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ABSTRACT

This study investigated the effectiveness of three different
training strategies with respect to initial training, retention, and
transfer of training. In addition to investigating the relative merits
of the three strategies, the possibility of matching the instructional
strategy and the trainee's cognitive style was evaluated. There is
growing research support for the contention that different individuals
utilize different means of encoding and/or storing information. The
effect of these differences with respect to initial training, retention,
and transfer of training was addressed in the context of a realistic
task. The particular task used was representative of the many sequential
procedures performed which range from operating master control panels in
industrial plants to normal and emergency procedures in air vehicles.

The instructional strategies evaluated during the study were
designed to require varying degrees of imagery utilization through
reductions in the stimuli that provide visual cueing and feedback. The
standard for comparing the effectiveness of these strategies was the
conventional '"repetition'" of the task on the operational equipment or
high fidelity mockups (simulations) of the equipment. The individual
trainee's vividness of mental imagery was the aspect of cognitive style
that was investigated with respect to performance within the three
training strategies.

The results of the study indicate that: (1) vividness of imagery
does interact with training strategy, (2) training devices do not need

high fidelity to be effective in training procedural tasks, and
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(3) the use of training strategy that requires the trainee to provide

his own cueing and feedback from memory is effective in increasing the
retention of procedure-following skills, independent of cognitive style.
These results have important implications for both the dollar cost and
logistics of initial and refresher training, as well as for the retention

efficiency of an important aspect of the human's present job description.
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INTRODUCTION

The role of the human operator in today's systems has been rapidly
changing in character. The human operator is seldom an on-line manual
controller in today's automated (computerized) environment. For example,
the days of the goggles and white scarf in an open aircraft cockpit are
gone forever. The rate at which information must be processed and control
accomplished in modern systems is often beyond the human's capabilities.
Therefore, the role of the human is becoming increasingly that of a
process initiator, monitor, and rectifier.

The implication of this changing role is that the individual tasks
that the human operator performs are now more procedural in nature, rather
than involving fine tuned motor control. Webster (1974) defines a pro-
cedure as '"'the act, method, or manner of proceeding in some process or
course of action; esp., the sequence of steps to be followed" (P1133).

The concept of procedurally following a sequence of steps is hecoming

more predominant in areas ranging from troubleshooting a defective piece

of equipment during repair to the use of operations research techniques in
evaluating the product marketing possibilities in a business environment.
In the areas involving a human operator (e.g., piloting an aircraft, set-
ting up and monitoring a nuclear reaction process), not only are proce-
dural tasks becoming more frequent, but the criticality of the tasks is
often high. In many emergency situations, the corrective action is a step-
by-step procedure, with decision points, which the operator must perform

quickly and correctly. A complicating factor pertaining to emergency




procedures is that generally they are performed infrequently. Therefore,

the operator encounters extensive intervals of not performing the procedure.

The research literature (discussed in another section) illustrates that
procedures are particularly susceptible to forgetting during relatively
short intervals of no practice.

Although the trend in the human's job requirements is toward being
able to follow step-by-step procedures correctly, the research literature
on human capabilities and limitations in this area is relatively sparse.
That is, relative to the extent of the research based on continuous
perceptual-motor control, procedure-following types of tasks have
received much less recent attention. Although the advanced technology
behind today's hardware and software has altered the human's job require-
ments, the research effort within the behavioral technology realm has not
been sufficiently responsive.

The present study attempted to integrate some of the research areas
that have recently been receiving attention (i.e., cognitive styles;
training device effectiveness; and learning, retention, and transfer)
and reclate them to the area of training operators to perform a realistic
procedure following task. The next threc sections will discuss the
research related to: (1) the relationship between cognitive styles and
the effectiveness of different training strategies, (2) training device
characteristics and training effectiveness, and (3) the capabilities of
humans to learn and retain a skill and to transfer that skill from one

task to another.
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Mental Imagery As A Cognitive Style

The term '"cognitive style" is presently being used in many different
contexts. For example, it is used by cognitive psychologists to describe
different modes of information processing and by clinical psychologists
to categorize people as to personality variables. Kagen, Moss, and Sigel
(1963) provide a definition of cognitive style as '"stable individual
preferences in the mode of perceptual organization and conceptual cate-
gorization of the external environment" (p. 74). Modrick, Levit, Alden,
and Henke (1975) discuss the idea that individuals apparently have "sub-
conscious'" preferences for organizing information and that these
preferences are stable over time. The two essential elements of cognitive
style for it to be a useful term both academically and in practice is
that it must reliably identify individual differences among people and
that these differences must remain relatively constant as a function of
time.

There have been many different types of cognitive style discussed
(e.g., analytic vs. relational, serialist vs. holist, field dependent vs.
field independent, visualizer vs. verbalizer, etc.). Dansereau,
Actkinson, Long, and McDonald (1974) present an extensive review of the
current literature on cognitive styles within their discussion of learning
strategies. The applicetion of cognitive style categorizations to learn-
ing, retention, and transfer is of primary importance to this study. Pask
(1976) found that whether a student's own learning (cognitive) style is
matched or mismatched to a teaching strategy can have a large effect on

his learning performance.




One of the types of cognitive style that has received a large
amount of attention is that of mental imagery. Discussions of mental
imagery have persisted for centuries, primarily in the discipline of

philosophy. Although Fechner discussed his experimental investigations

of imagery in his book, Elemente der Psychophysik, in 1860, the first quan-
titative discussion of mental imagery was that of Galton in 1880.
Galton's work was the first attempt to arrive at a metric for assessing
imagery. In 1909 Betts published a 100 page report involving twelve
experiments on voluntary and spontaneous imagery. With the advent of
behaviorism, the study of such things as mental imagery was not exten-
sive. However, during the 1930's and 1940's therec were a few studies oi
imagery, particularly evaluating its relationship to intelligence. For
example, Brower (1947) investigated the relationship of imagery and
intelligence (Otis Intelligence Test) and did not find a significant
correlation. This is consistent with Carey's (1915) results with school
children. 1In addition to the fact that the results of neither study
were statistically significant, Carey's correlation was negative and
Brower's was positive. A study by Davis (1932) also indicated 2 low
correlation between imagery vividness and general intelligence (Army
Alpha Intelligence Test). A study conducted by Bowers (1935) indicated
that there is no consistent relationship of imagery ability and recasoning
ability.

One of the problems with studying mental imagery at that point was
that the meaning of the term was not very well defined. Friedman (1953)

illustrated this problem with his statement that '"Imagery has come to
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mean all things to all men'" (p. 25). Holt (1964) discusses the defini-
tional problem and the need for a iaxonomy in his article, '"The Return

of the Ostracized." A dictionary definition that provides a reasonable
starting point is from Funk and Wagnall's dictionary. This definition

of image is "a mental representation of something, not perceived at the
moment through the senses, including the accompanying emotion."

Within the last decade there has been a resurgence of interest in
mental imagery. For example, five books written specifically on imagery
were published within three years; Richardson (1969), Horowitz (1970),
Segal (1971), Paivio (1971), and Sheehan (1972). FEven with the upsurge
in interest in imagery, the definitional problem still existed to some
extent. The term "mental imagery' was often restricted to visual imagery
rather than including the other "sensory'" modalities. Pylyshyn (1973
expressed this concern in that he¢ felt that a '"picture metaphor" is
seriously misleading.

There is inconsistency within the literature as to the relative
dominance of various modalities of imagery. For example, Lindauer (1969)
found that tactual and gustatory imagery were "superior" (i.e., more vivid)
to visual imagery. This result is inconsistent with Brower's
(1947) results which indicated that visual imagery was most frequent.
Leibovitz, London, Cooper, and Hart's (1972) data agree with Browers
indicating visual imagery was predominant. Leibovitz et al. also con-
cluded from their study using factor analysis that imagery is not a
general trait and that people have a definite tendency to use one modality
more than others. This finding is inconsistent with the work of

Betts (1909), Raju (1946), and Sheechan (1966a) in which they found that if




imagery was good in one modality it was also good in the other modali-
ties. One problem in comparing the results of these studies is that
Leibovitz et al. investigated frequency of choice among the modalities;
whereas Betts and Sheehan investigated the vividness of imagery across
modalities.

The study of mental imagery has been plagued with methodological
problems and ad hoc hypotheses. However, the construct itself has been
effectively used in both theory and practice. The next part of this
section will address the usefulness of mental imagery as a cognitive
style. To be useful in any practical sense, there must be detectable
differences among people as to their imagery, and the differences must

be stable over time.

Physiological Correlates of Mental Imagery. There are many areas

within the research literature that impinge upon the usefulness of the
mental imagery concept. This literature resides in both the scientific
and clinical medicine fields. Recent evidence as to the different
functional roles of the two hemispheres of the brain and individual dif-
ferences with respect to hemisphere dominance are examples of combined
clinical and scientific contributions. The two hemispheres of the brain
are anatomically separate entities with the corpus callosum interconnect-
ing the left and the right brain.

Four major methods have been used to investigate the specialization

of function between the hemispheres. The first method involves the study

of unilaterally brain-damaged patients. The second uses patients who




; | have had the major neural connections severed (commissurotomy) between
the two hemispheres in order to control epilepsy. The third method uses
normal subjects and presents stimuli such that they are ''processed" on
one side of the brain or the other. For example, visual stimuli can be
presented to the left side of the visual field of both eyes such that
the stimuli are "processed" by the right hemisphere. The fourth method
involves electroencephelographic (EEG) recordings of the cortex while a
normal subject is processing different types of information. The results
of experiments using these methods all indicate that the two hemispheres
are functionally specialized (Gazzaniga, 1967, 1975; McNeil and Hamre,
1974; Rigney and Lutz, 1975; Sperry, 1973). The primary functional dis-
tinction between the hemispheres is that the left hemisphere is the locus
of language and the right hemisphere is the locus of spatial abilities
(Gazzaniga and Hillyard, 1971; Pines, 1973; Seamon and Gazzaniga, 1972).
Nebes (1974) conducted a study of commissurotomized patients that illus-
trated that the right hemisphere can rccognize words and can cause words
to be copied but cannot '"verbally'" label words. On the other hand, the
right hemisphere is superior in spatial rclationships and part-whole
relationships (stimulus completion from fragmented data). Nebes refers
5 to the right hemisphere being analog rather than propositional in nature.
Kimura (1973) used dichotic listening and dioptic vision to investigate

hemispheric dominance. The results indicate that the v ght hemisphere is

dominant for music and visual perception, whereas the left is
dominant for speech perception. Geschwind (1972) also found anatomical
differences between the hemispheres which support the physiological and

behavioral data. Calloway and Harris (1974) used EEG recordings to




experimentally investigate hemisphere specificity for different

stimuli. They found a shift in EEG as a function of whether the stimulus
was a picture, music or written text. The music and pictures elicited
more EEG activity from the right hemisphere, whereas the text resulted

in more activity in the left hemisphere EEG.

The idea that the two hemispheres have a specialization as to the
type of information they process is well established. There is also
evidence that individuals have a tendency to have one or the other hemi-
sphere dominant when information is processed and encoded (Bogen, 1975).
Geschwind's (1972) anatomical studies support this.

The next obvious question is where does mental imagery reside, in
the left or the right hemisphere, or both? For example, is visual imagery
of the "same nature'" as visual perception and, if so, is it processed by
the right hemisphere? Hebb (1949, 1968) discusses imagery in the context
of "cell assemblies.'" His contention is that first order cell assemblies
are the basis of vivid specific imagery and that higher order assemblies
are the basis of non-representational conceptual processes. If this is
the case, then imagery should reside in the right side of the brain.

The majority of the experimental research involving the physiological
correlates of imagery have involved EEG recordings. Golla, Hutton, and
Walter (1943) conducted the first study of visual imagery using EEG. They
found that an individual's mode of thinking is related to his occipital EEG.
The nonverbal visual imager had a lower alpha wave, whereas habitual
verbal thinking correlated with a persistent alpha wave. Golla et al.
classified people into three groups: M--predominant visual imagery in

thinking, P--predominant auditory/kinesthetic imagery, R--both. Short
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(1953) found that he could discriminate between imagers and verbalizers
on the basis of alpha blocking. In addition, he found that the imagers
breathed more regularly relative to the verbalizers. Chowdhury and Vernon
(1964) and Rimm and Bottrell (1969) supported Short's result that imager's
breathing is more regular than that of verhalizers,

Slatter (1960) classified people in terms of imagery by using the
EEG alpha wave amplitude, rhythmicity, and blocking. Many studies have
supported these findings that imagery vividness could be evaluated on
the basis of alpha wave amplitude and blocking (Costello and MacGregor,
1957; Drewes, 1958; and Stewart, Smith, and MacFarlane, 1959). Other
studies have found results inconsistent with the former studies. Barratt
(1956), for example, found that, although there was a slightly greater
occipital EEG when the subject was imaging rather than verbalizing a
problem, the technique was not a good discriminator among people. Drever
(1958) also found it difficult to predict visual imagery from EEG record-
ings. Oswald (1957) -oncluded that the association between alpha block-
ing and visual imagery could have arisen out of the "difficulty of think-
ing" rather than the locus of imagery processing. Simpson, Paivio, and
Rogers (1967) also discuss the methodological problems in the EEG litera-
ture. The most serious problem with the previous studies was the ad hoc
methods used to assess imagery. Simpson et al. used both an objective
performance test and a subjective rating scale to assess imagery capabili-
ty. In addition, during the EEG tests, they utilized a double blind pro-
cedure wherein the experimenters did not know to which group (high or low

imagery) the subjects belonged.




There have also been studies of eye movements coincident with visual
imagery of stationary and moving "stimuli" (Ornstein, 1974; Zikmund, 1966,
1972). These studies have found that there is oculomotor activity during
imaging.

The results of the physiological studies of imagery illustrate that
there is a large amount of support for a two system approach to informa-
tion processing. One of the systems processes spatial/abstract material;
the other system processes verbal/analytical material. The physio-
locical results also indicate that, to some extent, people can be
categorized as imagers or non-imagers (usually referred to as verbalizers)
on the basis of physiological indices. However, as with essentially all
areas in which behavior attributes are predicted on the basis of physio-
logical measures, the room for methodological errors and misinterpreta-
tion is great. That is, when one is working with a construct as vague as
mental imagery (being introspective in nature) and is trying to correlate
it with a low signal in a high noise background such as the ELG activity,
the experimental control must be extremely rigorous. Neither of these
factors tends to lead to high predictive validity with respect to

performance.

Behavioral Assessment of Mental Tmagery. There are many methods by

which imagery has been investigated using behavioral performance data.
These have ranged from tests that correlate self-reported imagery ability
arnd recall or reproduction pcrformahce (Davis, 1932; and Sheehan, 1966a),
to correlating imagery with clairvoyance and card guessing performance

(Honorton, Tierney, and Torres, 1974). There is an extensive amount of
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literature that indicates that there are reliable individual differences
among people with respect to their vividness of imagery (DiVesta and
Ross, 1971; Madrid, 1972; Marks, 1972; and Paivio and Lrnest, 1971).

A problem with this literature, as with that presented in the pre-
vious section, is that of the definition of mental imagery. The majority
of the work on individual differences has focused on visual imagery. The
terms that are often used to catcgorize individuals as high in visual
imagery arc visualizers and pictorializers. For example, in a study on
visual imagery, Madrid (1972) divided pecople into vivid and poor visual-
izers. le found that the vivid visualizers (imagers) had a higher accu-
racy of recall on a picture memory task. Morelli and Lang (1971) used a
test of imagery entitled the Betts Questionnaire Upon Mental Imagery
(Betts 1909, discussed in the next section) and referred to the individ-
uals that were high visual imagers as "picturalizers."

These studies illustrated that individuals did differ in terms of
their performance on the imagery tests and that the differences were
consistent with their performance on other performance tests. A dichotomy
that is used in the individual differences literature pertaining to
imagery 15 that of imagers (particularly visual imagers, visualizers,
pictorializers) versus verbalizers (Bernstein and Gonzalez, 19715 and
Morelli and Lang, 1971). Individuals that are "low'" imagers tend to be

more verbal/symbolic in nature than do "high'" imagere.

An arca of investigation that has provided a significant amount of
support for this contention is human memory. There have been a number of

studies (of both long and short term memory) that have indicated that
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there are two memory codes, one being analog (e.g., visual or imagery)
and one being more symbolic (e.g., verbal or mathematical). Wallach and
Averback (1955) proposed a two mode-memory system that included imagery
and verbal, with rich interconnections between the two. Underwood (1969)
also presented a multidimensional approach in which onc of the attributes
was associative nonverbal (mental imagery), and another was associative
verbal.  Some of the work addressed spatial (visual) and verbal coding
with no direct implication of mental imagery (Bahrick and Boucher, 1968;
Brooks, 1968; and Salthouse, 1975). These studies illustrated the possi-
bility of two modes on the basis of memory interference (spatial/spatial
and verbal/verbal more than spatial/verbal).

Paivio and his co-workers (Paivio, 1971; Paivio and Begg, 1974;
Paivio and Csapo, 1969, 1971) conducted a series of memory experiments
that specifically investigated imagery cncoding and verbal/symbolic
encoding. Their rescarch strongly supported the idea of a dual-coding
memory mechanism, one being imagery (analog) based and the other being
symbolic (propositional). In fact, Paivio and Csapo (1973) found that
the two modes arc additive in that showing both a picturc and the corres-
ponding word resulted in better recall than cither one presented twice.
Other rescarchers conducting memory interference rescarch during the same
time period also supported Paivio's contention of a dual encoding mechan-
ism (Byrne, 1974; Elliott, 0., 1971} Elliott, L., 1973). BRower (1972},
in a review discussion of imagery and associative lcarning, states that
"The function of memory imagery is to put us in direct contact with 'how'

things looked, or sounded, or felt, or tasted, as distinct from 'what'

12




they resembled, what they sounded like, looked like, felt, or tasted
like® (p. 52).

This research indicates that there are two mechanisms that have
potential use in memory. However, it does not necessarily support the
idea that some individuals are primarily imagers and others are primarily
symbolically oriented. In fact, fifty years ago Griffitts (1927) criti-
cized researchers for using the phrase '"imagery types'" when the distribu-
tion of imagery vividness is relatively normal. It is totally possible
that individuals that are high imagers are also high verbalizers. If this
were the case, then it would be expected that the '"high'" individuals would
tend to have higher intelligence. However, as was discussed in a previous
section, the correlation between imagery ability and intelligence appears
to be extremely low. Therefore, this would indicate that an individual
with vivid imagery could be low in propositional ability.

Whether people can actually be classified as high imagers versus high
symbolics (verbalizers) or simply high vs. low imagers is yet unanswered.
It is known, however, that the vividness of imagery can be reliably mea-
sured and that there are relatively stable individual differences among
people along a vividness continuum. The next section discusses the
methods most often used to assess mental imagery and the studies that have

evaluated the reliability of those methods.

Measurement of Imagery Vividness and Control

In addition to the physiological and performance methods of assess-
ing mental imagery previously discussed, self-report (self-rating) methods

have also been used (Davis, 1932; and Rimm, 1969). The first well
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developed self-rating test was the Betts Questionnaire upon Mental
Imagery (QMI, Betts, 1909). This test required the individual to rate
his images in terms of seven degrees of clearness and vividness. The
rating scale is as follows:

1. Perfectly clear and as vivid as the actual experience.

2. Very clear and comparable in vividness to the actual

experience.

3. Moderately clear and vivid.

4. Not clear or vivid but recognizable.

S. Vague and dim.

6. So vague and dim as to be hardly discernible.

7. No image present at all, you only "know'" that you are

thinking of the object.
The various attributes of imagery that were assessed were: (1) visual
imagery (e.g., shape, size, distance, color and movement), (2) auditory
imagery (e.g., loudness and pitch), (3) cutaneous imagery, (4) kinesthetic
imagery, (5) gustatory imagery, (6) olfactory imagery and (7) organic
imagery (e.g., hunger, fatigue, and thirst).

The Betts QMI test was the predominant method of assessing mental
imagery until 1967, Shechan (1967a) conducted a factor analytic study
of the Betts QMI in an attempt to shorten the test administration time.
Sheehan found that the 150-item OMI could be reduced to a 35-item ques-
tionnaire. The resultant cross validation correlation was (.92 between
the total scores based upon the complete scale and the shortened form.

A subsequent cross-validation performed by Sheehan (1967a, 1967b) on 60

14




subjects showed a correlation of 0.98 between the long and short form.
The short form required 10 to 15 minutes to administer.

Subsequent studies have evaluated the reliability of the Sheehan
short form of Betts QMI. Sheehan (1967b) found a test-retest correla-
tion of 0.78 for the short form administered with a seven month interval
between tests. Evans and Kamemoto (1973) observed a somewhat higher
correlation of 0.91 in a test-retest study over a six week period. In
an attempt to eliminate temporal characteristics, Juhasz (1972) performed
an odd-even test on the short form and found a reliability of 0.95 (Cron-
bach's a, coefficient). Although these estimates of the short form's
reliability vary to some degree, they are, as Evans and Kamemoto put it,
"high for a questionnaire on such an emphemeral property as vividness of
imagery'" (p. 282).

It can be concluded that the Betts QMI and the Sheehan's short form
of Betts QMI are internally reliable and are relatively s*ible over time.
However, there is evidence that the test is not culturally unbiased.
Marsella and Quijano (1974) found that the Betts test (Sheehan's short
form) is better suited for western culture. Sheehan (1967a) in a study
of imagery vividness of Australianland American college students, found
that the American subjects were more vivid imagers than the Australian
subjects. However, Marsella and Quijano's findings indicate that the
difference may be due to the characteristics of the test rather than the
imagery characteristics of the two groups.

Another test of mental imagery that has received less attention than

the vividness tests is that of the Gordon test of imagery control.
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Essentially, the vividness tests ask how well you can "imagine" an item,
whereas the Gordon (1949, 1950) test evaluates the ease with which people
can control and manipulate images. The Gordon test is concerned only
with visual imagery. In an odd-even test of internal reliability of

the Gordon test, Juhasz found the reliability to be 0.88 (Cronbach's

a, coefficient). There have been no test-retest reliability studies of
the temporal characteristics of the Gordon test.

The literature discussed in the present section illustrates that
there are reliable, easily administered tests of mental imagery. The
literature presented in the previous sections indicates that there are
individual differences among people in their use of mental imagery. In
fact, many of the studies dichotomized people into high imagers and low
imagers. The problem arises, however, as to where the criterion (e.g.,
on a score such as the shortened Betts QMI) should be set to differ-
entiate between these ''groups."

The original data collected by Betts (1909) on the distribution of
imagery illustrates that there is a problem with discussing the imagery
groups. Referring back to the seven point scale of the Betts test the

proportion of responses in the various categories is as follows:

1. Perfectly clear - 20%
2. Very clear - 32%
3. Moderately clear - 23%
4. Not Clear - 13%
5. Vague and dim - 7%
6. Hardly discernible - 3%
7. No image - 2%
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The distribution appears to be skewed but is definitely not bimodal.

In fact, the median '"level of imagery vividness" appears to be at

the top of the 'very clear" range. This does not support the dichotomy
of high vs. low imagers in terms of 'imagery types'" (Griffitts, 1927).
An approach taken by some of the studies involving high and low imagers
is that of a high selection ratio. That is, many people were pretested
and those at the two relative extremes of the distribution were chosen
as subjects. For example, Sheehan and Neisser (1969) selected indivi-
duals that had a mean rating of 1.86 or lower (high imagers) or 3.54 or
higher (low imagers) in their study of the effect of imagery on recall.
Sheehan (1971) used a criterion of less than 2.0 (high imagers) and
greater than 3.0 (low imagers) in a study of imagery and incidental
learning. Although this type of a procedure is appropriate to define
high and low imagery groups, the applicability of the results to the
actual population must be considered limited.

The results of these studies do illustrate that there are differences
in performance as a function of imagery in the extremes, but do not
indicate the robustness of the effect in the midrange. The literature
discussed in the next section describes the « ffect of imagery on such
things as learning and retention performance. However, it should be
remembered that, "in many cases, the subjects are not randomly selected
from the populutlén_at large, but rather, are selected from the popula-

tion of high and low imagers.
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Mental Imagery in Learning and Retention

The literature presented in the previous sections illustrates that
there are differences among people in terms of mental imagery vividness
and control, and that these differences can be reliably measured
quantitatively. The present section addresses how the imagery differ-
ences can be utilized in the area of learning and retentiomn.

One of the first experimental studies that indicated that imagery
vividness had an effect on learning and retention was conducted by
Bowers (1932). Ile found that higher imagers (determined by self-rating
on the stimuli used) retained somewhat better than low imagers over a
3~day rctention interval. However, this was the case for only visual
and kinesthetic imagery (and stimuli); auditory imagery (and stimuli)
ability had no effect. At about the same time, Jenkin (1935) concluded
that, although imagery played a part in recall of specific items, con-
cepts were formed through words.

One of the primary indications that imagery might be important in
learning and retention was the previously discussed literature on
imagery as one of two memory encoding systems. Much of this work was
concerned exclusively with verbal learning although some studies did
attempt to extrapolate to thc areas of concept learning and motor learn-
ing. Imagery began to receive a lot of attention in the popular litera-
ture in that it was utilized in many mnemonic based memory systems (Yates,
1966) .

A definition of imagery specifically applied to a learning and
retention context is given by Bernstein and Gonzalez (1971a): "Imagery,

as related to retention, denotes the use of visual mental representations
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of relatively concrete objects as mediators for storage'" (p. 6). This
definition, however, suffers from the constraint of including only visual
imagery. A more encompassing definition should also make provision for

auditory, kinesthetic, tactile imagery, etc. This is particularly the

case when considering mental imagery in the context of continuous per-
ceptual-motor or procedure following tasks.

Rigney and Lutz (1974, 1975) discussed the literature on the
different "internal representational systems' and their impact on the
leaning and retention of conceptual information. Their particular
interest was in using computer graphics (in a computer assisted instruc-
tional system) to maximize the utilization of imagery encoding.

Sheehan (1967c) was one of the first investigators to study the
properties of mental imagery that facilitated learning and retention.

He concluded that the 'organizational' aspect of imagery is the property
that is relevant to retention. A study by Morris and Stevens (1974)
support Sheehan's conclusion in that they found that imagery is only
facilitative when the images link (associate) items together.

Dansereau, Long, McDonald, Actkinson, Collins, Evans, Ellis, and Williams
(1975) utilized this "associative' property in a training program. The
program used what Dansereau, et. al. referred to as ''connective'" images
to progress students through increasing complexity in academic lessons.
Paivio (1969, 1972) and Paivio and Smythe (1971) tound that the concrete-
ness of an item affected its image-evoking value and is an important
aspect of imagery in learning and retention. In addition, they found that
meaningfulness is of less importance in imagery encoding relative to its
importance in verbal (semantic) encoding.
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In a study of paired-associate learning, Bower (1970) found that
imagery enhanced paired-associate learning without increasing the
stimulus recognition. These results indicate that imagery is important
to the relational associating of items, rather than to stimulus encoding
(stimulus differentiation). This is somewhat inconsistent with the
results found by Gronninger (1974) that imagery is important during
acquisition (encoding) rather than during recall. A possible explana-
tion of the inconsistency among the conclusions of these studies is
indicated by the results of a study conducted by Smith, Barresi, and
Gross (1971). They found that, using imagery or repetition instructions,
visual imagery was effective in long term memory (referred to by Smith
et al. as secondary memory) but not effective in short term memory (re-
ferred to as primary memory). Therefore, depending on the time frame
of a retention study, imagery effectiveness could be interpreted
differently.

It must be remembered that, although the context of the present
study is perceptual-motor procedure following behavior, the majority of
the studies cited in this section were dealing with either conceptually

oriented verbal material or abstract visual patterns. The generalization

of conclusions from one context to the other must be done with caution.
In a review of the learning and retention research in the verbal area,
Fox (1971) attempts to integrate and contrast the verbal learning data
and "motor procedures.'

An area of investigation that somewhat bridges the gap between

mental imagery in abstract learning and motor performance is that of
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mental practice of perceptual-motor skills. Richardson (1967) provides
a good review of the literature on mental practice up to a decade ago.
However, there have been interesting results obtained since his review
article.

Perry (1939) was one of the first researchers to experiment with

mental practice of motor tasks, He found that there was a positive effect

of mental practice. An interesting observation made by Perry, is
that many more practice trials can occur, during mental practice
relative to physical practice, per unit of time.

A number of other, more recent, studies have indicated that mental

practice is effective in various types of tasks (Hackler, 1972; Samuels,
1970; Twining, 1949). These studies have ranged from improving reading
skills (Koziey and Bauer, 1972) to complex motor skills, such as shooting
foul shots in basketball (Clark, 1960). However, a number of studies
have found contradictory results in that mental practice was not effec-

tive for similar tasks (Conly, 1969; Corbin, 1966; Goldman, 1972; Willis,

1967) .

It is interesting to note where both the positive and the negative
results on mental practice reside in the literature. The positive
results reside in the open technical literature (e.g., journals pub-
lished by the professional societies). The negative results are not in
the open literature and are only presented in unpublished theses and
dissertations. It appears that the system for acceptance into the
technical literature (generally, probability of aerror<0.05) is serving
as an effective filter that can (and has in the case of mental practice)
led to very misleading information and incorrect conclusions.
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Another area of concern in evaluating the results of the studies
discussed in this section is their relationship to actual education and
training. Fox (1971) in his discussion of verbal versus motor learning
research, concludes that, although there exists a problem relating
verbal and motor learning, the more serious problem resides in trans-

ferring from laboratory studies to the ''real world" situations.

A study performed by Prather (1973) is an example of applying
mental practice to an operational problem. He investigated the use of
mental practice in learning to land a T-37 aircraft. The experimental
group in Prather's experiment listened to a verbal (tape recording)
description of the landing process whereas the control group did not.
The experimental group was to imagine themselves going through the
process. His results indicated that the introduction of mental practicc
was effective. However, a problem with a study such as this one is that
it is very difficult to control for the amount of information given to
the experimental and control groups. That is, it could be that the
primary influence of the imagined trial was the additional information
provided by the tape recording, rather the practice alone.

The problems of interpretation of the data and possibilities for

extraneous confounding of the data in the areas of mental imagery and

mental practice in learning and retention are severe. This is particularly

the case when extrapolating from one type of task (e.g., verbal lcarning
and retention) to another (e.g., perceptual-motor procedure following:
learning and retention), The next section discusses the literature on
learning, retention, and transfer of procedure following tasks, and
research that relates to this area.
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Learning and Retention of Procedural Tasks

There has been an extensive amount of work conducted in the area of
learning, retention, and transfer of skills. Naylor and Briggs (1961)
present a very good review of the literature on the long-term retention
of skills to that date. One of the primary contributions of that review

was to classify and describe the types of variables in retention

research. They discuss four categories of variables: (1) task variables
(e.g., task length, complexity, speed requirements), (2) learning
variables (e.g., distribution of practice, massed or spaced),
(3) retention variables (e.g., verbal and imagery practice, interference
tasks), and (4) recall variables (e.g., warm-up, recall environment).
Naylor and Briggs discuss some of the interactions between these vari-
ables. The point is brought out that a researcher cannot investigate
only one or two types of variables without considering the influence of
the other types on the interpretation of his results. Other attempts
to review and organize the literature are presented by Bilodeau (1966)
and Ginsberg, McCullers, Merryman, Thomson, and Witte (1966). Blaiwes
and Regan (1970) categorize the research on learning, retention and
transfer in the context of applying the integrated results to training
device research and development. Bernstein and Gonzalez (1971) edited
the proceedings of a conference on learning, retention, and transfer at
which the most active researchers in the field presented the issues and
potential solutions.

A very good review and annotated bibliography of the retention area
was provided by Gardin and Sitterly (1972). One of their major conclu-

sions was that "It seems clear that the literature has identified the
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level of performance on the final training period as the primary
prediction of skill retention for any given retention interval duration"
(p. 20). This relationship, along with the fact that there is a distinct
effect on performance as a function of the retention interval,

to a large extent sums up our knowledge of skill retention. The
disturbing aspect of this state of knowledge is that the initial research
conducted in the late 1950's left little doubt as to these effects
(Ammons, Farr, Bloch, Newmann, Day, Marion, and Ammons, 1958; Hammerton,
1963 ; and Newmann and Ammons, 1957). In addition, although statistically
significant experimental results lead to more secure conclusions, what
the scientific community knows about retention is about the same as what
the '"'man on the street" knows; we can't remember what we didn't learn
and we forget over time.

Related to these two conclusions about retention, there is one
interesting impression given by the literaturc. It has been found in
many experiments and is discussed in many review papers that procedural
tasks result in less retention than continuous motor tasks (Ammons,
et al, 1958; Gardin and Sittenley, 1972; Naylor and Briggs, 1961; and
Sitterley, Zaitzeff, and Berg, 1972). That is, complex continuous track-
ing skills are retained relatively well for a long duration (at least
24 months, Fleichman and Parker, 1962); however, procedural tasks arc
very poorly retained (Hufford and Adams, 1961; Mengelkoch, Adams, and
Gainer, 1960, 1971). One method that has been found to be effective in
reducing forgetting is to practice (rehearse) the task during the
retention interval (Brown, Briggs, and Naylor, 1963; Macek, Vilter and
Stabbs, 1965; and Naylor and Briggs, 1963).
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One of the problems with comparing the retention of procedural
(usually discrete) tasks and continuous control tasks is equating the
two in terms of difficulty. As discussed by Naylor and Briggs (1961)
and Briggs (1971), there is no mutual method by which you can quantify
the difficulty of performing the two tasks. In addition, Briggs (1971)
criticizes the research ljterature in terms of its use of "open-loop"
procedures rather than the more appropriate ''closed-loop'" procedural
tasks that occur in real operational tasks. Bernstein and Gonzale:z
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