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I. The Problem

Man’s ability to communicate through verbal behavior is a charac-
teristic that clearly sets him apart from lower animals. Verbal in-
struction facilitates his acquisition of complex skills which would
otherwise be learned very slowly or not at all. Verbal descriptions or
rules often shield man from environmental factors that would diminish
his survival chances. For instance, the pilot is spared the aversive
consequences that could result from flying in inclement weather by fol-
lowing rules. One could hardly argue for allowing the pilot to directly
experience such hazardous situations in order to ascertain that “he
really knows how to handle himself under adverse conditions.”

From the perspective of the present paper, however, what needs to
be reconsidered in education and training is the extent to which verbal
control is frequently emphasized--often to the exclusion of sufficient
opportunities for the learner to perform under the actual contingencies
operating in the environment. One problem is the inability to accu-
rately and exhaustively describe the intricate relationships between the
behavior of the learner and the existing environmental conditions under
which he or she is expected to perform. In training parlance, the
student pilot may learn a number of procedures to follow in executing,
for instance, a Vertical S-A, through studying a manual, listening to a
briefing, or watching an instructor pilot perform the maneuver. In
actual practice, however, the skilled pilot acquires a number of tech-
niques for performing the maneuver proficiently. Such techniques, which
result from the pilot ’s experience, are often difficult to convey
verbally. Indeed, the distinction between procedure and technique per-
meates pilot training (Reiser, Brecke, and Gerlach, 1972).

Skill learning theoreticians tend to emphasize the role of verbal
control during the initial stages of acquiring complex skills. Fitts
and Posner (1967), for instance, postulate that the trainee first tries
to “understand ” the task at hand by constructing verbal mediators or
rules to describe what he or she is supposed to do. This initial cog-
nitive stage is followed by an intermediate or associative stage, and,
finally, by an “automatization” stage during which performance is essen-
tially automatic and not under the control of verbal mediators. More
recently, Posner and Keele (1973) have reduced this process to a two-
stage model in which the trainee relies on conscious or verbal control
and external feedback, followed by automatic control with heavy reliance
on task-intrinsic feedback. Adams (1971) describes a similar two-stage
sequence involving an initial verbal motor stage and a motor stage with
a minimum of verbal control.

Although the learning of rules, or cognitive pretraining, is
clearly at the heart of systematic training, instructional psychologists
have not defined rule in a manner that either avoids unsubstantiated
generalizations (Haygood , 1973) or c learly links the use of rules to
subsequent trainee behavior (skilled performance). The present paper is
an attempt to bridge this gap. The objectives are (1) to provide a

• • framework for viewing methods that emphasize verbal control in training
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complex skills, (2) to describe different uses of the term rule within
this framework, and (3) to suggest some implications of this framework
for subsequent training research efforts. Research is cited only to
clarify a point at issue; consequently, the review of the literature is
selective rather than exhaustive.

‘1
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II. Training for Complex Skills through Verbal Control

• A number of approaches to training complex motor skills have been
studied rather intensively during this century. Research paradigms have
emphasized many different forms of verbal control, at least during the
initial stages of skill acquisition. Fig ~e 1 provides a summary of
these approaches organized according to t’~ descriptors of methods most
frequently cited in the experimental lite~~ture.

Mental Practice

In the typical mental practice experiment, trainees are provided
with a brief verbal description of the task to be performed . Subse-
quently, they are instructed to mentally picture themselves performing
the task. The trainees are generally required to repeat this mental
task for a number of trials. In a comprehensive review of mental prac-

• tice research spanning some 30 years, Richardson (1967) concluded that
• methods involving mental practice generally produce a considerable amount
• of positive transfer to performance on the actual task. Although the

studies reviewed by Richard son involved simple motor skills that were
easily managed in a conventional laboratory setting (cf. Figure 1), a
recent study by Prather (1973) suggests that mental practice on landing
a T-37 aircraft can result in significantly better trainee performance
of this task as evidenced by higher instructor pilot ratings.

Verbal Pretraining

A second verbal ~ontro1 approach to training skills emphasizes the
preliminary establishment of stimulus-response pairings, much in the
manner of that employed in the traditional paired associates learning
paradigm. In this type of experiment, the trainee is presented with
pairings between stimuli that are to be used in a subsequent motor task
and words or phrases that describe the correct motor response to be made
to each stimulus. McAllister (1953) evaluated the effects of a number
of variations of this paradigm upon subsequent performance on the Star
Discrimeter , a simp le motor task which involved the correct positioning
of a wobble—st ‘k in the presence of a particular colored light stimulus
configuration. The results of this early study indicated that the pre-
liminary learning of associations between color cards and naming the
corresponding correct response significantly enhanced subsequent perf or-
mance on the criterion task which involved a motor response substituted
for the verbal descriptor and colored lights substituted for the color
cards. Similar studies by Gagn’~ and his associates, sometimes conducted
under the rubric “stimulus predifferentiation,” produced substantial
positive transfer to a somewhat more complex task involving the correct
placement of four levers in the presence of four distinctive stimulus
light con figurations (Baker and Wylie, 1950; Gagn~ and Baker, 1950;
Gagn’~ and Foster, 1949a, l949b; reviewed in Gagn’~, Baker , and Foster,
1950). Significant verbal pretraining enhancement effects on subsequent
perceptual motor performance have been noted by numerous other investi-
gators using similar tasks (Arnoult , 1957; Battig, 1956; Cantor, 1955;

• Goss , 1953; Goss and Greenfield, 1958). And , a recent study by Wood
(1973) showed significant transfer from pretraining sequences with an
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• audiovisual pretraining device to performance in a light aircraft instru—
• ment trainer with simulated motion.

Experimental Directions or Instructions

Experimental directions or instructions are not frequently manipu-
lated in experimental studies. In this approach , a brief verbal descrip-
tion (oral and/or written) is provided subjects prior to their engaging

• in the experimental task. These directions or instructions generally
indicate the activities to be performed with respect to the stimuli and
the goals to be achieved . Such experimental instructions in perceptual

• motor studies rarely involve the explicit stimulus-response pairings
• that are an integral part of the verbal pretraining methods described

above. However, conflicting results have been obtained in experiments
designed to evaluate the effects of various levels of instructions on
subsequent motor performance. An early study by Judd (1902) showed that

• preliminary instructions regarding the principle of refraction enhanced
performance on a task in which boys threw darts at targets underwater.

• Renshaw and Postle (1928), on the other hand, found that subjects who
received explicit task-related instructions demonstrated pC’rer perfor-
mance than subjects who were given only the task objective , or who were
instructed to generate written descriptions of the task. More recent
studies by Noble and his associates (Noble, Alcock, and Farese, 1958;
Noble, Alcock , and Frye, 1959) have obtained a facilitative effect for
specific task-related instructions. ALthough the Noble et al. data sug
gest ~at the negative findings of Renshaw and Postle may be attributable
to poorly developed instructions , a recent study by Brecke (1975) de-
signed to examine the effects of systematically designed instruction on
complex skill learning showed superior performance for certain subjects
who received only the objective . Data regarding the effects of verbal
instructions on subsequent perceptual motor proficiency are clearly equi-

• vocal; we shall return to a more detailed analysis of this issue .

Instructional Cues

An instructional cue is the minimal information provided a learner
or trainee to enable him to acquire or emit the behavior specified in a
given instructional objective (Schutz, Baker, and Gerlach , 1964; Gerlach,
Baker, Schutz, and Sullivan , 1967; Brecke, Gerlach , and Shipley, 1974).
Instructional cues differ from the experimental psychologist ’s general
conception of instructions for a particular research study. Instruc-
tional cues are written specifically for the intended trainee; they are
evaluated and revised in accordance with the extent to which the trainee
can perform the desired behavior after having mastered or memorized the
cues to some preset criterion level (usually verbal). Experimental in-
structions or directions, on the other hand, may range anywhere from
simple one-liners such as “Sit down and make yourself comfortable,” or
“Try to keep the stylus on this white dot on the revolving wheel as much
as you can” to information provided subjects regarding how to actually
perform the experimental task--as in previously described studies by

-
~~~ Noble et al. (1958; 1959). Although the instructional cue has been

applied primarily to instruction in academic skills such as reading and
elementary mathematics , recent work by Gerlach and his associates (Brecke,
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1975; Brecke, Gerla ch , and Shipley, 1974) has convincingly demonstrated
the utility of this approach for teaching student pilots c omplex percep-
tual motor skills--such as performing selected maneuvers in a flight
simulator.

Rule Learning

The expression rule has been used in numerous ways. It is often
equated with legal or ethical considerations , either written or nonwrit-
ten, pertaining to how a particular society prescribes appropriate
behavior for its members . The folklore is rep lete with maxims such as
“let sleep ing dogs lie ,” or “earl y to bed , early to rise .” Wi thin the
context of education and training, there appear to be three primary
modes in which rule learning is emphasized .

Attribute identification. In this usage of rule, a symbol , objec t,
or event is identified with , or defined in terms of , other symbols ,

• objec ts , or events. That is, in defining a nonfazniliar entity for a
student , instructors often refer to stimuli , or att ribu tes of thoser stimuli , that are presumed to be more familiar to the student than the

• entity be ing defined . Upon first encountering the word lift , for in-
stance, the industrious student pilot migh t immedia tel y consult Webster ’s
Seventh ~ew Collegiate Dictionary and find it defined as “The component
of the total aerodynamic force ac ting on an airplane or airfoil that is
perpendicular to the relative wind and that for an airplane constitutes
the upward force that opposes the pull of gravity .” Similarly, in
training a child to identif y examples and nonexamp les of pen insulas on
a world map , the fol lowing rule might be presented : “A peninsula is any
body of land that is surrounded by water on all but one side.” However,
both student pilot and the young child would have to be provided another
set of objects , symbols , or events if the terms used in the above ind i-
cated verbal rules were not sufficiently familiar to these learners.
When used for the purpose of enabling the trainee to identify stimulus

• attributes to a particular entity of interest, a rule is pr imarily de-
finii:ional in function . Similar uses of rule in this context have been

• frequently emphasized by a number of prominent instructional psycholo-
gists (e.g., And erson and Faust , 1973; Ausubel , 1968; DeCecco , 1968;
Gagn’e, 1970) .

0p~ration specification. In a closely related context , rules have
been assoc iated with operations for combining or otherwise elaborating

• stimulus characteristics to determine the selection of an appropriate
response. Merrill and Wood (1974), for instance , def ine  rule  as “.

an ordered relation consisting of a set of domain concepts, an opera tion ,
and a se t of range concep ts” (p. 22). Figure 2 illustrates the rcl~-
tionship between domain, operation , and range emphas ized by Merrill and

• Wood . Scandura (1970, 1972 , l974a , 1974b) makes similar use of domain ,
opera t ion, and range in defining rule in terms of set theoretic language :

- a rule can be denoted by a func tion whose domain is a se t of
stimuli and whose range is a set of responses” (1974a , p. 12). Many of

• - the rules cf symbol ic logic and mathematics, as well as those frequently
used in concept i den t i f i ca t ion  studies ( c f .  Haygood and Bourne , 1965)
fit this category, since they are verbal specifications of the operations

_______________ 
_____ ______ ______ • 
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Rule: Current is equal to voltage divided by resistance.

Voltage
• (E)

E Current
R ( I)

Resistence
(R)

DOMAIN OPERATION RANGE

• Rule: The area of a triangle is eciual to one-half its base
times its height.

V

hei ght

DOMAIN OPERATION RANGE

Figure 2. Two exam p les of operation specification rules expanded
into Domain, Operation, and Range Components. (Adapted from M. David
Merri l l  and Norman D. Wood , Instructional Strategies: A Preliminary
Taxonomy. Ohio State University: ERIC Information Analysis Center for
Science , Mathematics , and Environmental Education , 1974 .)

I
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a learner must perform wi th a part icular  stimulus configurat ion in order
to emit the desired response.

Behavioral prescription. A third use of rule differs from the pre-
ceding in terms of the behavior required of the trainee. When teaching
a child to perform an operation such as “invert the divisor and multiply,”

• for instance , the manner in which the child emits the appropriate re-
sponse is usually of little consequence. If the quotient obtained is
correct , the response could be emitted in the form of a vocalization ,• w r i t ten symbols , or even punched into a computer teletype or teaching
machine . In acquiring a complex perceptual motor skill , however, the
f orm, or topography, of the t rainee ’s response is of upmost significance.
Consider the importance that the form of the student pilot ’ s responses
assume s when perfo rming the descent portion of the Vertical S-A maneuver
in accordance with rules such as “Hold the pitch steady at -50,” “Adjust
for deviations in vert ical  velocity wi th small corrections on the atti-
tude indicator , ” or “Correct  for airspeed wi th small power inputs. ”
Topographical aspect s of the studen t ’s behavior, such as the amount of

• force app lied to the stick and the durat ion of that app lication , are
c learly importan t in determining performance cr i ter ia  under these la t ter
condit ions.

Of particular relevance to the instruct ional  systems designer ,
the refore , is the manner in which the learning of rules eventuates in
skil led performance. Within this context , we are interested in pre-
cisely what a rule enables , or even causes , a learner to do. In skill
acquisition , it is especially important that a trainee perform more pro-
f icien tly with a rule than he or she could do without learning the rule.
Rule learning must be inextricab ly linked to improved performance if it
is to be of utility in training high level skills, such as piloting a
jet aircraft. Although the term rule is not found very frequently
within the context of perceptual motor learning per Se, parsimony would
seem to be served by considering the use of such a unitary term in lieu
of the p lethora of words currently used to describe the concept of ver-
bal control in skilled performance. Indeed , Brecke (1975) has recently
noted that verbal prescriptive rules specifying what the trainee should
do and when he should do it may be equated with what Gerlach et al. have
r igorousl y def ined as instructional cues. Similarly, the terms
(Mil ler , Galan tner , and Pribram, 1966) and schema (Attneave, 1957;
Bartlett , 1932; Hebb , 1949; Oldfield , 1954; Woodworth, 1938) may be
treated as essentially synonomous with this usage of rule as a verbal
prescription for complex behavior .

~ :-
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III. Rule Learning and Skilled Performance

Rules and Instructional Cues

It is of interest to note a further similarity between rules and
instructional cues. Although Brecke (1975) has suggested an identify
between an instructional cue and the use of rule in the context of be-
havioral prescription, the earlier literature on instructional cues
(cf. Schutz, Baker, and Gerlach, 1964) deals exclusively with academic
tasks such as English and elementary mathematics--applications that
might be more appropriately classified according to the categories

• attribute identification and/or operation specification. We migh t ,
therefore , consider the same classification scheme for instructional
cues, or--more parsimoniously- -opt for consistently using the more tra-
ditional term rule in place of instructional cue.

Algorithmization of Verbal Control

Gerlach, Reiser, and Brecke (1975) have recently described the
potential of algorithms for problems of learning, teaching, and instruc-
tional design . According to Gerlach et al. “. . . an algorithm is a
procedure which will produce the correct result when applied to any
problem of a given class of problems” (p. 10). Just as rules may be
classified according to their particular usage, different types of algo-
rithms are required f or different user requirements. Indeed , the pos-
sibility exists that each type of verbal control approach to shap ing
complex skills is amenable to algorithniization. The characteristics of
each approach, described in Figure 1, differ •~ccording to the stimulus
conditions presented to the learner and the response required of the
learner. According to Gerlach et al., teaching algorithms provide a
precise specification of the teaching procedure , or the manner in which
stimulus conditions are arranged to ensure criterion performance by the
learner. Learning algorithms specify a procedure for the learner to
use in acquiring the appropriate response. In short, these two types
of algorithms seem to hold particular promise as means of adapting ver-
bal control approaches to enhancing the attainment of systematic train-
ing program objectives.

Rule-Governed and Contingency-Shaped Behaviors

Skinner (1969) d4.stinguishes between behaviors that are shaped by
environmental contingencies , largely without the use of verbal media-
tors, and behaviors that are primarily controlled by verbalizable rules
that are usually conveyed through textbooks, manuals, or other forms of
instruct ion (e .g . ,  the briefing) . The former are called “contingency-
shaped” behaviors, while the ~ tter are denoted “rule-governed .” The
close correspondence between Skinner ’s distinction and the procedure-
technique difference (Reiser et al., 1972) is apparent; but little, if
anything, is gained by simply exchang ng one set of verbal labels for

• another. However, what is implied by Skinner ’s formulation is that the
• 

- controlling variables are different for procedure and technique. It is
possible that most skilled pilot behavior, as well as other skilled per-
form ance , is contingency-shaped . The dilemma of the instructor pilot
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lies in de8cribing or instruc t ing the student pilot on how to perform
behaviors that are largely under the control of variables other than
easi l y verbalized rules .

Judgment is a more-or-less undefined term used to refer to the
rather global ab i l i ty  of producing appropriate responses rap idly, depen-
dably, and rationally. The failure to consistently train pilots to
acquire “good judgment” is evidenced by the high percentage of flight
accidents attributable to pilot error. A pilot must be able to respond
fast and effectively at the same time. The difficulty in training
pi lo t s  to acquire this skill is closely related , if not identical , to
the difficulties entailed in acquiring technique. “Good judgment,” like
technique , seems to be based largely on the skilled pilot ’s previous
successful experiences in similar situations. Because judgment is also
sh aped by environmental contingencies , largely without the use of verbal
mediato rs , it is di f f i c u l t  for the instructor to teach this to the
student pilot.

The prob lem may be one of “proceduralizing technique.” That is, it
may be possible to infer  rules by observing highly skilled instructor

• pilots perform difficult maneuvers. Functional rules migi-i t then be

• generated . However , if the control l ing  variables for acquiring proce-
dure and technique are different , then we may actually interfere with
or retard the student pilot ’s difficult task of attaining proficiency.
For example, it is conceivable that once the basic procedures for a
maneuver h ave been acquired by the student pilo t, f u r ther attempts a t
providing verbal instruct ion are neither as e f f i c i e n t  nor as e f fec t ive
as simply providing ample practice opportunities in the simulator. Re-
fined performance may ins tead be acquired through training the student
pilot to use the task- in t r ins ic  feedback that occurs when he executes a
maneuver in the simulator or actual a i r c ra f t .  In short , acquir ing
strategies for  “se lf-remediat ion ” of one’s own performance once the
funct ional  rules for performing the task have been mastered may consti-
tute the optimal way to acquire technique or skill.



IV. Proposed Research Directions

Among the variables that seem most promising for study is a deter-
mination of the conditions under which verbal mediators, in the form of
rules, facilitate the acquisition of skilled performance. The primary
theme underlying the present paper has been the idea that excessive re-
liance on verbal control approaches may sometimes impede the development
of the trainee ’s “feel” for the task at hand. This should not be
confused with Skinner ’s (1966) suggestion that instruction per se inter-
feres with an appropriate analysis of the contingencies maintaining
behavior. Rather, it seems well established that verbal instruction can
facilitate operant performance (cf. Kaufman, Baron, and Kopp , 1966).
The instructional systems designer is particularly interested in deter-
mining the conditions and/or tasks for which the precise design of
verbal information seems a realistic or feasible goal.

Methods need to be further refined and developed for standardizing
in instruct ion technique ; algori thmic or quasi-algorithmic approaches
to the design of verbal information appear to be particularly promising

• in this area (Gerlach, Reiser, and Brecke, 1975). Training strategies
can also be developed which rely less heavily on the trainee ’s learning
of verbal rules in acquiring proficiency with a given task. For
instance , learning algorithms might be developed for processing task-
intrinsic feedback.

Potential approaches to shaping skilled repertoires, perhaps
varying along a dimension of verbal control, might then be compared and
evaluated in terms of a number of dependent measures, such as training
time or number of trials to criterion, or number of errors in posttreat -
ment assessment. Another relevant variable in assessing the trainee ’s
development of proficiency concerns the extent to which he or she can
identify deviations from correct performance of the desired task. In-
deed , this is precisely what a highly skilled instructor pilot must do
in evaluating the performance of a trainee.

In this context, it would appear to be highly worthwhile to inves-
tigate the effect of providing simulator training under a variety of
instructional conditions on the development of the trainee ’s proficiency
in correctly identifying performance deviations. In addition, such
research should also assess the effects of algorithms or other systema-
tic approaches on the development of the trainee ’s piloting technique,
as evidenced both in the simulator and in the aircraft.

Appropriate control or baseline procedures also need to be estab-
lished for contrasting and evaluating variou s levels of the independent
variable rule. One potential method would involve a trial and error
procedure in which the trainee is asked to perform, given only the
objective for a specified task. That is, the trainee is told what he is

• to accomplish, but he receives no systematic instruction on how to per-
• form (cf. Brecke, 1975). Incorporating such control procedures should

permit an assessment of the extent to which the learning of verbal rules
enhances the acquisition of skill on any given task. Repeated applica-
tion of this design to a range of psychomotor tasks should enable us to

LI 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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begin drawing some conclusions regarding the types of tasks that are
facilitated by systematic verbal instruction .

The personnel selection literature provides a number of approaches
to the problem of characterizing various types of tasks that human
operators perform. Fleishman (1975) has described four major approaches
to task description and classification behavior description, behavior
requirements, ability requirements, and task characteristics. In the
behavior description approach, tasks are classified on the basis of
observations and descriptions of what operators actually do while per-
forming a task (McCormick , 1964). The behavior requirements approach
systematically catalogs behaviors that are assumed to be required in
order to achieve criterion proficiency (cf. Annett and Duncan, 1967;
Gagne and Bolles , 1963; Miller. 1962). This approach emphasizes
inferred processes that are assumed to intervene between stimulus and
response (e.g. ,  short-term memory, long-term memory , and decis ion
making)--as opposed to the exclusive reliance on descriptions of overt

• behaviors emphasized by the behavior description approach. In the
ability requirements approach, tasks are described and compared in terms
of the abi l i t ies  that a given task requires of the operator . The
ability concepts are derived primarily through factor analytic studies
(cf. Fleishman, 1972; l97~ .

In the task characteristics approach, tasks are described in terms
of a number of task-intrinsic properties that elicit performance, e.g.,
the goal toward which the operator works, relevant task stimuli , in-
structions, procedures, and characteristics of the responses required .
Figure 3 depicts the conceptual scheme of task characteristics employed
by Farina and ~‘Jheaton (1973). In describing a task, characteristics
are rated on a 7-point scale by judges with a human factors background
in accordance with the extent to which the task is typified by each
characteristic shown in Figure 3. An exemplary task characteristic
scale is presented in Figure 4; studies described by Farina and Wheaton
(1973) indicate a high degree of inter-rater reliability across a number
of task descri ptive sca les.

Itt the present research program , we are interested in classif y ing
tasks or complex skills in a manner such that each category or class
has specific training requirements associated with it. In particular ,
we need to determine the skill classes that are enhanced by the train-
ing methodologies employing various degrees of verbal control (cf.
Figure 1). Once a framework is established for determining what skills
are enh anced by these methods , we can begin designing a l ternat ive in-
structional modes for the remaining skills that are not readily acquired
through verbal pretraining . Observational learning techniques , for
examp le , may prove particularly useful in this area. Such methods have
been found to be effective in teaching a variety of generalized language
rules , abstrac t concepts or princi ples , Piagetian conservation responses,
problem solving strategies, and creative responses (Zimme rman and
Rosenthal , 1974).

Another potentially promising instructional modes involves the use
of imagery by trainees to enhance their acquisition r’f technique .

____ •
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Rate the present task on this d imension .

-7

Def in i t ions  7 — — Examples

High regularity—Regular •Responding to units on
intervals , periodic occur- an assembly line .
rence. Also refers to
stimulus which is con- ILooking at a picture

stantly present. 6 . 
on a wall .

5

4 — -
Medium regularity—Irreg- •Receiving Morse code.
ular intervals but a per-
ceivable pattern of occur-
rence.

3

2

Low regulari ty—-Very ~r- I . •Detecting random sig-
regular intervals; stimulus nals ott a CRT display .
occu rrence is aperiodic.

Figure 4. Example of a task characteristic. (Adapted from Alfred J.
Farina , Jr., and George R. Wheaton, Development of a Taxonomy of Human
Performance: The Task Charac teristics Approach to Performance Prediction,
AIR Tech. Rep. 726-7 , 1973.)

C

• • .  - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - • - - • • - -
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Jacobsen (1973) has demonstrated that many individuals produce very
small muscular responses as measured by an electrotnyograph when they
are asked to imagine themselves performing a task, such as pumping a
bicyle tire . These responses tend to occur in the same muscle groups
that are employed by the individual in overtly performing the task. Of
particular interest is the variety of individual differences exhibited
in producing these “covert” responses. When directed to imagine them-
selves peforming a given psychomotor task, some subjects begin with
minute stereotyped eye movements that correspond to subjective reports
of visual imagery. Individuals who demonstrate the most pronounced eye
movements tend to show few, if any, concomitant muscular responses that
can be detected by currently available instrumentation. Conversely,
individuals who demonstrate considerable skeletal muscle involvement in
thinking about the task differ widely with respect to corresponding eye
movements and reports of visual imagery.

What is the relevance of these data for systematic training appli-
cations? Individual differences in the ability to imagine or “imagize”
oneself performing a task may be directly related to the extent to which
proficiency is enhanced through training methods involving verbal
instruction. That is, attempts to establish verbal control over subse-
quent motor responding may be less successful for individuals who are
not skilled imagizers. Perhaps some of the previous studies involving
mental practice or other verbal control approaches would have obtained
more pronounced effects if these individual differences had been taken
into account.

Two potential research thrusts are suggested . Given a well estab-
lished relationship between UPT performance and the ability to imagize,
methods for screening potentially successful program applicants could be
investigated . Alternatively, both motor and visual imagery may consti-
tute skills that can be acquired through systematic training methods.
In this instance, the use of imagery training as a supplement to the
repertoire of cognitive pretraining methods currently used in UPT could
be investigated .



V. Summary and Concluding Comments

Of prime importance is a precise determination of the relationship
between rule learning and the subsequent attainment of high ly refined
skills. During the cxxirse of our investigations, the tentative frame-
work for viewing verbal control approaches to training complex skills
may be refined or discarded in favor of a more workable model for the
context of training applications. Regardless of the course dictated by
these initial research efforts, the prime objective in our program is
to develop and validate efficient methods for establishing skills that
are currently difficult to train, such as “good judgment” and pilot -

•

techniques.

C.

____________ • ..T r ~ •~~~~-i- - _________ - -



References

Adams, J. A. A closed-loop theory of motor learning. Journal of Motor
Behavior, 1971, 3, 11-150.

Anderson, R. C., and Faust, C. W. Educational psychology: The science
of learning. New York: Dodd , Mead , and Company, 1973.

Aanett, 3., and Duncan, K. D. Task analysis and training design. Occu-
pational Psychology, 1967 , 41, 211-221. —

Arnoult, M. D. Stimulus predifferentiation: Some generalizations and
hypotheses. Psychological Bulletin,  1957 , 54 , 339-350.

Attneave, F. Transfer of experience with a class-schema to identifica-
tion learning of patterns and shapes. Journal of Experimental Psycho-
j y ,  1957 , 54, 228-237.

Ausubel , D. P. Educational psychology: A cognitive view. New York:
Holt, 1968.

Baker , K. E . ,  and Wylie , R. C. Transfer of verbal t rainLig to a motor
task. Journal of Experimental Psychology, 1950, 40, 632-638. —

Bar tlett , F. C. Remembering: A study in experimental and social psy-
chology. Cambridge, England : Cambridge University Press, 1932.

Batt ig,  W. F. Transfer from verbal pretraining to motor performance as
a funct ion of motor task complexity . Journal of Experimental Psycho-

~~~~~~~~ 1956, 51, 371-378.

Brecke, F. H. Transfer from selected pretraining variables to a complex
perceptual motor task. Unpublished doctoral dissertation , Arizona
State University , 1975.

Brecke, F. H., Ger lach , V. S., and Shipley, B. D. Effects of instruc-
tional cues on complex skill learning. (Technical Report No. 40829,
Project No. AIOSR 71-2128) Arlington,VA: U. S. Air Force Office of
Scien t i f i c  Research , 19Th.

Cantor, J. H. Amount of pretraining as a factor in stimulus prediffer-
entiation and performance set. Journal of Experimental Psychology,
1955, 50, 180-184.

C 
DeCecco, 3. P. The psychology of learning and instruct ion . Englewood

Cl if f s , NJ: Prentice—Hall , 1968.

Farina, A. J., Jr., and Wheaton, G. R. Development of a taxonomy of
human performance: The task characteristics approach to performance
prediction . JSAS Catalog of Selected Documents in Psychology, 1973 ,
3, 26-27.

-
. 

- 
. 

—
. ~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~ • — ••

~~
•• • -



1. -_ ~~~ -j.. . 
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

18

Fitts, P. M., and Posner , M. I. Human performance. Belmont, CA:
Wadsworth, 1967.

Fleishman, E. A. On the relation between abilities, learning, and human
performance. American Psychologist, 1972, 27 , 1017-1032.

Fleishman, E. A. Toward a taxonomy of human performance. American
Psychologist, 1975, 30, 1127—1149.

Gagr~~, R. M. The conditiona of learning. New York: Holt, 1970.

Gagn~, R. M., and Baker , K. E. Stimulus prediffererttiation as a factor
in transfer of training. Journal of Experimental Psychology, 1950,
40, 439-451.

Gagn~, R. M., Baker, K. E., and Foster, H. On the relation between
similarity and transfer of training in the learning of discriminative
motor tasks. P~ychological Review, 1950, 57 , 67-79.

Gagn~, R. M., and Bolles, R. C. A review of factors in learning effi-
ciency. In E. Galanter (Ed.), Automatic teaching: The state of the
art. New York: Wiley, 1963.

Gagn~, R. M., and Foster, H. Transfer of training from practice on com-
ponents in a motor skill. Journal of Experimental Psychology, 1949a,
39, 47-68.

Gagn~ , R. N . ,  and Poster H. Transfer to a motor skill from practice on
a pictured representation. Journal of Experimental Psychology, l949b ,
39, 342-354.

Gerlach , V. S., Baker, R. L , Schutz, R. E., and Sullivan, H. J. De-
fini~ g i nstructiona 1 specifications. Inglewood , CA: Southwest
Regional Laboratory for Educational Research and Development, 1967.

Gerlach , V. S., Reiser , R. A., and Brecke, F. H. Algorithms in learning,
teaching, and instruct ional  design. (Technical Report No. 51201,
Project No. AFOSR 75-2900) BoIling AFB, DC: U. S. Office of Scienti-
fic Research, 1975.

Gos s , A. E. Transfer as a funct ion of type and amount of preliminary
experience with task stimuli. Journal of Experimental Psychology,
1953 , 46 , 419-428.

Goss, A. E., and Greenfield , M. Transfer to a motor task as influenced
by conditions and degree of prior discrimination training . Journal of
Experimental Psychology, 1958 , 55 , 258-269.

Haygood, R. C. Toward a def in i t ion  of the expression “cogniti ve rule .”
Paper presented at the Annual Meeting of the Rocky Mountain Psycholo-
gical Association, Las Vegas , Nevada , May 1973.

• j



18

Fitts , P. M., and Posner, M. I. Human performance. Belmont, CA:• Wad swor th , 1967.

Fleishman, E. A. On the relation between abilities , learning , and human
perfo rmance. American Psychologist, 1972 , 27 , 1017-1032.

Fleishman, E. A. Toward a taxonomy of human performance. American
• Psychologist,  1975 , 30 , 1127-1149.

Gagn~, R. M. The conditions of learning. New York: Holt , 1970.

• Gagn~, R. M., and Baker, K. E. Stimulus predifferentiation as a factor
in transfer of training. Journal of Experimental Psychology, 1950,

• 40, 439-451.

• Gagn~ , R. M., Baker , K. E., and Fos ter , H. On the relation between
similarity and transfer of training in the learning of discriminative
motor tasks. Psychological Review, 1950, 57 , 67-79.

Gagn~, R. N., and Bolles , R. C. A review of factors in learning effi-
ciency. In E. Galanter (Ed.), Automatic teaching: The state of the
art. New York: Wiley, 1963.

Gagn~ , R. M., and Foster, H. Transfer of training from practice on com-
ponents in a motor skill. Journal of Experimental Psychology, l949a,

• 39, 47-68.

Gagn’è, R. M., and Foster H. Transfer to a motor skill from practice on
• a pictured representation. Journal of Experimental Psychology, l949b,

39, 342-354.

Gerlach , V. S., Baker , R. L., Schutz, R. E., and Sullivan , H. J. Dc-
• fining instructional specifications. Inglewood , CA: Southwest

Regional Laboratory for Educational Research and Development , 1967 .

Cerlach, V. S., Reiser , R. A., and Brecke, F. H. Algorithms in learning,
teaching, and instructional design. (Technical Report No. 51201,

• Project No. APOSR 75-2900) BoIling AFB, DC: U. S. Office of Scienti-
fic Research, 1975.

Goss, A. E. Transfer as a function of type and amount of preliminary
experience with task stimuli . Journal of Experimental Psychology,
1953, 46, 419-428.

Goss, A. E., and Greenfield , M. Transfer to a motor task as influenced
by conditions and degree of prior discrimination training . Journal of

C Experimental Psychology, 1958 , 55, 258-269.

Haygood , R. C. Toward a def inition of the expression “cognitive rule.”
Paper presented at the Annual Meeting of the Rocky Mountain Psycholo-
gical Association, Las Vegas , Nevada , May 1973.



W - r r r . —-- -—- — - -  ~~~~• • •

• 19

Haygood , R. C . ,  and Bourn e , L. E . ,  Jr. At t r ibu te -  and rule-learning
aspects of conceptual behavior.  Psycholog ical Review, 1965 , 72 ,
1975-195 .

Hebb, D. 0. Organization of behavior. New York: Wiley , 1949.

Jacobsen , E. Electrophysiology of mental activity : An introduction to
the psycholog ical process of thinking. In F. J. McGuigan and R. A.
Schoonover (Eds.), The pSychophysiology of thinking.~ New York :
Academic Press, 1973.

Judd , C. H. Practice and its effe cts on the perception of illusions.
Psychological Review, 1902, 9, 27-39.

Kauf man , A., Baron , A., and Kopp, R. M. Some effects of instructions
on human operant behavior. Psychonomic Monograph Supplements, 1966,
1, 243-250.

Mc Allister, D. E. The effec ts of various kinds of relevant verbal pre-
training on subsequent motor performance. Journal of Experimental
Psychology, 1953, 46 , 329-336.

McCorm ick , E. J. The development, analysis, and experimental applica-
tion of worker-oriented job variables. (Final Report: ONR 1100)
Lafayette : Purdue University , 1969.

Merrill , M. D., and Wood , N. D. Instructional strategies: A prelimi-
nary taxonomy. Columbus : ERIC Information Analys is Center f or
Science, Mathematics, and Environmental Education , The Ohio State
University, 1974.

Miller , R. B. Analysis and specification of behavior in training . In
R. Glaser (Ed.), Training research and education. Pittsburgh:
University of Pittsburgh Press, 1962.

Miller , G. A., Galan ter , E., and Prebrani, K. H. Plans and the structure
of behavior. New York: Holt , 1960.

Noble , C. E., Alcock, W. T., and Farese , F. J. Habit reversal under
differential instructions in compound trial-and-error learning.
Journal of Psychology, 1958, 46 , 253-264.

• Noble, C. E., Alcock, W. T . ,  and Frye, R. L., Jr. The joint influence
of prac tice and instructions on discrimination reaction time. Journal
of Psychology, 1959, 48 , 125-130.

Oldfield , R. C • Memory mechanisms and the theory of schemata. British
Journal of Psychology, 1954, 45 , 14-23.

Posner, M. I., and Keele, S. W. Skill learning. In R. M. W. Travers
(Ed.), Second Handbook of Research on Teaching. Chicago : Amer ican
Educational Research Association , 1973.

_________ •



— 
-

r ---- —------ - — — — -

20

• Prather , D. C. Prompted mental practice in a fligh t simulator . Journal
of Applied Psyc holo~y, 1973 , 57 , 353-355.

Reiser , R. A., Brecke , F. H., and Gerlach, V. S. On the difference be-
tween procedure and technique in pilot instruction. (Technical Report
No. 21128) Tempe, AZ: Arizona State University, Instructional Re-
sources Laboratory, 1972.

Renshaw, S. ,  and Postle, D. K. Pursuit learning under three types of
i n s t ruc t ion : Journal of General Psychology, 1928 , 1, 360-367.

Richardson, A. Mental practice: A review and discussion. The Research
Quarterly, 1967, 38, 95-107.

Scandura , J. M. Role of rules in behavior : Toward an operational de-
f i nit ion of what (rule) is learned . Psychological Review, 1970 , 77 ,
516-533.

Scandura, J. M. What is a rule? Journal of Educational Psychology,
1972 , 63, 179-185.

Scandura , J. M. Structural  learning, I. Theory and research. New York:
Gordon and Breach, l974a .

Scandura, J. M. Human problem solving : A synthesis of competence.
psychological , and measurement approaches. Proceedings of the
Fif th Annual Interdisciplinary Conference on Struc tural Learning, 1974b .

Schuta, R. E., Baker, R. L., and Gerlach, V. S. Measurement procedures
in programmed instruction. Tempe, AZ: Arizona State University,
Classroom Learning Laboratory, 1964.

Skinner, B. F. Operant behavior . In W. K. Honig (Ed.), Operant behavior:
Areas of research and application. New York: App le ton, 1966.

Sk inner , B. F. Contingencies of reinforcement: A theoretical analysis.
New York : App leton, 1969.

Wood , M. E. Transfer from audiovisual pretraining to an instrument
fli ght task. Unpublished doctoral dissertation , Ar izona State

Universi ty,  1973.

Woodworth , R. S. Experimental psychology. New York: Holt, 1938.

Zimmerman, B. J., and Rosenthal , T. L. Observational learning of rule-
governed behavior by children. Psychological Bulletin, 1974, 81,

C 29-42.



F- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--

~~~~~~
•- - -- -

UNCLASSIFIED
SECURITY C LASS ICA T ic ) ,~ (~~ TH IS PA (~~ (Ifl..n Data Fnl.red$

REPORT DOCUMENTATION PAGE

o46 ‘1~ J2. GOVT ACCESSION NO. 
_ _

4. TITLE (aid SubtiU.) t~~~~Pgo~-Rt O4lIT~* ER~GO 

. INTERIM
-~~The Role of Verbal Control in Complex 

____________

Train ing . -. — - Ci’ 
¶..z

~~~~ i]5_~?,. MOR~~~. • -~~ - -- S~~C~ i4T RAC T OR G ANT NUMBER(S)
• 

‘ James L/Eubanks AFOSR T 6 Z900 ~~
S. PERFORMING O R G A N I Z A T I O N  NAME ANO ADDRESS $0. PROGRAM ELEMENT . p Ro JE cT . T A SK

AREA a W ORK UNIT N U M B ERS
Arizona State Univerwi ty
Department of Education Te~ hnology ~ 61102 778 6~~1313
Tempe, AZ 85281 ( 

~~ 
( jy’~, 

•

II. CONTROLLING OFFICE NAME ANO ADDRESS $2. REPOR £T&- ~~~~~~~~~~~~

OQ~an~~~~~~76JA. F. Office of Scientifi c Research (NL) ‘~~. NUMBER OF PAG

Boilin g AFB , DC 20332 20 /2
$4. MONITORING AGENCY NAME B AOORESS(áI dlSI.r snt f rom C.iitroUMg Office) I%. SECURITY CLASS. 1a ,.pore)~~~~~~~~~

---—-— .~~~~~~~ Unclassified 
- -

pc_~~ —~ i~ 
~~~~~~~~~~~~~ DECI..ASSIF$CATI ON~

’ OOWNGRA DING

IL DISTRIBUTION STAT NT (0 • R.port) -

Approved for public release; distribution unlimited.

$7. DISTRIBUTION STATEMENT (of Ui. .b.t ract .nt. ,.d In 8lock 20. Ii dIit.r .nt from Report)

IS. SUPPLEMENTARY NOTES

IS. KEY WORD S (Continua on r•v • rs• i~da if n.c..a.ry aid td.nttly by blo ck number)

Verbal Control Rule-governed Behavior
Complex Skill Learning Verbal Pretraining
Rule Learning Mental Practice - 

.

• 
Cognitive Pretraining Instructional Cues 4L/ ..~ 

~~
A B S T R A C T  (contInue on rerer.. aide SI n.c.s.ary and Sdenl.Iy by block number)

The role of verbal control during the initial stages of acquiring complex
perceptual—motor skills has been frequently emphasized by instructional
psycholog i sts. Al though the learn ing of ver bal rules , or cognitive pretrain-
Ing, is clearly at the heart of systematic training, the term rule has not
been defined in a manner that either avoids unsubstantiated generalizations
or clearly specifies the manner in which the learning of rules eventuates in
skille d performance. A framework for viewing methods that emphasize verbal
control in trai ninq complex skills is orovided , alonq w i t h ~~ ont. on back ) -

DD ~~~ 1473 EDITION OF I NOV 6S $5 OBSOLETE UNCLASSIFIED 
__________



--) UNCLASSIFIEt~
CI.ASSIFICA ’~ON OF TNI3 PAO E(Whw 0.1. Fni.r.d)

10. Abstract (Continued) 
- 

.

a description of different uses of the term rule as it r~1ates to sk ill
acquisition . ImpLications of this framework for subsequent training re-
search are discussed , suggesting methods for empirically verifying the

, Idea that excessive reliance on verbal control approaches may actually
I impede the trainee ’s progress in attaining certain skills , such as

~ 
piloting technique. In short, the primary objective of the proposed re-

- search program is to develop and validate efficient methods for estab-
lishing skills that are difficult to train using state-of-the art instruc-
tional design technologies.
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