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Automatic/Control led Processing Concepts
and Their Implications for the Training of Skills

Final Report
Walter Schneider
Abstract

Recent research on automatic and control led processing is reviewed with emphasis
on the implications for applied training programs and personnel selection. The
research assumes that humans perform mental operations through the Iinteraction
between slow, effortful, easy to modify controlled processing and comparatively
fast, parallel, difficult to train automatic processing. Major conclusions from
the work Include: performance Improves as a functlon of conslstent correct
executions; automatic processes can develop with few training trials; massing or
distributing practice has little effect; reducing controi processing resources
slows learning; automatic processes can become context dependent; training
operators to respond to classes of events promotes general ization of automatic
processing; dual task measures are important assessment tools In assessing skil |
competency; and motivational characteristics of tralning programs may greatly
influence training success rates. Automatic processes infiuence performance In
complex category search tasks, Inconsistent tasks with consistent components,
tasks which are consistent within a context, visual spatial temporal pattern
tasks, and conjunction of features tasks. Automatic processing Is very rellable
and can perform complex functions, such as category search, with no measurable
Increase In workload. The Insensitivity of automatic processing to the effects
of motivation, vigllance, and drugs, and the stabll ity over long periods without
practice, suggest the need to train automatic component skills to obtaln high
pertormance levels. I{nd{vidual differences In terms of amount of controil
processing resources, speed of automatic process development, ability to deal
with frustrations Inherent in practicing a skill, ability to incorporate context
control, and the ability to "fet go"™ of an automatic process may Influence

training program success. Eleven guldelines are presented for speeding
automatic process development in +raining programs. These guidel ines can be
incorporated into micropricessor based skill frainers and may substantially

Improve tralning effectiveness. An application of the guldellnes to the
training of alr-traffic control for inflight refueling Is presented. The
proposed program presents a number of novel approaches to training radar control
tasks. The analysis of the alr-traffic control tasks 1|lustrates how automatic
and control led processes interact to perform complex operations.
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Automatic/Control led Processing Concepts
and Their Implications for the Tralning of Skllls

Final Report

This report summarizes +the research carried out on Contract
N000014-78-C-0012. This research examines human Information processing In
skilled pertormance. The research Interprets human Information processing to be
the result of +two quallitatively different processes: controlled and automatic
Information processing. Controlled processing requires |Ittle tralning to
inltiate, Is easy to modify, but siow, serial in nature, and highly dependent on
load. Automatic processing Is a very fast, parallel processing mode which
occurs after subjects are extensively +tralned at treating Information In a
consistent manner. The objectives of the research program are to determine how
to quickly develop skilled behaviors, determine the Iimits of automatic
processing capabilitles, improve the theory of individual difference testing and
assessment, and suggest gulidellnes for equipment and training programs to
optimize automatic processing performance.

The present report Is a summary of the research project results and some
speculations about their implications for applied settings. Detallied
information about the research is provided in technical reports and working
papers listed on pages 31-32 of this document. During this project we have.
tralned subjects for a total of over 10,000 hours. In this report we will
discuss both the emplrical evidence and our subjective Impressions of this
training experience. At the end of this report we wili 1llustrate how the
principles derived from this research might be utiiized in applied training
programs. In particular we will discuss how one would develop automatic
pertformance skills for alr-traffic control of Inflight refuel ing operations.
There Is a wide variety of materlal presented In +this report. Readers are
encouraged to skim sections attending to underlIned comments |f pressed for
time.

Background
Human performance In almost any cognitive or motor skill shows profound
changes with practice. Consider the changes that occur whlle learning to fly an
alrcraft, type, play a musical Instrument, read, or play tennis. At flrst,

effort and attention must be devoted to every movement or minor decision, thus
pertormance Is slow and error prone. Eventually long sequences of movements or
cognitlve acts can be carrled out with |ittle attention, and performance Is
quite rapld and accurate. For example, the beginning reader may need a few
seconds to encode each new letter, and stll| may be error prone, whereas the
expert can accurately encode 25 letters per second and still have sufficlent
capacity avallable to encode the materlal semantically as well. In alrcraft
control, the novice may have dlfficulty Just keeping his alrcraft on the proper
heading. However the expert can fly complex aircraft formation maneuvers while
pertorming a simultaneous digit cancelling task (Colle & DeMalo, 1978).

The striking changes that occur with practice have led many researchers +to
propose that there are two qualitatively different forms of human processing
(e.g., James, 1890; LaBerge, 1973; Posner & Snyder, 1975; Shiffrin & Schnelider,
1977), I shall refer to these two processes as automatic and control led
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processing. Automatic processing is a fast parallel process, not Iimited by
short-term memory, requires |lttle subject effort, requires extensive and
consistent tralning to develop, and provides |lttle direct subject control.
Manipulating a fork at dinner or driving a car are examples of automatic
processes. Controlled processing !s comparatively slow, serial, Ilimited by
short-term memory, and requires subject effort, exhibits a large degree of
subject control, and requires |ittie or no trainlng to develop. In addition,
control processing appears to be Instrumental in causing substantial changes in
long-term memory. Trylng to remember a telephone number jong enough to dial It
Is an example of a control process.

Development of skilled performance is primarily the result of developing
appropriate automatlic processes (see Report 8002; Schnelder & Flsk, in press~b).
Control processing resources are |Imited (e.g., one can only maintaln 5 Items In
memory), and do not improve with practice (see Schneilder, Dumais, & Shiffrin, In
press). Our research suggests that sklilled performance resuits from bulliding up
many component automatic processes which perform consistent processing
transformations In complex tasks.

The reader should note, however, that the performance of all sklliled tasks
involves the Interaction of both processes. Even brief consideration of any
complex task, such as playing tennis, makes It clear that such tasks are carrled
out by a mixture of automatic and control processes, possibly organized in a
systematic network or hlerarchy with many of the automatic processes operating
in parailel. The control processes deal wlth strategy (e.g., seeking for
advantage or trying to tire the opponent), maintain temporary information (e.g.,
current point advantage In the game), and deal with any novel components of the
task (e.g., particular wind conditlons). Operating within the context of the
information maintained by control processes, automatic processes perform the
consistent elements of the task (e.g., approachling and hitting the ball). The
following discussion will occaslonally refer to the processes [nvolved In
carrying out a task as 1f they were wholly automatic or controlled. In all such
cases the reader should understand that these statements are designed to
simpllfy the discussion; the Intended referent will always be some msjor
component process. We assume as a worklIng hypothesis that essentlally all tasks
are accomplished by a mixture of both types of processes.

Speeding Development of Automatic Processes

The major effort during this contract perlod has been to determine how to
speed up the development rate of producing new automatic processes. We have
been fairly successful and have reduced our tralining time for a simple detection
task from approximately 2,000 trlals of training to below 200 trials. |f these
techniques are employed in developing automatic component sklllis, training time
could be reduced by as much as 90% In a variety of applied settings. We have
also shown that automatic performance Improvements can occur with as few as 10
practice trlals (Report 8004). Hence automatic processing should not be viewed
as belng Important only after hours of practice.

Consistency Is a necessary condition for performance JImprovement and
automatic process davelopment (see Report 8005; Schnelder & Fisk, 1982). In a
detection paradigm, subjects were required to detect specific letters In rapldly
(t.e., 110 msec each) presented frames of 4 letters. In a consistentiy mapped
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{CM) conditlion, every time a particular jetter would occur the subject would
respond Indicating the position of that letter. In a varied mapplng (VM)
conditlon, on some trlals the subject would respond to that letter, on other
trials the letter would be a distractor and would be Ignored. I[n the VM
condition subjects could not consistently respond to the stimulus across frials.
In the CM condition subjects' detectlion performance improved about 35% with
practice after 670 detection triats. However, If a stimulus letter appeared as
a distractor twice as often as it appeared as a target, there was no significant
performance Iimprovement as a function of practice (see Fligure 1). As
consistency decreased, both the performance Improvement rate and the final
performance level also decreased. In addition, subjects were tested with the
letter detection task treated as a secondary task, Results showed that previous
consistent mapping training greatly facillitated the subjects' performance of the ‘
detection task as a secondary task. In fact, 1f +the target's previous
consistency was less than 1/3 (l.e., a letter appeared as a distractor twice as
often as [t appeared as a target), subjects could not detect any of the targets
if the detection task was treated as a secondary task. These results Indlcate
that parformance Improves as a multiplicative function of the number of trials
and the degree of consistency.

insert Figure t about here

The importance of consistency suggests that training programs should
facilltate the Identification of consistencies and consistent responding. For
example, computer assisted displays might emphasize the consistent events
appropriate for a particular task. In our alr-traffic control task, we present
the consistent control function curves which are representative of the turn
characteristics of the ailrcraft the operators would control (see below).
Adaptive tralning technlques might also promote consistency. Such techniques
should not Increase the diffliculty of the task beyond the point where operators
are at least 50% accurate. Otherwise we would predict that responding would not
be consistent enough to develop automatic processes to perform the task.

Performance Improvement appears to be primarily a function of gorrect
axecurions of 1he process. In a search paradigm (Reporf 8004) we found that
detection performance Improved as a function of the number of correct
detections. Performance did not Improve as a functlon of searching for a jetter
and not detecting 1It. In fact, performance decreased with nondetection
searches. We speculate that performance improvement is primarily a function of
the number of times the proper stimulus to response mapping was executed by
control processing. Searching without detecting does not activate the stimulus
response mapping and hence would not be expected to improve performance. Our
results suggest that when tralning an observer one should provide many
experiences of the critical event relative to searches without the critical
event occurring. The effectiveness of "quidance” and "discovery™ methods of
teaching (see Welford, 1976, Chapter 6) appears to be that they reduce Initial
errors and result In the learner making few Incorrect executions. These methods
Improve both the consistency of response and the number of correct executlons.
Hence they would be predicted to speed automatic process development.
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Detection parformance can Improve with as few as 10 consistent iralning
trials. We found (Report 8004) that after an average of 10.1 consistent
detections, performance Improved 44% over the comparable VM detectlion rate. in
generai we fInd substantlal Improvements wlth less than 200 detections of a
letter in a conslstent mapping search task.

Our results suggest (Report 8011) +that there may be some minimal
iime for developing an automatic process. When subjects are
tralned with very rapidly presented stimull (l.e., at rates faster then 100 msec
per stimulus) we often find subjects can consistent|y detect a target but
performance does not improve with practice. However, If the presentation rate
Is slowed (l.e., from 100 msec per stimulus to 150 msec), not only does
detectlon performance Improve but also performance now signlflcantly Improves
with practice. This suggests that there might be a short (approximately 100
msec) consolldation time required for a correct execution of an automatic
process to lead to Its development. We are continuing research to determine
whether there Is such a brief consolldatlon perlod.

Our training results suggest that moderate speed stress may Improve
automatic process development rates. We have observed subjects performing a
training task, sometimes for days, with Iittle Improvement even though the task
Is such that most subjects show substantlal Improvement. We have found that
there s [ittle If any performance improvement In some subjects If they are not
pushed to perform faster. In some subjects we have found |ittie performance
Improvement even after 10 sessions of CM tralning. However, with these sub jects
we often find that (f we push them (e.g., require that they respond under a
glven deadline reaction time), performance does improve substantially. We have
trained subjects In both a single frame and multipie frame procedure. In the
single frame procedure the subject Is presented a display and required to
respond 1f a target Is present on the display. The subject has as much time as
he or she wants to process the display. Our second procedure Is a multiple
frame procedure. In this procedure the subject Is presented a rapid series of
displays for short duration each (e.g., typlcally 100 msec). We have found
somewhat faster Iimprovement rates when subjects are trained In the multiple
frame procedure. We interpret this faster Improvement rate as suggestive that
mild time pressure Improves subject learning rates.

versus distributing practice seems 1o have llitle effect on

cate within +he ranges tested. In a CM detection paradigm, subjects

searched for a glven letter at every second trlal, fourth +trlal, or elighth

trial. The differences between these levels of distributed training were not
significant (Working Paper 80-2).

resources appears 1o slow the learning rate.
We have carrled out many experiments In which subjects learn a detection task
while they carry out a secondary task. Our subjective Impression Is that in
these training situations performance Improves much more siowly than when
sub jects do not need to perform the secondary task. The careful examination of
Logan's data (1978) also shows that performance does not Improve as quickly when
sub jects are under high secondary task load.

These results suggest the obvious, that operators should not be overloaded
while trying to learn a new task, This might stress the Importance of part-task
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tralning over full-task ftralning. Although the fuli-task tralner might more
closely approximate performance on the final task, i+ might also overload the
operator. Such overloading might greatly reduce learning rate and hence slow
learning 1In comparison to part-task training. Thls overloading is usually
concelved of in terms of memory |Iimitations. Reed (1924a, 1924b) was the first
to speculate that +the part method may be superior because It adjusted the
materlal to be learned to the memory span of the subject. Maccoby, Michael, and
Levine (1961), Margollus and Sheffield (1961), Michael and Maccoby (1961), and
Sheffleld (1961) argued that a subject should be presented with only that amount
of Information which he Is capable of "assimllating" at a given moment. They
call the capaclty of the subject to assimllate a given amount of the material
the "demonstration-assimilation span" (D-A span) of the subject. The amount of
the given material that subjects are capable of assimilating at a given moment
is called the "demonstration-assimilation unit" (D-A unit). They argue that the
optimal D-A unlt [s that amount of materlial after which the +typlical subject's
responses are 758 correct on a post-test. |f the D-A units are larger than
this, the authors argue, learning will be Impeded; if smaller, learning will be
inetficlent. In actual practice, the amount of material presented at one time
should be a compromise between the logical or natural units of the task (as
ldentifled by some form of task analyslis) and D-A units.

Automatic process learnlng may be substantlally Influenced by context. We

-carried out a serles of 12 experiments (Report 8009) to determine whether

sub jects could develop automatic processes which were inconsistent across
context but would be consistent within a context. In these experiments, the
context was manipulated by putting up a set of context symbols (X's in a diamond
versus O's In a square formation) around the four visual channels. A particular
letter would be consistently mapped as a target in one context (e.g., X's on the
display) and would always be a distractor in another context (0's on the
display). We found in a number of such context dependent +training situations
that some of our subjects could clearly develop performance levels typlcal of
automatic processing. Some subjects could detect a given set of stimull when
they were targets on some trlals and distractors on the other as well as when
they were targets only. For some subjects providing explicit external context
Improved thelr ablllty to develop context dependent automatic processes.
Additlonal research is required. The present results suggest that automatic
processes can develop when subjects must consistently respond to stimull within
a gliven context; however, thelr responses to the stimuli need not be consistent
across all contexts (see Schnelder & Fisk, in press-a).

The second set of results suggesting that context Is important Is our
experlence In dual task processing conditlons. In these tasks subjects are
asked to perform two processing tasks at once (e.g., searching for letters while
keeping digits In short-term memory). Every time we change the dual task
processing conditlons even s|ightly, subjects typically require one to two hours
of tralning before they can perform both tasks well. Logan (1978, 1979) has
observed a similar Initial training time for dual task condltions. We
speculatively Interpret +this as time In which the automatic processes become
active within the particular dual task context.

The miiltary combat environment provides a suggestive example of probiems
caused by lack of context incorporation. I+ is generally found that pllots who
survive thelr flrst ten combat misslons have a greatly Increased chance of
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surviving further misslons. We would predict that early misslons would
Incorporate previously learned automatic behaviors such that they would be
enabled within combat context. Unfortunately, during the first few missions,
many of the automatic behaviors may not transfer to the new context, resulting
In very poor performance.

The potentlal of having automatic processes which are context dependent
suggests that +tralning environments should attempt to recreate as much of the
final context as possible durlng training. In tralning a component +ask, it
would be best to embed that component within the more complex task. For
example, In the alr-Intercept task (see below), while the operator Is learning
to control one alrcraft the computer might also display the performance of the
other alrcraft for the proper rendezvous. |In this way [+ |Is hoped that the
operator will learn the appropriate visual context under which the various turn
characteristics of the alrcraft would take place. One must be cautious when
adding context not to overioad the operator's |imited control processing
capaclitlies.

1f automatic processes do become context dependent, there may be some
sltuations where the context should be varied in tralning so that the automatic
process Is context Independent. For example, if you cannot +train within the
actual context (e.g., a |ife threatening slituation}, It might be best to train
in a varlety of situations so that the automatic process would not be context
speclflc, Since our previous research has shown that varled mappling search
conditlons do not result in automatic process development, we would anticipate
that varying the context couid resuit Iin context Independent automatic
processes. Thls is, of course, speculative at present.

To promote proper generalizatlon, fralning may have 1o be dope at ithe
appropriate level of the task. We have trained subjects to respond to specific
letters, words, and categorles of words (see Report 8102). Results suggest that
sub jects can automatically respond at any of these three levels of stimulus
generallzation. When subjects were trained to respond at the category level,
they were taught to search for words of a given category but never to search for
a given Individual word. We speculate that 1f subjects consistentiy respond +o
a single word, automatic processes will develop for that speclfic word.
However, If there Is a large set of words that fall Into a general category, and
subjects are responding to the category, we expect the learning to be at the
category level. In an applled training situation, the amount of emphasis given
to particular stimulus readouts may be Important. For example, In training a
nuclear plant operator you may +train the operator to respond elther to a
particular temperature readout, or to a contrast between one gauge and the rest
of the gauges. In the former case we would expect less transfer to a varjety of
similar events than we would in the Ilatter. in the alr-traffic control
situation (see below) we vary the angle of the Incoming planes so the l|earner
does not develop skills speclflc to one set of incomling planes.

In some situations there Is a need 1o 1irain subjects 1o let autcmatic
processas Lasources. A good typlst knows the importance of
letting automatic process typlng behaviors take place without the interference
of consclous control processes. If a +typist thinks about his/her hand
placements, the typing becomes more error prone. We have found In our dual task
training experiments that subjects have a strong tendency to waste control
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processing resources (see Report 8002), After a process was well deveioped we
found that we had to strongly encourage subjects not to expend any resources on
that task. Learning to read demonstrates the Importance of teaching Individuals
not to waste resources on an already automatic task. |f word encoding Is fairiy
automatic and readers continue to allocate |Imited control processing resources
to the encoding  task, they reduce resources avallable for semantic
comprehension. Hence, although the encoding may be slightly more accurate, the
total reading performance will be poorer. LaBerge and Samuels (1974) report
that teachers who stress accuracy have a tendency to produce poor readers. In
development of a complex skill, 1t may be as Iimportant In some situations to
stress what not to attend to as well as what to attend to. We have found that
some Individuals require speclal tralning in order to "let go™ of an automatic
process (see Schnelder & Fisk, In press-a). I|f operators have a tendency to
waste resources on task components which are already automatic, they will not
have the resources available for performing the potentially more critical
strategic memory components of the task.

Qual fask parformance measures may be Important assessment tfools for
sklll compatency. We often find |ittie difference between performance
In CM and VM conditlons when subjects are fully attending to the processing. In
many conditlons the difference between well practiced CM performance and poorly
practiced VM performance Is quite small (e.g., only 5% differences In detection
or only a 15 msec slowing In reaction time when subjects must search for only
one particular stimulus (see Report 8002)), LaBerge (1973) has shown that when
sub jects compare well learned letter stimull versus novei stimull, there are few
differences after the second session If subjects are attending to the comparison
process. However, If subjects cannot prepare for a particular novel stimulus,
dl fferences persist for greater than 10 sessions.

We have found that performance on a task which is fully attended reaches
asymptote long before performance on that task when the conditlion Is treated as
a secondary task. When subjects were attending to a CM diglt detection task we
found accuracy seemed To have asymptoted after about the second session (see
fliled triangles, Figure 2). However, when the digit detection task was treated
as a secondary task (open triangles, Figure 2) performance continued to Improve
for elght sesslons.

Insert Figure 2 about here

In many applled situations It Is Important to assess competency level when
the operator 1is not fully concentrating on the task. For example, one cannot
consider a pllot a safe pllot when he can only land his alrcraft on an alrcraft
carrier when fully attending to the task. |f something unexpected happens near
a critical maneuver (e.g., a warning |ight comes on), a reduction In resources
avaliable to the landing task may result In fallure to perform the landing
properly. By training operators to the point where they can perform the task
with perhaps half of the available resources, there would be a substantlally
greater margin for error in the performance of critical maneuvers. The Infllight
retueling training task (see below) Illustrates such assessment measures.
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Motivational Factors

Our experience of training 10,000 hours of automatic process development
has convinced us that motivation is often more .Important than many other
manipulations Iln the development of new automatic processes. Motivation Is much
more Important in the development of automatic processes than it Is In the
development of declarative knowledge. The first problem is that automatic
process development Is very slow and may take hundreds of trials. The second
problem is the task may be so difficult Initially that the operators wiil doubt
that +they can ever perform the task well (e.g., most people who try to learn to
play a musical Instrument quit before learning to play well). Third, because so
much practice may be needed, practicing may become very boring. This is
particulariy a problem since very early In practice performance may be accurate,
but not automatic (see above discussion of dual task performance assessment).
Fourth, sometimes operators get into a passive practice mode where they continue
to practice but do not Improve In performance. We have had subjects plateau and
not Improve performance even after 10 hours of practice In a simple perceptual
letter detection task.

We have learned to motlivate our subjects by a variety of methods. The
experImenter/sub ject interaction 1Is often very Important. We must train our
experimenters to motivate subjects by providing encouraging feedback and working
with the subjects., The Importance of thls Is illustrated by the fact that data
from new subject runners Is often much more noisy than that of more experienced
sub ject runners. OQur procedures alsc encourage subjects to compete with
themselves and others. Subjects are typically glven feedback In terms of thelr

performance from day to day and thelr relative performance to other subjects in
the task.

Our most effective method of maintalning concentrated performance has been
to make tasks Intrinsically motivating by making them |ike arcade games. By
providing simple Interesting active feedback, we can greatly Improve subject
learning. For example, in a simple target detection task, once a subject
correctly detects a target it appears to spin off the screen. Adding sound
ef fects (explosions on detections) can make subjects want to participate even
after of thousands of trials of trainling.

We have found that providing accuracy feedback with discrete cutoffs
substantially Improves subject motivation. We provide subjects both percent
correct ratings and a rating of whether they are "ace, good, average, or novlice"
pertormers. These discrete rating values are provided such that the subject Is
baslical ly always near one of the breakpoints between one category or the other.
As In academlic grading scales (l.e., A - F), the learner seems always to be near
a sallent cutpoint for one category or the other. This seems to maintain
motivation much more than does a simple continuous percent feedback measure.

We have aiso found that subjects improve substantially faster when thelr
Inltlal tralning Jleads +them to expect substantlal improvement. We found that
when sub jects received massed CM training before later CM and VM +training,
pertormance Improved much more than [f they had recelved inltial VM training
(see Working Paper 80-2). We speculate that +this improvement Is due *to
motivational factors. In the condition where subjects first experienced the CM
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training, they did see substantlial Improvement during the first hour. We feel
this resulted in thelr spending more effort In the second hour to learn to do
the task. SubJects who Initlally experlence VM tralning perform substantially
worse In later tasks. These effects were quite rellable (p < .002).

Ihe development of autamatic skills might be more appropriately vlewed from
the perspective of coaching than teaching. In order to properly perform the
task once, the learner must be glven sufficient knowledge to execute the task.
However, to become automatic, hundreds of conslistent correct executions may be
necessary. A critical role of the Instructor Is to provide a motivational
environment to malntain practice long enough to develop automatic behaviors.

On the basis of our training experience, we recommend that training
programs should explicitly attempt to maximize motlvation wherever possible.
Note: the need for motlvation Is often considered a truism in tralning programs.
Or worse yet, the need for motivation Is stated as a fact but not implemented
into the tralning program. |f special sound effects improve performance and do
not substantially alter the performance context, they should be built Into the
training devices. Probably the most cost effective component in our laboratory
is a fifteen dollar electronic sound chip which provides nolses that
substantlially Improve subject motivation (and hence performance) over the
thousands of trlals that we must train them.

What Can Become Automatic

Since automatic processes are fast and effortless compared with controlled
processes, It Is Important to know what activitles can become automatic. We
define automatic processes operationally In terms of those situations where
there Is substantial Improvement In CM conditions relative to VM conditions, and
there Is a lack of secondary task deficit after extended tralning (for detalled
discusslon of operational definitions, see Shiffrin, Dumais, and Schnelder,
1981).. During this contract period we have carried out a number of experiments
to assess the range of activities which would satisfy the above operatlonal
definltions of automatic processes. This research has tried to determine the

generallty of the automatic processing concepts to a variety of experimental
paradigms.

Automatic processes appear to develop only when subjects consistentiy
process Information. However, It Is difficult to operationally define
"consistent processing of Information". We have already discussed results
showing that when stimull have a varied mapping across trlals subjects'
detection performance does not improve with training (Report 8005; Schneider &
Fisk, 1982). However, processing need not be consistent from stimulus to
response. We have tralned subjects to consistently attend to stimuius while the
responses to stimull were varled across trials. Results show (Report 8103) that
inconsistent responding slowed the development rate, but did not affect
detection performance on tests In which the Inconsistent responding was
eliminated. Hence, we feel that automatic performance Improvement wlil occur

when components of a task are consistent even |f +the entire task Is not
consistent (see also Schnelder & Fisk, In press-a).

Experiments which manipulated context (Report 8009) suggest that subjects
can develop gcontext specliflc autamatic processes. A context specl!fic automatic
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' process will develop when subjects make a consistent response to a glven
stimulus In a glven context, but Inconsistent responses across contexts. An
example of this context specific consistency 1Is 1llustrated by driving. A

driver often automatically responds to red traffic signals by stopping. This
response Is viewed as automatic because It generally does not reduce
. undifferentiated resources (e.g., resources utillzed In conversation). However
in the context of walking, the same external stimulus of a red traffic |light may
Initiate a completely different set of behaviors In crossing an Intersection.
Responses to many stimull are consistent within a given context, but
Inconsistent across contexts. The evidence suggestive of context speclflc
automatic processes (Report 8009) indicates that automatic processing concepts
] may determine performance In situations where responses are at least consistent
within a glven context.

The presence of context speciflc automatic processes greatiy Increases the
difflculty of deflining 'consistency!. The context may be either internal or
external. In our experiments (Report 8009), some sub jects. lnlflally required an
external stimulus (X's or O's on the screen) ‘o develop context speclflic
automatic processes. But after sufficient practice (several hours), subjects
could perform elther task wlthout the use of an expllicit external context. In
my own case of worklng with different computer text-editors on the same
terminal, | find | must maintain actively in memory which editor | am working
with in order to keep from making responses appropriate to the other editor.
When there are no external context cues, processes must be cued on the basis of
Internal context. If the Internal context is not maintained, behaviors will
sllp Into those of the more developed automatic processes (see Norman, 1981).

To review, our results on examining automatic processes suggest that:
conslistency ls a necassary condition for automatic process deavelopment;
consistency need only be malntained for a component process In a given gcontext.

motar output sequences appear 1o become automatic with .
We tralned subjects to perform sequences of elght button pushes. We found that,

when the sequence of buttons was varied from +trial to +trial, the rhythm of
| ‘ pushes was baslcally unaffected by tralning (see Schneider & Fisk, In press-b).
There were always pauses and errors at multiples of two responses. In a
consistent mapping condltion, subjects were required to push the same sequence
ot buttons across trlals. In the consistently mapped button push sequences, the
pauses and errors between responses decreased with training. I|f there was a
variably mapped segment within a string of consistently mapped digits, there was

always a pause and an Increase In error rate at the polnt at which the varlably
f ? mapped segment began.

Sequential motor output data seem very simliiar to the perceptual
experimental data. The CM sequences were fast (no large pauses), requlired
I1t+le effort, and were of high accuracy compared to the performance In the
varlably mapped sequence conditions. We expect that motor output sequences will
show results very analogous to the past perceptual experiments we have done. We
are continuing research to determine whether the training principles derived
from perceptual experiments generalize to sequentlial motor output conditions.

. Results from ylsual spatial temporal pattern detection axperiments show
substantial improvements with practice and potentially the existence of
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datectors. Experliments (Report 7901, 8003) required
subjects to detect a sequence of three discrete movements of a |ine segment. In
the CM condlitions, subjects always responded to a particular sequence. in the
VM conditlons, a sequence which was a target on one trlial could be a distractor
on the others. In general the (M sequences were better Identifled, less
affected by processing load, and less affected by temporal characteristics of
the pattern. The CM sequence however, showed no advantage over the VM sequence
when both patterns were spatially rotated. Resuits are not as clearly
qualitatively different as we have seen in the past. Processing of discrete

sequential Information may require control led processes to maintain the state of
the previous stimulus.

Searching for conjunct:i{pns of color and shape can be greatiy speeded with
tralning and may become automatic even If the features are not consistent.
Treisman (Treisman & Gelade, 1980) has claimed that subjects cannot do
conjunction search without focal attentlon. In particular, Trelsman (Trelsman &
Gelade, 1980) claims that subjects can, In parallel, find a particular shape
feature or a given color feature, but subjects must sequentially search the
display with focal attention to detect a glven conjunction of color and shape.
In a search experiment (Report 8008) we found that the positive siope of
reaction time, as a function of +the number of characters In the display,
decreases in the conjunction search condition from 26 msec per item to 10 msec
per [tem. We also found that there were no qualltative differences between
shape and conjunction conditions. Our subjects could learn to rapidly detect
texture boundaries of conjunctions of features (e.g., find the row which has
green X's and blue T's on one side and blue X's and green T's on the other).
Boundary detection for conjunctions dropped from greater than 2 seconds to .76
seconds over about 900 trlals of practice.

The conjunctlon of features search conditlons show nelther clearly
automatic or controlled +type search performance. The CM search conditlons
showed substantial reductions in sicpe, negative transfer effects, and smaller
effects of load. However, in all CM conditlions the reaction time was a |inear
function of the number of comparisons, the slope of the negative responses was
twice that of +the positive responses, and when memory load was Increased,
reaction times did increase. Certalnly, the processing of these stimull do not
show the parallel +type of processing we have seen in the past In automatic

processing paradigms. We speculatively Interpret the present results as
suggesting that outside of focal attention, visual resolution Is reduced, and
automatic processing has poorer spatlial resolution. Hence, 111 lusionary

conjunctions (where features In close spatial proximity cause subjects to put
them together In Inappropriate combinations) are more |likely to occur. These
Illusionary conjunctions will frequently attract attention resulting in subjects
Inconsistently attending to the real target. Thls Inconsistent attending will
slow or Inhiblt development of automatic processing. We are continuing research
on the topic of automatically detecting conjunctions of features.

The apparent difficulty of developing automatic processing for conjunction
stimull may have Important implications for Instrument panel design. The
inablllty to resolve conjunction stimuli without focusing attention on the
location of the stimulus (see Treisman & Gelade, 1980) suggests that
instrumentation systems should not allow features which can cause || lusionary
conjunctlons to be within the reglons of Interaction (e.g., If a critical

bl e
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warning indicator shows a Red X which Is to be responded to automaticaily, the
features of red and X should not be allowed to occur within, for example, two
degrees visual angle). We are continulng research on the spatial resolution
Issue.

We have found that retinal locatlion in the range of one to three degrees
has little effect on the type of processing (Report 8001). Sub jects
participated In a two alternative cholce reaction time task, Posner match task,
and scanning memory set size one and three task. They also carried out a
multiple frame memory set size two CM and VM search task. The maln effects of
experimental paradigm and retinal locus were significant, but the interactions
were not. The results suggest that the automatic letter encoding stage can take
the form of a discrete stage of continuous output which cascades at the next
stage for search and detection.

Results using the Incldental learning paradigm (Report 8007) suggest that
automatic processes do not modify memory without the use of control processing.
Hasher and Zacks (1979) have suggested that encoding of word frequency and word
recency Is automatic. Our experiments do not support the Hasher and Zacks
position. When subjects were engaged in automatic search the subjects' recall
and recognition performance was at chance for the distractors. In a frequency
Jjudgment task, subjects were presented a word 40 times for a total of 24 seconds
while carrying out a secondary task. Sub jects! median estimation for the
frequency of occurence of this word which was presented 40 times was zero, We
found no evidence that frequency encoding is automatic. We iInterpret these
results as Indlcating that memory modification requires control processing.

Automatic praocessing can be developed for word and category detection. We
have carried out word and category versions of probe reaction time tasks similar
to the letter search experliments we have done previously (Schnelder & Shiffrin,
1977). The experimental procedure presented subjects two words and required
them to push a button If one of the words was one of elther four categories or
four words which were held In memory. In the varied mapping conditions reaction
time was a |lnear function of the number of items |n memory. The slope In the
word search condition was 47 msec per [tem, In a category condition it was 92
msec per Item for positive responses. In the consistentiy mapped conditions
there was no effect of number of comparlisons (slope of 2 msec). In another
experiment subjects showed that they could carry out joint CM category search
and a simultaneous digit task without any deficlt In either task. These results
suggest that subjects can develop automatic category search capabliities. After
sub jects consistent|y attended to some members of a category, any member from a .
consistently attended category can attract attentlion. In this way operators can
learn to attend and respond to classes of events as well as individual events.
We have also shown that If you attend to a subset of elements In a category,
there Is a very high degree of transfer to the remalnder of the category.

Can automatic processing be done without cost of nonspeclfic resources?

| ¥ automatic component processes can be performed without censuming
a |imited resource pool, then there Is no simple identiflable resource |Imit
to human processing capabilities. A major defining characteristic of automatic
processing Is the proposed costiess nature (see Shiffrin, Dumals, and Schnelder,
1981); +that 1Is, one can perform an automatic process with no decrement In
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performance of a concurrent secondary task. The task of reading Il|lustrates the
value of having an automatic encoding process. Reading requires the encoding of
features, letters, words, phrases, and basic semantic concepts. We suggest that
tfor the skllled reader all of these stages may be automatic for texts the reader
frequently reads, hence these encoding processes should not reduce resources
avallable for semantic Integration of the material being read. We belleve the
execution of each of these automatic component processes does not reduce the
readers! resources avallable for semantic comprehension (Schnelder and Fisk, in
press=b). But this Is not to suggest that there are not structural Interference
problems between automatic processes. For example, If two automatic processes
attempt to activate simultaneous responses In working memory, there wili be
structural Interference. Also, 1f stimull become highiy confusable, control
processing may become necessary to resolve feature confusion.

Subjects can perform an autamatic datection search shlle pacforming a
slmultansous control process search itask without a sensitivity deficit ln elther
task (Report 8002). Subjects performed a VM search task looking for @
particular subset of letters on one dlagonal of a display. Simultaneously,
sub Jects also performed a CM detection task (looking for any digit) on a second
dlagonal of a display. There was no trade off between the two tasks In terms of
sensltivity (see Figure 2). Subjects could perform elther task In combination
as well as they could perform the tasks singly. However, In order for the
subjects to perform each task simultaneous!y, subjects had to be strongly blased

to maintaln performance on the VM task. Thls resulted In a severe criterion
shift in the CM task.

In a joint category search and serlal diglt recall task (Report 8103), we
also found no cost of combining the category detection task with the diglt
recal| task. In these experiments subjects had to encode and rehearse elight
digits while sixteen words were simuitaneously presented for categorization. A
categorization required pushing a button every time a word from one of four
categories (l.e., body parts, animals, furniture, frults) was presented. If the
categorization task was conslistent|y-mapped-detection, the addition of the
primary diglit recall task dropped detection performance only 2% which was
nonsignificant, and memory recal! performance was unaffected.

In al! our dual task experiments we typically find that subjects generally
require some time (e.g., at least iwo hours) at performing iwo fasks
slmultaneously hefore the iwo tasks do not interfere. This need for some time
sharing experlence suggests to us that subjects are developing some sort of
enabling condition which allows multiple automatic processes to co-occur. We
belleve that subjects enable automatic processes by maintalning particular nodes
In short-term memory. Whenever that node is active In short-term memory and the
particular stimulus appropriate to that automatic process occurs, the process
takes place with no additional resource cost. However, when subjects are
required to perform two tasks simultaneously, both enabling nodes must be
. activated. The activation of two versus one node would present some cost to the
[ subject. With dual task timesharing experlence, we expect the operator will be
able to develop & new node which represents an actlvating condition for both
Individual automatic processes. This Is similar to the notlon of chunking In
short-term memory. |t takes about as much short-term memory capaclty to store a
letter, a word, or a well known phrase in memory. This would suggest that the
Integration time for combining two wel |~developed automatic processes should be
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relatively Independent of the complexity of the processes themselves.

The recent results suggest that at least some automatic processes can be
performed without any measurable costs of resources. However, the presence of
structural competition between automatic component processes, the |imitatlons of
activating any information In short~term memory, and the frequent use of control
processing for strategic declsions and malintenance of automatic processing
enabling nodes clearly Imply limits to the extent to which automatic processes
can be comblned without costs. We feel that productions system modelling
techniques (e.g., Hunt, 1981) provide a mechanism for Interpreting how automatic
and control processes interact to maximize human performance.

Rellabllity of Automatic Processing for Applied Settings

In general we have found that automatic processes are fairly Insensitive to

reductions In effort elther through manipulations of vigllance, secondary task
load, or drug effects. Since aziiy appllied settings require operator performance
under a varlety of stresses, It Is Important to bulld processing capabllities
which are rejlable. In our vigllance experiments (Report 8006; Fisk &
Schnelder, 1981), we foundi that automatic processing detection sensitivity
performance was not affected b time on task during a 50 minute session.
Performance on a controlled ptoizss (VM) search task was signlflicantly affected
by time on task. In terms ot hit rate the automatic processing hit rate dropped

about 15§ during the session, whereas the control process hit rate dropped about
35%.

In dual task experiments, we have found that when resources are removed
from automatic process tasks, there are no decrements in performance (Report
8002, 8103). However, If resources are removed from a control processing task,
pertormance often drops to chance detection level. Hence In situations where
there might be multiple task requirements or where operators' attention may
drift, 1t may be particularly important to develop automatic processes.

We have carried out some pllot studles examining the effects of alcohol on
automatic and control processing (these were not supported by ONR funds). In
these studies we have found |i1t+tle performance decrement In automatic processing
conditions and substantlial (32% decrement In Inconsistent responding condition,
20% decrement in letter detection dual task letter and tone detection) reduction
In detection rate In detection tasks which require substantial control
processing resources.

Theoretical and empirical results suggest that automatic processes will be
much more rellable than control processes. Hence we feel speclial attention must
be given toward developing automatic component skills when operators will be
required to perform tasks of long time durations, tasks requiring complex
time~-sharing, or where the effects of drugs or fatigue are Ilkely to reduce
performance levels.

Individual Differences In Automatic/Controlled Processing

Individual differences appear In the rate of controlled processing, subject
control of the allocation of control led processing, how quickly subjects develop
automatic processing, and the range of tasks In which subjects show automatic
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processing. Since automatic processing is much faster than control processing,
most of the between subject variability found In consistent search ftasks Is
determined by differences In the development rate of automatic processes. Some
individuals develop an automatic search set In an hour, others show no
development after six hours. Sub jects who are particulariy concerned about
doing poorly generally have greater difflculty In performing automatic
processes. We have found that about a quarter of our subjects have a great deal
of difficulty "letting go" of an automatic process (see 8002, 8201). For
example, subjects were required to perform a category word search and diglt task
elther as single task or as a combined dual task. The eight subjects had
roughly equivalent single task performance but two of the elight subjects could
not effectively perform the dual task. Later research showed that these
subjects had diffliculty In Inhiblting the allocation of control processing
resources to the automatic process. In an experiment examining context effects
about half the subjects did not appear to develop context speciflic automatic
processes (Report 8009).

In continulng research we are examining a population of high school
seniors to determine the range of individual differences. We are assessing
differences In ablltty In autamatic/controlled processing and relating these
dl fferences to standard psychometrlic measures. The expectation Is that computer
task measures of control processing performance (1.e., VM category search) will
assess capacity and wiilingness to perform effortful mental processing during
ten hours of training. Computer measures of automatic processing (i.e., CM
category search) wlil assess automatic processing development rate and

performance asymptote. We are examining within and between task covariance over
ten hours of tralning.

In addition, our high schoo! students are tested to obtaln psychometric
measures of "fluld" and "crystalllzed" abllitles (Horne & Cattell, 1966). We
hypothesize that measures of fluld abllity will relate to controlled processing
and measures of crystalllzed abllity will relate to automatic processing. We
hope to use our measures to better predict "learning ability". We will Ilater

use our measures to predict learning rate and performance In our alr-traffic
control task (see below).
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Recommendations for Skill Development Tralnling Programs

The following Is a set of rules for Improving training program effliclency.
These rules are derived from both our experlence In tralning and our theoretical
work. At this point we have +trained subjects for some 10,000 hours In
developing perceptual skills. From the varlous experiments (see above), we have
found certaln techniques considerably speed the rate of learning. imn addition,
our theoretical work specifles how component skills can become automatic In the
process of developing complex performance capabilities. In the next section we
will 1llustrate how these rules might be applled In an alr-traffic control task.

Rule 1. Present Information to promote consistent processing by the
oparator. Generally there are many ways to display Information to an operator.
The emphasis here Is that the displayed Information should allow the operator to
consistently deal with that Information. For example, in the alr-trafflic control
task, when two alrcraft are brought together for Inflight refueiing there are
typically about one hundred easily distinguishable solutions which will bring
the two alrcraft together. If tralning Is done at the level of Individual
solutions, the problem can have one hundred equally valid outcomes, |If
different solutions are presented on different trials, our work would suggest
that the operator would not learn how to consistentiy deal with the situation.
In order to consistently deal with the situation, the operator must be presented
the space of possible solutions (see below). By experiencing the problem at the

level of solution spaces the operator learns to deal with the probiem .

consistently. We are carrying out research In training operators to perform
second order tracking. In this situation we project the control dynamics of the
system both forward and backward In time because only when the operator sees the
complete control function Is It always consistent (see Eberts & Schnelder,
1980) . .

Rule 2. Deslgn tasks to allow many irlals of critical skllls. Our work
would suggest that skill development Is a function of the number of correct

executions of the component skill. In the alr-traffic control task the normal
Intercept for Inflight refuellng would take approximately 20 minutes to execute.
Hence one would expect to have approximately 24 trials in an elght hour day. If
we speed up the task to ten seconds per trial, one could get 2880 trials per day
of training. |f learning Is primarily a function of the number of correct
executions of the process (Schneider & Fisk, 8004), then training In the
speeded-up fashion couid speed up the learning process 120 times.

Rule 3. Quring training do put overioad temporary memory and minimize
memory decay. Human short term memory Is |Iimited to about flve [tems; human

auditory memory decays between one and three seconds; and visual images decay In
the range of .1 to 1 second. As displays require the operator to maintaln
information over perlods greater than this, the operator's ability to Integrate
the Information wiil decline. In the alr-traffic control task, a 360 degree
turn typlcally requires about 4 minutes, but the visual display system decays in
about 4% of that time. Hence an operator observing such turns will very slowly
learn the slze of a standard turn. |f the turn process Is speeded up about 240
times, or the total trajectory Is displayed on the scope screen, the operator
will not have as much difficulty integrating the visual stimulus and Is more
ITkely to learn the perceptual characteristics of the task.

P S RN
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Rule 4. Yary aspects of the task which wlll yary in the operational
sltuation. in the alir-trafflc control task, planes can come In at different
angles. |f the operator Is always tralnred such that one plane is traveling at a
zero degree heading, the operator Is unllkely to reallze the simllarity of
different intercepts as the angles of the two planes are rotated. For example,
the possible Intercepts for two planes coming at the headings of 0 and 90
degrees are the same as two planes coming at the angles of 200 and 110 degrees.
Hence, If the actual headings are changed and operators are Instructed to attend
to the actual Intercept angle, operators have a better chance of learning a
strategy of accomplishing Intercepts for glven angles Independent of the Inltlal
rotation of the Incoming alrcraft.

e e i ot <1 s

i Rule 5. Maintain actlive participation minimizing passive ohservation of
; the iask. A critlcal distinction between learning declarative knowledge and
skll| knowledge Is that training for declarative knowledge generally requires
presenting new Information with every informational display. In the standard
undergraduate survey course, there Is very |lttle direct repetition of the
materlal presented In the course. |In contrast, learning to detect even simple
letter stimull may require hundreds of trials of tralning. |f the operator Is
passively presented displays which he or she Is to learn, the marginal return
for presenting the display passively after the tenth time Is probably very close
to zero. in order to actively deal with the stimulus the operator should be
required to categorize the stimulus, compare the stimulus, or tfransform and

‘ compare the stimuius, The operator should be frequently tested (e.g., every
i ' trial) to veritfy active participation In the task.

Rule 6. Malntain high motivation throughout the task. In developing a
skill It 1Is Important to note that the learning rate can be very siow and
exhiblt apparent asymptotes. |f operators lose motivation elither because they
feel they cannot successfully do the task, or the task is jJust too boring,
y practice will elther cease or be much more passive. Our research has shown that
' even after subjects are at asymptote when they attend to the task, substantial
additional practice may be necessary to perform the task whlle under high
workload. However, when one 1Is at an apparent asymptote, there Is |ittle
intrinsic motivation to attempt to do the task any better. For the above
reasons, I+ may be necessary to provide artificial motivation to continue
practice at the task. Methods which would be Ilkely to maintain motivation
might include: engaging feedback (e.g., In the air-traffic control task, missed
intercepts result In crashing ailrcraft), performance feedback that provides
sallent cutpoints (e.g., dlviding operators into flve skill classes based on
some continuous measure of performance), and encouraging competition among

operators (e.g., It Is often beneficlal to divide the group Into teams to add
team competition motivating effects).

Rule 7. Present information Iln total context If possible as long as such
presentation does not result In processing overload. When presenting one
component task to the operator, it is often possible to present other components
of the task so the operator experliences the to-be~trained component within the
context of other components.

Rule 8. Iraln under mlld spead strass. Mild speed stress encourages the
operators to develop more efficlent automatic processes. In addition, faster
operator processing results In more training trials per session.

———
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Rule 9. Iraln strategies wshich minimize operator workload. In  many
skilled tasks there are a number of strategles that may result In equal
performance accuracy but lead to differential operator workload. For example,
In driving an automoblle, one can either drive by lining up the hood ornament on
the right road stripe, or anticipate the curves and turn the wheel appropriately
for the sharpness of the curve. Both may result In approximately equal
performance. However, the former strategy may require operator Judgment every
halt a second, while the latter strategy may require an operator judgment only
every ten seconds. Hence, the latter strategy requires considerably less
operator workload. It Is Important 1In training a complex sklil to train
strategles that minimize operator workload. |In fact, It may be necessary to
prohibit operators from using easy to learn but high workioad strategles for
performing a task.

Rule 10. Use tests under high secondary task workload to assess competence
and facillitate autamatic process development. We have often tound that
operators will show an early asymptote In performance when they are attending to
the task. For example, we found that subjects' performance on a task reached
asymptote after the second hour when they were fully attending the task, but
continued to Improve for six hours when the task was a secondary task. Testing
In high workload environments may also encourage the operators to develop low
workload strategles.

Rule 11. Provide consistent stimuii for categories of events which have
io operator. The features of the symbols should consistentiy
Identify the operatlonal characteristics of that symbol to the operator. For

example, In alr-tratflc control, It would be useful to identify each class of
alrcraft (e.g., jumbo jet, small jJet, private alrcraft) with symbols that
identlfy the type of alrcraft. Such Ildentification would minimize the need for
the operator to maintain performance Information about the ailrcraft in
short-term memory. Reducing short-term memory load will reduce the chances for
error,
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Appllication of Automatic/Controlled Processing Concepts to
Inflight Refueling Alr-Trafflic Control

The followlng description serves two purposes. First It provides a
concrete Interpretation of how automatic and controlled processes might Interact
in a complex sklll. Second, It Illustrates the application of +the tralning

principles described above to trainlng the task of Infllight refueling. Note
that thls Is not yet a speciflcation of how to efficiently traln automatic and
control led processing skills. These statements are examples of what we feel
should be done. In the coming contract period we will be examining how much the
learning efflciency can be Improved by applying these princlples.

Speciflcation of infiight Refuelling Alr-Traffic Control Task

The Job of the alr-traffic controller, in inflight refueling, Is to glve
turn commands and speed commands to two pilots such that two alrcraft will
rendezvous heading In a glven direction. Figure 3 Illustrates a baslc
rendezvous for Infllight refuelling. The controller must speclify: the turn ;
direction for each alrcraft (starboard or port), the time that each alrcraft 1
begins I¥s +turn, and the flnal rollout heading of the two alrcraft. We will
limit our discussions to a slightly more difficult version of the control task
in which the operator is allowed only one turn per alrcraft and the two alrcraft
must fly at a fixed speed. We simplify the task slightly by tralning operators
to get the +two alircraft to rendezvous at the same point In +ime as opposed to
rendezvousing one alrcraft two nautlcal mlles behind the other as in the real
task (all of the following discussions are essentlally equivalent if we consider
rendezvous with the delay). Most of the principles dlscussed In the following

X presentation relate to other close alr-traffic control +tasks (landings,
, takeoffs, Intercepts).

i Insert Figure 3 about here

Learning to pertorm a particular standard solution for Infiight renrdezvous
requires a modest amount of tralning, perhaps two weeks. A standard soiution
might be a tanker on turn rendezvous where the two alrcraft approach ¢t a 180
degree angle at a fixed displacement,

e ———— —

Unfortunately, In operational environments "the standard solutlon" |s often
not avallable. For example, bad weather, other alr traffic, alrcraft being low
on fuel, and the presence of damaged alrcraft all may make the "standard
solution” unavallable. Major Willlam Derrick (USAF) estimated that he performed
approximately two "standard tanker on turn" rendezvous in a year of active duty
In Thalland. Most of the other rendezvous could not be performed as the
"standard™ rendezvous because of varlous operational constraints.

In operational environments, it Is Important for +the operator to have
avallable many possible solutions for a glven problem Instead of a single
"standard"™ solution. With multiple solutions avallable, the operator can choose
the particular solution which 1is best for the given operational constraints.
However, training the operator to visualize all the possible solutions can be
quite dlfficult. For a simple 30 degree Intercept as Illustrated In Figure 3,
there are actually 100 possible solutlons to the problem (assuming the alrcraft

. e . -
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rollout In 10 degree Intervals). [To Illustrate the difficulty of the task, the
reader should examine Figure 3 and find the routes where the two alrcraft would
first meet If they rendezvous at a 130 degree heading (southeast).] There are
three combinatlions of turns which will result In the two alrcraft heading out at
the specifled angle. Only one of these three solutions Is easy to find. It Is
difficult to Intultively have a feel for where possible solutions might be.

The solution space of the Intercept Is very complex. I+ Is doubtful that
any operator could learn +to deal with the full solution space In traditional
training programs. Figure 4 liiustrates all the possible soiutions to the
problem specified In Figure 3. There are 100 possible solutions (at 10 degree
headings) to the problem for a simple 30 degree Intercept. Figure 5 shows the
solution space when the two alrcraft will not cross each other's path at the
same polnt in time. Note the substantial difference In position of the
rendezvous (Figure 4 versus 5) glven a rather small change In the displacement
of the lower aircraft. The substantial transformation of +the solution space
caused by small modlfications of the intercept |llustrates the difficuity of the
control ler's task.

Training the operator to manipulate the full solution space (e.g., Flgure
4) cannot practically be accomplished {f the training Is done in real time. |If
an operator were to run all the intercepts represented in Figures 4 & 5 in real
+ime (about 20 minutes/intercept) it would take 35 hours (for 100 Intercepts).
Since there Is no clear relationship between all the solutlons, I+ would be
unlikely for an operation to integrate over the 35 hours of tralning well enough
to be able to draw out the total sofution spaces as represented In Flgures 4 &
5.

Insert Figures 4 & 5 about here

The proposed tralning program wil: train operators to percelve and
manipuiate solution spaces. The operator will be trained to visuallze
prototypical spaces as Illustrated In Figure 4. The operator will then |earn to
manipulate the prototype to the proper angle and displacement (see below) 2f the
two alrcraft.

The goal of the following training program is to teach operators to
perceive all the possible solutions to the Intercept probliem. We want to train
operators so they see not a single solution, but rather a set or space of all
possible solutions of +the probiem. if the operator can see thls "space” of
solutions, the operator can qulickly choose among the solutions within the space
to get the solutlon that best fits the appropriate operational conditions.

Assumed Automatic/Controlled Components of ATC Task

Figure 6 provides a flow chart with the basic stages of the air-tratfic
control task for |Infllght refuelling. We break down the task Into four basic
stages. The first stage involves Identlfying the constraints of <the problem.
The operator must Identlfy the Intercept angle of the two alrcraft, ldentify the
relative distance of the two alrcraft when thelr pathe cross, and Iidentify any
other constraints of the solution (e.g., what direction the two alrcraft should
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aircraft are on a collision course., BRach arrow represeats a possible
rendegvous point begimming at the start of the arrowv. This figure
represents the solution space asswming both aircraft are traveling at 400
knets and have a turn radiuws of 4.2 nautical miles, This would be typical

of a KC-135,
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Table 1
Rendezvous Solution Equations
(assume plane 2 turns onto path of plane 1)

T2(1)=(OUTANG - ANGLE(1) * R)/(DIR(1) * V)
T2(2)=(OUTANG - ANGLE(2) * R)/(DIR(2) * V)
T3(2)=0 Istrategy assumption

T3(1)= {[V * SIN(ANGLE(2)) * (T2(1) - T2(2)) +
[(X(2) ~ SIN(ANGLE(2)) * DIR(2) *#
R * (1 - COS(T2(2) * V/R)) +
SINCANGLE(2)) * R * SIN(T2(2) * V/R)] -
[X(1) - SIN(ANGLE(1)) * DIR(1) #*
R * (1 - 00S(T2(1) * V/R)) +
SINCANGLE(1)) * R * SIN(T2(1) * V/R)]] -
[V * COS(ANGLE(2)) * (T2(1) - T2(2)) +
[Y(2) - SIN(ANGLE(2)) * DIR(2) *
R * (1 - 00S(T2(2) # V/R)) +
COS(ANGLE(2)) * R * SIN(T2(2) * V/R)] -
[Y(1) ~ SINCANGLE(1)) * DIR (1) *
R * (1 - COS(T2(1) * V/R)) +
COS(ANGLE(1)) * R * SIN(T2(1) * V/R)]] *
[V * SINCANGLE(1)) - V * SIN(ANGLE(2)) -
V * COS(ANGLE(1)) - V * COS(ANGLE(2))]3 /
L[V * SIN(ANGLE(1) + DIR(1) * T2(1) * V/R) -
V % SIN(ANGLE(2))] -
[v * QOSCANGLE(1) + DIR(1) * T2(1) * V/R) -~
V % COS(ANGLE(2))] *
[v * SINCANGLE(1)) - V * SIN(ANGLE(2)) -
V * COS(ANGLE(1)) - V % COS(ANGLE(2))]3

TI(1)= L[V * SINC(ANGLE(2)) * (T2(1) - T2(2))] +
[X(2) - SIN(ANGLE(2)) * DIR(2) #
R * (1 - C0S(T2(2) * V/R)) +
SIN(ANGLE(2)) *® R * SIN(T2(2) * V/R)] -
[X(1) ~ SINCANGLE(1)) * DIR(1) *
R * (1 - 00S(T2(1) * V/R)) +
SINCANGLE(1)) * R * SIN(T2(1) * V/R)] -
[V * SINCANGLE(1) + DIR(1) * T2(1) * V/R) ~
V % COS(ANGLE(2))] *
™N3/
[V * SINC(ANGLE(1)) - V * COSC(ANGLE(2))]

TI(2)=T1(1) + T2(1) + T3(1) - T2(2)

Where V = velocity
R = turn radius
| = alrcraft index 1 or 2
ANGLE(1) = Initial heading of aircraft
X(1) = initial X position of aircraft
Y(I) = initial Y position of aircraft
OUTANG = output angle of potential rendezvous
DIR(1) = direction of turn -1 port, +1 starboard
T1(1) = time before turn begins
T2(1) = time in turn
T3(1) = time after turn until rendezvous
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Plane 1

Port
Starboard
Port
Starboard
Port
Starboard
Port

Starboard

Table 2 Strategles

Plane 2

Starboard
Port
Port
Starboard
Starboard
Port
Port

Starboard

Plane to Intercept
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Plane to Intercept indicates whlch plane will rollout of the turn last.
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be heading at the rendezvous). Identification of the intercept angle of the two
alrcratt and the +temporal displacement should become automatic with practice.
However, maintalning this Information would require controlled processing
resources.,

The flrst component task (step 1) Includes automatic Identlfication of
Intercept angle and temporal displacement, and the controlled process
maintenance of that Information plus any constraints on the problem. The second
task component Is identifylng acceptable solutions. This Is a complex task, |
Identifylng any single solution Is quite difficult. Table 1 shows the
mathematical equations that must be solved to determine whether there Is an
acceptabie solutlion for any given rol lout heading glven a speciflic strategy. In
order to examine all possible solutions, the operator would have to solve that
serles of equations 288 times. This entalls extensive calculating. In order
for a modestiy high speed micro-computer (LSI 11/23) to soive these equations It
takes approximately 20 seconds. A human operator cannot soive these equations
In real time. However, we belleve the operator can solve these problems by
visuallizing potential solution spaces. There are elght potential strategles for
solving our alr-traffic control task, Table 2 Iists the potential strategles.
We assume that the operator visualizes a set of solutions for each strategy
(Step 2A, see below). This visuallzation includes the automatic Identification
of the solutlon space for the standard Intercept (e.g., 90 degrees). This
solution 1Is then transformed through controlled processing to the needs of the
current intercept angle and the temporal displacement (Step "B). At this point
we assume the operator has a mental image for all of the solutlons for that
strategy given the specifics of the problem. We then assume that the operator
identifles any solutions which are acceptable given current operatlional
constraints (e.g., the requirement of a specific roilout heading) (Step 2C).
The operator then assesses whether the current solution is better than any of
the solutions of previously identifled strateglies (Step 2D). If this solution
Is the best solution so far, the operator stores thls solutlion In short term
memory (see Step 2E). This sequence of visuallzation and comparison wiil
continue untll all elght strategles have been examined.

Insert Figure 6 and Tables 1 & 2 about here

The third component task is verlfying the solution. At the end of stage 2
J the operator has a particular solution that appears to be the best given the
current operational constralnts. [in essence, the operator knows the
approximate location of the solution.] However, In order to properly execute
the maneuver, the operator may need to more accurately locate the polint of
rendezvous and the beginning of the turns of the two alrcraft. Once the
location Is accompllished we assume that the operator then projects backwards
from the rendezvous to the Inlitial starting points of the two aircraft. We
assume that the estimation of the total distance would be primarily an automatic
: identification of the Ilength of each of the components of the turn (Step 3A).

The distances for each alrcraft would be added as a controlled process (Step
\ . 3B). Thereafter the two distances would be compared to see If they were within
' the acceptable tolerance for the rendezvous (Step 3C). If the lengths were not
! within range, the operator would attempt to iterate In thae region around the

: solution to determine a solution that does fail within range (Step 3D).
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The fourth component task amounts to executing the solution. We assume
: that once the operator has Identifled the point of Intercept and the most
‘ approprlate solution strategy, he can automatically visuailze (Step 4a) the path
: the alrcraft wiil take from Its Initial starting point to the point of
; rendezvous. From this visuallzation we assume that the operator can read off
! (Step 4b) the point of the start of the turn, the direction of turn, and the
final rollout heading of the alrcraft. The operator can then communicate this
\ information to the pllot, resulting In the execution of that rendezvous.

; Proposed Air-Traffic Control Tralining Program

, The following description Is a specification of a +tralning program that
will develop automatic component skllls for air-traffic control for Infllight
refueling. The purpose of this training program is to train operators to deal
with solutlon spaces for the Intercept problem such that they can quickly pick
the best sofution within the glven operationai constraints. This speclitication
11 lustrates how the application of the above rules can generate a novel training
program to develop complex skills. |t also provides an [ilustration of how a
training program using a microprocessor based trainer could Incorporate the
first ten training guidel Ines presented above. The training times specified for
each stage are, at thls point, only speculative. We will be carrying out this.
tralning program to assess the actual tralning time and performance criterion
that result from such a training program.

The gulding princlple of this program 1Is to bulld automatic component
skills such that performance Is fast, accurate, and resistive to stress.
Developing an automatic skill level requires many practice trials (e.g., 1000)
at accurately performing the task, To maximize learning rate we minimize the
problems of memory decay through speeding up of the displays and by doing part H
task tralning such that we do not overload the subject. The operator is
I presented many consistent, mildly speed stressed executions of the problem. The

problem Is represented In such a way that the operator can percelve the
! consistency from one problem to the next (see Stage 6). The task difficuity Is
Increased adaptively so that the operator can maintain accurate performance
throughout most of the training. |In order to have many motivated +trlals of
training, the task presentation Is speeded up, feedback Is made Interesting, and
performance Is graded to encourage competition. Operators are exposed to the
total context of the flnal task performance in order to facliitate Integration
of the component sklllis. After the sklils have become falrly automatic,
| performance is tested to determine the rellabll ity of the component skiils under
high secondary task stress.

Stage 1 -~ ldentifylng raollout heading. The goal of this stage is to train
l the operator to quickly and accurately identify the heading of the alrcraft.
? The operator is presented an alrcraft with a pointer Indicating Its direction of
i flight (see Figure 7-1). The operator must specify whether the heading Is at a
: greater or lesser degree heading than specified. The actual presented angle Iis
+ or - 4, 6, or 8 degrees. Both end of trial and end of biock feedback [s
1 presented. The rating categorles are set so that the operator perceives him or

herself as always being near one of the cutoff points. The break points are ace
i - 90-100% correct, expert - 80-89%, good - 70-79%, falr - 60-69%, and poor -

less than 59% correct. The rating category feedback Is presented throughout all
stages of the tralning. The plane moves in the specifled direction with

|- _'
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Interesting sound effects representative of a flying alrcraft. On an error, an
alrplane indlcator Is presented showing the true heading as well as the test
heading and a computer volce speaks the proper heading. In additlon, subjects
recelve computer volice praompts after a run of errors (e.g., "two wrong - ftry
harder") or corrects (e.g., "excellent - ten correct"). The second type of
feedback Is cumulative accuracy feedback at the end of a block of trlals. On
the basls of the accuracy data the standard devliation of the operator's
representation of the angle will be estimated (by assuming the angle
distribution Is normally distributed and fitting the accuracy data). When the
operator's standard deviation of the Internal representation has a standard
deviation of 4 degrees or less, he/she will move on to the next stage. A single
trial will requlre about 3 seconds. The estimated tralning time will be 1,080
trlals or approximately 1 hour of training.

Insert Figure 7 about here

This part of the training program illustrates observation of tralning rules
two through seven. The task allows many trials of performing the critical
heading component skill (Rule 2, l.e., 1080 trials in one hour). The task does
not overload temporary memory and minimizes memory decay (Rule 3). The stimull
are always present on the screen as the operator makes his heading judgment.
The aspects of the task which vary In the operational situation are varled
during the tralning program (Rule 4). Each time the alrcraft Is presented on
the screen It Is at a different angle and different location. The operator Is
required to be an active observer (Rule 5) by requiring him to judge the headlng
on each trial. Motivation Is maintained (Rule 6) by providing both Interesting
trlal performance feedback and competition Inducing accuracy feedback. Finally,
the operator Is tralned under mlld speed stress (Rule 7). Rule 8 requires
training of strategles which will result In minimizing operator workload in the
final task. In training the heading identification skill, the operators wlll
not be allowed to consult heading indicators around the face of the scope. By
developing an automatic component heading skill which does not requlire reference
to an external Indicator, this component task will show less work load In the
more complex performance stages.

Stage 2 -- ldentifying start of turn when the Indicated heading Is on 1he
turp. The goal of this stage Is to get the operator to automatically identify
the start of the turn as well as the rollout heading on the turn. This task Is
Illustrated In Figure 7-2. The oparator is given the Initial and final vectors
of the alrcraft and the direction of turn. The flnal vector of the a'rcraft Is
always on the turn of the aircraft. A dot will be presented along tha starting
trajectory of the alrcraft. The dot will be either slightly before or beyond
the point where the turn should begin (e.g., + or - three nautical miles). The
operator wiil push a button indicating whether the specified turn location Is
too late or too early. On a correct response the start of the turn point will
be indicated and the alrcraft will fly the specified pattern at about 200 +imes
normal speed (typlcally .5 seconds). On an error In speclfying the start of
turn, the correct start of turn will be Indicated but the alrcraft will not fly
the pattern. When an error occurs the operator will hear an error tone. The
performance criterion for moving to the next stage will be when the standard
deviation of the operator's start of turn Is less than 3 nautical miles with 2
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seconds or {ess mean reactlion time. The estimated training time Is 600 +rlals
or about 1 hour. This stage Illustrates Rules 2-8,.

Stage J -- Identifying start of turn when heading vector off turn. Flgure
7-3 shows this task. The task s basically equivalent to that of Stage 2,
except now the final vector of the alrcraft is not on the turn but displayed In
a position It would be after It has rolled out of the turn. An additlional
component will be added to the performance feedback. On correct +frials the
operator wll} hear the distance In mlles of the specified trajectory. The
estimated tralning time to a criterion Is 1,000 +rlals or 2 hours,

Stage 4 -- Llne length estimation. The goal of this stage Is to train the
operator to properly estimate the distances that an alrcraft will travel between
two points during the execution of a turn. Figure 7-4 Iliustrates the task.
The distance between the starting and ending position has three components,
There 1s a stralght vector from the Initlial position of the alrcraft to the
start of turn. There Is a distance during the turn. And there is the distance
from the end of the turn to the final position of the alrcraft. The operator
will be presented with the starting point of the aircraft and the ending point
of the alrcraft., The operator must estimate the total distance from the start
until the end of the turn. A response will be considered correct when the total
distance Is withln 5% of the actual distance. On a correct trial the plane will
fly the specified pattern and the operator will be given the total distance
verbally, On an error, the operator wiil be verbally presented the three
component dijstances with each component highilghted. The operator must
correctly add the three distances and enter the result. This 1llustrates the
observation of Rules 2~9, The estimated tralning time Is 1,000 trials or 2
hours.,

Stage 2 -- Estimating Intercept angle and distance dlsplacement. The
possible set of solutions for any Intercept task Is defined by the angle of the
Intercept and the displacement of the two alrcraft. Figure 7-5 1llustrates the
basic task. The Intercept angle Is the relative angle between the two alrcraft.
The displacement Is found by projecting the paths of the two alrcraft assuming
no +turn, The displacement Is determined by the distance of each alrcraft
relative to the point of Intercept of the +wo alrcraft trajectorles, To
il lustrate, assume you have two alrcraft A and B. At the point that alrcraft B
crosses the path of alrcraft A, alrcraft A Is 10 nautical miles beyond the point
of path Intersection. Hence, the displacement for alrcraft A would be plus 10
nautical mliles, Belng able to estimate these two parameters of an intercept Iis
critical for Identifylng the solution space (see Stages 6 and 7). The
operator's task Is presented in Figure 7-5. After belng presented the two
alrcraft, the operator must specify the Intercept angle and the dispiacement of
the two alrcraft. The trial will be considered correct If the intercept angle
was speclfled correctly (within 10 degrees), and the temporal displacement was
specifled within 5%. On correct trlals, the two alrcraft will fly the specifled
trajectories at 200 times the real speed (about .5 second). On incorrect trlals
the speclifled Intercept will be displayed dimly. The correct angle and
displacement will be highl ighted on the screen with spoken correct answers. The
operator wiil have to enter the angle and displacement |f these were in error.
The performance criterion will be 90§ accuracy with 3 second or less responses.
This stage Iilustrates Training Rules 2-8, Training time Is expected to be 600
trlals or 2 hours.
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Figure 8. This figure shows the chamges in the Strategy 6 solutioa
space as a functiem of changing intercept angles. Ome plane is alvaye
heading O degrees. The second is shown coming at angles from 30 to 180
degrees, The iuntercept angles are 30, 60, 90, 120, and 180 degress for
filled triangles, open elipses, open rectangles, open diamends, filled
elipses, and filled rectangles, respectively. The series of limes represent
the intercept points and rollout headings for each imtercept angle.
Operators see the angles chamge dynamically so they can visualize how the
intercept solution space varies ss a function of imtercept angle.
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Stage 6 -- Solution space as a function of angle and strategy. The goal of
this stage Is to teach the operator to visual ize the solutlon space for each
strategy at different angles of intercepts. There are elght strategles as
illustrated In Table 2. The strategies depend on whether or not each alrcraft
is turning port or starboard and whether aircraft 1 intercepts alrcraft 2 while
It Is on the turn or vice versa, thus giving a 2 by 2 by 2 set of strategles.
Figure 8 1l lustrates the solution space for Strategy 6 (Starboard turn alrcraft
B, port turn alrcraft A, alrcraft A Intercepts alrcraft B while alrcraft B Is
still In the turn). As the angle of Intercept changes from 30 to 180 degrees, a
set of solutions moves from the lower center corner toward the center left of
the display. Presented on a dynamic computer display, the operator can observe
how the space Is deformed when moving from one angle to another.

Insert Flgure 8 about here

The human ability to perform spatial operations on complex displays Is both
fast and quite accurate. For example, Cooper (1975) showed that subjects couid
accurately rotate 21 point polygons through 50 degrees In a tenth of a second In
order to compare complex shapes. She also found that there was |ittle change In
rotation speed as the complexity of the shapes Increased. Results suggest that
humans are capable of performing spatial rotations of complex flgures Iin 3
dimensions at rapid rates. The purpose of the present +training stage Is +to
develop such complex spatlal transformation capabliities for rendezvous solution
spaces.

| The operator will be tralned to deform the solution space for each strategy
' In order to determine whether a particular point appears on that solution space.
The training Is done for each of the strategles Individually. This |Is because
the transformations of the individual strategy solution spaces are well behaved,
whereas the eight combined spaces are not. In +this context, a well behaved
transformation Implles that a single simple rule defines how the space Is
{ transformed as the angle changes. For example, in Figure 8 the transformation
‘ Is a movement of the solution space towards the center and towards the left.
Since different strategies operate under different +transformation rules, It
would be more difficult to have an operator transform the total space of eight
solution strategles as the angle changes. For this reason the operator Is
tralned to transform the solution space for each Individual strategy.

Figure 7-6 !l lustrates the basic task. The operator Is presented the two
alrcraft and the solution space for all the possible intercepts for one of the
{ strategles. One of the alrcraft then rotates malntalning a fixed distance of
: Intercept. As the alrcraft rotates the solution space |Is updated for each
possibie angle of intercept. The operator will observe the spatial rotation
through & 360 degree range during a 6 second perlod. Thereafter the cperator
will be presented a series of 10 test Intercept points (7-6A). A displacement

test Intercept wlll present the two starting positions of the alrcraft and a
potential final rendezvous point, with the correct heading, that could be elther
too early or too late, The operator must quickly decide whether the test

position is too far or near. In a simlilar manner the angle test intercept will
present the intercept at the proper point but the angle will be elther too small
or too large. After the operator has become accurate at detecting rendezvous
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which are presented directiy on the solution space, rendezvous which are some
distance away from the solution space will also be tested (7-6B). For this
test, the operator Is expected to Identlfy whether the two alrcraft could have
rendezvoused and maintained heading up to the specifled point on the display.

The performance feedback on correct responses will Inciude dispiaying the
solution space, and having the two alrcraft perform the approprlate rendezvous
In fast time (e.g., 1 second). On error trials the solution space and test
point wlll be presented. The estimated training time Is 1600 trials or 200
trials per strategy. Thls would require about 6 hours,

This stage 1l lustrates Rule 1 by consistently presenting the solution space
to the operator, For any particular Intercept angle there are many possible
solutions to the problem. For example, in Figure 8 +there are ten possible
solutions to the 90 degree intercept problem for a strategy 6 Intercept. When
the problem |s represented at the level of the solution space, each time the 90
degree Intercept appears the same set of ten potential rendezvous points are
available. By consistently presenting the full set of ten possible solutions,
the operator I[s expected to develop a template for this particular strategy of
solution. Because the strategy is presented consistently, the operator should
gain an abliity to automatically generate that template. Note the strong
contrast between training solution spaces by presenting them to the operator
relative to the +traditional method of presenting the operator Individual
solutlons (particular rendezvous). The 30 degree Intercept problem has 100
potential solutlons (see Figure 4). It is unlikely that an operator presented
the Individual sofutions would be able +to Identify the consistency of the
solution spaces for each of the strategies. Due to memory decay problems the

operator could not integrate over 100 iIndividually presented solutions. By
training the operator to explicitly identlfy solution spaces. It Is bel ieved
that this critical component skill can become automatic. By testing the

operator's abllity to manlpulate hlis space, we can require the operator to
examine the total solution space about 200 +times per strategy in a 6 hour
training perlod. If we were to present the same information by examining
Individual solutions, thils training phase would require 72 hours of training at
high speed presentations and 4600 hours at real time training speeds. Tralning
the operator to deal with solution spaces presents the information consistently
at the level at which the operator must deal with the Information, condenses a
great deal of Information Into each display, and trains the operator at
performing the critical component task of Identifying the possible location of
the solution.

Stage 7 -- Identifying solution space as 2 functiop of changing spatial
displacement. The goal of +this stage Is simlilar to stage 6 except that the

temporal displacement of the Intercept Is changed, rather than changing the
angle of the Intercept. Figure 7-7 shows the basic task. One of the alrcraft
now moves forward and backward along Its trajectory. As the displacement of the
two alrcraft change, the solutlion space for a given strategy Is deformed. The
tralning In this stage Is equivalent to that of Stage 6. Initial trailning will
test operators with a prototyplcal (90 degree) intercept. After Initial
training each trial wili present a different angle of intercept and a range of
displacements., The estimated training +ime is 2100 trlials or about 8 hours.
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Stage 8 -- Runnjng complete Intercepts. The purpose of thls stage is fto
perform complete fIntercepts on a task gliven appropriate constralnts. In this
task the operator Is presented the two aircraft and required to carry out the
Intercept (see Figure 7-8). There are three constralnts the operator must
consider for speclfic rendezvous tests. These are the heading, locatlion of the
rendezvous, and strategy (l.e., direction of turn of the two alrcraft and which
Intercepts the other). In Test A the operator would be glven the rollout
headlng, the strategy, the location of the Intercept and be required to Indlicate
the start of the turn of each alrcraft. In Test B the operator would be given
the strategy and the rol lout angle and be required to determine the location of
the intercept and specify the start of the turn. In Test C the operator would
be given the angle and be required to specify the strategy, the location of the
rendezvous, and the start of the turn of the two alrcraft. In Test D the
operator would be given the flnal location of the rendezvous and be required to
specify the stratey, the rollout. angle and the location of the start of the

turns. In Test E the operator would be given the final location and the
strategy and be required to specify the angle and the start of turns of the two
afrcraft. On half the trials (Tests A - E) the operator will be given component
feedback indicating thelr accuracy on each component of the task. It for

example the operator enters the wrong rol lout headlng, the computer will provide
the operator feedback Indicating the correct heading before the operator moves
to the stage of specifying the start of the turns. On the other half of the
trlals, feedback will be presented only after the total rendezvous has been
specifled. On correct trials the strategy solution space wlll be dimly It and
the two alrcraft will run the appropriate rendezvous. On incorrect trials the
proper solution wiii be presented and the operator must speclfy the parameters
of that solution. This training stage I!lustrates Rules 1-9. The criterion for
moving to the next stage would be a 95% accuracy of speclfying the appropr tate
Intercepts.

Stage 9 -- Testing under high secondary task load. The goal of this stage
Is to test whether the component tasks can be performed under high secondary
task load. This is to assess whether performance has become automatic enough to
be presumed rellable In an operational environment. The task is the same as
Stage 8B except the operator performs a secondary task. The operator will be
required to perform a digit cancelling task at the same time as executing the
rendezvous. The operator will hear a serles of diglts presented over the
headset. The operator will be required to verballze the digit that was
presented two digits back. For example the operator will hear the sequence of
8, 5, 3, 9, 2. When the operator hears the digit 3 he would respond 8, after
hearing the diglt 9 he would respond 5, after hearing the digit 2 respond 3, In
each case responding with the diglt which Is two diglts back. Testing wili be
alternated between trials with and without the concurrent digit cancelling task,
The accuracy criterion will be that performance will| decrement no more than 10%
with the concurrent diglt cancel|ling task. The estimated training time would be
900 trials at 16 seconds a trial or 6 hours.

This task 11 lustrates Rule 10 in the use of secondary tasks to assess
performance competence. When the operator is trained to perform well even under
high secondary task load, his or her efficiency in a fleld environment Is |likely
to be much higher. In contrast to the teaching environment, the field
environment typically puts the operator under very high work load. This stage
Is Intended to traln the operator to perform the task with substantlially reduced
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resources avallable for the task.

Stage 10 -- Transfer fo the real time rendezvoys task. The purpose of this
stage Is to transfer the operator to performing the task at real time speed.
All of the tralning up to this polnt typically presented the task to the
operator at least 60 +times real time speed. What the operator observed
happening In 1 second typicaily required 1 minute In the operational

environment. In Stages 1 - 9 this speed up presentation had the advantages of
presenting many more trials, minimizing memory decay, and maintaining operator
motivation, However, it is necessary to move to the real environment In which

things happen relatively very slowly. The task here Is the same as in Stage 8B
except for the slowing. The operator will perform 1 trlal at real time and 10

trlals at high speed. The expectation 1Is that there will be near perfect

transfer from the high speed tralning to the slow speed task. Thls Is because
the operator Is tralned to perform the task as a spatial task rather than a
temporal task. The estimated tralning time Is 20 trials at the slow speed of

600 seconds and 100 trlals at the high speed of 12 seconds for a total of 4
hours.

The above ten stage +training program Illustrates how one might use
mlcrocomputer control tralners to develop automatic component skllls to perform
a complex control task. |+ is expected that the above 40 hour tralning program
would substantially enhance controllers' ablillty In comparison to current
traditional training methods. Table 3 Illustrates the basic stages of this
training program and the number of triais In which the operator will perform the
component skills In each stage. In order to make a component skili automatic
the operator must experience hundreds and perhaps thousands of trials of
practice at each component. Using the above rules and tuning the training
program it Is quite possible to present the operator thousands of trials of
practice at each of the component tasks even during a short tralining program
(e.g., 40 hours). Given that the operator can consistently deal with the task,
recelves thousands of trlals of tralning, and maintains motivated performance
throughout that +training, It |Is expected that the operator will develop
substantial automatic component skills to perform the alr-traffic control task.

Insert Table 3 about here

It Is useful to contrast what the operator would experlence under the
proposed training method relative to current military training programs. In the
current mi|itary training programs, the operator is tralned basically to pertorm
Intercepts In real tIme situations. The operator could be expected to
experlence 120 Intercepts In a 40 hour period (however In practice the actual
number of Intercepts per week Is far less). The operator would have no
experlence In performing solution space transformations or at performing the
task under particuarly high work load. The operator would of course have more
experience at slow Intercepts In the traditional method relative to the new
method (120 versus 20). Because training In real time results In very severe
memory decay, presents to the operator relatively few trials, does not present
the Information consistently, and may not maintaln substantial motivation, It is
uniikely that the traditional training method could develop automatic component
skills. Certainly present methods could not develop such skilis In a 40 hour
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Table 3
Proposed ATC for Inflight Refuel ing Tralning Program

Stage 1 2 3 4 5 6 7 8 9 10
Hours of training 1 1 2 2 2 6 8 8 6 4
Skill

Angle identiflcation 1080 600 1000 2100 900 120
Start turn 600 1000 1000 2100 900 120
Length Estimation 1000 2100 900 120
Intercept angle 600 2100 900 120
Distance Displacement 600 2100 900 120
Solution space angle transform 1600 2100 900 120
Solution space spatial transform 2100 2100 900 120
Full Intercepts 2100 900 120
Dual Task Intercepts 20
Slow Intercepts (real time) 20
TOT - refers to the total number of executlons of each component skill

using the proposed training method.

Tot/cur - refers to the total number of executions of each component
using traditional training methods.

TOT
40

5800
5720
5720
3720
3720
4720
5420
3120

20

Current
Methods

Tot/cur

40

120
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tralning program. Should operators learn as much per +rlal In the proposed
training program as they do In the traditional training program, the proposed
training program would be 26 times more efficlent. We do not presently have the
data to allow us to estimate what the true efficlency of the two training
programs might be. However, the fact that operators learn primarily from
consistent correct executions and learn more If there Is less memory decay,
suggests that operators might actually learn more per trial in the proposed than
in the traditional training program.

The proposed tralning program Is still a hypothetical training program
operating In a pasic research laboratory, The above program Il|lustrates that by
careful ly training component sklils one can expect that automatic performance
levels could be achleved In complex real world environments. The observance of
the 11 rules of skil| development resulted In a novel approach to the +training
of this task. Theoretical work suggests that substantial performance
improvements can be obtained by careful analysis of complex tasks and
Identificatlon of methods of representing the task. Future research will
explore the ef fectiveness of the tralning rules for speeding perceptual learning
of the complex alr-traffic control +task. We feel the rules may speed

development of skills In a wide varlety of tasks (e.g., reading, typing,
alrcraft control).
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Technical Reports and Workling Papers
I. Technical Reports

Schneider, W., & Fisk, A. D. Independence of foveal retinal locus and
visual detection paradigm.

Schnelder, W., & Fisk, A. D. Dual task autamatic and control led processing
in visual search, can it be done without cost?

Eberts, R., & Schneider, W. The autamatic and controlled processing of
temporal and spatial patterns.

Schnelder, W., & Fisk, A. D. Visual search Improves with detection
searches, declines with nondetection search.

Schneider, W., & Fisk, A. D. Degree of consistent training and the
development of automatic processing.

Fisk, A. D., & Schneider, W. Controlled and automatic processing during
tasks requiring sustalned attention: A new approach to vigllance.

Fisk, A. D., & Schnelder, W. On the learning of distractors during
control led and automatic processing.

Schneider, W., & Eberts, R. Automatic processing and the unitization of
two features.

Schneider, W. Automatic/control processing concepts and thelr Implications
for the training of skllls.
Ackerman, P. L., Schneider, W., & Wickens, ¢ ". Individual dIfferences

and time-sharing ability: A critical review .nd analysis.

Fisk, A. D., & Schneider, W. Category and word search: General izing
search principles to complex processing.

Schnelder, W., Dumals, S. T., & Shiffrin, R. M.  Autamatic/control
processing and attention.

Fisk, A. D., Derrick, W, L., & Schneider, W. The use of dual task
paradigms in memory research: A methodologlcal assessment and an
evaluation of effort as a measure of levels of processing.

Fisk, A. D., & Schneider, W. Task versus component consistency In the
development of automatic processes: Consistent attending versus consistent
responding.
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I 1. Working Papers
8009 Schnelder, W., & Fisk, A, D, Context dependent automatic processing.

8010 Schnelder, W., & Fisk, A, D, On the concept of consistency for development
of autamatic processing: Consistent attending versus conslistent
responding.

8011 Schnelder, w;. Fisk, A. D., & Coleman, W. On the relationship between
processing time and development of automatic processing.

80~1 Schnefder, W., & Fisk, A, D. Single versus multiple frame training and the
development of automatic processing In visual search.

80-2 Schnelder, W., & Fisk, A. D. Distribution of consistent training: Is It
an important factor for rate of automatic processing development.

80-3 Fisk, A, D., Derrick, W., & Schnelder, W. Mental effort, task approprlate
control led processing, and the adequacy of processing resources as an Index
of levels of processing.

80-4 Schnelder, W., & Eberts, R. Consistency at multiple levels In sequential
motor output processing.
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