,*

which reduces the influence of extra-experimental E A-B A '-B
variables. In this respect, however, researchers
such as Glaze (1928) and Noble (1963) introduced C A-B C-D=

measures of meaningfulness, alor.g with
associated lists, which have been evaluated on the the two tasks for E share identical responses and
dimensions used, allowing experimenters to similar stimuli, while for C both the stimuli and
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responses are dissimilar. Ilowever, it is the a variety of transfer processes may exist as
second, not the first task which is the same for reflected by the general acceptance of specific and |

both groups, allowing for unconfounded evalua- nonspecific transfer phenomena. Third, while i
tion of transfer. In the discussion of transfer some of the motor skill research is of theoretical |
experiments, the convention often is to simply interest, it will be discussed in the next section

*

describe the experimental group while the nature rather than the present, primarily because the
of the control is left understood. For example, response modalities approximate more closely
A-B, A-K could be used to represent a negative those of applied settings.
transfer paradigm in which experimental Ss are -

transferred to a task in which the response, but Operational Approaches to the
not the stimuh,, are dissimilar; or m A-B, A-B the

,

r
transfer task involves the re-pairing of stimuli and Study of Transfer
responses within the same list. Many other varia-
tions exist, describing a variety of generic The variables and experimental operations
experimentally manipulated task relationships. discussed below constitute the approaches to

experimental transfer research that have been

1.iterature On Transfer Processes predominant in the area.

and Phenomena Stimulus and Response Similarity. Th.is refers
to the similarity between the stimuli and/or the

The ensuing discussion of transfer of training is responses between different task.. The question
organimi around the operational approaches that undoubtedly evolved at least in part from the
have been used in studying transfer processes. importance which Thorndike and Woodworth
Although various theoretical approaches to (1901) attached to " identical elements" in dif-
transfer also exist, the correlation bctween theory ferent learning tasks. A more analytical approach
and empirical research is not sufficient to allow is to examine the similarities between the specific
casy classification of studies by theoretical stimuli and responses employed in the two
orientation. Many studies lend themselves to different tasks. .

different theoretical interpretations, and such
interpretations of course will be discussed but they The bulk of the interest in the subject has
will not be used to group studies. Finally, revolved around Osgood's (1949) " transfer

,

classification by type of operation is more surface" represented by his model, which pro-
appropriate to the review's purpose, providing a posed that the degree and type of transfer depends

foundation for the discussion of transfer in an simultaneously upon the similarity of both the
actual operational setting. stimuli and responses used in the two tasks. lie

indicated that an interaction exists between
A few comments about the nature of transfer stimulus and response similarity, and transfer

research over the past 30 to 40 years are cannot be predicted from knowledge of only one.
appropriate at this point. First, while early
research often was directed at the question of how Basically, response changes tend to have a more

>

to create positive or negative transfer, transfer dramatic effect tipon transfer, with the combina-
research has increasingly been conducted with an tion of low interrask response similarity and high
eye toward the discovery of underlying processes, stimulus similarity producing the greatest negative
That is, transfer paradigms frequently are used as transfer. Maintaining high response similarity will
tools for the study of basic learning processes generally produce positive transfer, the degree
rather than as a means of uncovering ways of depending upon the similarity of the stimu'iin the
affecting transfer. Nonetheless, the resultant data two tasks. Overall, with high response similarity,
have definite implications for situations where increases in stimulus similarity will increase
transfer per se is the topic of primary interest. positive transfer. With dissimilar responses, .

Second, the theoretical interests among transfer increasing stimulus similarity will produce
researchers have become increasingly cognitive, increasing negative transfer,
although strictly S-R and mediational theory are ,

by no means obsolete. Most experiments are not As Ellis (1969) and Clark (1972) pointed out,
true tests between broad theoretical approaches a number of experimenters (Bruce,1933;

and, depending upon experimental circumstances, Gibson,1941; Wimer,1964) have to varying
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degrees confirmed the basic findings derived from acquired distinctiveness of cues, reduction in
the transfer research. Ilowever, the model has intralist generalization, increased meaningfulness,
some definite problems. One is that of defining attentional responses, and performance set. The
similarity. For example, Ellis and Feuge (1966) issues are quite complicated and are discussed at
stated that stimuli can be ordered along con- length by Ellis (1%9). He points out that.

tinuous dimensions. But others take the discrete- Relevant-S (stimulus) research has generated a
elements track, which is operationally easier to great deal of theoretical controversy about the
assume in verbal learning studies, in which distinct nature of predifferentiation. While the issue in.

CVCs typically are employed. Ilowever, pre- part boils down to the question of the perceptual
experimental experience also can have significant discrimination of pre-existing stimulus elements
effects upon the perceived similarity of stimuli, versus the learning of new mediational responses,
which complicates the issue even further, there are problems of methodology, definition,
Common or uncommon associations between and conceptual clarity that cloud the situation.
dissimilar words, for example, can endow them Ellis and Muller (1964) studied some of the
with increased similarity in meaning, which leads methodological problems in detail, and numer-
to a second problem. Ilow can similarity between ous other studies present the various theories,
tasks be defined outside of the laboratory? Are we which have been only lightly touched on here
talking about similarity in meaning, procedures, (Gibson, 1940, 1953, and 1%3; Gibson and
conceptual content, or physical characteristics? Gibson,1955; Goss,1953; liake and Ericksen,1955;
This then leads to the third point: Many Miller and Dollard,1941; Postman,1%3).
experiments have revealed that transfer cannot
always be attributed to physical elements that are Response Difficulty. The previous discussion
specific to both tasks (see Kausler,1966). deals with the stimulus-learning characteristics of

learning and transfer. In predifferentiation
Predifferentiation of Stimuli. The previous studies, subjects learn something about distinctive
discussion refers to the question of similarity features of stimuli and/or attach mediating
between the elements of different tasks. However, responses to stimuli; this is what transfers to the
the question of similarity among elements within second task. However, as Osgood (1949) implied

-

tasks poses a somewhat different problem. It is in his model, it is equally important to look at the
generally accepted that stimulus discrimination response side. Logically, if high between-task
training will transfer to a task involving the same response similarity increases positive transfer, one-

stimuli, liowever, relative effects of different would expect that increasing the difficulty of such
stimulus pretraining tasks and the related responses would further facilitate transfer. In
processes involved in transfer to another task are other words, if such responses have already been
of great interest. learned in the pre-task, all that remains to be done

'

is associate them (or similar responses) with the
Arnoult (1957) was the first to fully define the transfer-task stimuli. Jung (1%5) found that

issue. He pointed out that contrary to the predic- decreasing the meaningfulness of responses (hence
tions of Osgood's (1949) model, some research increasing difficulty) does in fact increase positive
showed that positive transfer sometimes occurred transfer.
in situations in which the original stimuli were
paired with new responses in transfer. Arnoult That response learning is a somewhat inde-
concluded that original training somehow " pre- pendent phenomena has been well established by
differentiates" the stimuli, making them more Underwood, Runquist, and Schultz (1959) and
discriminable. Arnoult discussed the kinds of McGuire (1%I). Although these studies dealt
predifferentiation tasks employed to test various primarily with acquisition rather than transfer, the
hypotheses about the underlying process, and potential impact of response strength upon
summarized the theoretical explanations evolving transfer performance is implicit in their findings,
from such research. In short, he described how and this is particularly relevant to the discussion-

predifferentiation tasks vary in respect to both the following.
relevance of the stimuli and responses to the
transfer task and to the experimental operations Amount of Practice. Experiments in which the-

performed in pretraining. lie also discussed amount of practice on either first- or second-list
various hypotheses that account for positive learning using the A-B, A-C (negative transfer)
transfer in predifferentiation experiments: paradigm have yielded provocative data regarding
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.'

the nature of both acquisition and transfer. While tion. In the area of human Icarning, Duncan
increasing practice on the initial task up to a point (1953) performed research involving the transfer-

i

produces increasing negative transfer, additional of subjects between tasks in which they had to i

practice (overlearning) often reverses this effect make a variety of level movements to different
and may even produce positive transfer. Mandler light stimuli. The subjects showed positive

,

(1962) presented a cognitive explanation for this transfer in all conditions, even when the tasks
phenomena, lie says that with first. task over- were quite dissimilar. In verbal learning,-Postman
learning, a representation of the responses forms and Schwr.tz (1964) found positive transfer when

~

(response analogue) and subjects are more or less both the type of task (serial versus paire ! associate
able to put this representation aside, effectively learning) and class of materials were varied,
reducing interference with the responses to be transfer being independent of the class of
learned on the second task. Jung (1%5) presented materials.
both methodological and theoretical arguments
against such cognitive interpretation, but, as will Some of the more interesting data regarding

i be discussed shortly, cognitive explanations have a conceptual task similarity may be found in the'
definite place in this area, concept-learning literature. Concept learning

,
involves subjects sorting multi dimensional

' The problem of second-list practice upon stimuli into different response categories, the
negative transfer is equally interesting. Ilarnes and logical basis for the assignments being pre-
Underwood (1959) varied the amount of training determined by the experimenter. Kendler's (1%I)
that subjects received on an A C list following work pointed in the direction of cognitive explana-
training on A-II. Following A-C traiaing, subjects tions for some transfer phenomena. lie found that
were given a test in w hich they were asked to recall on reversal-shift tasks adult subjects transferred
both or either of the responses that had been more rapidly w hen all previous eategory tesponses
paired with each stimulus. The data showed that were reversed; when some of the previous category
with increasing second list practice recall of assignments remained the same (extra-dimen-.

A-C items improved while recall of A Il responses sional shifts), transfer was less rapid. Although a
correspondingly decreased. Since subjects had mediational explanation was offered for correct .

been asked to recall items from both lists, dimemional selection, an S-R position cannot
decrements in the recall of A.ll responses were explain the advantage of reversing all responses.

,

attributed to unlearning rather than response The use of strategies and rules by subjects in con- ,

competition. Unlearning is analogous to loss of cept problems has become a common approach to
associative strength, or extinction-a process explaining the positive transfer often found in-
which Melton and Irwin (1940) had destibed concept studies. Ilourne and Guy (l%8) trained.

earlier and labeled " Factor X." In respect to the subjects on problems in which the solution was
problems associated with negatise transfer, the based upon bidtmensional rules that can be
important point is that increasing the amount of defined in terms of truth-table logic. The authors
practice on the A-C list seems to virtually crase found a great deal of inter-rule transfer, the
first list responses, thereby eliminating the degree of which was determined largely by the
possibility of errors due to intrusions from the logical relations between the rules,
original list.

Royer (1979) discussed other cogntive
Conceptual Task Similarity. As mentioned approaches which to varying degrees are relevant
earlier, Judd (1908) believed that an important to the question of transfer. These approaches
element of transfer in second-task learning is the embody such notions as schema learning,
application of principles learned in the prior task. hierarchically arranged mental structures, and *

This is considered one element of nonspecific various retrieval processes. The predictive
transfer, the other being warm-up, to be men- capabilities of such theories are generally very

i tioned later. Among the early systematic limited at the present time, but they do point out ,

i demonstrations of nonspecific transfer were the the importance of nonspecific factors in transfer.

|
animal studies of Spence (1939) and liarlow

! (1949), who worked with tranposition and learn. Other Variables and Phenomena. A number ,

I ing sets, respectisely. While Spence's interpreta- of other experimental operations have been
tion of his findings was decidedly S R, liarlow's performed in order to evaluate their effects upon -
was a more cognitive, learning-to-learn explana- transfer; the following are among the more
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prominent. Warm-up has been the subject of a (A viation Week and Space Technology,
number of studies, ar.d Heron (1928) and 12 April 1982) clearly illustrates the reality of
Snoddy (1935) demonstrated this effect con- possible transfer effects in operational settings.
clusively in motor learning and verbal learning,
respectively. Warm-up as described by Hogan " Contributing to the accident were the cap-

,

(1978), comprises postural and sensory tain's lack of recent experience in the B-727 air-
adjustments that occur during the learning of a craft and a transfer of his DC-10 aircraft
task and help to heighten performance on .a landing habits and techniques to the operation

~

second task that is contiguous in time. Such of the B-727 aircraft." (p.124).
effects dissipate during rest intervals. Task variety
is another variable that generally appears to This example, though not from an NPP control
produce positive transfer. Such researchers as room exemplifies the basic condition necessary for
Attneave (1957), Dukes and Hovland (1959), negative transfer, same/similar stimulus pre-post
Duncan (1958), and Paul and Noble (1964) have but different responses pre to post. In the example
demonstrated this effect in a variety of learning the landing procedure and visual scene are similar,
situations. Another approach to task variations is but the response envelope, e.g., control feel,
that of relative task difficulty. Ilowever, as system responsiveness, was different enough to
Ellis (1%5) explained, there are many inconsis- create a negative transfer effect. An important
tencies in the data, resulting at least in part from point of this example is that the captain had
the problems inherent in trying to define exactly minimal training between 3-1/2 years of DC-10
what difficulty is. flying and taking over the B-727. Also, he had not

flown a B-727 for over two months on the day of
Finally, one variable often assumed to create the accident.

negative transfer is stress. Although Hebb (1955)
and Lindsley (1952) described the apparent in short, positive and negative transfer effects
U-shaped relationship between arousal level and are possible in real world settings. The purpose of
performance, there is little data that clearly define this section of the literature review is to examine
the influence of stress upon either original what has been learned about transfer as it effects-

learning or transfer performance. Lazarus, Deese, human performance in the real world.
and Oster (1952) pointed out that stress can inhibit
verbal learning performance in the laboratory, but Since the topic of this project was NPP control.

in military aviation settings the evidence is not rooms there was some hope that experiments
conclusive. They also discussed the difficulties would be available in closely akin settings. None
involved in arriving at a concensus of what stress were found; therefore, the literature on transfer,
is, how it can be produced, and how it can be primarily from aerospace and psychomotor skill
measured. In respect to transfer per se there is very research was used. This research is organized
little data. While one can assume that inducing around four questions.
stress during acquisition might inhibit learning
and thus limit the amount of learned material to Does Transfer Occurin Applied Settings? As
be transferred, the really interesting question shown in earlier parts of this section, transfer
pertains to the effects of inducing stress during research dates back to the late 1800s. Attempts to
transfer performance. Little evidence exists at this measure transfer in an applied sense were sporadic
time suggesting negative transfer in such a until World War 11. Then the time, cost, and
situation, safety factors inhercnt in flight training brought

renewed interest in simulation and the resulting

Transfer Effects and transfer of training.

Human Performance ru& nn.-ca-In 1950 Mahler et al., reviewed
operational flight trainers (OFT) in the Navy. He-

In the laboratory, positive and negative transfer found that positive and negative transfer effects
effects are readily demonstrated. However, the were clearly demonstrated in many laboratory
impact of negative transfer, in particular, upon studies but were not clear in military / operational.

operational systems may not be apparent. The settings. Evaluations of OFTs (simulators) were
following quotation from a National Transporta- contradictory. Some positive, some zero, and
tion Safety Board accident investigation report occasional negative transfer effects had been
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found. The major reason for these inconsistent Positive transfer could be achieved and som' of
results are methodological difficulties: the variables controlling transfer were being

identified. However, these reviews reinforced the
No control groups earlier finding of Mackie and Christensen (1%7).

that R&D results still did not provide principles -

Short duration or use of OFT very useful for trainer or device designers..

Very small sample sizes necent r/nd/nas-During the 1970s, many.

additional transfer studies were performed.
Inadequate criterion measures Advanced aircraft and cost made simulation a.

necessity for training. Correspondingly, -

Little replication. additional research was performed. In reviews of.

that literature (cf., Michelli,1972; Caro,1973 and
The Middle Years-Eighteen years later Valverde 1977; Blaiwes, Puig, and Regan, 1973) the

(1968), Grimsley (1969a), and Bernstein and evidence for highly positive transfer from
Gonzalez (1971) reviewed use and evaluation of simulators to aircraft is methodologically
flight simulators. Several of the same defensible and quite convincing. Some general
methodological problems were still evident, i.e., conclusions which can be drawn from this
criterion measures were usually judgmental, research include:
subject matching did not work well(randomizing
was better). Because of these weaknesses there Different kinds of tilgnt tasks have.

were still disparities between results. liowever, different transfer effects-the most
several technique problems had been overcome. positive transfer comes from simulation or

procedural and instrument flying tasks;
Generally, it was clear from the several dozen transfer lessens as more complex

studies reviewed by these authors that there was maneuvers are attempted.
substantial positive transfer from procedural or
operational flight trainees to actual aircraft. The Simulators result in considerable time, '

.

results of Payne et al.,(1954) exemplify simulator safety, and cost savings.
results. Comparing control (all flight, no
simulator) and experimental (simulator Simulators provide a training mode for a -.

substituted for much of real flight training) diversity of emergency situations.
groups, they found that simulator-trained subjects
(a) required 61% fewer trials in aircraft;(b) made Training programs, including instructors,.

74% fewer errors in-flight; and (c) demonstrated are a critical element in achieving positive
overall superior ability to handle the plane in transfer. Far more emphasis needs to be
approach and landing. placed here when considering transfer

effects.
Use and evaluation of simulators to this point

The basic principles of transfer apply in therevealed that transfer varies considerably on the .

training conditions. Specifically on the type and flight simulator situation.
content of training, or the conditions being
simulated and on the quality of instruction. Of Several issues related to simulator evaluation
particular importance was the finding that the have been addressed and are relevant to the con-
instructor played a vital role in determining the trol room. Since prediction of positive or negative
degree of transfer from a simulator to aircraft. transfer is theoretically related to the similarity of
The magnitude of this finding is suggested in the stimuli and responses (S-R) in the pre (training)
formula of Muckler et al., (1959) that: and post (actual flight) conditions, S-R identifica-

tion becomes critical. Caro (1970) developed a '

simulator fidelity x instructor ability = transfer. method of locating S-R in the operational setting
and comparing them to the S-R of simulators

in other words, simulator fidelity and instructor to determine the degree of commonality. The -

capability are equally important in that they can techniques, Equipment-Device Commonality
| be traded off to achieve transfer of training. Analysis, may be applicable to NPPs.
|

|
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The measurement of transfer of training has issue is important because training effectiveness
been addressed resulting in two measuses being breaks down into a'nount of fidelity, which in
recommended for use (hticheli, 1972). The turn translate into device complexity and cost,
traditional measure is percent transfer and is given times, and amount of transfer. The higher the
by: transfer achievable with the least costly training

,

device and program, the more cost-effective the
Ze - Ze training.

% transfer = x 100
*

Ze For many years there was (and often still is) an
implicit assta > tion made that the greater the

w here: fidelity the greater the transfer. This assumption
. .

has not held true for certain types of tasks
Ze performance or time required on the (Adwince,1972 and 1979). The most prominent

=

operational (post) task by the control finding is that only procedural tasks transfer as
8' "P well from low fidelity as high fidelity simulators.

Fm exampk Cox, h, Bmen, and huZe the same measure for the experimental=
(1965) tramed men on a 92-step procedure using

,

group.
an equipment panel. The panel was represented by

This, in essence, is the percent difference between a fully functional operating pane! (hot panel), a

a control group who does not receive simulator real equipment but nonoperating panel (cold

training and an experimental group which does p nel), and line drawing of the panel. The trammg

receive simulator training. A more recent measure transfer from the hne drawing simulation was

developed by Povenmise and Roscoe (1971)is the equivalent to that from the cold and hot panel
simulation. Similar findings come frqmTransfer Effectiveness Ratio (TER) and is:
experiments by Swanson (1954). Us, g hydrauhe,m

Yc - Ye rudder power, and f uel system control panels, he
TER =

Xe found machanic retraining equally effective with
all degress of fidelity tested. An extreme example.

w here: comes from Prophet and Boyd (1970) who for
about $30 built a plywood and photographs

Ye = time to proficiency in operational mock up of the OV-1 hiohawk cockpit, then,

(post) task by the control group-no trained pilots on aircraft pre-start, start, run-up,
simulator and shutdown procedures. The five-hour training

session in the mock-up was about as effective as
Yc = the same measure for the experimental five hours in the cockpit of the actual aircraft.

E' "P hiany other examples are cited in reviews by Caro

Xe = training device hours received by the (1973 and 1977), Adams (1979), and Johnson

experimental group. II978)-

This formula accounts for the amount of time Thus, low fidelity simulation is as effective in

spent in the simulator; a variable not considered in training procedural tasks as high fidelity. This is

a transfer but one of importance in determining not necessarily true for other types of tasks. Cox

effectiveness. et al., (1954) explicitly warn that decisionmaking
and psychomotor tasks may require greater fidel-

In summary, positive transfer has been con- ity. Likewise, hicister (1976) found that the n' <c

vincingly demonstrated in operational training complex the task, in terms of cognitive activities,
settings. While negative transfer can and has been the higher the task fidelity required for team
found, enough is known about it to avaid such training.
cffects. There is not enough known about transfer*

to give concrete design principles to device These studies appear to confirm and support the

designers. concept of engineering versus psychological fidel-
ity described by hiiller (1954) and propounded by.

How Much Device Fidelity is Required for later authors (cf., Adams,1979). Basically, the
Positive Transfer? The simulator reviews concept is that physical exactness or sameness is
referenced above discuss the fidelity issue. This not always necessary for stimulus / response
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similarity. This is more evident in the procedural Pre-start through shutdown of aircraft-

area where drawings or photos of control panels engine procedures
provide sufficient S-R similarity to the operational

Starting-stopping procedures for tasks.task to achieve as much positive transfer as .

training on full fidelity panels. -

Findings were in accord for measures such as time
to trair,, level of proficiency, amount remembered

The. implication of this concept for NPP control over time, and time to retrain for group and .

rooms is that much of the procedural training, individual training.
i.e., task sequences, can be accomplished with low
fidelity training.110 wever, when system diagnosis in the cognitive domain two studies (Pfeiffer,
decisionmaking tasks are trained, higher fidelity Clark, and Danaher,1%3; and Gabriel, Burrows,
levels will likely be required. Since degree of fidel- and Abbot,1%5) found that visual timesharing

,

sty is not readily quantifiable, further exploration skills in aircraft (or perceptual skills), transferred
using the NPP setting is desirable. to operational tasks. In these two studies, pilots'

ability to detect outside-the cockpit emergencies
What Transfer Effacts Occur with Various improved after tachistoscopic or generic simulator
Types of Human Performance (Behavior)? training. Similarly,11opkins md Roscoe (1977)
The most thoroughly substantiated finding in the found that parallel information processing or
transfer of training literature is the very good timesharing skills transferred positively to the
transfer of procedural tasks from simulation to flight situation.
operation. Low fidelity is as effective as high
fidelity simulation and this effect occurs with high Another study more related to control room
as well as low ability, as measured by the Armed procedures than to controls / displays was by
Forces Qualification Test (AFQT) individuals Thorndyke (1977). This experiment was a test of a
(Grimsley,1969b). method for analyzing the cognitive structures of

prose. When recall of prose with two different
structures was compared with recall of two prose '

More . importantly for NPPs, th.is result has been pieces with the same structure, the changed struc-
found in a wide variety of control situations, not ture interferred with recall. This finding has
just in aircraft. The most recent example is given implications for writing NPP procedures, i.e., .

by Johnson (1978 and 1981). The experimental maintaining a common structure across various
tasks ranged from operating sequential procedures procedures will help operators recall and perhaps
from a master control panel m an mdustrial plant aid in learning and relearning.
to normal and emergency procedures in an air-
craft. Again, low fidelity simulation training There is also some suggestion from the
transferred as effectively as high fidelity training. literature that generic simulators are useful in
As part of this study, a trammg strategy requirmg training for problem-solving skills. Ifunt and
trainees to provide their own cueing and feedback Rouse (1981) developed context-free trouble-
from memory rather than from the mstructor was shooting training which was effective with power
effective in increasing retention of procedure plant mechanics. Also, the Pfeiffer et al., (1963)

,

followmg tkills. study, mentioned previously, found that time-
sharing training in a generalized simulator

The range of settings where low fidelity was transferred to a highly specific aircraft simulator.
showr. to transfer as efi'ectively as high fidelity
simulator training on procedural tasks is Generally, there is evidence that cognitive skills,
summarized in a review by Grimsley (1969a). The e.g., infermation processing, decision making, do
results were in agreement for: transfer positively.

.

Psychomotcr performance and motor skill
Nike-liercules preparat. ion and operating. training / behavior have been studied for many
U""' 5 years. A variety of findings (e.g., correct learning .

in first few motor-skill training trials prevents
Basic instrument and radio range errors in subsequent trials and speeds learning) are.

procedures in airplanes available for developing training (Welford,1968).
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This type of performance is reviewed last since How Well are Modifications to Control
it is seldom found in NPP control rooms. Various Hooms Accepted? One aspect of transfer not
types of tracking tasks, e.g., pursuit rotor, target mentioned thus far is how changes are accepted by
following in an aircraft simulator, and complex operators. No matter what type of transfer effect
hand-eye coordination skills are not part of the occurs, if changes are rejected by operators, there

*

control room environment. Some psychomotor will likely be performance decrement and an
coordination is required in control rooms (i.e., increase in error probability. Ilowever, if human
calibrating displays, and fine tuning temperatures, engineered design changes are found beneficial by

~

value, or rod positions) and possible transfer operators, this can only bolster the transfer from
effects should be considered. old to new.

Positive transfer occurs when going from in general, the research evidence suggests that.

part task to whole task, the greater the the more controls and displays conform to
difference in response complexity between accepted human engineering design criteria, the

more accepted they are by the operators.part and whole task, the more pre-training
required (Briggs, Fitts, and Bahrick,1958). Specifically, Banks and Boone (1981) found that a

high and significant correlation exists between the
.. degree to which a control console conforms to

.Fransfer from verbal response in trammg.

hill-STD-1472-D and operator-rated acceptance
to a motor response in post transfer tasks is

of a particular control configuration. in essence,
usually positive (cf. Baker and Wylie,1950; this study demonstrates that the closer retrofits
or Goss and Greenfield,1938).

conform to NUREG-0700, the better the design
will be perceived by operations personnel as

Predifferentiation of stimuli, e.g., labeling positive enhancements to control operations,.

of lights, facilitates later learning of motor insofar as accessibility is concerned.
discrimination task which uses the same
stimuli (Gagne and Baker,1949). Other studies by Boone and Banks (1980 and

1981) have indicated that plant managers (opera-.

Partial reversal of a motor response leads tions) and engineers will support recommenda-.

to greater response decrement than tions oriented toward control room enhancements
complete reversal although both lead to based on MIL-1472-B (NUREG-0700) if these,

significant decrement (Barch 1953 and design changes have no unintended negative
1954). transfer effects. Banks (1982) cautions that it is

essential to have engineers, operators, and human
factors personnel jointly involved in the reviewThe more experience with a response.

system, e.g., airplane control stick, the and design modification effort so as to minimize
the types of conflicts referred to in the fourthmore interference or decrement occurs

when the response pattern is changed secti n, " Control and Display Illustrations."
(liendrick,1971).

Other reports (Seminara,1980; Malone et al.,
1980) implicitly assume that negative transfer will

Pre-experience can facilitate learm.ng of a.

be minimized by adherence to concepts and prin-completely w task; new S and R
ciples promulgated in NUREG-0700. In fact, the

* * very nature of NUREG-0700 is thrust toward
performance enhancement of nuclear control

If control or response are uniquely and operations..

adequately coded, negative transfer is
min |mized when control locations are While the chance for unintended (short-term)
changed (Weitz,1947). negative transfer to occur is real, it is far,

i outweighed by the operations benefit derived
| As with other types of human performance, from time-tested control room improvements
| transfer effects generally follow the basic incorporated within an integrated systems context.,

principles described earlier in this review. There
are many variables, e.g., training, expertise, in another human engineering study oriented

j control / display, which modify those principles. toward the evaluation of a hyperbaric centrol

i
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Isystem (Banks, IIancy, Bachrach, and Goehring, appears that a number of variables and learning
1977), the authors . concluded that retrofit phenomena contribute to transfer of training,
activities directed toward incorporating MIL- Response learning, stimulus discrimination, and
STD-1472-B design concepts would enhance large amounts of first- or second-task practice all
operation effectiveness, increase system safety, appear to increase positive transfer and/or

*

and allow operators greater efficiency in systems eliminate negative transfer. With sufficient first-
control and information extraction Again, the or second-task practice, for example, any
implicit assumption within this report is that interference from the initial task seems to virtually

*

operator adaptation problems will be both short- disappear. Also, the conceptual relationsnip
t term and inconsequential relative to the benefits between tasks seems to be critical, and positive

of overall enhanced system safety and operational transfer often is found in situations where the
(control) effectiveness. original and transfer task are physically quite

dissimilar. Finally, there seems to be little evidence
regarding the influence of stress on transferSummary and Discussion performance.

IIistorically, transfer of training has been of In regard to the human performance research,
interest in both academic and applied-learning the data generally support the above conclusions,
settings. While earlier views often held that although the amount of experimental manipula-
rigorous training in repetitive tasks strengthens or tion has been much more limited. Motor skills |

develops one's memory in some fashion, research indicates that when response (control) |
somewhat different views prevail today. In characteristics are changed substantially, negative |

I
| general, two fundamental categories of transfer transfer is likely. Simulation research reinforces

phenomena are widely recognized: specific and the notion that cognitive aspects or original
nonspecific transfer. Specific transfer refers to learning may be of equal or greater importance

4

those phenomena which are related to the physical in transfer performance than are physical char-
or procedural commonality of two tasks. acteristics. Even paper-and-pencil simulation, for
Nonspecific transfer encompasses a number of example, can produce substantial positive transfer ,

cognitive processes and warm-up effects. in some training situations (e.g., aviation).
Different experimental paradigms have been
developed both to separate the effects of specific Further Research is Necessary. In respect to

*

and nonspecific phenomena and to provide a tool the question of system modification and transfer,
for the evaluation of the learning processes which some caution is necessary. Although some of the

i underlie both positive and negative transfer. motor skill work shows that control reversals and
partial reversals will produce negative transfer,

in the area of theoretical research a great little apparent research has been done in situations

j number of operational approaches have been where substantial system modification has been
employed in the study of transfer. Among the done. Nonetheless, it would appear that the'

j more interesting variables which have been studied principles abstracted from the transfer literature
are stimulus-response similarity, predifferentia- should be applicable to the redesign situation as

l tion of stimuli, response difficulty, amount of well. The problem is not that of identifying new 1

practice, and conceptual task similarity. Such principles but one of identifying the stimuli and
variables as stress, task variety, and warm-up also response characteristics of tasks which are to be
have been employed in transfer research. Among modified. For example, given the complexity of
the conclusions which apply to posit ve and NPP control rooms, one can ask the question,i

| negative transfer, a few are particularly deserving "What does and does not constitute change from

of mention. In respect to negative transfer, the perspective of the operator?"
changing the pre- and post-task responses seems

;

|
to have the greatest decremental effect upon To address this and a variety of other issues, a

,

second task performance, although concurrent matrix is shown in Figure 21. The rows and'

changes in stimulus similarity can reduce negative columns, respectively, represent the basic types of
transfer. On the other hand, decreases only in procedural and display / control changes possible,

*

stimulus similarity, at least up to a point, often while the variables listed below the exhibit
produce little reduction in positive transfer and no represent numerous task and plant factors which
negative transfer. On the positive transfer side, it could be studied in conjunction with such

!
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Tran fer iterarch Needs for NPP Control llooms

*
Display / Control Chenges

"'Enhancements Locatien De e entCh y R e s.

information

No Change Pre change X X X X
condition

Procedures Modified X O O O O
Changes

New X 0 X X O

X = primary comperisons and enteractions,

o = secondary comparisons-need to be studied only if so indicated by results from primary comparisons.

List of Independent Variables To Be Studied or Controlled
for the Change Conditions in the Matrix.

Task characteristics-represented by matrix above

Stimulus / response / task complexity-from very simple to full control room complexitye

Task (stimulus and response) similarity-addresses the similarity gradient problem

Training type and amount-best ways to enhance positive and >vercome negative transfer
conditions; time on old, new tasks

Task familiarity-control / display and/or procedures frequently to rarely used.

Plant system / subsystem

Operating condition-a ranqe from normal operating or outage (full loading) to various degrees
of non-normal (e.g., out of tech. spec. to SCRAM to radiation release)

Pressure-allotted time to perform (interacts with emergency conditions)

Operator characteristics-inexperienced to various degrees of experience; amount of time on old
task;various personnel differences

Situational variables-time of day; hours on duty,
i

Figure 21. Transfer research needs for NPP control rooms.
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changes. Using the matrix and the list, a great innovative paradigms and designs could be
number of fairly simple research projects or employed in a laboratory setting. The obtained
experiments could be generated. The next step is data then would set the stage for further research
to select those research projects that will quickly employing actual operators during simulated or (if
and efficiently address the basic question: Do the practical) actual control room performance,

'transfer principles apply to NPP control room
changes? Some basic types of applicable Finally, a case-study approach would be of
experiments addressing such questions and great value in determining what the effects of
requiring minimal resources immediately come to retrofit actually have been in NPPs. The -

mind. A series of small-scale experiments using experknees of the different utilities could be
low fidelity simulation (cardboard mock-ups with documented, and information such as the

drawings or photos of several panels from an NPP following could be compiled.

control room) that systematically vary task
11 w m difications were made.

characteristics (matrix cells in Figure 21

marked X) could be attempted in examining The basis for such changes.

negative and positive transfer effects. Also, using
the same simulation equipment, task complexity The problems encountered in making the.

could be varied for selected cells from the matrix changes
(three levels of complexity, e.g., one display-
control link; one panel; one system. If negative The consequences of such changes-

transfer effects are produced, variation in
response similarity (particularly full and partial Photographic illustrations of the.

mirror imaging conditions) would help to define modifications,
fundamental conditions of negative transfer.
Also, research on varying training conditions By identifying these significant control room
would help to define the training necessary to act changes regarding displays, controls as well as
as a countermeasure. their impact en training and procedures one could

: hen develop a task taxonomy schema used for
,

Research of this nature would yield a great deal classifying and describing the impact or probable
of information and could be performed in a impact these changes would exert on human and
laboratory. Also, it would involve few of the system performance / risk. The resulting document

*

methodological problems found in operational would be of great value in developing guidelines
settings (e.g., limitations on experimental for NPP human factors changes, as well as
manipulation, the impracticality of using truly providing guidance for the solution of specific
naise Ss, etc.). Additionally, a variety of problems related to such changes.

!
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