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A. INTRODUCTION

PLIN ')

Traditional approaches to training on actual equipment are

LCL N B

becoming more and more prohibitive because of relatively high

-
-

cost and their limited ability to be used for training on unusual

. Ay

or potentially catastrophic situations. Simulators are used to

v
.

cope both with increasing costs and 1limitations on training

effectiveness. Spangenberg (1976) discussed seven unique

advantages of using simulators for training. Simulators can

. v_-v_ 9
AR AN

3

(1) provide immediate feedback, (2) increase the number of system
malfunctions and emergencies to provide the trainee with
experience which would be unavailable on actual equipment,
(3) compress time so a complex sequence of tasks may be
accomplished in the time it would take to run through only one or
two tasks on the actual equipment, (4) vary the sequence of tasks
to maximize training efficiency, (5) provide guidance and
stimulus support to the trainee in the form of prompts and
feedback, (6) vary the difficulty level to match the skill level
of each individual trainee, and (7) provide the trainee with an
overview from which the trainee may form an overall understanding
of the whole situation. These advantages, in addition to the
potential cost-effectiveness are the reasons why simulators have

been widely used.

Simulators take various forms. These include mock-ups,

photographic mimics, and computer graphics. Usually they are
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less expensive than real systems. However, large mock-ups like
those wused to train pilots are expensive. The cost of a
simulator usually increases with the fidelity of the simulator
even though increased fidelity does not guarantee better
training. Several terms used frequently in this area are defined

below and are followed by a general overview of this report.

DEFINITIONS

A "simulator"™ is a device or a facrility which represents a
machine, system, or environment and its functions (Gerathewohl
1969). Simulators have been widely used to train operators for
maintenance, normal operations, problem-solving, and decision
making. Simulators have been constructed for a variety of
applications. Clymer (1980) identified at least eight different
types : aircraft, aerospace, marine, ground vehicle, traffic,
process plant, power plant, and manufacturing plant. The term
"training device", and "trainer" are very often used to mean the
same thing as simulator, although some slight differences can be

distinguished between them (Gagne 1954).

"Fidelity" and "realism" are terms used frequently in the
simulation and training community. However, their definitions
are not clearly stated. A more comprehensive discussion of

fidelity will be presented later in this report. For now it is

sufficient to note that fidelity or realism refers to the degree




to which a device or a facility accurately simulates a machine or
a system. It is generally believed that high fidelity training
devices cost more than low fidelity devices. A simulator that
incorporates only those features that are necessary to train for

a given task has the highest potential for cost-effectiveness.

Suitable means must be devised to evaluate the effectiveness
of training programs. The extent to which a given simulator
facilitates the acquisition of appropriate skills by the trainees
is characterized by "transfer of training” from the training
devices to actual equipment, ™"training effect"™ or "training
effectiveness”. These terms are also used to describe the
effectiveness of a training program which may or may not include
a simulator. In this report these terms will be used primarily
for the former case. Conventionally, simulators have been
employed in training with the assumption that higher fidelity
produces a better transfer effect. However, research that
contradicts this assumption has also been reported during the

past few years (see Section D).

OVERVIEW

Simulator training is only one option for a training
program. Other available options include classroom lectures,
books and manuals, slides, movies, demonstrations, practice on

real equipment, and on-the-job training. Whatever options are
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used, they are all intended to facilitate the human learning
process. Therefore, Hennessy (1981) comments that most problems
associated with simulator training are not any differenc from
those in other types of training. What makes the simulator
training unique are the complexity of the equipment involved and

the cost of simulators.

Several factors can affect the effectiveness of simulator
training. These 1include instructors' roles, user acceptance,
management support, student characteristics, simulator fidelity,
training strategy, training time, and pretraining knowledge.
Among these factors, only simulator fidelity will be covered 1in
this report. This does not imply that the other factors are
unimportant. Consideration of the effects of all revelant

factors would be beyond the scope of this report.

Training simulators may consist of several subsystems which
interact with each other. Since each subsystem may contain
hundreds of indicators and gauges, it can be expensive to
construct and run such a simulator. Therefore, the question of
how to efficiently utilize simulators becomes important. This

problem has been investigated in Section B.

A distinction between two types of training is made in
Section C. The state-of-the-art on simulator training is also

described. Then "training effectiveness" and "fidelity level"
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are discussed. These two problems are discussed in almost every
study of simulator training. The evaluation of training
effectiveness of simulators in terms of the experimental paradigm
commonly used, measurement, criticism and modification 1is also

provided in Section C.

Section D describes the issue of simulator fidelity,
including its definition, relationships with training,
measurement and components. Finally, potential research

approaches to training are described in Section E.
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B. OVERALL REVIEW OF SIMULATOR TRAINING

Two types of simulator training can be identified. One 1s
training for system operation and the other is training for
maintenance, i.e., fault diagnosis or troubleshooting, repair,

and tests to assure normal operation.

In training for operation, the trainees do not know how to
operate the system before training begins. However, they may
possess some basic knowledge about the system operation. For
example, a training simulator for a Boeing 747 aircraft may be
designed under the assumption that the trainees already know how
to fly other types of airplane. However, nothing in the B-747
simulator should be left out solely on the basis of trainees
having flown other aircraft. Although operations under normal
conditions are usually implied, this type of training could, and
perhaps should, involve operations under abnormal conditions or

degraded mode.

In training for maintenance, the trainees must have learned
to operate the system under normal conditions. Hence, this type
of training can be thought of as forming the second stage of a
training program. In the following discussion, greater emphasis
will be placed on fault diagnosis or equivalently described as

troubleshooting.
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f%f This distinction is important since the <characteristic
i;: differences between them result in different approaches.

;3::311

1 TRAINING FOR OPERATION

<

fn_ Training for operation emphasizes visual-motor coordination
222 types of task, such as steering a vehicle, or flying an airplane.
. The physical layout, environmental factors, handling quality,
:é“ visual and motion <cues, scenic view, and vibration are all
‘iﬁ reported to be influential factors on training effectiveness
o8 (Semple et al. 1981, Martin and waag 1978). Relatively high
Siz simulator fidelity 1is generally provided for this type of
‘iﬁi training (Baum et al 1982), although the required degree of
(”J fidelity is not known. Expensive mock-ups are widely used for
EE% training of this type. However, less expensive equipment such as
5?% three-dimensional computer graphics simulators and simulators
oo

’;' with computer-generated imagery (Forbus and Stevens 1981) have
;%- been investigated as substitutes for mock-ups. The target task
{gg is relatively well wunderstood and therefore the training
A objectives are usually well defined. The transfer effects are
:&3 sometimes difficult to determine due to the cost and risk of
E?i operating the real system.

- TRAINING FOR TROUBLESHOOTING

\-‘-°.

:E; In training for troubleshooting greater emphasis is placed
o

X

%
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................

on the acquisition of procedural or cognitive skills, such as
failure detection, fault diagnosis, problem solving, decision
making and information seeking. Some empirical evidence has been
accumulated to justify the use of 1low fidelity simulators for
this purpose (Crawford and Crawford 1978). It is argued by most
researchers that the cognitive nature of the problems instead of
visual-motor coordination is more important. The target task is

relatively uificult to define.

AT Jo B T

In a fault diagnosis situation, it 1is possible that some

..,’
'

RSP

failures and their causes may not be known in advance. It is
infeasible to train the operator for all cases. The objective of
training of this type 1is therefore the acquisition of general
diagnostic ability. In other words, the rationale of wusing a
fault diagnosis simulator for training is that general diagnostic
ability can be developed through the exposure to specific
diagnostic experiences. It is thus assumed that the learning of
many similar fault diagnosis tasks in a simulator results in the
gradual development of the problem solving ability for the
simulated system. The transfer effect is difficult to determine
due to the lack of suitable metrics for cognitive skills as well
as practical 1limits on one's ability to present realistic
troubleshooting problems for the purpose of measuring transfer of

training.
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STATE-OF-THE-ART

Simulator training has been studied extensively since World fﬁ%

War II. Gagne (1954) summarized the research up to 1954 and ii;

pointed out the problems and future research directions. i%%%
Twenty-seven years later, Hennessy (1981) indicated that research .je

on simulator training since Gagne has done very little to improve tif

our understanding. Most of the outstanding research issues were ;éé%
the same as those pointed out by Gagne. Many studies were iﬁ;g
conducted to evaluate the effectiveness of particular pieces of ?éﬁﬁ
equipment. Cost effectiveness analysis was another highly é%;i
investigated area. Training strategy and instructional methods jﬁﬁi

were investigated broadly. Several performance measures have Qzé;

been developed and used. Hennessy (1981) presented a summary of ééi

the current research issues on simulator training. After a iﬁ?
relatively extensive literature search, a modified and extended lﬁgi

list to his original presentation was compiled and is shown ;i:

below. ;;S

1. Training Strategy : ;iff

- Adaptive or fixed amount of training ;;;

(Freedy and Lucaccini 1981) :EEE

- Self-paced or fixed schedule ;1;f

- Optimal use of simulator (Weitz and Adler 1973) - 3;

- Total information or withheld information E:ﬁ?

(Duncan and Shepherd 1975) ;i:'

i
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2. Instructional Methods :

- Role of the instructor
involved and directive or provide error
feedback only

- Instructor model (McCauley et al. 1982)

- Knowledge of results
error or accuracy
augmented or intrinsic

- Learning situation
team training or i1u.dividual training
(Eggemeir and Cream 1978)

learning style

3. Training for Normal Operation :

Evaluation of device effectiveness

(Finley et al. 1978)

- Whole or part training
can complex skills be trained separately?
are components separable?

are they learned at different rates?

Retention of training (Goldberg et al. 1981)

Effectiveness of a particular factor
visual cues, motion cues, vibration etc.

(Semple et al. 1981)

4. Maintenance and Procedural Training :

.
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Evaluation of device effectiveness

(Fink and Shriver 1978)
Retention of training (Johnson 1981)
Model of problem-solving (Rouse 1981)
Development of system (Johnson and Fath 1983)
Affective factors (Morris and Rouse 1983)

Aiding (Lintern 1980)

5. Training Device Design :

Design guidelines (Van Cott and Kinkade 1972)
Device requirement and characteristics (Miller 1974)
New devices and approaches (Levin and Fletcher 1981)

Use of microcomputer (Crawford and Crawford 1978)

6. Performance Measure :

What to measure
measures of problem solving performance
(Henneman and Rouse 1984)
criterion-referenced measure (Swezey 1978)
Reliability and validity (Goldstein 1978)
How to measure
formulas for transfer of training
(Hammerton 1977)
rating (Cooper and Drinkwater 1971)
transfer function (Matheny 1978)

Predictive index
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measurement of fidelity (Narva 1977)

- Task analysis
basis for fidelity measurement (Hays 1981)
basis for device requirement

(Wheaton et al. 1976)

7. Cost-effectiveness of Training Devices :
- Cnst effectiveness analysis

(Orlansky and String 1981)

8. Methodology Consideration :
- Transfer of training
in-simulator transfer of training
(Westra 1981)

criticism (Adams 1979)

Training effectiveness is the major concern of most of the
research mentioned above. The selection of training strategy and
instructional method, design of training devices, determination
of cost effectiveness, and adoption of suitable predictive
indices are based on the measurement of training effectiveness.
To determine cost effectiveness, measures for training
effectiveness and cost are needed. These in turn are based on
different types of data and measurement methodologies. Even

though cost effectiveness is the most important factor when a

decision on the procurement of simulators must be made, such
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decisions will not be considered here since they are beyond the

scope of this report.

The next section will discuss the issues concerned with
evaluation of the training effect, including the paradigm,
performance measures, modification to the paradigm and criticisms

of the paradigm.




.i,w.( .\_‘*‘~ ..‘*.—‘_.' v r“hr\'- T St .(.T:?"-~T--?.:- .\F_.- . ::' -, 'v"" "".‘ T¥TETM '~‘_‘~" ST AT AT - . ) :1
A 3
d
“ *
e 14 o
XN
NN ol
%?: C. EVALUATION OF TRAINING EFFECTIVENESS -
N —
. rY
, o
f}f Several methods have been proposed to assess the effects of Eﬁﬂ
41{ simulator training upon operator performance in a real system. Sl
R Sl
- These methods have included comparison with a control group (in a ) .
508 el d
23: transfer-of-training experiment), comparison with a model of Zj
‘.,:\'-.‘ . -; ‘
:gﬁ optimal performance, and subjective ratings. However, only e
transfer of itraining and subjective ratings have been widely used 778}
and studied. Transfer of training experiments may be costly to fj(:
conduct but the result is deftinitive. Subjective ratings are
easier to collect but the result, being subjective, may not be
definitive with regard to actual effectiveness. Rating studies
are widely used to predict the effectiveness of a simulator when

an emperical data base is not available, while transfer of
training studies are used to estimate the observed effectiveness

of a simulator.

TRANSFER OF TRAINING

Transfer of training is an old issue in psychology. Gagne
et al,. (1948) conducted a comprehensive review of the
measurement of transfer of training used by experimental
psychologists. Murdock (1957) outlined the paradigms used by
transfer experiments. He pointed out that some means of
comparing the amount of transfer resulting from distinct measures

were important. Osgood (1949) investigated the transfer effect
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in a stimulus-response context. In his studies, subjects were
first taught to associate a specific stimulus with a specific
response. Subjects were then tested on other stimulus-response
pairs which might deviate from the original one. Osgood reported
that the similarity between the tested S-R pairs and the original
S-R pair «could affect the transfer effect. He proposed a
"transfer surface", based on which two conclusions could be
drawn:

(1) When stimuli are varied and responses are identical,

positive transfer is obtained.
(2) When stimuli are identical and responses are varied,
negative transfer is obtained.

In other words, the degree of similarity between the stimuli and
between the responses determines the positive or negative
transfer. The motivation of using a simulator as a training
device is the hope that positive transfer of training can be
elicited. Therefore studies of transfer of training from the
simulator to the real system have long been used to evaluate the
effectiveness of a training device. The paradigm commonly used,
the performance measures and their drawbacks, and modifications

are presented in the following paragraphs.

The Paradigm

Valverde (1973) presented a comprehensive review of transfer

experiments conducted with aircraft during 1949-1971. Finley et

hY
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al. (1972), Meister et al. (1971), and Ryan et al. (1972) have
conducted a number of studies on evaluating the effectiveness of
naval training devices. Most of the transfer experiments

reviewed were based on the same paradigm which is depicted below.

simulator real system
training training
experimental group yes yes
control group no yes

The experimental group went through two sections of training.
The first section was the simulator training while the second
section was the real system experience. The control group
experienced only the second section. Both sections were
considered as complete after stable performance above some
criterion was demonstrated. The performance of both groups in
the second section was then compared to see if training in the
first section influenced the training in the second section.
Conventionally the second section was conducted using a real

system.

Performance Measure

Transfer of training effects are usually measured in two
ways (Hammerton 1967): (1) savings measure, and (2) first-shot
measure. The savings measure determines the reduction of the

training efforts in the second section. The first-shot measure
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(1) Savings measures R

Ny The performance measure adopted widely 1is the percent

transfer based on improvement in performance on the real system. -

\‘ The following formula is used extensively (Micheli, 1972). f’;‘.
e percent transfer = (c - e)100/c ilf
b

}ﬁg where: R
wy c = performance or time of the control group on the 'a;‘
& ] ." ," -
tj real system to achieve some criterion S
1‘0 " ~'._i
_}{ e = performance or time of the experimental group on e
\' - -.-
o . . .

{ the real system to achieve some criterion 'Lﬁ'

{lf Roscoe (1971) argued that the transfer measure is more A;Qﬁ
gt o
ﬁ} meaningful if the time spent on the simulator is also considered. R

S Therefore he developed the Transfer Effectiveness Ratio (TER). '";"

n;‘ TER is a measure for assessing the effectiveness of a simulator I@fﬁ
N s
-f‘" S
j? by expressing the savings in time on the real system as a

%f function of the time in the simulator. It is defined as time

3f‘ saved in the transfer task over the time required in the

@ ,

-A',-

2, simulator. Therefore,

¢

- TER = (c - e)/te

"y where

o

MY ¢ = time to reach some criterion on the real system by

{ﬁ control group

Yo "

oy

281
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e = corresponding value for experimental group

te = time experimental group spent on simulator

(2). First-shot measures

The performance measurement problem is complicated by the
fact that, in some practical situations, the "control group" data
are not availuble or the simulated task is more difficult than
the real task. The first shot measures can be employed to solve
these problems. Hammerton (1967) discussed four of them. The
following notations were used (see Figure 1).

F : initial error score on the simulator
experimental group
initial error score on the real system
experimental group
initial error score on the real system
control group
error score after stable performance
simulator for experimental group
error score after stable performance on the real
system for control group

The following measure assesses how much training was

retained on first transferring to the real system.

percent of training retained = (F-T)100/(F-L)
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iﬁ For most purposes this is entirely satisfactory. However,
t sometimes the simulated task is harder than the real one.
i% Therefore S may differ significantly from L. Also F would be
:i significantly 1larger than C. 1In such a case, this formula can
h ‘--..“
) make the simulator appear more effective than it really is.
'ia Hence, comparisons of first-shot transfer with the stable
Fb preformance of the control group is preferred.
:J.
e percent of training retained = (C-T)100/(C-S)
=
;\
7 Note that in this formula C, S and T are measured on the real
N
:{; system. The role of the simulator is only expressed indirectly
¥
"~
j}ﬂ in T which is the error score of the first trial on the real
{ system after stable performance has been rzached on the
o
}ﬁ simulator. Another way to solve this problem is to measure how
.-_‘_4
i: much learning is retained at transfer compared with that which
the experimental group would have required to reach the stable
2;; performance level of the control group.
SO
e
N
Zag
‘e percent of training retained = (F-T)100/(F-8)
. ';-': ‘:‘
.r:'. - N
;ﬁ. The last measure shows how first-shot transfer differs from the SN
P eA LR

stable performance of the control group. :';61

percent of deviation = (1-T/S)100
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- Appropriate measures should be selected with caution so that

no inferences are based on weak measures. Use of these two types

. - of measure (i.e., savings and first-shot) is not without ;f?;
fﬁi limitation. Hammerton (1977) noted that these two classes of ;Cfé
59 -
fj measures really dealt with different things. High savings :tb!
,lﬂf measures did not imply high first-shot measures automatically and 1j
LN .
,Qﬁ vice versa. 5
‘. \ . . .

e . . .

o Criticisms and Hedification

\i, Although the transfer of training methodology is widely used

E& it is not without flaws. As a matter of fact, the problems of

AN

<o using a transfer of training measure to assess the effectiveness

e of a simulator are significant. Several researchers hi..e pointed

:ﬁ; out the drawbacks and have proposed remedial procedures.

‘_J
o

AN

L
e Mudd (1968) pointed out that the transfer approach 1is not

:fﬁ applicable in those situations where the system being simulated

Ei is not yet operational or where the system is so complex that it
;{* would be disastrous to use an untrained control group. Another

ﬁi disadvantage of the transfer approach is that generalization to

) new systems is not possible, so each new system needs a transfer

65 study to determine its effectiveness.
ﬁg; Reviewing the effectiveness of flight simulators, Adams

e (1979) claimed that there are two reasons why it is hard to find

L
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f‘ a suitable transfer study.

. (1) The cost of a transfer experiment for the simulator of
:S an advanced aircraft is high.

f; (2) The transfer experiment is simply unsuited for advanced
. aircraft because it is hard to believe that the control
li group --- without prior training on the new advanced
- aircraft --- can be allowed to fly.

f: He argued that a simulator need not necessarily be tested if it
jz is based on reliable scientific laws and the success of other
X systems based on the same laws has been high.

A

Y

E Blaiwes, Puig and Regan (1973) maintained a similar view on
‘2 transfer of training as a measure for the effectiveness of
{) training devices for military usage. They claimed that the
j difficulties of adopting transfer measures include: (1) the
; dangers in employing a no-training control group, (2) the
- difficulties in specifying appropriate performance measures and
} criterion levels, (3) the problems in specifying appropriate
b: training goals and the need for task analyses, (4) the problems
; of recording performance measures in training and operational
3 environments, and (5) the confounding of variables in training
;gl and transfer situations due to an inability to exercise
4 experimental control.
i; To circumvent these difficulties involved in using transfer
15 of training, they suggested the four-level evaluation procedure
:

%

......
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which was proposed by Jeantheau (1971). The first 1level of
evaluation is a qualitative assessment. It involves examining
the procedures used for training in terms of specified
objectives, and examining the device design in terms of the
degree to which these procedures can be implemented. The second
level of evaluation involves measurement of trainee performance
from the beginning of training to the end of training. This type
of assessment 1is not comparative, in the sense that performance
measured in the trainer is not compared with alternative methods
of training. Level three involves comparative measurement. To
insure comparability, evaluations should be conducted in a way
such that comparisons are made between: practice vs.
nonpractice, different training methods or different devices.

Level four is transfer of training as depicted before.

Duncan and Shepherd (1975) criticized the transfer of
training study as inadequate to assess the training effectiveness
for fault diagnosis behavior. Infrequent and irregular occurence
of failures make it difficult to measure the transfer effect of
fault diagnosis training. Duncan and Shepherd tended to think of
the detection of each individual failure as a separate task
requiring training. This is different from viewing fault
diagnosis as a single task. Suppose the failure is "Heat
Exchange Pump Stops". The trainees had to learn how to identify
this failure and take remedial actions. However, Duncan and

Shepherd argued that one cannot wait until "Heat Exchange Pump
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Stops™” happens in a real system in order to test the
effectiveness of simulator training. Hence, Duncan and Shepherd
claimed that a transfer of training study is not an adequate

method to assess the effectiveness of diagnosis training.

Shepherd (1977) argued that instead of measuring the
transfer effect of a whole simulator, a measure along each
fidelity dimeusion should be more appropriate. For example, how
does color, size, or panel layout affect training effectiveness?
How does temporal fidelity affect the strategies adopted by the
trainee? Unfortunately, no empirical data were provided. Also,
there still is a problem of how to measure each fidelity

dimension.

Johnson and Rouse (1982), discussed the transfer of fault
diagnosis ability from simulators to a live system. Instead of
regarding each failure as a task like Duncan and Shepherd did,
they treated fault diagnosis behavior as a whole. Transfer of
training was then investigated to compare the effectiveness of
different training methods. In their study, the fault finding
problems on the live system were safer and less expensive to
manipulate than those claimed by Duncan and Shepherd to occur

infrequently and irregularly.

Conventionally, the transfer effect is measured on the real

system, which in some sense, is just a perfect mockup. However,




there are
factors that have

decision making.

many difficulties in

been

simulating the psychological

reported to influence the operator's

Realizing these implicit difficulties and the

cost of conducting the transfer experiments with the real systenm,

one variation has been tried without training on the real system:

within-simulator metrics of transfer of training.

Shepherd et al.

measure training

tested using the same simulator.

set of sixteen
eight failures each.

failures

effectiveness.

failures

and tested on

(1977) adopted within-simulator metrics to

The trainees were trained and

Shepherd et al. collected a

and separated them into two groups of
The subjects were trained on one group of
the other group. All experimental

manipulations were conducted within the same simulator.

Westra (198l1) also adopted the within-simulator transfer of

training paradigm in his study of carrier landing.

were trained under various conditions and then

standard condition

that

The subjects

tested under a

represented maximum realism. This

approach permitted a relatively large number of variables to be

studied. Among the

significant factors

simulator-to-real-system

features to be

.
s '

?' transfer study.

variables investigated, three most
were chosen for a further
transfer of training study. Thus the

within-simulator transfer study was used as a selection tool for °

included in a further more costly and difficult
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Transfer of training studies have long been used to assess
simulator effectiveness. The paradigm involves providing an
experimental group with experience, first on a simulator, and
then on the real system. The control group is trained only on
the real system. Performance on the real system for both groups
is compared to determine the effectiveness of the simulator.
Time savings measures and first-shot measures are the most
commonly used performance measures. In training for normal
operation, the transfer of training studies are not adequate for
measuring the effectiveness of training devices unless a control
group can be formed appropriately. In training for fault
diagnosis, if each failure 1is viewed as a separate task, the
transfer of training studies are not suitable for measuring
effectiveness since the failure may occur infrequently and
irregularly in the real system. However, if fault diagnosis
ability is viewed as a somewhat context-independent ability, then

the study of the transfer of training is more meaningful.

Within-simulator transfer of training has been used as a
substitute to the conventional paradigm. The performance of both
control group and experimental group 1is measured on the
simulator. No real system performance is involved. This method
is especially useful for measuring training effectiveness for

fault diagnosis tasks.
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In general, transfer of training studies are adopted most
often to assess the transfer effect, though some modifications
may be necessary. There are, however, certain situations to
which the transfer of training method cannot be applied. Other
methods such as ratings should be adopted to ensure appropriate

measure of training effectiveness.

RATING

Ratings have been used widely in the evaluation of flight
simulators. Typically, the raters are experienced users of the
actual system. They go through the training program and gain a
general impression of the simulator before they rate the
effectiveness of the tested simulator according to some scale.
Ratings are also wused extensively for prediction of the
effectiveness of training devices. Caro (1970), Wheaton et al
(1976), and Narva (1977) relied on ratings as the basis of a
predictive model of the effectiveness of training devices.
Raters were asked to assess the training technique, physical and
functional similarity and the 1learning deficit. Scores were
derived from ratings. Those scores were then transformed into a
global index which was used to predict the training

effectiveness.

Ratings are usually accomplished through appropriate use of

scales. The validity and the reliability of the scales used are
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seldom verified due to cost. Two examples of such scales are

presented in the following paragraphs.

Rating Scales

A six-point rating scale used by Gerlach et al (1975) in
their study of landing simulation is reproduced below.
Rati AG:ect D C
1. Excellent Virtually no discrepancies between real

systems and simulators

2. Good Very minor discrepancies

3. Fair + Simulator is representative of the parent
system

4. Fair - Simulator needs work

5. Bad Simulator is not representative

6. Very bad Possible simulator malfunction

Class 1 through class 3 are deemed as satisfactory while class 4

through class 6 are unsatisfactory.

A sequential pilot-rating decision scale was proposed by
Cooper and Harper (1971). This was a ten-point scale which
guided pilots through the estimation process by identifying 3
major characteristics: controllability, acceptability and
satisfaction. The raters began with controllability. If the
simulator was not controllable then it was rated 10. Otherwise a

check was made to see if it was acceptable. If unacceptable, the
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simulator was rated 7, 8 or 9 according to its deficiencies. If

it was acceptable but not satisfactory, then the simulator was

rated 4, 5 or 6 according to the identified drawbacks. If it was
. satisfactory, then it was further rated into 1, 2 or 3 according

5? to its features. The scale is summarized below:

%

N

\ LY

~t 1. Excellent, highly desirable

o~

T Satisfactory 2. Good, negligible deficiencies

N 3. Fair, some mildly unpleasant deficiencies
ST e
¥

" 4. Minor but annoying deficiencies

ng Acceptable 5. Moderately objectionable deficiencies

N . . L :

N 6. Very objectionable but tolerable deficiencies
'-‘:..

L e — e ——— — e e o — ——  — — — — — — — — — —— — ———_——— e —— e ————
L : .
‘ii 7. Adequate performance not attainable with
‘Qj maximum pilot compensation

N

. Controllable 8. Considerable pilot compensation is required for
55 control

RN

}21 9. Intense pilot compensation is required to
s retain control
'Eﬁf Uncontrollable 10. Lost control
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Although the acceptance of simulator ratings for inference

about the training value is convenient and economic, Adams (1979)

pointed out eight problems with them. M”iﬁ
jgj (1) A big difficulty is the underlying assumption that the ‘;EE
'55 amount of transfer of training is positively relatéd to _%2
Cﬁt the rated similarity between simulator and the real !‘ﬁ
EL system. Raters have a tendency to report higher %;;:

e -

Eﬁ transfer effect for simulators with higher fidelity. ?E:E
ft However, several researchers have shown that high éésf
E?‘ fidelity does not necessarily imply high transfer rate. 'fﬂ
éé‘ For example, Johnson (1981) found that training devices
:T\ do not need to be of high fidelity to be effective 1in
EE training procedural tasks. e
:zi (2) There is evidence that ratings are a function of the EEE;
\9 amount of experience of the raters. Meshier and Butler x:;
EE' (1976) reported an experiment in which experienced and ;gsf
Eg; inexperienced pilots were both asked to rate the gz&g
%f. usefulness of an F4 simulator. Both groups went iiiz
;ﬁi through the same training procedures before providing E%g}
';S the ratings. Twenty-eight per cent of the experienced '}Ef
- pilots rated it as "excellent" and sixty per cent of .j:
iﬁ the same group rated it as "good". However, ;gg&i
;§ sixty-eight per cent of the inexperienced pilots rated
#; it as "excellent" and only eighteen per cent of that
-ﬁ‘
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group rated it as "good".

)
. ®, 'a_ N

(3) Experience in the simulator affects the ratings.

i: Gerlach et al. (1975) reported that the pilot's rating
5 of simulator fidelity improves with experience in the
simulator. ;g;i.

(4) The dimensions of a simulator interact so that the

rating of one dimension is affected by the presence of

K another. R
@1
~ (5) Raters have difficulty distinguishing human  skill O

- deficiencies from the deficiencies of the simulator.
(6) It is not necessarily true that a positive correlation

exists between ratings and flying performance in the -

}E simulator. 555 é
;? (7) Other factors affecting training effectiveness are not ji:i
5 included, €.9., instructors' role and training %fﬁ
&: syllabus. E;
~ (8) Experienced users of the real system may not be ”ﬁ4éi
Ei appropriate raters for the training devices. 'T{j;
- A
2 L
Summary RN

i’
A 1
Y

l\'

o :

T

Y Rating is an overall judgement of similarity between the -

‘; responses experienced in the simulator and a memory )

ji representation of the responses experienced in the real system. ‘
" SRR
ﬁ It has been used widely in the evaluation of flight simulators. e
2 RS
¢ Several scales were proposed. Two of them were discussed here.
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Gerlach et al. adopted a six-point scale, while Cooper and
Harper used a ten-point sequential decision scale. Rating 1is
easy to conduct and inexpensive to implement. It can be done
before the training program or even before a working simulator is
available. Therefore, in considering a predictive index for the
effectiveness of the simulator, it is more useful than the
transfer of training approach. However, Adams pointed out a few
problems with the rating approach. The major drawback 1is their

subjectivity.

1
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D. SIMULATOR FIDELITY

DEFINITIONS

"Fidelity" has been used widely and diversely in the
simulator training community. Different people use the term with
different meanings. Hays (1981) reviewed the literature and
noted the diversity of meaning. He further found that most
researchers contrasted physical fidelity with non-physical
fidelity. It is non-physical fidelity that attracted a variety
of names and definitions. Functional fidelity, psychological
fidelity, task fidelity and behavioral fidelity (Hays 1980) are
among the names used. 1In general, most researchers agree that
physical fidelity is not the only factor, nor the main factor,
affecting training effectiveness. There is also general
agreement that higher fidelity (assuming it can be measured) is

not necessary for every aspect of every kind of training.

There appears to be a lack of research activity on simulator
fidelity, and of an appropriate definition of what is meant by
fidelity. After reviewing several attempts to define simulator

fidelity, Hays (1981) proposed the following definition :

Training simulator fidelity is the degree of similarity
between the training simulator and the equipment which

is simulated. It is a two dimensional measurement of
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this similarity in terms of: the physical i
characteristics of the training simulator, and the r.?

R

functional characteristics of the simulated equipment. vj

.

Rouse (1982) defined fidelity: -.*
]

-

"the precision with which the simulator reproduces the lfﬁ
appcarance and behavior of the real equipment." ;;1

: _;::

These two definitions are very similiar. They emphasize that ifiﬁ
R

fidelity is a two dimensional concept. They also pointed out the
measurement problems. Tasks and the responses of the trainees

were not explicitly considered.

Acccrding to Kinkade and Wheaton (1972), the fidelity of a
simulator consists of three different components: (1) equipment
fidelity (2) environment fidelity, and (3) psychological
fidelity. Equipment fidelity is defined as the degree to which

the simulator duplicates the appearance and "feel" of the real

system. Environmental fidelity is concerned with the degree to
which the simulator duplicates the sensory stimulation, e.g.,
dynamic motion cues, visual cues, etc. Psychological fidelity is T;ESL
simply the degree to which the trainee perceives the simulator as '.:.’
a duplicate of the real system. Equipment fidelity is actually

what Hays defined as physical fidelity, while the environmental

fidelity and the psychological fidelity together approximate his -9
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ﬁii functional fidelity. However, psychological fidelity explicitly

& recognizes the role of the trainees' perception of fidelity.
ﬁﬁj Govindaraj (1983) proposed a three-dimensional approach in ;iﬁ
M K
e

;3 which further descriptions and measurements along each dimension !g;:
j&i are discussed. ]
o o
N Lo
- . _— s
{ (1) Physical fidelity : el
jﬁt Physical fidelity is concerned with the variables ;ﬁfﬁf
T R
.{}j presented and the forms they take as well as the o

environmental factors such as noise, vibration and

thermal conditions. Techniques from syntactic

?‘ pattern recognition are proposed to measure
o physical fidelity.
-jﬁ (2) Structural fidelity :
f:i Structural fidelity refers to the relationships
;)r between subsystems. Level of abstraction, coupling
Q?T of system states, and aggregation of subsystems are
“}.:
b the primary concerns. Graph theoretic methods are
s
@0 proposed for measurement.
fﬁ: (3) Dynamic fidelity :
fﬁ; Dynamic fidelity refers to the evolution of system
ﬁé states over time and their presentation to
Lo trainees. Control theoretic methods are proposed
N for measurement.
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This definition appears to be relatively comprehensive and

especially useful for describing the fidelity of simulators of
large complex systems such as power plant control rooms. Tasks
and trainees' feedback are not considered. Non-physical fidelity
is decomposed into structural fidelity and dynamic fidelity.
This provides a way to analyze and measure the functional aspects

of a simulator.

Despite the rigorous attempts to define simulator fidelity,
one must keep 1in mind that training effectiveness is the main
concern., If high fidelity does not imply high transfer of
training, then fidelity is not a useful concept. As pointed out
by Rouse (1982), the key issue in the use of simulators is the
level of fidelity necessary to assure transfer of training from
simulators to real equipment. The study of simulator fidelity

can help clarify the following questions.

1). Wwhat are the variables affecting the feeling of
realism?

2). What is learned and in what way?

3). Can a criterion for simulatcr design be found?

4) . What is the relationship between each dimension of
fidelity and transfer of training ? Or, does any

meaningful relationship exist between these two?

An empirically sound definition of fidelity is necessary if
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any further study of fidelity 1is anticipated. It may not be

possible to have a general index of fidelity for design purposes. - e
Nevertheless, an explicitly expressed and commonly accepted ;253:

definition 1is required for comparison of fidelity between

different simulators. ji;‘
RELATIONSHIP WITH TRAINING o
P

2@

R

A hypothetical relationship among fidelity, transfer, and e

cost was proposed by R. B. Miller (1954) (see Figure 2). Very
little empirical data have been collected to explore this
relationship. According to Miller, an increase in the degree of
simulator fidelity is accompanied by increases in both transfer
of training and cost. The objective both for simulator design
and the use of a simulator for training, is to find the optimal
point of intersection between fidelity, transfer and cost in each
case. One problem with Miller's formulation is that the cost of
a simulator could go to infinity as its fidelity
increases(Orlansky 1984). Another problem 1is the explicit
assumption that the amount of transfer increases with increasing
fidelity of the simulator (Micheli 1972). Many researchers have
found that comparable training results may be obtained with both
low- and high-fidelity simulators of the same equipment (Duncan
and Shepherd 1975, Crawford and Crawford 1978, Johnson 1981). 1In

a study by Martin and Waag (1978), it was shown that flight

simulators with higher fidelity provided too wuch information for
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The hypothetical relationship among fidelity,
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i;g novice trainees and actually detracted from simulator | ii
'ic effectiveness. Prophet (1966) reported a study that compared a ‘ §£
;ﬁ low fidelity simulator (inexpensive photographic mock-up of a f%i
3%; cockpit) with that of an elaborate trainer. No significant =
;\i' difference between groups was found. Despite these
égi counterexamples, Miller's approach 1is cited widely (Fink and f
ﬁé& Shriver 1978, Kinkade and Wheaton 1972, Hays 1981). EE
A .
3
:f;l A reformulation of Miller's view has been proposed by i;;i
Eiif Orlansky (Orlansky 1984). Even though Orlansky's hypothetical tgﬁs
2i§ model is not fully supported by empirical data, the known facts g;;.
ii‘ about the cost of simulators and about the relationship between &EE
5;% transfer of training and fidelity have been accounted for in the E;?E
;?: model. f;;i
éﬁi Kinkade and Wheaton (1972) have proposed a hypothetical i{ii
vﬁ?\ relationship between the degree of simulator fidelity, types of ;:;:
:fg simulator fidelity and the stages of learning (see Figure 3). ESEZ
g;% Early in the training program (procedure training), the trainee ﬁ%};
3}; cannot benefit from high degrees of either physical or _;:;;
:;5 environmental fidelity. However, as skill is acquired »
v§j (familiarization training), there are requirements for increases
‘3é€ in both physical and environmental fidelity, with the :;;"
33? requirements for greater environmental fidelity increasing at a é;;?
%ﬁ? faster rate. During later stages of training (skill training), ﬂ;ﬁ?

iﬁ} increases in both types of fidelity are desirable, with a boa
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: e
E requirement for higher levels of functional fidelity. i,é;
U 3
‘S Johnson (1981) was able to show that high fidelity 1is not . ?g
bi required for training in procedural tasks. Johnson and Rouse j{%;i%
N (1982) reported similar results for fault diagnosis tasks. ";53%
3 Govindaraj (1983) also cast doubt on the necessity of high .AEE
? physical fidelity for problem solving training. Baum (1981) iﬁ
; pointed out that empirical data to support Kinkade and Wheaton's ii“;;ﬁ
3 conjecture are 1lacking except those for procedure training. leﬂ
§~ Baum, Riedel and Hays (1982) conducted a study to determine the ;: E}
" relationship between training device fidelity and transfer of §§%§;1
?ﬁ training for a perceptual-motor maintenance task. The results Eiﬁig
;S indicate that physical similarity is a significantly more T:?f:
important determinant of skill acquisition than functional r.
similarity. These experiments provide some support for Kinkade ;‘ i
and Wheaton's proposal. ? '
,a Fink and Shriver (1978) made a point similar to that made by
E Kinkade and Wheaton. They identified four training stages: (1)
i acquisition of enabling skills and knowledge (2) acquisition of \:Léil
g uncoordinated skills and unapplied knowledge (3) acquisition of i;;%i
.E coordinated skills and ability to apply knowledge and (4) '§§§§§
) acquisition of job proficiency. They claimed that different ;:C?;ﬁ
f& stages require different levels of fidelity with the first stage igﬁ jﬁ
:; requiring the lowest level. %Eﬁ?;ﬁ
q e 1
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G.G. Miller (1974) drew the following conclusions about the
relationship between fidelity and training.

(1) High fidelity is never associated with poor
training.

(2) Transfer of training is more a function of how the
simulator is used rather than the degree of
fidelity.

(3, Procedural task training does not require high
fidelity.

Conclusions two and three are shared by many other researchers,

while conclusion one is doubtful as pointed out before.

No consensus has been reached on the relationships between
fidelity and other factors such as cost, training, and stage of
learning. The research in this area is not very conclusive. The
difficulty of measuring fidelity is part of the reason for the
slow progress. The next section discusses the problems and the

alternatives for the measurement of fidelity.

MEASUREMENT OF FIDELITY

The measurement of fidelity is an important step if one
wishes to determine empirically the relation between level of
fidelity and training effectiveness as well as the necessary
fidelity 1level of a simulator for training for a given task.

Specific transfer of training studies are possible only after
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both the simulator and the actual equipment have been built.
Nevertheless, there is a need to be able to predict the
effectiveness of the training device prior to construction.
Considering the tremendous cost and man-hours involved in
developing simulators of any fidelity 1level, one cannot be
satisfied with a post hoc measure. A measure of fidelity that
correlates with the measure of transfer of training is a useful
system design gquide. Therefore, the purpose of measuring
fidelity 1is the hope that a predictive index can be devised for
anticipating the effectiveness of a training simulator. A
reliable, predictive index of the effectiveness of a simulator
will be very useful both for trainers and design engineers.
Other things being equal, such as user acceptance and required
levels of funding, they can then choose only those features that
possess high transfer value and still meet the training
objective. However, in practice this is very hard to achieve due
to the difficulty of measuring simulator fidelity. One of the
difficulties is the lack of generality of such a measure.
Govindaraj (1983) pointed out that the environment and the
purpose for which the simulator is to be wused have a strong
influence on fidelity. Also, fidelity appears to be very
context-specific. Therefore, it may be difficult to derive

context-free measures of fidelity.

Wheaton et al. (1976) assessed simulator fidelity on two

dimensions: physical fidelity and functional fidelity. They
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discussed the metrics of fidelity in the context of constructing
a model to predict training device effectiveness. In their
approach, a thorough task analysis of the target system and the
simulator was conducted. Subtasks of the target system and the
simulator were then clearly identified. The physical fidelity,
for each subtask, between the real system and the simulator was
evaluated by rating with a scale that ranged from "no
resemblance”, "dissimilar", "similar" to "identical". The
functional fidelity was evaluated by recording the operator's
behavior in terms of the information flow from each display to
the operator, and from the operator to each control. For each
subtask, the type, amount, and direction of information was
assessed using information-theoretic methods. Then a four-point
scale was applied by comparing the information metrics between

the real system and the simulator on each subtask.

The underlying assumption was that the higher the rating on
the assessment factors, the higher the transfer that would take
place and the more effective the simulator. However, as pointed
out by Adams (1979), rating is very subjective and its
reliability 1is questionable, Further refinement of this
assessment process was reported by Narva (1977), in which the
physical fidelity and the functional fidelity were measured by
rating with emphasis on behavioral categories instead of the
original subtasks. Some of the behavioral categories used

include rule learning and use, detection, symbol identification,
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decision making, etc.

Caro (1970) advocated a procedure called Equipment Device
Task Commonality Analysis in which the measurement of fidelity
was conducted by assessing the similarity of S-R relationships in
the real system and the simulator. Positive transfer was assumed
to occur when both stimuli and responses were similar. Negative
transfer was predicted when the stimuli were similar but the
responses were different. This is similar to what Osgood (1949)
proposed. The assessment of the similarity was also accomplished
through rating. This procedure applies only to simulators where
the stimuli and the responses can be clearly identified. 1In a
complex system, it may be impossible to specify the stimuli

clearly.

COMPONENTS OF FIDELITY

As pointed out in the previous discussion, "fidelity" 1is a
mutli-dimensional concept. An operational, comprehensive
definition may be difficult to obtain. However, the building
blocks of fidelity have been widely noted and studied for a long
time. These are the design features of a simulator. Some of
them are discussed below. This 1list 1is definitely not

exhaustive.
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There is no doubt that stress 1is experienced by most

edh A

operators of any real system. However, as Duncan and Shepherd

Lo

}
.Iﬂ (1975) pointed out, it is not clear how or if stress can be

s simulated during training. There are at least three types of
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fgf stress. First, there is the feeling of danger. Creating this

type of stress on a simulator during training is very difficult.
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Second, there is the threat of hazard or sanction. This form of
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stress can only be simulated by mnanipulating reward as a

+

consequence of performance. Third, there is time stress. This g
can easily be introduced into the training task, but may alter Tes

the trainee's perception of the task. Not much is known about

how to incorporate stress into simulator training or if its
presence contributes to adequate training (apart from user

acceptance or irrelevant opinion).

Noise 1is distracting especially in complex tasks that
require close attention and concentration (Finkelman 1975).

Improper lighting (Tinker 1943), temperature (Pepler 1972), etc.

degrade human performance. However, how much these affect the

fidelity level or how much they contribute to the training

»

r Y ¥
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effects is a matter difficult to estimate. While noise,
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inappropriate 1lighting, and temperature may degrade general
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performance, systematic noise or unusual heat or temperature are

repeatedly reported to be of a great help for failure detection

and diagnosis. Many trainees, designers and experienced

operators admit the possibility of using unusual environmental

.

changes as a clue to detect or diagnose the failure. Vibration
has been given the same appraisal (Longman, Phelan and Hansford O
1981, McCallum and Rawson, Jaspers and Hanley 1980, Semple et al. ;;if
1981, Martin and Wagg 1978). .i
Layout S
g
Panel 1layout, display size and even the <coloring of o
instruments are considered to be important factors that affect :;i
the feeling of realism. More important is the relative distance ji;é
and the relative position between gauges, annunciators and status i&fj
indicators (Fowler et al. 1968). Duncan and Shepherd (1975) E;;
argued that the trainees may develop strategies that heavily ,,f;:

depend on patterns of the presented stimuli. The size of the

2

v "
N . I3
PR B TV BT NGO R W 2 W DO P

display may influence the amount of information the trainee can

process at any one time. The relative distance between gauges

B B
v P

and the relative position of stimuli may affect the pattern
recognition process. However, Duncan and Shepherd pointed out

that the influence of such factors is unkown. -.‘}
- 1
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Wholeness -
A full-scale simulator provides all aspects of system f;:
training, while a part-task simulator presents only selected o
parts of the full system to the trainees. The benefit of a o
part-task trainer 1is that some particular important subsystem '" 5
such as the turbine or the boiler may be represented with greater : 1;
physical fiw2lity and provided for training before coping with -J;:
the entire systemn. However, the functional fidelity may be '{}f
affected due to the isolation ¢f a particular subsystem. Curry 7 f
(1981) observed that detection, diagnosis and remedial action are ';-i
generally assumed to be three separate tasks. Therefore, . ﬁs
training on each one can be accomplished independently without fi
too much trouble. Rouse (1981) found that a particular logical 1.5
judgement process is especially important for effective fault :_1J
diagnosis. Abstracting this 1logical process, he developed a ii;f
context-free task, TASK, which is in some sense a decomposition ;;;i
of the fault diagnosis behavior. He demonstrated positive f:}
transfer of training from TASK to a real system. Rasmussen f?
(1980) proposed a criterion for the decomposition of a complex d;j
function. He obsered that: ,51
"...break-down of complex functions is only acceptable ;i

if the performance is paced by the system, i.e., cues 51;?

from the system serve to initiate elementary, skilled iiij
sub-routines individually and to control their ;;Eﬁ

sequence. This is the case in many manual tasks, e.g., ;;;A
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mechanical assembly, but can probably also be arranged
in more <complex mental tasks by properly designed ®
interface systems." (p. 92) '
The influence of the part-task trainer on complex mental tasks, S
such as fault diagnosis and problem solving, is not yet clearly ui‘*
understood. However, the unverified conjecture is that wholeness :

is not a crucial fidelity factor. -;?b

S
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Dynamics o
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'vij\'-':f:

Most real systems are dynamic, as are most simulators. ol

LTS

However, static simulators have been used increasingly in the RO
SRS

past few years (Duncan and Shepherd 1975, Shepherd et al. 1977, AR
Hunt and Rouse 1981, Johnson and Rouse 1982). Static simulators “ﬁi

i.' "_‘3_.‘.“" !

only allow the operators to check the system status, while

ST
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<
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dynamic simulators accept control commands and execute them.

There is no doubt that dynamic simulators describe the object

task better than static simulators do, but how much better is a

question unanswered. Forbus and Stevens (1981) indicated that

there is a growing amount of evidence that human understanding of

physical systems is based on gqualitative models of those systems.
This evidence comes from psychological studies (Larkin et al.
1980) and is supported by success in artificial intelligence in - ;}
actually constructing systems that reason about physical

situations using qualitative models (deKleer 1979, Forbus 1980).

Govindaraj (1983) proposed a qualitative approach to modeling a
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complex dynamic system. This approach may provide a way ¢to
associate the level of dynamic fidelity with an explicit training
effect. However, there is no empirical data to support the

transfer effect of the qualitative dynamic simulator.

Abstraction

A physical system can be represented mentally in different
forms (Rasmussen 1979). Simulators may be constructed to
represent the physical system at different levels of abstraction.
On the bottom of the hierarchy is the realization of the physical
components in detail, analogous to a system mock-up. The higher
the model stands in the hierarchy by aggregating elements into
larger units or by abstracting through functional properties, the
less the physical fidelity becomes. A system block diagram is an
example of a more abstract simulator. Each level of abstraction
possesses its own set of symbols and syntactic rules. Abstract
simulators may be more effective in training for fault diagnosis
due to the absence of irrelevant cues. Rasmussen argued that
shifting between levels of abstraction for suitable strategy may
be helpful for problem solving. This implies that training under
lower physical fidelity and higher abstraction level may transfer
well to higher physical fidelity and lower abstraction situation.
The fact that diagnosis can be viewed as a top-down process may
explain why lower physical fidelity and higher abstraction level

simulators could perform better in this type of training.

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

ke 0%




Therefore, functionally speaking, it is hard to decide which one
has higher fidelity.

The value of simulators of different abstraction levels may
be different for different levels of trainees. Kriessman (1981)
speculated that simulators of different fidelity 1level may
achieve the training effect differently. A high fidelity
simulator is good for more experienced trainees, while a low
fidelity simulator is better for less experienced ones. However,
it is still an open question as to whether the use of simulators
of different abstraction levels may provide the operator with
different skills or the same type of skills but in a degraded

mode.

State Variables

Most of the state variables in a real system are presented

in a continuous manner via gauges and meters, while for

simplification, some simulators may represent the state variables

in discrete language such as high/medium/low or on/off.
Internally, the human processes information in a discrete manner,
especially when 1logical reasoning is involved. He may classify
information into several finite sets. Presenting information in
a discrete manner may not result in a loss of information as long
as the classifying scheme matches the human's internal model.

The increasing use of CRTs for display in simulators

introduces difficulty in presentation of state variables because
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of size constraints. The most common strategy is to use serial
presentation instead of parallel presentation which is the usual
way information is transferred to the operator in a real system.
However, considering the human as a 1limited information
processor, this restriction may not be as serious a fidelity
problem as it first appears. The attention span for human beings
is well known to be narrow and varying in time. The state
variables iIL a real system, though presented simultaneously, are
possibly processed in a serial manner----perhaps chunk by chunk.
However, how serial presentation of state variables affect

fidelity may depend on the type of simulators used.

SUMMARY

Several attempts have been made to define "fidelity". Hays
(1981) proposed a functional fidelity vs. physical fidelity
approach. Rouse (1982) suggested a similar idea. Govindaraj
(1983), oriented toward an operational definition, decomposed
functional fidelity into structural fidelity and dynamic
fidelity. Lack of empirical studies of fidelity issues makes it
difficult to develop a useful definition of fidelity. A
generally accepted assertion 1is that higher fidelity does not
guarantee better transfer. Kinkade and Wheaton (1971)
conjectured that the fidelity requirement varies with the stages
of learning. Generally, it is proposed that procedural tasks do

not require as high a fidelity as visual-motor skills do.
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T Wheaton (1976) and Narva (1977) developed a predictive index

o

f‘" for transfer effect based on the measurement of fidelity. Task

N analysis of both the real system and the simulator 1is the

ff} foundation for measurement. Rating, so far, 1is employed in

3; almost every fidelity metric. A more objective metric based on

7;§ system characteristics, and perhaps 1learner state only, is an ,;]

Sﬁ; important future research topic. o

! .
TR

g Lo

.:l} Several factors that affect fidelity were also discussed. A R

\t:.\ ) ‘. ‘..“

o brief summary is reproduced below, .

N n

-

o (1) It is very difficult to include stress in the simulator.

S

E:k (2) Environmental factors such as noise, 1lighting, temperature,

. motion and vibration are annoying but may be treated as

jEf diagnostic aids. 1Inclusion of these variables does increase

j%j fidelity, but the cost-effectiveness of including them in a

« ‘J':

- simulator has long been challenged.

:33 (3) Layout may affect the strategy used by trainees.

-

33; (4) The important issue in the use of part task simulators is the

- decomposibility of the tasks.

AN . . . s s

ii; (5) Dynamic features may not be crucial in training for fault

-:\.'

3; diagnosis. Several studies indicated that the human reasons

"o

P in a qualitative rather than quantitative way. This suggests

e an important research topic.

gy

;o

j:; (6) It may be beneficial to vary the level of abstraction of the

i;i simulator depending upon the level of skill of the trainee.

NTN

o

L

2N

5,;
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SRST (7) in a real system, the state variables are presented e
. _:._ RS

'j simultaneously, although humans may not be able to process
S all of this information at once. As a limited information
processor, human operators may do well with serial

presentation of the state variables.

I Research on simulator fidelity 1is geared toward better
understandinc of the learning process and the construction of a
“ﬁ predictive index of transfer effect. These as well as other

o promising research topics are discusced in the following section.
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E. FUTURE RESEARCH

A majority of the research on simulator training has
concentrated on normal operation. However, the increasing use of
automation in large complex systems has made the human operator
more of a monitor or a supervisor who only interacts with the
system when failures occur. This tendency results in the
increasing emphasis on fault diagnosis training. Future research
on simulator training is largely influenced by this trend.
Another area worth noting is that new technologies 1like
videodiscs and computer graphics are gradually changing the
characteristics of simulator training. Klein et al. (1978,
Swezey (1981), and Levin and Fletcher (1981) were concerned with
these. An extension of what they presented is discussed below.
Studies related to each topic are supplied when available. This
is not intended to be exhaustive because the research on

simulator training is multi-directional.

NEW TECHNOLOGY

Advances in microprocessors, videodiscs and computer
graphics have 1led to drastic changes in the design of real
systems and simulators. Berman (1981) reported that General
Electric's Nuclenet 1000 control system uses 10 CRT's to replace
as many as 75 percent of the components previously used on
vertical control boards. Kaplan (1983) depicted a venture in

which a nuclear-power-plant malfunction analyzer was built by

LY
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using advanced graphics technology. Levin and Fletcher (1981)
advocated the use of videodiscs for training. The benefits of KN
using videodiscs in training equipments, they claimed, were low

cost and flexibility. Videodiscs actually combine the advantages

S
L
’
[N

@
R
RS
Lol 4 [

[ P s
St .

of text, slide, movie, audio and computer. Bunderson and
Campbell (1980) discussed some of the problems in adopting
videodiscs as training equipment. They claimed that videodiscs

are not well suited as training devices at the current stage of -

-1
w
|
!“‘

X

development, but promise to be useful in five vyears.

VALIDATION OF MODELS

Most of the models and guidelines used in the evaluation of
transfer effects are theoretical constructs. Validation and -
experimentation are required. Por example, Wheaton et al. :
(1976) proposed a predictive index of transfer effects based on :5;54
the training program and simulator fidelity. Though modified ;:?E
later by Narva (1977), they report no empirical data since then. ;;;ﬁ
ACQUISITION AND DECAY OF TRAINING

There is very little applicable, quantitative information
available on learning curves and learning decay (retention of
training) for different types of task and training method. The
impact of time and intensity of training on the acquisition of
learning is a critical question with implications for cost and
cost-effectiveness. Using a Thomas table-top collator, model

T-8, Weitz and Adler (1973) showed that male trainees should not
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be trained beyond the point at which they have reached some
minimal criterion of performance. Overtrained male trainees
tended to develop simulator-specific habits which interfered or
became dominant factors in real world performance. Aspects of
the basic learning process like these may be incorporated into
training device design in the hope that the transfer effect can
be increased as much as possible. However, very little is known

about these issues.

INDIVIDUAL DIFFERENCES

There is an increasing awareness that training devices are
most successful when tailored to the particular "cognitive style"
and "capabilities" of the trainee. The ACTS (Adaptive Computer
Training Systems) reported by Freedy and Lucaccini (1981) is an
attempt in this direction. A utility decision model is employed
to estimate the "capabilities" of the trainee. 1Individualized
instruction is then given to the trainee based on the result of

the estimation.

"Cognitive style" --- that of impulsivity-reflectivity
---was reported to be a reasonable predictor of errors on fault
diagnosis tasks (Henneman and Rouse 1984). It 1is therefore
reasonable to speculate that training for fault diagnosis tasks

should fit one's cognitive style. However, very little research

has been conducted in this direction.
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SKILL LEVEL VARIANCES

As skill levels vary across trainees, so perhaps should the
type of device used. Kriessman (1981) speculated that a high
fidelity simulator is good for more experienced trainees, while a
low fidelity simulator 1is good for less experienced trainees.
This 1is the assumption that underlies the proposal of a
mixed-fidelity approach to simulator training by Rouse (1982) and
Johnson and Fath (1983). The effectiveness of training of this

kind remains to be fully verified.

PERFORMANCE MEASUREMENT

Adequate measures for human problem solving performance are :yﬂf
the basis for transfer effect experiments, especially those on iﬁ;:
fault diagnosis training. Henneman and Rouse (1984) have jk‘;

conducted extensive research on this topic. They indicated that
there are only three unique dimensions of performance: errors,
inefficiency and time. 1In addition, cognitive style appears to “;;
be a reasonable predictor of performance. How well these metrics .

can be applied to types of training other than fault diagnosis is

not yet determined. Also, whether these variables affect the

design of a simulator is not clear.

o DECISION AIDS
Decision aids in a training simulator help trainees learn

e efficiently. However they may not reside in the real system.

o The decision aids may help the trainees substantially but leave
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them hopelessly desperate when transferred to the real system
because of the unavailability of these aids. This sort of aids
should "fade out" (Goodstein 198l1) before transferred to the real

system. How and when to fade out aids is an idea worth pursuing.

MENTAL MODELS

Mental models are internal representations of the external
environment. They can assist human reasoning by producing
explanation or justification of complex system behavior. They
are powerful analogical devices humans use in learning (Montague
1981). Landeweerd (1979) indicated that mental models probably
played an important role in fault correction and in the
verification process in diagnosing faults. Prather (1973) showed
that mental practice of landing the T-37 aircraft could improve
the actual performance. However, it is not known how mental
models might be wused in designing training equipment, or how a

mental model might affect the learning ot a skill.
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F. CONCLUSION

Simulators have long been used as training devices due to
belief in their cost effectiveness and flexibility. New
technology may have changed the characteristics of the physical
configurations of the simulators. However, the basic problems of
using simulators for training still remain. Transfer effect,

fidelity level and their relation to cost are three of them.

The main techniques used to meascre the transfer effect are
transfer of training and ratings. Transfer of training research
uses a fixed paradigm in which the experimental group goes
through both simulator training and real system training while
the control group experiences only the real system training.
Several performance measures have been devised to assess the
effect of simulator training on performance on the real system.
They car be classified into either time savings measures or
first-shot performance measures. Savings measures determine the
savings of training efforts on real systems. The first-shot
measure evaluates the performance of the trainees on the first

trial after transferring to a real system.

The main difficulty in using transfer of training is that it
becomes useless if no control group can be formed. This

situation occurs frequently in training for normal operation.

Alternatives such as in-simulator transfer of training have been
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proposed and used, but not widely. Another problem with transfer

of training research is the unavailability of the target task in
the real system. 1In fault diagnosis tasks, a formal transfer of
training study cannot be conducted simply because of the
infeasibility of producing the fault situations in the real
system. A modification of this 1is to treat fault diagnostic

behavior itself as the target task instead of specific failures.

Ratings are inexpensive and convenient to perform. However,
they are subjective and have limited reliability and validity.
Nevertheless, ratings when used with task analysis, are the basis
of a predictive model for simulator training effects. Despite
severe theoretical drawbacks, ratings are still adopted widely in

practice.

"simulator fidelity" has been used to describe how the
simulator resembles the real system. It is generally accepted
that both physical fidelity and non-physical fidelity are factors
which influence the transfer effect. However, there 1is no
consensus on what non-physical fidelity is. To reach a possible
consensus on the definition of simulator fidelity, a thorough
investigation of its relationship with training and its
components is required. Most of the frequently described
relationships among fidelity, transfer, and cost are

hypothetical. Very little empirical data have been colliected to

support these supposed relationships. However, there are two
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assertions about the relationship between fidelity and types of

task that are supported by empirical research. They are: (1) e
perceptual-motor coordination tasks require higher fidelity, and
(2) procedural task training does not require high ©physical

L) fidelity. ®

To study systematically the relationships between fidelity
and other fuctors, a reliable measure of fidelity is necessary. -"j
Most of the measuies of fidelity are based on task analysis and
ratings. These measures emphacize the human's reaction to the
,l; system instead of the system characteristics. A fidelity measure ;.;
%li based on the system characteristics such as the structure, the .

dynamics, etc., will be more fruitful.

The components of fidelity presented are those that affect
training. Human factors and cognitive psychology points of view
(;; have been used to study stress, environment, layout and 5».:
wholeness. Their influences on fidelity are relatively obvious. |
How level of abstraction, dynamics and state variables affect
simulator fidelity is still under investigation. 1In the context ,jq
of simulator training for fault diagnosis tasks, the latter three :

factors are receiving more attention.

<4
[ The distinction between training for normal operation and

54 training for fault diagnosis 1is very important. Training for ni;;

~
9. normal operation emphasizes visual-motor coordination tasks while -@:
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;S training for fault diagnosis 1is cognitive-task oriented. - fh:
Ei Increasing use of automation in complex systems has made the ' **:j
E! latter more important. This trend coupled with the impact of new _T§;:?
éi technologies has attracted considerable research. Several future : i
ﬁ; research topics were outlined, including validation of models, u;;q

acquisition and decay of training, individual differences, skill E

level variance, performance measures, decision aids, mental

models and fidelity effect.

Simulator training is becoming more and more important, due

to the increasing trend toward large complex systems. However, ;Hfj‘%
very little has been done to enhance our understanding of the SR

R
factors affecting its effectiveness. This report has tried to SR

piece together the research that has been accomplished so far

into a systematic framework. It is only the beginning of further

research.

A sadlh ..t o

". .. e
. . '.. N R
Chae e A4l

SL
SEUNFAR )

A

et
PR

'’
a

SO0
IIA.A

e,
.-.D
.

4
o .

.
ot

RRT )
3
[

. ;S
I‘l“." ‘e

i
e
S

e s

et RV

MRS
PRI T ~
AR

- R . - . S e e B . ‘\'- ~~.‘-_. R e ‘.'i.v‘
T P T VLTI TR, i Sk S G R AL T S S, W S . ST S VLA S Wit b TR~ -

CRVRE YR

.

LI N
Ty
» ta
-

e .




REFERENCE :

Adams, J. A., On the Evaluation of Training Devices, Human
Factors, Vol. 21 (6) , pp. 711-720, 19789.

Baum, D. R., A Framework and Topics for Empirical Research
on Training Simulator Effectiveness, in "Research Issues in
the Determination of Simulator Fidelity : Proceedings of the
ARI Sponsored Workshop" , Hays (ed) US ARI for Behavioral and
Social Sciences, Technical Report 547, Nov 1981.

Baum, D. R., Riedel, S. L., and Hays, R. T., Training
Device Fidelity and Transfer of a Perceptual Motor Skill,
Proceedings uf 26th Human Factors Society Conference, pp.
746, 1982,

Berman, I. M., Power Plant Simulator and Operator Training,

Power Engineering, Jan 1981.

Blaiwes, A. S., Puig, J. A., and Regan, J. J., Transfer of
Training and the Measurement of Training Effectiveness, Human

Factors, pp. 523, 1973.

Brown, J. S., Applications of Artificial 1Intelligence in
Maintenance Training, in "New Concepts in Maintenance
Trainers and Performance Aids", King, W. J. and Duva, J.
S. (eds), NAVTRAEQUIPCEN IH-255, 1975.

Bunderson, C. V., and Campbell, J. O., Videodisc Training
Delivery Systems and Videodisc Authoring/Productions Systems
: Hardware, Software, and Procedures, US ARI Alexandria, VA,
1980.

Caro, P. W., Equipment-Device Task Commonality Analysis and
Transfer of Training, HumRRO-TR-70-7, DAHC19-70-C-0012, June
1970.

Clymer, A. B., Simulation for Training and Decision-Making
in Large-Scale Control Systems. Part I : Types of Training
Simulators, Simulation, pp. 39, Aug 1980.




[ o B i i i e b e B e e g SR R AT e ARt Bt et A Rdec A S ACC O S ARSI
- :
9 65 G
SO L
- o
@; 10. Cooper, G. E., and Drinkwater, F. J. I., Pilot Assessment e

. Aspects of Simulations, in "Simulation" , Wasicko R.J. and T

- Barnes A. G. (eds) , Neuilly-Sur-Seine, France, NATO ARGARD m*;ﬁ
Q. Conference Proceedings No. 79, Jan 1971. . %
o '

\“-‘

oy 11. Crawford, A. M., and Crawford, K. S., Simulation of

T Operational Equipment with a Computer-Based Instructional R
v\ System : A Low Cost Training Technology, Human Factors, Vol. m.@
v") 20, NO. 2, April 1978- ) P

A BN
N 2
- 12. Curry, R. E., A Model of Human Fault Detection for Complex ]
TS Dynamic Process, in "Human Detection and Diagnosis of System 1
L Failures" , Rasmussen and Rouse, (eds) , Plenum, 1981.

- 13. DeKleer, J., Causal and Teleological Reasoning in Circuit

- Recognition, PhD Thesis MIT, Sept 1979.

9" 14. Duncan, K. D., and Shepherd, A., A Simulator and Training
AN Technique for Diagnosing Plant Failures from Control Panels,
P Exrgonomics, Vol. 18, No. 6, pp. 627-641, 1975.
W

e

o 15. Eggemeir, F. T., and Cream, B. W., Some Considerations 1in

Development of Team Training Devices, in "psychological

1;:) Fidelity in Simulated Work Environments : Proceedings of

k) Symposiums  at the  Annual Meeting of the American

T Psychological Association", Erwin, D. E. (ed), Toronto,
e Canada, Aug, 1978.

c
;xji l16. Fink, C. D., and Shriver, E. L., Simulators for Maintenance

I Training : Some Issues, Problems and Areas for Future

2§\ Research, Technical Report AFHRL-TR-78-27, Technical Training

1¢§ Division, Lowry AFB Colorado, July 1978.

9.3

e 17. Finkelman, J. M., Effect of Noise on Human Performance,

i Sound and Vibration, Vol. 36, pp. 26-28, 1975.

AV

e
N 18. Finley, D. L., Rheinlander, F. W., Thompson, E. A., and

@, Sullivan, D. J., Training Effectiveness Evaluation of Naval

L Training Devices., Part I : A Study of a Carrier Air Traffic

s Control Center Training Device, Technical Report

AN NAVTRAEQUIPCEN 70-C-0258-1, 1972.

9.
Y

R

SN

-P:\:.','»

.\‘..l
S
, .-- {. o

@
.l ‘-"
S
.

“ .

-




N e A I R © e g e e T e y = w0 T -
e B B W Wit Lol adoad L e o it - g spee v i e & Srage e auui ol oAk atiuit AhC R CORE SRS L PR SR P T .
e e B ot S8 - A 5 PR AP T S R A T S At ," "'.‘.'." v AR ,“.1‘.' et - -
L P A R S - B

- P N I

>
X
"

“..
S
’
e

66

19. Forbus, K., A Study of Qualitative and Geometric Knowledge in
Reasoning About Motion, Master 's Thesis, MIT, Feb 1980.

v.!
T e

20. PForbus, K., and Stevens, A., Using Qualitative Simulation to
Generate Explanations, Bolt, Beranek and Newman Inc. Report
No. 4490, March 1981.

21. Fowler, R. L., Williams, W. E., Fowler, M. G., and Young,
D. D., An Investigation of the Relationship Between Operator
Performance and Operator Panel Layout for Continuous Tasks,
Aerospace Medical Research Laboratory, Wright-Patterson Air
Force Base, Report No. AMRL-TR-68-170, 1968.

22. Freedy, A., and Lucaccini, L. F., Adaptive Computer Training
System (ACTS) for Fault Diagnosis in Maintenance Tasks, in
"Human Detection and Diagnosis of System Failures" '
Rasmussen and Rouse (eds) , Plenum, 1981.

23. Gagne, R. M., Training Devices and Simulators : Some

Research 1Issues, American Psychologist, Vol. 9,pp. 95-107,
1954.

24. Gagne, R. M., The Measurement of Transfer of Training,
Psychological Bulletin, Vol. 45, No. 2 pp.97-130, 1948.

25. Gerlach, 0. H., Bray, R. §S., Coveli, D., Czinczenheim, J.,
Hass, R., Lean, D., and Schmidthein, H., Approach and Landing
Simulation, Neuilly-Sur-Seine, France NATO AGARD Report No.
632, Oct 1975.

26. Goldberg, S. L., Drillings, M., and Dressel, J. D., Mastery
Training : Effect on Skill Retention, US ARI for the
Behavioral and Social Sciences, March, 1981.

-
P

O 2sut e o
e
I3

27. Goldstein, I. L., The Pursuit of Validity in the Evaluation

e e

. of Training Programs, Human Factors, 20(2), pp. 131-144,
3 1978.

o

b

o 28. Goodstein, L. P., Summary of Workshop Discussions, in "Human
o Detection and Diagnosis of System Failures" , Rasmussen and
L Rouse, (eds) , Plenum, 1981.

q

ow _" ‘.'
@
. S

A P T T S

kR ¢
g ¥

) ..
P A N AP

3

B I
RS

. s PN -~
CR Tl Sl T Bt ) N e LI BRI I R K
........ "'-"'-‘.‘-'-.‘ .'- - . . . - -..-.. . . . LA RS . - N LR - - . -
D e LN ’ DI S RS A N SR i B et Tt e e Ll e . ORI RN
=Y -'-'.J.':F\;":&.':a._';::‘ N \4:'. ".J'.!f‘_C‘A":p":e.'_p".c".:".p".e\:g NI LRI NI S B S TN I R SRR Py I




67

Govindaraj, T., Qualitative simulation of Complex Dynamic
Systems : An Application to a Marine Powerplant under o
Supervisory Control, Proceedings of the 19th Annual e
Conference on Manual Control, Canbridge, MA, May 1983. _,.

Hammerton, M., Measures for the Efficiency of Simulators as
Training Devices, Ergonomics, Vol. 10, No. 1, pp.63-65, o
1967. R

Hammerton, M., Transfer and Simulation, Symposium on Human
Operators and Simulation Sponsored by IEE, 1977.

1’3
rbenhias i as s

Hays, R. T., Simulator Fidelity : A Concept Paper, US ARI
for the Behavioral and Social Sciences, Technical Report No.
490, Nov 1980.

' e
e
[ I R
e
a'a 4 g

g

Hays, R. T., Training Simulator Fidelity Guidance : The
Iterative Data Base Approach, US ARI for the Behavioral and
Social Sciences, Technical Report No. 545, Sept 1981.

Hays, R. T., Research 1Issues 1in the Determination of
Simulator Fidelity : Proceedings of the ARI Sponsored
Workshop, US ARI for Behavioral and Social Sciences,
Technical Report No. 547, Nov 1981.

e
.- . . B ". N
APV WA Wt

.o,
I's . ‘
v,
P S}

Henneman, R. L., and Rouse, W. B., Measures of Human
Performance in Fault Diagnosis Tasks, To appear on IEEE
Transactions on SMC 1984.

Hennessy, R. T., Problems in Simulation for Training, in
"Research Issues in the Determination of Simulator Fidelity"
, Hays (ed) ARI, July 1981.

Hunt, R. M. and Rouse, W. B., Problem Solving Skills of
Maintenance Trainees in Diagnosing Faults in Simulated
Powerplants, Human Factors, 23(3), pp. 317-328 1981

Jaspers, B. W., and Hanley, G. S., The Marine Engine Room
Training Simulator at TNO Delft, in "Ship Operation
Automation” , III, J. Vlietstra (ed) , North-Holland Co.
IFIP, 1980.



<
l. l, "
EREERENN 9 1

s

e RO
¢
. '

i Dot Se e g
P .

P A .

e e s .
i o .
At e Rt Y

BTN
4 o
Ay oy gty

.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

68

Jeantheau,G., G., Handbook for Training System Evaluation,
Technical Report NAVTRADEVCEN 66-C-0113-2, Orlando, FL.
1971.

Johnson, S. L., Effect of Training Device on Retention and
Transfer of a Procedural Task, Human Factors, Vol. 23 (3) ,
pp. 257-272, 1981.

Johnson, W. B., and Fath, J. L., Implementation of a
Mixed-Fidelity Approach to Maintenance Training, Report No.
83-3, Norcross, GA: Search Technology, Inc., September 1983.

Johnson, W. B., and Rouse, W. B., Training maintenance
Technicians for Troubleshooting : Two Experiments with
Computer Simulations, Human Factors, Vol. 24, No. 3, pp.
271-276, June 1982.

Kaplan, G., Nuclear-power-plant Malfunction Analysis, IEEE
Spectrum, June 1983.

Kinkade, R. G., and Wheaton, G. R., Training Device Design,
in "Human Engineering Guide to Equipment Design" , Van Cott
and Kinkade (eds) , ARI, 1972.

Klein, G. C., Kane, J. J., Chinn, A. A., and Jukes, A.
O., Analyzing Training Device Effectiveness in Cases Where
Test Data is Inconclusive, Proceedings of the 22th Human
Factors Society Conference, pp. 154, 1978.

Kriessman, C., A Spectrum of Simulators for Power Plant

Training, Training and Development Journal, pp. 37-39, Sept
1981.

Landeweerd, J. A., Internal Representation of a Process,
Fault Diagnosis and Fault Correction, Ergonomics, Vol. 22,
No. 12, pp. 1343-1351, 1979.

Larkin, J., McDermott, J., Simon, D. P., and Simon, H. A.,
Expert and Novice Performance in Solving Physics Problems,
Science, Vol. 208, pp. 1335-1342, June 1980.

aaaaaa

. .4’ 'a' Pt
I a2 T T8 50 )

Ataca At A ek

e e
L
R N

. b, 0, -
. v
L e Ty
age e

Lok neda A

)

T . e
A I T M
. TR T T
L N e
< RPN '
R .
RS ) -

q

Al el

i
A

AT
LI
B,y

@

PSS

A A

3 {Sf

<

..

S N
K ‘."1‘,
P

Pl




49. Levin, S., and Fletcher, J. D., Videodisc Technology : A LT
New Approach to the Design of Training Devices, in "Manned : \lB
Systems Design" , Moraal and Kraiss (eds) , Plenum, 1981. >-“

4
4

< 50. Lintern, G., Transfer of Landing Skill after Training with AT
:i Supplementary Visual Cues, Human Factors, 22(1), pp. 81-88, SRR
o 1980. I
. o
51. Longman, M., Phelan, C. N., and Hansford, R. F., .
Interactive Operation of Ship Simulators, MARSIM '81, 1981. )

Py

52. Martin, E. L., and Waag, W. L., Contributions of Platform : '—j

Motion to Simulator Effectiveness : Study 1-Basic Contact, hd

e Internal Report, AFHRL-TR-78-15, June 1978. e
. o~ 4
Xy 53. Matheny, W. G., The Concepts of Performance Equivalence in ..-,J
. Training Systems, in "Psychological Fidelity in Simulated ‘-{Z=$
L Work Environments : Proceedings of Symposiums at the Annual e
= Meeting of the American Psychological Association"™, Erwin, D. L;if:}
= E., (ed), Toronto, Canada, Aug 1978. DA

54. McCallum, I. R., and Rawson, A. J., The CARDIFF Ship S
Simulator : Design Features and Operational Philosophy, A &
MARSIM '81, 1981. :

E: 55. McCauley, M. E., Cotton, J. C., and Hooks, J. T.,

- Automated Instructor Models for LSO Training Systems, Canyon N
Research Group Inc., Technical Report NAVTRAEQUIPCEN e
o 80-C-0073-1 Sept 1982. S
= TN
- 56. Meishier, C. W., and Butler, G. J., Air Combat Maneuvering R
- Training in a Simulator, in "Flight Simulation/Guidance SR
ol System Simulation™ , Neuilly-Sur-Seine, France, NATO ARGARD . 7’
-~ Conference Proceedings No. 198, June 1976. S
o

s

f} 57. Meister, D., Sullivan, D. J., Thompson, E. A., and Finley, R
’.4 D. L., Training Effectiveness Evaluation of Naval Training g -.“
o Devices Part II : A Study of Device 2F66A (S-2E) Trainer o ;
e Effectiveness, Orlando, FL : Technical Report NAVTRADEVCEN L
o 69-C-0322-2, 1971. IR
2 C

:)

ii

A

'}:

Y
L

A-‘

_________

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



70

Micheli, G. S., MAnalysis of the Transfer of Training,
Substitution, and Fidelity of Simulation of Transfer
Equipment, TAEG Report No. 2, Training Analysis and
Evaluation Group, NAVTRAEQUIPCEN Orlando FL, 1972.

Miller, G. G., ©Some Consideration 1in the Design and
Utilization of Simulators for Technical Training, Technical
Report : AFHRL-TR-74-65, Aug 1974.

Miller, R. B., Psychological Consideration in the Design of
Training Equipment, WADC-TR-54-563, Wright Air Development
Center, Wright-Patterson AFB, OH, Dec 1954.

Montagque, W. E., Is Simulation Fidelity the Question 2, in
"Research Issues in the Determination of Simulator Fidelity
Proceedings of the ARI Sponscred Workshop" , Hays (ed), July
1981.

Morris, N. M., and Rouse, W. B., The Effect of Level of
Knowledge wupon Human Problem Solving in a Process Control
Task, Proceedings of the 27th Human Factors Society
Conference, Oct 1983.

Mudd, S., Assessment of the Fidelity of Dynamic Flight
Simulators, Human Factors, Vol. 10 (4) , pp. 351-358, 1968.

Murdock, B. B. J., Transfer Designs and Formulas,
Psychological Bulletin, Vol. 54, No. 4, 1957.

Narva, M. A., Formative Utilization of a Model for the
Predictions of the Effectiveness of Training Devices, US ARI
for Behavioral and Social Sciences. l6th Annual US Army
Operations Research Symposium. Fort Lee, VA, Oct 1977.

Orlansky, J., Interrelationships Between The Fidelity,
Transfer and Cost Of Simulators: A Revised Look Institute
for Defense Analyses, Draft paper, Feb. 1984

Orlansky, J., and String, J., Cost-effectiveness of
Maintenance Simulators £for Military Training, IDA Paper
P-1568, Institute for Defense Analyses Science and Technology
Division, Aug 1981.

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




71

Osgood, C. E., The Similarity Paradox in Human Learning : A

Resolution, Psychological Review, Vol. 56, pp. 132-143,
1947.

Pepler, R., Thermal Comfort of Students in Climate Controlled
and Non-climate Controlled Schools, ASHRAE Transaction, Vol.
78, pp. 97-109, 1972,

Prophet, W. W., The Importance of Training Requirements
Information in the Design and Use of Aviation Training
Devices, HumRRO, Professional Paper No. 8-66, Alexandria,
VA, 1966.

Rasmussen, J., On the Structure of Knowledge : A Morphology
of Mental Models in a Man-Machine Systems Context, Riso
National Laboratory, DK-4000, Roskilde, Denmark, Nov 1979.

Rasmussen, J., The Human as a Systems Component, in "Human
Interaction with Computer™ , Smith, H.T. and Green, T.R.G.
(eds) , Academic Press, 1980.

Roscoe, S. N., Incremental Transfer Effectiveness, Human
Factors, Vol. 13, No. 6, pp. 561-567, 1971.

Rouse, W. B., Experimental Studies and Mathematical Models
of Human Problem Solving Performance in Fault Diagnosis
Tasks, in "Human Detection and Diagnosis of System Failures"
» Rasmussen and Rouse (eds) , Plenum, 1981.

Rouse, W. B., A Mixed-fidelity Approach to Technical

Training, Journal of Educational Technology System, Vol. 11
(2), 1982-83.

Ryan, L. E., Puig, J. A., Micheli, G. S., and Clarke, J.
A., An Evaluation of the Training Effectiveness of Device
2F90, TA-4J Operational Flight Trainer Part I : The B Stage,
Orlando, FL : Technical Report NAVTRAEQUIPCEN IH-207, Aug
1972.

Semple, C. A., Hennesey, R. T., and Sanders, M. S.,
Aircrew Training Devices : Fidelity Features, Canyon
Research Group Inc. AFHRL-TR-80-36, Jan 1981.

.
N
24

)

i
“y Coa el .
Al 4t g ot g’ o &

i
e
‘e sty gt

/

' Lot y ' . Lt e
{ﬁﬁ”go-_ G e .
e




SEIMOASIND 4 1 e 30 P a it 2Lt N S AL BEMCSE LSO SRS ' S ji
\

......... .

72 -

Shepherd, A., Fidelity of Simulation for Training Control
Panel Diagnosis, in "Symposium on Human Operators and
Simulation"™ at Loughborough University of Technology by
Institute of Measurement and Control and IEE, March, 1977.

Shepherd, A., Marshall, E. C., Turner, A., and Duncan, K.
D., Diagnosis of Plant Failures from a Control Panel : A
Comparison of Three Training Methods, Ergonomics, Vol. 20,
No. 4, pp. 347-361, 1977.

Spangenberg, R. W., Selection of Simulation as an
Instructional Medium, Proceedings vol 1IV. Future of
Simulators in Skills Training. First International Learning
Technology Conference and Exposition on Applied Learning
Technology. Society for Applied Learning Technology, pp.65,
July 1976.

Swezey, R. W., Aspects of Criterion-Referenced Measurement
in Performance Evaluation, Human Factors, 20(2), pp.
169-178, 1978.

Swezey, R. W., Summary : Research Priorities and Support
Session, in "Research Issues in the Determination of
Simulator Fidelity : Proceedings of the ARI Sponsored
Workshop", July 1981.

Tinker, M. A., Illumination Intensity for Reading Newspaper

Type, Journal of Education Psychology, Vol. 34, pp.
247-250, 1943.

valverde, H. H., A Review of Flight Simulator Transfer of
Training Studies, Human Factors, pp. 510, 1973.

Weitz, J., and Adler, S., The Optimal Use of Simulation,

Journal of Applied Psychology, Vol. 58, No. 2, pp.
219-224, 1973.

Westra, D. P., Investigation of Simulation Design Features
for Carrier Landing II. 1In-Simulator Transfer of Training,
NAVTRAEQUIPCEN, Technical Report No. 81-0105-1, 1981.

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

.....
.....
S

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




87.

88.

.
r.'\
-
-
.
"

— A g Shes ash five Juasn ieen Snee. S e e ek e Jaare JAgia Jann et e o R A o
Pt Siar e JA Pt it A A P . .« e
. PR . -

73
Wheaton, G. R., Rose, A. M., Fingerman, P. W., Korotkin,
A. L., and Holding, D. H., Evaluation of the Effectiveness

of Training Device: Literature Review and Preliminary Model.
Research Memorandum 76-6, US ARI for Behavioral and Social
Sciences DAHC 19-73-C-0049, April 1976

Williams, K. E., Goldberg, J., and D'Amico, A. D., Transfer
of training from Low to High Fidelity Simulators, CAORF
50-7919-02, Maritime Administration's Computer Aided
Operations Research Facility, US Department of Commerce, Dec
1980.




,5 ,,,,', .,.',q' ML SR i el 4 Rl St it Wit St aalk F e L T TN T Y Y MERAERAIENS A N T T R
W . N el g i & da .. PR R AN o - . -
. - AT . . P PR e A F R R ‘
. PR . |

e
T fgorgia Techidoise i-May-84 Fage |
Y ..
f‘; vy Marire Corps
Cj: I Anlzre, Ropart R L GREENUP W WILLIAM (MCDES) 12345 R,
N i Riken, E2 ! ONR tooM 12345 RO
o . Baker, heryl 3§, 3% 1 SLAFKDSKY AL 12345 Sy
v v Blaiwes, Arthur s, 3 ]
! Band, Nick 1234 ' DRt
?:}' ! Breaux, Ropert o e
S ! CNET Liason, AFHAL oo e
.f}- ! Collyer, Stan 12345 S

e . CURRAN wike 12385
f i EDDCWES, EDWARD E,
! HOLLAN JIN 2345

’:‘;j'. ! Hutchins, Ed 345
p:;i ! YERR NORMAN { 12345
NG IOMALDY NILLIAM L 12385
) ¢ Rclactlar, loe kd

L PoMichael, Jia 3
1 Montague, Wiliias (23
v.. ! NFRDC L IBRARY 1234

LN

LS
e I NFROC TECHNICAL DIRECTO® 12345
Lo 5 NRL CODE 2627 12385
- b ONR 8427 12745
! PGOCK BARY 127 %
b i 3aillie, Ropert 3
e ! Smith, Rohert B, 12342
N ! SMODE ALFRED F 2343
O L Encw, Rithard 12785
e ! SORENSEN RICHARD 12245
= i Steinheiser, Frederick 0 345
! WEISSINGER-BAYLON ROGER 2245

i Wetzel, Douglas (NFRDC) 012 4%
t Wulfeck, Waily 3

T o R S o N 2
3 > EAEAP AR MR ST e . . o . R A . .
-, .' 'h J'.' L AN (‘"."11,‘1*..-.' e .‘_..'_‘—’-., . .A. X e -'.. - ',."-.'_.-.- .‘-'._:_'. o _ s RS AT, ALY -_‘-:‘\._-}:_ .
4 t "_\I\\t\ﬁ.;\ AN L A‘!.L&A‘\.L,'.A'-‘)—L,-A,L‘_’A.LL’.’A - ISP RN A e O B e B e B A i




— MAENEARIR A A A S e TR ¢ T o
T~ \‘::“_x._'.-“._'?_v,'b ’:-7(1_('_._'.h_'AF_'_-,'T-_':-'.':t: ST TN . P e
- baerjia Tech/Fayse S-Map-34 Page
hrey Air Force

I ARI Technizal Director 12345 1 AFOSR Life Sciences 1748

L FARR BEATRICE 2345 ! DALLMEN, BRYAN 319

1 0°Ne1i, karry 345 i HADDAD BENEVIEVE 2345

i Drasany, luditn 34Z i Lengridge, Toa 0 2345

i SASMOR FDRERT 12745 1 Tangney, John 127

! Yasatuke, Joe 2745




= A L R ERL I ISURNUEL S ® :
. . .
. i - . . ' T 1 ’ . - ‘ ! ‘
* B ' ot LY ) . . . ,
2 o .
5
P. R
v. ..‘
"y
2 g
I
k.
p.
3 .
y .
. .«
’ a
: ‘
p .
! ]
b .
3 .
+ .
] .
v. o “,
.
. - g
n uld w U i
. ra -t wy .-
(a9 Ll i A
4o €
p .
-\ P < I
3 ’ ..-_
: g
- 4
y .
o’ %4
¥, Ny
. Ve
m- w . ....
- -7} fo -
L it . - "
(=)
wh P= U e L3 k
. s ~ = B
. o T3 <X ﬂ !
- <r <oon
>, T o 9
r, P - B
h ] o= A
b’ Jhan g o en e
- . = X = -
N > - e 3 Y
4 - 1 — O
‘. [ = = > K
5 — e e ..4
o .h
K, .
- c e
4 - .
(== .4
. ) .-.
E
g R
= ol
— AR
uw Ul y L
-t -_u.u < -t
P pn PO Ry
9 (o)
. e -—
4
! as
& w
3 [~
|, &
B -
£ & .
p*. P
& e D
. “ [=] |.U [+ =
) n =]
24 - [=2]
9 m < T3 ]
b = LY 'S
. ~= - -
y = -~ [CY R~ =
o w e = B
L 9 n o A~
' - (=% w1 9w
o Qs — 5 £ e
2 it (=1 €3 = - =
r. o [ P
. —
. =
7]
h kL

CalliCath

a2

.
Ll
Lt

- JJ¢.\44.#...M
O T




Ch e e e e e e g bee

- b ea

— b

. - ea s

—

e e e b h pe e e b s e

N i

Geerg.a Tesh/Rouse

Frivate Sector
Anderson, John R. 2345
Andersan, Nancy S. 0
BAGBETT, PATRICIA
Brown, dohn Seeley 348
Bryan, Glenn 1234
Buchanan, Bruce 345
CARBONELL, JAINE 345
Charney, Davida  (CMU) 0 34
CHI MICHELINE 45
Ciancey, Willias 0 345
COLE, MICHAEL
COLLINS ALLAN N 345
DONCHIN EMMANUEL 12345
ERIC 12345
Ericssan, Anders 2343
Feurzeig, Wallace 0 348
FITIGERALD DONALD $2345

i Fletcher, Dexter 12343
FREDERIKZEN JOHN R 12343
Gentner, Don 24
bentner, Dedre 34
Glaser, Robert 012345
GOGUEN, JOSEPH 2145
Bophier, Daniel 243
GREEND JAMES 6 12345
Hayes-Roth, Barbara 2345
Heller, Joan 34
HOFFMAN JAMES 245
Holland, Melissa 34
Husan Intelligence Newslett 0 2345
Hunt, Earl 0245
KIERAS DAVID PAL ]
Koss!yn, Stephen 012 45
Langley, Patrick 3435
LARKIN JILL 2343
Lesgoia, Alan 012345
LEVIN, JIN 345
Lyon, Doa 1234
Mcllelland, Jay 245
Miller, James K. 345
BILLER MARK 12345
Noran, Towe 43
MUNRO ALLEN 2345
Norman, Donald 4. 0 2345
Orlansky, Jesse 012345
PENNINGTON, NANCY 342
POLSON PETER 23435
POSNER MIKE 2485
Reder, iLynn 34
Reit, Fred 0 2345
RESNICK LAUREN 2345
RICHARDSON, JEFF 3
Riley, Mary 0 45
ROSE ANDREW M 12345
flothkopt, Ernst 012345

- e Fm e = e e e re e b e e g e e s

b-May~gd

Private Sector

RUMELHART DAVID
DONCHIN EMMANUEL
Sinaiko, H. Wallace
SMITH EDWARD
SOLOWAY, ELIOTT
Spoehr, Kathryn 7.
Sternberq, Robert
Stevens, Albert
Tatsuoka, Kikuai
Tatsuoka, Maurice
Thorndyke, Perry
Towne, Doug

Van Lehn, Kurt
Wescourt, Keith 7.
Whitten, William B.
Wickens, Christopher
Wickens, Toa
WILLIAMS, MIKE
Wchl, Joseph 6.

— . e b= e bem —

T T ey

o s bs s ba

0 45

o< =
2 P ey
> 4=
wn on

[

— .
o
o

e Fu
Lo oLn

<

DO A Al S At o St il nt Al Ml e R S T
N SR AR e N S R R R RG] . St e

N TR TN TR T R R TR Y W L e w T 1-1'—-.1_

o
I DA SN

&

el
.IL Al
U LN

A x

'
a

b R . : L

L’"“ e & - - .

. Lo . o s .
. . v : . oo
sl < - S,

St

e

'
PN

Sir
TV SRR ¥ & W I A T T U AN

-
! . St
. N
R [ 3 ),
KN ORI .
S @ RO
FRRE POTER

L
e Y

{
. .,' K ‘:' ""
yawy

e
Q

htendnddniillie ama a s A n Ao sl

R YORY SN SN




-

Y

T




