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STATEMENT OF WORK

As the fuel situation worsens, the Air Force will need to maximize
the effectiveness of computer-based synthetic flight training. The
training of motor skills in synthetic trainers is a critical element of
flight training because of the new tasks pilots may be called upon to
perform in future warfare. Such tasks might include low-level fast
bomber weapons presentation, high-speed, accurate firing of air-to-air
and air-to-ground missiles, evasion of enemy missiles, and formation
flying. By optimizing the use of synthetic trainers for the original
learning, retention, and transfer of these critical motor skills, Air
Force personnel should be better equipped to perform these all-important
tasks.

A major difficulty in motor skills training is the large intersubject
variability resulting when only one fixed training procedure is employed.
However, modern computer technology provides the capability to process
large amounts of continually varying data such that the instructional
environment could be adapted to the learning characteristics of the
individual student. By using the computer inherent in the design of
synthetic flight trainers, the development of effective ground-based
training programs for individual students in pilot training should be
possible.

Individualized training involves adapting instructional practices
to individual requirements either by optimizing the instruction sequence
or by selecting appropriate training alternatives for individual students.
Traditionally motor skills training has employed a fixed-difficulty strategy
in which students are immediately exposed to the criterion level of task

difficulty and student error decreases as training progresses. Unfortunately,
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this strategy has no provision for individual differences in prior experience,
rate of learning, or learning style. Therefore, the training task may be

too easy at times for some individuals and too difficult at times for

others, resulting in an inefficient use of training time.

Two general approaches to individualizing motor skills training are
possible by considering micromodels and macromodels. The micromodel
approach assumes that each student follows his or her unique learning model
through training. One example is adaptive motor skills training. In
adaptive motor skills training the difficulty or complexity of the training
task varies directly as a function of student performance. If the student's
performance is within a specific error tolerance, the task difficulty or com-
plexity increases until an exit criterion is reached. If, on the other hand,
the trainee is outside a specified error tolerance, the task difficulty is
decreased. Kelley (1969) summarized an adaptive training system as re-
quiring a continuous measure of trainee performance, one or more adaptive
variables that can change the task difficulty or complexity, and a logic
;ystem for automatically changing the adaptive variable(s). The usual
approach taken in adaptive procedures is to use a single logic system.

Even though this one logic system provides a variety of individual task
difficulty profiles, it may not provide enough flexibility for various
styles of information processing.

The macromodel approach to individualizing training assumes that only
a limited number of learner types exist. Students are categorized on
various dimensions as to learner type and assigned to the optimal training
alternative. The macromodel approach has been pursued by Cronbach and
his colleagues (Cronbach and Snow, 1977) with only limited success. The
difficulty arises from the inability to specify aptitude-treatment inter-

actions and to associate these interactions with specific types of training.
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An alternative macromodel approach avoids the need to specify underlying

aptitude-treatment interactions by using regression equations to predict
individual performance for each available training type. A comparison of
predicted performance under each training type determines the optimal
training condition for the student. No caéegorizations of student learning
styles or training alternatives are necessary.

The goal of this programmaﬁic research effort was to investigate the
rami fications of both micromodels and macromodels in individualizing motor
skills training. Specifically, during this year's effort, additiomal
research was conducted on the use of feedback in adaptive training, the
extension of regression approaches to training group assignment, and the
evaluation of subject population differences.

Adaptive Training: A Micromodel

One important issue in adaptive training deals with the role of
augmented feedback. Bilodeau and Bilodeau (1961) state that "studies of
feedback...show it to be strongest, most important variable controlling
performance and learning." However, the Kelley (1969) adaptive logic
system minimizes the usefulness of intrinsic task feedback. By manipulating
task difficulty based on performance, relatively constant level of error
is maintained over time. Consequently, the student sees no progress in
terms of error and may need augmented feedback in terms of the level of
task difficulty. Although he never evaluated his position experimentally,
Kelley contends that augmented feedback in terms of task difficulty is
essential in adaptive training.

Norman (1973) compared the use of a task difficulty meter with the
use of no feedback in adaptive training and found some savings in learning
a transfer task when the task difficulty meter was used. However, the two

experimental conditions compared were from two separate studies and involved
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different subject pools. In Experiment I (feedback condition) college

students and recruits from the Navy Training Center were involved. In
Experiment 1I (no feedback condition) only college students were used as
subjects. This methodological problem permits only tentative conclusions
to be drawn from the results.

A more recent study by Cote, Williges, and Williges (1978) indicated
that augmented feedback during training in terms of task difficulty and
accuracy of performance had no effect on learning a two-dimensional pursuit
tracking task using either a fixed difficulty or an adaptive training
strategy. Certainly if subjects used the visual feedback, an increase in
visual workload occurred. Because the visual load in the training task was
inherently high, it is unclear whether visual feedback was unnecessary or
unused.

High visual workload is common with many motor skills, such as
controlling an aircraft or an automobile. Logically feedback might be
more useful if provided through a channel other than visual. For example,
Gilson and Ventola (1976) have successfully used tactual augmented feedback
to present information concerning the flight path to pilots during approach
and landing operations.

However, vision appears to be the dominant modality in motor learning.
Disagreement exists among motor learning theorists concerning the value
of feedback in other sense modalities. The current research explored the
usefulness of auditory augmented feedback in adaptive motor skills training.
Specifically, the effectiveness of visual, auditory, auditory and visual,

and no augmented feedback were compared.

Training Assignment: A Macromodel

Using cognitive tasks, researchers, such as Pask (1976), have demonstrated

that when the student's preferred learning style and the teaching strategy
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employed are mismatched learning is severely disrupted in terms of compre-
hension and retention. Instructional theorists have also noted the importance
of learning style. Carroll's (1963) theory suggests that the degree of
learning a given task is a function of the amount of time spent learning the
task in relation to the amount of time needed to learn the task. Time needed
is based upon learning under optimal conditions where optimal conditions
are defined by the student's learning style preferemce. Bloom (1976) provides
three predictors of time to learn: (1) cognitive entry behaviors (prior
experience with the task), (2) affective entry behaviors (motivation level
of the student), and (3) quality of instruction (appropriateness of the
training situation for the student).

To determine the appropriateness of the training situation for a
specific student a model, such as a regression equation, may be used.
(Raskowitz and Suppes, 1978, have suggested that a regression equation may
be considered to be a mathematical model in the sense that a linear
relationship between time to train and certain independent variables is
hypothesized.) Using regression equations to predict time to complete a
course on stock control and accounting, Wagner, Behringer, and Pattie
(1973) found that grouping students according to mode of instruction
(audio~-visual or programmed instructions) improved prediction. The improve-
ment in prediction suggests that training type interacted with some individual
characteristic of the students. It follows that a comparison of predicted
scores agssociated with the various training types might yield an optimal
training assignment.

A preliminary evaluation of the use of multiple regression for training
group assignment has been conducted using the Air Force Advanced Instructional

System's Inventory Management course. McCombs (1979) reports modest savings
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in training time when regression models were used to select students for

alternative training modules. However, because the study was conducted

within the constraints of an operational training system, several limitations

should be noted. First, alternative treatments were available only in

selected lesgsons (27% of the course). Second, no students were purpose-
fully mismatched, so the discriminability of the selection procedure could
not be tested. Third, selection of the optimal training type could be
overridden when the instructional materials were not available or when an
instructor changed a student's assignment. However, even with these
limitations, consistent savings in time to learn a cognitive task were 5
reported when regression modeling was used.

The current research at VPI extends the regression model approach of
training group assignment to the perceptual-motor learning domain. Specifi-
cally, each student was assigned to a training strategy on the basis of
predicted scores from baseline regression models of training time-to-exit.
Students were matched (shorter predicted time), mismatched (longer predicted
time), or randomly assigned to fixed-difficulty or adaptive training to learn
a two-~dimensional pursuit tracking task.

Subject population validation. One critical element in any research is the

selection of an appropriate subject population. The current set of regression
models for training group assignment has been developed using civilian
university students as subjects. Both men and women were involved. These
students are in the same age range and probably possess many characteristics

similar to young military officers. However, a comparison of the performance

of this civilian population with that of an appropriate military population I
would be useful to establish the validity of the regression models and the

regression approach to individualized instruction in flight training. In




addition, a comparison of any differences in the reliable predictors for
males and females would be useful.
With these goals a joint research project between the Human Factors

Laboratory, Virginia Polytechnic Institute and State University, and the

Department of Behavioral Science and Leadership, U.S. Air Force Academy,

was conducted. A series of pretests, including the tests used to generate

the original regression models, were given to a set of VPI students and

a set of Air Force Academy cadets. Scores on these tests were used to
i generate new multiple regression prediction equations predicting post-

training performance on a desk-top flight trainer.




STATUS OF THE RESEARCH

Research Tasks

Two general tasks were used in the research studies completed in
the 1978-79 contract year. The first task is a two-dimensional pursuit
tracking task generated by a PDP 11/10 digital computer interfaced with a
Tektronix 4014~1 cathode ray tube display and a Measurement Systems Model
435 isometric control stick. The second type of task uses an ATC-610
desk~-top flight trainer.

In the tracking studies each student completes a series of 3-minute
tracking trials to learn a two-dimensional task in which random functions
are used to determine the coordinates of the forcing function symb;l (X)
on the display. The control output (0) is generated using inputs from the
analog controller. Task difficulty can be manipulated automatically by
the computer using a linear optimization model, maintained at a fixed level
of difficulty, or controlled by the student. Integrated absolute tracking
error is recorded automatically by the computer. Figure 1 shows the version
of this task where dynamic, augmented feedback in terms of task difficulty
and tracking accuracy is presented in addition to the forcing function and
controller symbols. Exit criterion is obtained when the student maintains
exit criterion task difficulty and acceptable accuracy for a specified
period of time (usually 20 seconds). Following training and a short rest
period, each subject completes a transfer task in which no augmented feed-
back is provided, and task difficulty is changed periodically. Three levels
of difficulty are used: the same as exit criterion in training, more
difficult than exit criterion, and less difficult than exit criterion. All
software for the tracking task was written by John E. Evans, III. (Figure 2

illustrates the software configuration for the tracking task.)




*S103BOIpPUT }OBqPaIJ pojudculne pur ‘Judwed
pPeIT013u0d ‘joqmAs uoyjzouny Suyoioy YIfM
i jysel Buyydoeil jynsand {euUOTSULWIp-OM], ‘T 2inBy4

\?_..50_.._..__0

AJVHNIIV

o
_. x
ALINJI441Q 30NVINYO443d
ASVL 318V.1d300V

NORJ3LIYD WNWININ

]

. LY e [——, t——— sy Liathanih ]




10

SUBJECT

CONTROL STICK GRAPHICS
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Figure 2. Softwar: configuration for the two-
dimensional pursuit tracking task
developed by John E. Evans, III.
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The flight task used in the population comparison research involved a desk-
top trainer equipped with the flight instruments normally associated with
light aircraft, Figure 3 illustrates the instrument panel of this trainer.
Students received approximately 40 minutes of training via audio cassette
and color photographs on basic flight controls and instruments. Two practice
trials on each manuever were given. During the first practice trial the
instructor could intervene if the student did not appear to understand the
manuever. Students were tested twice on each of four manuevers, once in
smooth air and once in rough air. Simulated turbulence was introduced
through an electrical signal which was reflected in the aircraft instruments.
The turbulence control is a six-position switch labeled OFF and 1-5. The

switch was OFF for smooth air conditions and set at position 2 for rough-air

conditions. The fasks in the trainer were climb on a heading at the
specified vertical velocity, cruise straight and level, descend at a
specified vertical velocity on a given heading, and make a level standard
raeg/éurn of 180 degrees. The trainer was trimmed for level flight, and
sgudents were not required to control airspeed, fuel mixture, or manifold
pressure. As a result the task was quite similar to a multidimensional

tracking task.

Augmented Feedback in Adaptive Training

To examine the effects of various forms of augmented feedback 96 male
subjects were taught a two-dimensional pursuit tracking task using efither a
fixed-difficulty or adaptive training procedure. Subjects in each training
procedure were placed in one of four feedback conditions: (1) auditory
off-course feedback only, (2) visual off-course feedback only, (3) auditory
and visual off-course feedback, or (4) no augmented feedback. Subjects trained

adaptively also received feedback in terms of task difficulty changes. All
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subjects received a 6-minute, no-feedback transfer task similar to the
transfer task used in previous studies. Three levels of task difficulty
were presented, and the order of presentation of the three levels of task
difficulty was counterbalanced across subjects. The complete experimental
design is given in Figure 4.

Visual feedback was provided'by bar graphs located on either side of

the tracking area. Auditory feedback was provided through a loud speaker.
Two distinct tones varying from a continuous tone to silence (criterion level)
were used to present task difficulty and tracking accuracy informationm.

No reliable effect due to feedback condition or training procedure
was reflected in training time~to-exit data. However, subjects trained
adaptively performed significantly better (p=.025) in transfer than those
subjects trained in the fixed-difficulty situation. This may have been
partially the result of students trained adaptively having received
practice at various levels of task difficulty during training.

These results, as well as the results of the previous research
(Cote, Williges, Williges, 1978), suggest that augmented feedback does i
not enhance training in a closed-loop adaptive training system with clearly
discernable intrinsic task feedback. However, task-difficulty feedback may
be useful to maintain a steady increase in performance over an extended time

period, and of f~track feedback may be effective in enhancing performance in

adaptive systems lacking clearly discernible intrinsic feedback.
The results of this study on visual and auditory feedback in adaptive
skill training are summarized in the following report:
Cote, D. 0. The combined effect of various types of augmented
feedback and two training procedures on motor skill learning.

Masters thesis. Virginia Polytechnic Institute and State University,
March, 1979.
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Training Group Assipgnment

To study the efficacy of the regression approach to training group
assignment, multiple regression equations were used to assign 120 students
to either fixed-difficulty or adaptive training strategies for learning
the two-dimensional pursuit tracking task. Students were either matched
(shorter predicted training time), mismatched (longer predicted training
time), or randomly assigned to a training type. An equal number of male
and female students were used in each assigmment procedure by training type
combination. Figure 5 depicts the factorial design used in this study.

Previously a double ;ross-validation procedure had been used to validate
the regression equations predicting time to learn the tracking task because
the coefficients of multiple determination were consistently high, the two
samples were combined and new equations were generated. These combined
sample equations were employed in the present study for training group
assignment (see Table 1). For details on the pretest battery and validation
procedures see Savage, Williges, and Williges (1978).

Results of an analysis of variance on actual training time-to-exit
scores revealed reliable main effects of assignment F(2,108)=17.27,p<.0001
and sex, F(1,108)=40.57,p<.0001. Matched subjects required significantly
less time to exit than either random or mismatched subjects, and males
required significantly less training than females. There was no reliable
difference between training alternatives (p=.246).

Use of the regression equations to predict optimal training type resulted
in savings of 47% of training time over random assignment and 53% over mis-
matched assignment. Variance in training time was reduced approximately 40%
by optimizing training group assignment. Table 2 summarizes the reliable

effects from the analysis of training time.

e e e = e o o e e
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TABLE 1

Combined Sample, Raw Score Regression Equations for Time to Learn a
Two-Dimensional Pursuit Tracking Task Using Fixed-Difficulty or
Adaptive Training

Fixed-Difficulty Training

. TEL, = -897.89 + 1.67 EF + 45.49 IP - 32.66 CC
1 n = 48
: 2
R = .632

: Rg - .607

Adaptive Training

TE, = 2641.65 + 1.72 EF - 256.90 MM + 516.42 SX
: n =51
. R = .756

2
.- Rs . 740

- EF = Embedded Figures Test (Witkin, Oltman, and Raskin, 1971)
E; IP = Tdentical Pictures Test
N CC = Cube Comparison Test (Ekstrom, French, Harman, and Dermen, 1976)

g

Map Memory Test
SX = Sex of Student

[ e  Same By
[ )
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TABLE 2

Summary Statistics for Training Time-to-Exit (min) in the Training
Group Selection Study

Effect X o
Training Type
Fixed-Difficulty 15.6 10.1
Adaptive * 17.5 12.4
Assignment Procedure
Matched 10.0 7.0
Random 18.7 11.6
Mismatched 21.1 11.7
Sex of Student
Male 11.4 7.1
Female 21.8 12.4 1
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These data strongly support the use of regression equations to optimize
training group assignment. The optimization procedure resulted in savings
in training time and a reduction in variance among students. Interestingly,
no overall difference in training time between fixed~difficulty and adaptive
training was noted. If the study had employed only random assignment, one
might have erroneously concluded that no advantage is to be gained in
providing alternative training conditioms.

To facilitate implementation in operational training systems, research
is warranted to examine regression optimization with additional types of
predictors, training procedures, and more complex training tasks. Guide-
lines for selection of viable predictors are particularly critical. The
experience with the Advanced Instructional System vividly portrays the
complexity of implementing innovative training programs. However, if the
computer is ever to provide real value to training systems, the challenge
of the operational training system must be conquered.

This research is summarized in the following papers:

Savage, R. E. A multiple-regression information processing approach

for assigning individuals to a training strategy. Masters thesis.

Virginia Polytechnic Institute and State University, February, 1979.

Williges, B. H., Williges, R. C., and Savage, R. E. Predicting

optimal training group assignment. Proceedings of the Human

Factors Society 23rd annual meeting, Boston, Massachusetts,
October, 1979, 295-299.

Joint Air Force Academy/VPI Research

The second research project during 1978-79 involving regression pro-
cedures was a joint effort with the U.S. Air Force Academy, Department of
Behavioral Sciences and Leadership, and was coordinated by Lt. Col. Jefferson

M. Koonce at the Air Force Academy and by Prof. Robert C. Williges at
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Virginia Polytechnic Institute. The purpose of the research was to compare
the equations of civilian university students with Air Force cadets and of
male students with female students to predict performance on a real-world
flight task. Indirectly, these comparisons might have implications for
pilot selection and attrition.

All subjects were tested on the pretest battery developed at VPI which
included the pursuit rotor and five information processing tasks. (See
Savage, 1979, for a complete description of each test.) The information
processing tests used were comparable to the tests on the Air Force Officer
Qualifying Test (AFOQT) measuring perceptual characteristics. In additionm,
the two tests on the Psychomotor Test Device, Model 1017 (PTD) designed by
the Systems Research Laboratory, Dayton, Ohio, were administered. These
tests are currently under consideration by the Air Force as pilot selection
devices which feature automatic testing and scoring procedures. The first
test on the PTD is a two-hand coordination, pursuit tracking task. The
display for Task 1 is given in Figure 6. The second test involved both a
two-dimensional compensatory tracking task controlled by a dual-axis
joystick and a one~dimensional compensatory tracking task controlled by
foot pedals. The display for PTD Test 2 is given in Figure 7. Pretesting ﬁ
required two 50-minute sessions.

Scores from the pretests plus sex of student and institution were used

to predict performance on four flight tasks performed on the ATC desk-top

flight trainer. Details on the flight training and testing session are given
previously. The training-testine package was developed by Beverly H. Williges
and was largely based upon the Automated Pilot Aptitude Measurement System
(APAMS) developed by MeDonnell Douglas Corporation for the Air Force

Human Resources Laboratory.
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Figure 6. Display for two-hand coordination
task on the PTD. (Test 1).
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Scoring on the flight test was facilitated by an objective pilot
performance rating booklet developed by Lt. Col. Koonce. A sample page
from the booklet appears as Figure 8. The booklet was similar to the
rating scales successfully used by Koonce (1974) to measure performance
on instrument flight manuevers.

A total of two hundred students received the pretests, flight training,
and flight tests. Previous flight experience of subjects varied from none
to private certificates. However, no cadets had received undergraduate
pilot training, and average flight experience among VPI students versus
cadets was approximately equal.

Because approximately 600 hours of experimental time were required
over a short period of time, various people served as experimenters.

At VPI pretesting was administered by Richard E. Becker, Ricky E. Savage,
David O. Cote, and Beverly H. Williges; all flight training, testing,
and rating was performed by Richard E. Becker.

At the Air Force Academy, pretesting, training, testing, and rating
was conducted by Lt. Col. Jefferson M. Koonce, Richard E. Becker, Lt. Col.
Gene A. Berry, and Charles R. Beaver. Interrater reliability for the flight
tasks at the Air Force Academy was .893.

All statistical analyses were conducted at VPI using the University's
MVS batch services on twin IBM System/370 Model. The statistical package
used was SAS 76 by Barr, Goodnight, Sall, and Helwig. Richard E. Becker
and Scott R. Stacey conducted the analyses under the direction of
Lt. Col. Koonce and Dr. Williges.

Two~factor analyses of variance (ANOVA) were conducted on all pretest
data to determine the effects of sex and institution. In the original

pretest battery there were no reliable differences due to institution.

e . —————
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Descend from 2000 ft. to 1000 ft. Heading = 090 deg.

V/V = 500 fpm., Airspeed = 160 mph. Level off at 1000 ft.

Once descent is begun:

Headin TRY I B N ST BN SEN A
g 20 10 0 10 20 €9
[NV T S S I | - ]
v/v 300 200 0 200 400 g « fpm
Airspeed T R T R SR A N R S R TR S
P 20 =3 S - P (+imph
Rank oL Lo L1 11 e deg
20 10 0 10 20 '
Level-off
-] 2(1)0 1 I N N DR i ft
100 0 100
Altitude . 200

(when V/V goes to or through zero)

TEST 3 DESCEND 1000 Ft.

Figure 8. Sample page from rating scale booklet
used to score performance on the ATC
manuevers.
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However, females scored better than males on the Identical Pictures Test
(p=.01), and males scored better than females on the Cube Comparison Test
(p=.0001), Ewbedded Figures Test (p=.000l1), and pursuit rotor tracking
(p=.0001). On all PTD tasks males performed better than females (p<.0001),
and Air Force cadets performed better than VPI undergraduates (p<.02).

The ANOVA on ATC flight test ratings revealed reliable main effects
of sex, F(1,196)=45.55, p<.0001, and institution, F(1,196)=29.29, p<.0009,
indicating that males performed better than females and VPI undergraduates
performed better than Air Force cadets. The reliable interaction of sex
and institution, F(1,196)=31.44, p<.0006, indicates that Air Force Academy
females performed significantly poorer than all other students tested
(see Figure 9). The poor showing, on the average, for the female cadets
seems to be the result of unusually poor performance by a few students. In
fact, the variability among female cadets was twice that of the other
student groups.

The SAS stepwise linear regression procedure was used to determine
prediction equations for ATC booklet scores. Table 3 summarizes the sample
size, multiple R, and significant predictors for various samples. Overall
the predictive power of the equations was disappointing. However, several
trends did emerge. First, the best predictor in the overall equation was
institution suggesting that separate equations for each school are desirable.
When separate equations were developed for each institution, no common
predictors occurred. The best predictor of VPI undergraduate performance
was an information processing test (Map Memory), whereas psychomotor tests
predicted the performance of the cadets. In addition, sex was the best
predictor for the cadets' performance, indicating that separate equations for

male and female cadets are needed. Indeed, no common predictors occurred

when separate equations were developed for male cadets versus female cadets.
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TABLE 3

Sample Size, Multiple R, and Significant Predictors of Total Booklet
Score for the Eight ATC Manuevers for Various Samples

Sample N R Significant Predictors
(p<.05)
Combined 200 .44 INST PTD2V cc
Males 100 .32 PTD2Z
% Females 100 .49 INST  cC PR i
i
Air Force Academy 100 .54 sX PR PTD2V
Males 50 .52 PTD22 IP
Females 50 .36 PR
| vPL 100 .36 MM
, Males 50 .51 MM PTD1
1_ Females 50 .33 MM
?
t
INST = Institution
' SX = Sex of Student
CC = Cube Comparison Test
IP = Identical Pictures Test
MM = Map Memory Test 1
PR = Pursuit Rotor

PTD1 = PTD Test 1 ~ Vector error
PTD2V = PTD Test 2 - Vector error, Two-dimensional tracking
PTD2Z = PTD Test 2 - Error, One~dimensional tracking
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i The limited predictive ability of the equations may be related to
various factors, including the short duration of training and the
1_ simplicity of the flight tasks. In addition, our previous success

with the regression approach involved an entirely different dependent

e 4
. .
-y

variable based on training time not transfer task performance.

Two findings from this research are important for pilot selection.

ey
.

First, these data support the contentions of McGrevy and Valentine (1974)
l_ that only the second test on the PTD is consistently a reliable predictor
of pilot performance. Second, the failure to reveal any common predictors
for the pilot performance of male and female cadets suggests that some caution
i is appropriate when using prediction equations developed with Air Force

males to predict the flight performance of female cadets.

i, 4 & v §
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PUBLICATIONS
During the contract year two theses were completed, four papers were
presented, and two papers were published. These papers summarize the
research related to augmented feedback in adaptive training, the regression
approach to individual differences, and the prediction of pilot performance.
Citations for these papers and presentations are given below. The Appendix
includes a copy of each paper or an abstract.

Theses Completed

Savage, R. E., A multiple-regression information-processing approach for
assigning individuals to a training strategy. Masters thesis. Virginia
Polytechnic Institute and State University, February, 1979.

Cote, D. 0. The combined effects of various types of augmented feedback
and two training procedures on motor skill learning. Masters thesis.
Virginia Polytechnic Institute and State University, March, 1979.

Papers Presented

Williges, B. H. Computer augmented motor skills training. Paper presented
at the Intermational Conference on Cybernmetics and Society, Tokyo-
Kyoto, Japan, November, 1978.

Williges, R. C. and Williges, B. H. Automated motor skills training optimized
for individual differences. Paper presented at the Review of Air
Force Sponsored Basic Research, Flight and Technical Training, United
States Air Force Academy, March, 1979.

Williges, B. H., Williges, R. C., and Savage, R. E. Predicting\optimal
training group asgignment. Paper presented at the 23rd annual meeting

of the Human Factors Society, Boston, Massachusetts, October, 1979.

pryer




30

. Becker, R. J., Willigeé, B. H., Williges, R. C., and Koonce, J. M. 3

Prediction of performance in motor skills training. Paper presented
{_ at the 23rd annual meeting of the Human Factors Society, Boston,
Magsachusetts, October, 1979.

- Papers Published

Williges, B. H. Computer augmented motor skills training. Proceedings of

the International Conference on Cybernetics and Society, Tokyo-Kyoto, ‘
% Japan, November 1978, 957-960.

Williges, B. H., Williges, R. C., and Savage, R. E. Predicting optimal

training group assignment. Proceedings of the 23rd annual meeting of

the Human Factors Society, Boston, Massachusetts, October 1979, 295-299.
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PROFESSIONAL PERSONNEL

The research effort was directed by Dr. Robert C. Williges who is a
professor of industrial engineering and operations research and of psychology
at Virginia Polytechnic and State University. Dr. Williges was assisted
by two research associates, John E. Evans, I1II and Beverly H., Williges,
and by four graduate research assistants, Ricky E. Savage, David 0. Cote,
Richard J. Becker, and Scott Stacey. Mr. Evans is responsible for all
computer support at the Human Factors Laboratory and provided the task
simulation and systems programming for the project. Ms, Williges managed
the empirical research effort. Messrs. Savage, Cote, and Becker participated
in the conduct and analysis of the research. Mr. Stacey provided assistance
on some of the statistical analyses. Resumes of Dr. Williges, Mr. Evans,

and Ms. Williges follow.
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ROBERT C. WILLIGES ‘ " Professor of Industrial Engineering
Professor of Psychology

EDUCATION
A.B., Psychology, 1964 Wittenberg University
M.A., Psychology, 1966 The Ohio State University
Ph.D., Engineering Psychology, 1968 " The Ohio State University
EXPERIENCE

Dr. Williges joined the staff of the Department of Industrial Engineering and
Operations Research in 1976. Before becoming a member of the faculty at Virginia
Polytechnic Institute and State University, he spent eight years from 1968 to
1976 as a member of the Department of Psychology at the University of Illinois

at Urbana-Champaign. 1In addition to his teaching appointment, he was associated
both with the Highway Traffic Safety Center (1968-7C) where he conducted research
on human factors applications to highway systems and the Aviation Resgearch
Laboratory (1970-76) where he conducted research dealing with pilot training

and enhancement of aircraft controls and displays. While at The Ohio State
University he was employed at the Human Performance Center (1964-68) and
conducted simulation research on air traffic control systems and human monitoring
of complex, computer-generated displays.

Besides his extensive experience in conducting and managing human factors research,
he has taught both graduate and undergraduate courses in statistics, research
methodology, industrial psychology, human performance, engineering psychology,
and human factors in systems design. His publications in human factors include
topics dealing with team training, decision making, simple and complex visual
monitoring performance, inspection behavior, and human performance in complex
system operation including investigation of rate-field, frequency-separated,
predictor, computer-generated, and time-compressed displays, interpretability
of TV-displayed cartographic information, applications of response surface
methodology, motion cues in simulation, transfer of training, and adaptive
training procedures.

AFFILIATIONS AND AWARDS

Human Factors Society (Fellow, 1975): editor, Human Factors (1976), associate
editor, Human Factors (1973-75), reviewing editor, Human Factors (1971-73),
publications board (1974-75), and president, Sangamon Valley Chapter (1971~72);
American Psychological Association (Fellow, Division 21, 1975); secretary-
treasurer, Division 21 (1972-76); consulting editor Catalog of Selected Documents
in Psychology (1975~76); Psi Chi; and occasional reviewing editor for Journal of
Experimental Psychology, American Journal of Psychology, Journal of Applied
Psychology, and Behavioral Research Methods and Instrumentation. He is listed
in the American Men and Women of Science, Who's Who in the Midwest, and 1978
Outstanding Young Men of America,and was awarded the 1974 Jerome H. Ely Award
for the outstanding article published in Human Factors during 1973.
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PUBLICATIONS

Journal Articles

Williges, R. C., Johnston, W. A., and Briggs, G. E. Role of verbal communication
in teamwork. Journal of Applied Psychology, 1966, 50, 473~478.

Williges, R. C. Within-session criterion changes compared to an ideal observer
criterion in a visual monitoring task. Journal of Experimental Psychology,
1969, 81, 61-66.

Johnston, W. A., Howell, W. C., and Williges, R. C. The compomnents of complex
monitoring. Organizational Behavior and Human Performance, 1969, 4,
112-124,

Williges, R. C. and Streeter, H. Display characteristics in inspection tasks.
Journal of Applied Psychology, 1971, 55, 123-125.

Williges, R. C. The role of payoffs and signal ratios in criterion changes
during a monitoring task. Human Factors, 1971, 13, 261-267.

Williges, R. C. and Simon, C. W. Applying response surface methodology to
problems of target acquisition. Human Factors, 1971, 13, 511-520.

Swartzendruber, L., Ince, F., Williges, R. C., and Roscoe, S. N. An experimental
investigation of two linear rate~field displays. Human Factors, 1971,
13, 569-575,

Scanlan, L. A., Roscoe, S. N., and Williges, R. C. Time~compressed displays
for target detection. Aviation Research Monographs, 1971, 1 (3), 41-66.

Williges, R. C. and North, R. A. Knowledge of results and decision making

performance in visual monitoring. Organizational Behavior and Human
Performance, 1972, 8, 44-57.

Roscoe, S. N., Williges, R. C., and Hopkins, C. O. The new aviation scientist -
psychologist and engineer. Professional Psvchology, 1972, 3, 288-291.

Williges, R. C. Manipulating the response criterion in visual monitoring.
Human Factors, 1973, 15, 179-185.

Clark, C. and Williges, R. C. Response surface methodology central-composite
design modifications for human performance performance research. Human

Williges, R. C. and Baron, M. L. Transfer assessment using a between-subjects
central-composite design. Human Factors, 1973, 15, 311-320.

Williges, R. C. and North, R. A. Prediction and cross-validation of video

cartographic symbol location performance. Human Factors, 1973, 15,
321-326.
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Mills, R. G. and Williges, R. C. Performance prediction in a single-operator
simulated surveillance system. Human Factors, 1973, 15, 327-348.

Williges, R. C. and Mills, R. G. Predictive validity of central-composite
design regression equations. Human Factors, 1973, 15, 349-354.

Jacobs, R. S., Williges, R. C.,and Roscoe, S. N. Simulator motion as a factor
in flight-director display evaluation. Human Factors, 1973, 15, 569-582.

Williges, B. H., Roscoe, S. N.,and Williges, R. C. Synthetic flight training
revisited. Human Factors, 1973, 15, 543-560.

Ince, F. and Williges, R. C. Detecting slow changes in system dynamics. Human
Factors, 1974, 16, 277-284.

Baron, M. L. and Williges, R. C. Transfer effectiveness of a driving simulator.
Human Factors, 1975, 17, 71-80.

Roscoe, S. N. and Williges, R. C. Motion relationships in aircraft attitude and
guidance displays: A flight experiment. Human Factors, 1975, 17, 374-387.

Ince, F., Williges, R. C., and Roscoe, S. N. Aircraft simulator motion and the
order of merit of flight attitude and steering guidance displays. Human
Factors, 1975, 17, 388-400.

Beringer, D. B., Williges, R. C.,and Roscoe, S. N. The transition of experienced
pilots to a frequency-separated aircraft attitude display. Human Factors,
1975, 17, 401-414.

Gopher, D., Williges, B. H., Williges, R. C.,and Damos, D. L. Varying the type
and number of adaptive variables in continuous tracking. Journal of
Motor Behavior, 1975, 7, 159-170.

Williges, R. C. Research note: Modified orthogonal central-composite designs.
Human Factors, 1976, 18, 95-98.

Williges, R. C. The vigilance increment: An ideal observer hypothesis. 1In
T. B. Sheridan and G. Johannsen (Eds.) Monitoring behavior and super-
visory control. New York: Plenum Publishing Corp, 1976, 181-192.

Moll, J. D. and Williges, R. C. Motion versus pattern cues in visually time-
compressed target detection in static noise. Journal of Applied Psychology,
1977, 60, 96~103.

Gallaher, P. D., Hunt, R. A., and Williges, R. C. A regression approach to
generate aircraft predictor information. Human Factors, 1977, 19, 549-555.

Williges, B. H. and Williges, R. C. Learner-centered versus automatic adaptive
motor skills training. Journal of Motor Behavior, 1977, 9, 325-331.

Williges, R. C. and Williges, B. H. Critical variables in adaptive motor skills
training, Human Factors, 1978, 20, 201-214.
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Wierwille, W. W., Williges, R. C. and Schiffett, S. G. Aircrew workload
assessment techniques. AGARDograph No. 246, August 1979, 19-53.

Williges, R. C. and Wierwille, W. W. Behavioral measures of aircrew mental
workload. Human Factors, 1979, 21, 549-574.

Book Chapters

Roscoe, S. N., Johnson, S. A., and Williges, R. C. Display motion relationships.
In S. N. Roscoe (Ed.) Aviation psychology. Ames Iowa: Iowa State
University Press, 1980.

Williges, R. C. Information processing applications to human/computer tasks.
In E. A. Fleishman (Ed.) Human performance and productivity. New Jersey:
Lawrence Erlbaum, in press.
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Proceedings Papers and Presented Papers

Swartzendruber, L., Ince, F., Williges, R. C., and Roscoe, S. N. A preliminary
test of two rate-field displays. Paper presented at the Human Factors
Society annual meeting, October 1970.

Williges, R. C. and Simon, C. W. Response surface methodology related to
problems of target acquisition. Paper presented at the Human Factors
Society annual meeting, October 1970.

Johnson, S. L., Williges, R. C., and Roscoe, S. N. A new approach to motion
relations for flight director displays. Paper presented at the Human-
Factors Society annual meeting, October 1971.

Baron, M. L. and Williges, R. C. Transfer of training assessment by means
of response surface methodology. Paper presented at the Human Factors
Society annual meeting, October 1971.

North, R. A. and Williges, R. C. Video cartographic image interpretability
assessed by response surface methodology. Paper presented at the Human
Factors Society annual meeting, October 1971.

Clark, C. E. and Williges, R. C. Response surface methodology design variants
useful in human performance research. Paper presented at the Human Factors
Society annual meeting, October 1971.

Erisman, J. G. and Williges, R. C. Agricultural safety in higher education —-

engineering emphasis. Paper presented at the American Society of
Agricultural Engineering annual meeting, December 1971.

North, R. A. and Williges, R. C. Double cross-validation of video cartographic
symbol location performance. In W. B. Knowles, M. S. Sanders, and F. A.

Muckler (Eds.) Proceedings of the 16th annual meeting of the Human Factors
Society. Los Angeles: Human Factors Society, October 1972, 220-230.

Williges, R. C. and Streeter, H. Influence of static and dynamic displays on
inspection performance. In W. B. Knowles, M. S. Sanders, and F. A. Muckler
(Eds.) Proceedings of the 16th annual meeting of the Human Factors Society.
Los Angeles: Human Factors Society, October 1972, 291-296.

Williges, R. C. and Roscoe, S. N. Simulator motion in aviation system design
research. Paper presented at NATO conference on optimum balance between
man and machine in man-machine systems, Utrecht, The Netherlands, May 1973.

Williges, R. C. Applications of response surface methodology to human performance.
Paper presented at American Psychological Association 8lst Annual Convention,
August 1973.

Roscoe, S. N, and Williges, R. C. Motion relationships in aircraft attitude and
guidance displays: A flight experiment. In M. P. Rane, Jr., and T. B.
Malone (Eds.) Proceedings of the seventeenth annual meeting of the Human
Factors Society, Santa Monica, Calif.: Human Factors Society, October 1973,
246-255.
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Ince, R., Williges, R. C., and Roscoe, S. N. Aircraft simulator motion and the
order of merit of flight attitude and steering guidance displays. 1In
M. P. Ranc, Jr. and T. B. Malone (Eds.) Proceedings of the seventeenth

annual meeting of the Human Factors Society. Santa Monica, Calif.: Human
Factors Society, October 1973, 356-263.

Clark, C., Scanlan, L. A., and Williges, R. C. Mixed-factor response surface
methodology central-composite design considerations. In M. P. Ranc, Jr.
and T. B. Malone (Eds.) Proceedings of the seventeenth annual meeting
of the Human Factors Society. Santa Monica, Calif.: Human Factors Society,
October 1973, 281-288.

Williges, R. C. Aviation scientists: An interdisciplinary graduate program.
Paper presented at American Technical Education Association Region VI
Seventh Annual Conference, October 1973.

Beringer, D. B. and Williges, R. C. Evaluation of the frequency-separated
display principle. Paper presented at the Fourth Annual Psychology in
the Air Force Symposium, April 1974.

Gopher, D., Williges, B. H., Williges, R. C., and Damos, D. C. Manipulating
the number and type of adaptive variables in training. In E. L. Saenger and
M. Kirkpatrick III (Eds.) Proceedings of the eighteenth annual meeting of
the Human Factors Society. Santa Monica, Calif.: Human Factors Society,
October 1974, 334-341.

Beringer, D. B., Williges, R. C., and Roscoe, S. N. The transition of experienced
pilots to a frequency-separated aircraft attitude display: A flight experiment.
In E. L. Saenger and M. Kirkpatrick III (Eds.) Proceedings of the eighteenth
annual meeting of the Human Factors Society. Santa Monica, Calif.: Human
Factors Society, October 1974, 62-70.

Moll, J. D. and Williges, R. C. Pattern and motion characterisitcs of visually
time-compressed target detection in static noise. In E. L. Saenger and
M. Kirkpatrick III (Eds.) Proceedings of the eighteenth annual meeting
of the Human Factors Society, October 1974, 139-145.

Williges, R. C., Hopkins, C. O., and Rose, D. J. Effects of aircraft simulator
motion cue fidelity on pilot performance. Paper presented at the Deutsche
Gesellschaft fiir Ortung and Navigation meeting. Bremen, Germany,

April 1975.

Williges, R. C. A tribute to George Briggs: Reflections from colleagues.
Part 2 - lessons in systems research. Paper presented at the American
Psychological Association, Chicago, Ill., September 1975.

Williges, B. H. and Williges, R. C. Manual versus automatic adaptive skill
training. Proceedings of the 5th Symposium on Psychology in the Air Force,
U.S. Air Force Academy, April 1976, 31-35.

Williges, R. C. The vigilance increment: An ideal observer hypothesis. Paper
presented at NATO symposium on monitoring behavior and supervisory comtrol,
Berchtesgaden, Germany, March 1976.
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Gallaher, P. D., Hunt, R. A., and Williges, R. C. A regression approach to
generate aircraft predictor information. Paper presented at the Twelfth
Annual Conference on Manual Control, University of Illinois at Urbana-
Champaign, May 1976.

Williges, B. H. and Williges, R. C. Critical variables in adaptive training.
Paper presented at the 6th Congress of the International Ergonomics
Association, College Park, Maryland, July 1976.

Williges, R. C. Automation of performance measurement. In L. T. Pope and
D. Meister (Eds.) Symposium proceedings: Productivity enhancement:
Personnel performance assessment in Navy systems. San Diego, Calif.:
Navy Personnel Research and Development Center, October 1977, 153-168.

Williges, B. H., Williges, R. C., and Savage, R. E. Models for automated motor
skills training. In A. S. Neal and R. F. Palasek (Eds.) Proceedings
of the Human Factors Society 21st annual meeting. Santa Monica, Calif.:
Human Factors Society, October 1977, 18-22.

Williges, R. C. S. I. (Metric) system of units: why/how to institute?
Panel discussion presented at the Human Factors Society 21st annual
meeting. October 1977.

Williges, R. C. Experimental designs for investigation complex human operator/
machine systems. In A. S. Neal and R. F. Palasek (Eds.) Proceedings of
the Human Factors Society 21st annual meeting. Santa Monica, Calif.:
Human Factors Society, October 1977, 462-466.

Williges, B. H., Williges, R. C., and Savage, R. E. Matching initial performance
and the measurement of sex differences. Proceedings of the 6th Sympecsium
on Psychology in the DoD, U.S. Air Force Academy, April 1978.

Savage, R. E., Williges, R. C., and Williges, B. H. Individual differences in
motor skill training. Proceedings of the 6th Symposium on Psychology in
the DoD, U.S. Air Force Academy, April 1978.

Williges, R. C. and Williges, B. H. Automated motor skills training optimized
for individual differences. Paper presented at the Review of Air Force
Sponsored Basic Research: Flight and Technical Training, U.S. Air Force
Academy, April 1978.

Savage, R. E., Williges, R. C., and Williges, B. H. Individual differences
in motor skill training. Proceedings of the 6th Symposium on Psychology
in DoD, US Air Force Academy, April, 1978.

Williges, B. H., Williges, R. C., and Savage, R. E. Matching initial performance
and the measurement of sex differences. Proceedings of Sixth Symposium on
Psychology in DoD. US Air Force Academy, April, 1978.
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Williges, R. C. Human/computer interactions: student, operator/analyst,

programmer. Proceedings of the Computer Systems/Human Factors Symposium.
Santa Monica, California: Human Factors Society, June, 1978, 9-37.

Savage, R. E., Williges, R. C., and Williges, B. H. Cross-validation of
regression equations to predict performance in a pursuit tracking task.
Proceedings of the 22nd annual meeting of the Human Factors Society,
Detroit, Michigan, October, 1978, 369-372.

Cote, D. 0., Williges, B. H., and Williges, R. C. Augmented feedback in adaptive
motor skills training. Proceedings of the 22nd annual meeting of the Human
Factors Society, October, 1978, 105-109.

Williges, R. C. Embedded performance assessment in human/computer tasks.

Proceedings of IEEE International Conference on Cybernetics and Society,

Tokyo~Kyoto, Japan, November, 1978, 1108-1111.

Williges, R. C. and Williges, B. H. Automated motor skills training optimized
for individual differences. Paper presented at AFOSR Program Review,
USAF Academy, Colorado, March, 1979.

Williges, R. C. Continuing education of engineering psychologists: Contri-
butions from industrial engineering. American Psychological Association,
New York, September, 1979.

Williges, B. H., Williges, R. C., and Savage, R. E. Predicting optimal training
group assignment. In C. K. Bemsel (Ed.) Proceedings of Human Factors
Society 23rd Annual Meeting. Santa Monica, California: Human Factors
Society, October, 1979, 295-299.

Becker, R. J., Williges, B. H., Willi_2s, R. C. and Koonce, J. M. Prediction
of performance in motor skills training. Paper presented at Human
Factors Society 23rd Annual Meeting, Boston, October, 1979.

Williges, R. C. Technology assessment of human factors engineering in the
Air Force: a complete examination. Paper presented at Human Factors
Society 23rd Annual Meeting, Boston, October, 1979.
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Technical Reports (Not Published Elsewhere)

Williges, R. C. and Huffman, W. J. Effects of alcohol on decision-making
behavior in a visual detection task. Urbana, Ill.: University of Illinois,
Highway Traffic Safety Center, Research Report 4, May 1970.

Clark, C. E., Williges, R. C., and Carmer, S. G. General computer program
for response surface methodology analyses. Savoy, Illinois: University

of Illinois, Institute of Aviation, Aviation Research Laboratory, Technical
‘Report ARL-71-8/AFOSR-71-1, May 1971.

Clark, C. E. and Williges, R. C. Central-composite response surface methodology
design and analyses. Savoy, Illinois: University of Illinois, Institute
of Aviation, Aviation Research Laboratory, Technical Report
ARL~72-10/AFOSR~72-5, June 1972,

Williges, R. C. and Roscoe, S. N. Simulator motion in aviation system design
research. Savoy, Illinois: University of Illinois, Institute of Aviatiom,
Aviation Research Laboratory, Technical Report ARL-73-6/0ONR-73-2/AFOSR-73-3,
May 1973.

Eisele, J. E., Williges, R. C., and Roscoe, S. N. The isolation of minimum sets
of visual image cues sufficient for spatial orientation during aircraft
landing approaches. Savoy, Illinois: University of Illinois Institute
of Aviation. Aviation Research Laboratory, Technical Report
ARL-76-16/0ONR~-76~3, November 1976.

Williges, R. C. and Triggs, T. J. Simulation in driver training. Clayton,
Victoria, Australia: Monash University, Technical Report, Human Factors
HFR-6, November, 1977.

Wierwille, W. W. and Williges, R. C. Survey and analysis of operator workload
assessment techniques. Blacksburg, Virginia: Systemetrics, Inc.,
Technical Report 5-78-101, September, 1978.

Williges, B. H. and Williges, R. C. Automated motor skills training optimized
for individual differences: Annual report October 1977 - September 1978.
Blacksburg, Virginia: Virginia Polytechnic Institute and State University,
HFL-78-5/AFOSR-78-1, November, 1978.
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BEVERLY H. WILLIGES Regsearch Associate
Human Factors Laboratory
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Appendix A

A Multiple-Regression Information-Processing Approach
for Assigning Individuals to a Training Strategy
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INTRODUCTION

When developing a training program, a trainer needs to maximize
training efficiency because of such constraints as budget, training
time, and need for highly skilled trainees. However, when developing
a training program for motor skills, he has no definitive theory or
model to serve as a guideline. Therefore, the trainer must choose
between two competing approaches: (l) selecting an optimal training
model designed for the average trainee, or (2) selecting an optimal
training model designed for the individual.

If the choice is the former, the trainer will encounter a
fundamental difficulty: this optimal training model will not meet the
needs of the individual. Some students will perform well using this
particular training model, but others will have dirfficulty even though
they may be good students. The same problem can result even when the
training model allows some flexibility or individual adjustments for
various skill levels of the student (e.g., adaptive training, Kelley,
1969) since any adjustments will have to be based on the same logic
system for all individuals. Generally, this flexibility is not broad
enough because individual factors such as learning style, information-
processing capabilities, etc., are not taken into consideration. The
basic problem with this approach is that the training model is not
necessarily matched to the individual characteristics of the student.

The alternative approach is to select a training model that matches

certain characteristics of the student to that model. Glaser (1970)
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stated that in order to maximize training effectiveness for the

individual, the goal of training research should be to determine inter-

actions between individual measurements and training strategies.

Recent work on cognitive tasks by Pask (1976) supports this approach.
Pask found that when the student's preferred learning style and teaching
strategy are mismatched, comprehension and retention are severely
disrupted.

The research to be reported in this thesis follows the suggestion
of Glaser (1970) in trying to match a particular training strategy to
individual characteristics. The initial task in proceeding with such
research was to discover which individual characteristics relate
significantly to a particular training model and to establish a method
for selecting a training strategy for the individual based on these

characteristics.

Components and Models of Motor Learning

In determining individual characteristics which may relate to a
particular training strategy, the trainer has two strategies to consider:
the components of motor learning or a theory (or model) of motor learning.
The components of motor learning could consist of motor abilities or
nonmotor factors which relate to motor skill learning. By measuring
these components, the trainer can discover relationships between
individual characteristics and various training strategies.

Fleishman and his colleagues (1954, 1958, 1964, 1972) have probably
studied the components of motor learning more than any other researchers.
The emphasis of their research was on motor abilities using correlatiocnal

and factor-analytic approaches. From administering some 200 psychomotor




tests to thousands of subjects, Fleishman and his associates can account

for performance on the tasks in terms of @ small number of motor

abilities (such as coordination, reaction time, dexterity, etc.) and
physical-proficiency abilities (such as static and dynamic strength,
stamina, extent flexibility, etc.).

In the area of nonmotor factors and their influence upon motor
skills, the research is rather limited. However, some aspects of
personality (e.g., Ismail, Kane, and Kirkendall, 1969, extroversion-
introversion and stability-neuroticism), stress (e.g., Carron, 1968),
and motivation (e.g., Rushall and Pettinger, 1969) have been related to
motor skill learning.

A second procedure for determining relationships between individual
characteristics and a particular training strateqgy consists of measuring
certain processes or mechanisms of a theory (or model) of motor learning.
Some examples consist of Adams's (1968, 1971) closed-loop theory,
Whiting's (1969, 1972) systems model of skilled performance, or the
information-processing models of Welford (1968), Singer (1975), and
Marteniuk (1976).

Several of these components of motor learning (e.g., Fleishman,
1972) could be used to determine relationships with various training
strategies. Much of the emphasis of information processing in motor
skills, particularly by Welford (1968) and Marteniuk (1976), is that
limitations in any of these mechanisms and their various components can
limit performance. Although they rarely discuss individual differences
specifically, the implications are obvious. If any of these perceptual

or cognitive processes involved in information processing can be measured
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to determine differences in capacities, then individual differences

can be studied in how they relate to various training strategies.
- .,

Methods, Procedures, and Decision Rules

Having found measurable factors which relate to a particular
training strategy, the trainer needs to determine a method or procedure
which will provide a decision rule. This decision rule would select a
training strategy based on the measures taken from the individual. The
development of a decision rule usually involves some type of prediction
or heuristic model. This methodological problem will now be considered.

Although there is no definite solution to this problem, several
alternative procedures and methods exist. For example, Fleishman (1972)
uses primarily correlational or factor-analytic techniques to determine
significant components of motor learning; however, both of these
procedures offer little in the way of a decision rule. The trainer
could use these procedures to determine relationships with a particular
training strategy, but he would be forced to develop a heuristic method
to serve as a decision rule.

The technique of discriminant analysis offers the basis for a
decision rule. This statistical procedure will find not only significant
factors that are related to a training strategy, but also classify an
individual into one of several categories or training strategies. For
purposes of designing a training program based on individual differences,
discriminant analysis has definite possibilities. The basic problem
with discriminant analysis is the lack of performance information within

each training strategy. Discriminant analysis will find individual
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" of individual differences firmly suggest the need to match characteristics

characteristics that relate to a particular training strategy, but not
to performance within that training strategy. Therefore, t?e lack of

performance information can restrict the use of discriminant analysis ;
as a decision rule.

Cronbach (1975) and Cronbach and Snow (1977) propose a procedure

which they call "Aptitude-Treatment-Interaction" (ATI). These researchers

of the individual with the instructional strategy. Cronbach suggests

the use of regression analysis to determine ATI. By testing the signifi-
cance of the beta weights of some aptitude on two (or more) treatments, {
the existence of an ATI can be determined. An ATI effect would indicate
that different aptitude scores would result in differential performance

in the two treatments (or training strategies). Cronbach further suggests

using higher order interactions (i.e., more than one aptitude) to
determine a number of factors that significantly relate to various
instructional strategies. A specific decision rule is not suggested by
Cronbach; however, ATI does provide an effective method for determining
relationships between individual characteristics and training strategies.
By using the ATI approach, the trainer is again faced with developing a
heuristic decision rule.

Conway and Norman (1974) have recently suggested a rather comprehen-
sive and complex procedure which may serve as a decision rule. They
propose a self-organizing training system capable of identifying
different learning styles. This system is based on a performance
profile and a personal history of the individual. Some of the suggested

parameters for determining individual differences include previous
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experience, personality characteristics, cognitive components, psycho-
motor ability, and the individual's social and educational ?ackground.
Vreuls, Woolridge, Conway, Johnson, Freshour, and Norman (1977) have
applied some of these concepts in the development of a higher-order,
partially self-organizing adaptive flight training system. However,
this project, still in the initial stages, needs further research to
determine its applicability.

Recently, another method was outlined by Savage, Williges, and
Williges (1978) in selecting a training strategy, based on individual
measures, to train students on a two-dimensional pursuit tracking task.
These authors propose a three~phase procedure leading to the development
of a decision rule. The first phase consists of developing multiple-
regression equations to predict time to train performance in two
different training models. The second phase involves the double cross-
validation of these regression equations with a second sample of
subjects. The final phase is the actual use of the predicton equations
in selecting a training strategy for the individual. This last phase
would involve matching, mismatching, and randomly assigning subjects
to a training condition. The uniqueness of this approach is that
individuals are not being classified into one category or another (or
one training strategy as opposed to another). Rather, an individual's
performance is assessed by obtaining predicted iime to train scores in
the various training conditions from the regression equations. By using
this information, a trainer can assign an individual to a training

strategy which results in a savings of training time.
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Results of the First Phase

Savage, et al. (1978) reported the results of the first phase.

The research to be reported in thi; thesis is an extension oE these
results; therefore, the first phase data will be discussed in some
detail.

These regression equations were based primarily on information-
processing variables from Marteniuk's (1976) model. In general, three
highly reliable regression equations predicting time to exit (i.e.,
time to train) were found for each training condition. Table 1 presents
the regression equations along with the level of significance (p-value),

the multiple R2

(percent of accounted for variance), the estimate of
shrinkage, Ri (Kerlinger and Pedhazur, 1973), and the number of subjects
in each equation, n. The predictor variables are in standard score
format.

The two regression equations labeled "overall" used all of the
subjects in each training condition. Seven predictor variables, listed
at the bottom of Table 1, were used. As can be seen, the subject's sex
was an important variable only in adaptive training. The next two
equations were developed using only the male or female subjects within
their respective training condition. With the exception of the fixed
training female subjects, these equations, based on the sex of the
subject, account for a larger proportion of variance than the overall
equations. Furthermore, different sets of predictor variables, not
just different weightings, are used in the regression equations based
on the sex of the subject. By developing separate regression equations

for each sex, Savage, et al. (1978) felt that more variance could be
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TABLE 1

Regression Equations for Training Time-to-Exit by Training Condition

-

Adaptive/Overall (n = 31)

TE = 1446.13 + 410.08 EF + 263.93 SE -~ 253.19 MM

RZ

2
R
s

p

Adaptive/Male (n = 18)

Adaptive/Female (n = 13)

Fixed/Overall (n = 28)

fl

0.721
0.690

0.0001

1069.50 + 509.86 EF - 325.06 MM
0.750
0.717

0.0001

1967.61 - 492.83 MM + 391.02 IP - 358.42 CC + 196.43 PR
0.871

0.806

0.0001

1160.73 + 509.20 EF + 317.78 IP
0.639
0.610

0.0001
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TABLE l--Continued

Fixed/Male (n = 16) . ..

867.84 + 412.35 IP + 333.12 EF

0.803

0.758

0.0001

Fixed/Female (n = 12)

TE =

PR =

EF =

MM =

Ip =

cCc =

MT =

SE =

= 1551.25 + 411.87 EF

0.431

0.374

(]

0.0205

Training Time-to-Exit, seconds

Pursuit Rotor (continuous motor skill), time on target

Embedded Figures Test (field independence), time to locate fiqure

Map Memory Test (visual memory), number correct minus number incorrect

Identical Picutres Test (perceptual speed), number correct minus
number incorrect

Cube Comparison Test (spatial orientation), number correct minus
number incorrect

Maze Tracing Test (spatial scanning), number correct minus number
incorrect

Sex
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accounted for because of performance differences found in the pursuit
tracking task. The results in Table 1 generally support this notion.

Williges, Williges, and Savag; (1978) report data colle;ted on
regression equations which attempt to predict mean root-mean-square
(RMS) error during a seven-minute transfer task. This task involved
the same apparatus used by Savage, et al. (1978). The researchers used
the same format--male, female, overall--with these equations as they
had used in the previous study. These regression equations are
presented in Table 2.

In general, these regression equations do not account for as much
variance as did the regression equations predicting time to exit
performance in the Savage, et al. (1978) study. The equations generated
for the female subjects were the exceptions in that these equations were
generally highly reliable and accounted for a large proportion of
variance. Williges, et al. (1978) stated that this finding may indicate

that task-specific factors dominate for male subjects, whereas general

ability factors are characteristic for female subjects in the transfer

task. Since these predictor equations use information-processing
variables, it may account for the high predictability for female subjects '
as opposed to male subjects. Therefore, it appears that male subjects

may be at a different stage of training in the transfer task and that

task-specific variables are evident, whereas female subjects are not at
this stage of training in that general abilities are still characteristic.
Williges, et al. (1978) attempted to predict performance in the

transfer task because a decision rule based on a savings of training
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TABLE 2

Regression Equations Predicting Mean RMS Vector Error by Training

{ Condition

Adaptive/Overall (n = 31)

RMS = 0.1074 + 0.0162 EF + 0.0127 PR ~ 0.0127 MT - 0.0109 MM + 0.0090 SE
R = 0.691

0.629

x
[}

0.0001

kel
]

Adaptive/Male (n = 18)

RMS = 0.0985 + 0.0186 EF + 0.0093 1P

a
]

0.545

0.484

x
[

0.0027

3
"

Adaptive/Female (n = 13)

x
=
[}

[}

0.1197 - 0.0352 MM - 0.0187 MT + 0.017S FR

x
]

0.906

0.875

x
[}

0.0009

o
]

Fixed/Overall (n = 28)
RMS = 0.1090 - 0.0064 SE + 0.0064 EF

0.452

<
[}

0.408 i

0.0005

<
T
[} L}
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TABLE 2--Continued

. Fixed/Male (n = 16) . ..
No reliable equation found

Fixed/Female (n = 12)

8

0.1189 - 0.0076 IP - 0.0071 PR + 0.0065 MT - 0.0044 MM

x
[]

0.807

x
[}

0.697

0.0121

I
#

RMS = Root-Mean-Square vector error
PR = Pursuit Rotor (continues motor skill), time on target

EF = Embedded Figures Test (field independence), time to find figure

MM = Map Memory Test (visual memory), number correct minus number
incorrect

IP = Identical Pictures Test (perceptual speed), number correct minus
number incorrect

CC = Cube Comparison Test (spatial orientation), number correct minus
number incorrect

! MT = Maze Tracing Test (spatial scanning), number correct minus number
incorrect

i SE = Sex
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time may not be the most desirable or efficient method. How well an
individual performs in a transfer task could be the basis for a

decision rule. This basis for a decision rule is often of more

importance to a trainer than a savings of training time.

Summary

The Savage, et al. (1976) and Williges, et al. (1968) studies
resulted in three principal conclusions. First, information-processing
variables, used as predictors, are significant in predicting pursuit
tracking performance. Information-processing variables are proposed in
several human performance models, but they have not received thorough
investigation to determine their importance in motor skill learning.
These two studies suggest their validity as topics for research. Second,

regression equations, as opposed to other methods, were successfully

used to predict pursuit tracking performance and to determine significant
predictors of pursuit tracking performance. Again, research has been
lacking on the viable use of regression analysis to study individual
differences in motor skill learning; these studies point to a successful ’
procedure which can be utilized. Finally, a three-phase methodological
approach for determining decision rules was introduced. Therefore, the

purpose of the current research is to carry out the second and third 4

phases of this approach. Study I determines the validity of these
regression equations presented by Savage, et al. (1978) and Williges,
et al. (1978) using a double cross-validation procedure. Study II
experimentally tests the usefulness of these regression equations as a

.

decision rule for assigning individuals to a training strategy.




o e e
.

e %
.

STUDY 1

Introduction

This study began by testing the validity of the regression equations

pr«sented by Savage, et al. (1978) as a basis for a decision rule. The

cross-validation was performed by obtaining a second sample of subjects

and correlating the predicted scores from the equations with the actual
é scores. A double cross-validation procedure was conducted by generating
new regression equations from the second sample. The new equations were
then used to predict back to the original sample of Savage, et al. (1978).
The validity of these equations was determined by correlating the
predicted scores from the new equations with the actual scores from the
] original sample. If the correlations appear to be similar (indicating
that the regression equations are good predictors of time to exit) and
the predictor variables are relatively consistent between the original
- and new equations, then the two samples could be poocled to produce more
g stable regression equations (Kerlinger and Pedhazur, 1973). These
i validation procedures were used both for the reyression equations

predicting training performance (Savage, et al., 1978) and the

[Yye—

regression equations predicting transfer performance (Williges, et al.,

1978).

(PP

Method

]

. Subjects. Ten male and ten female subjects were randomly assigned

to each training condition (adaptive or fixed) for a total of 40

yo-
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subjects. All subjects were volunteers and were paid for their
participation in the experiment. In addition, all subjects were

nonpilots, right-handed, and naive about the experiment.

Tests. The same pretest battery used by Savage, et al. (1978)
and Williges, et al. (1978) was given to each subject. Table 3
summarizes the six pretests and their respective reliability correla-
tions.

The first test consisted of six 30~second trials on a Lafayette
Instrument Company pursuit rotor. The turntable was 25 cm in diameter
and the target was approximately 2 cm in diameter. The pursuit rotor
measures general pursuit tracking ability. A previously conducted
pilot study found performance on the pursuit rotor correlating -0.76
with adaptive training and -0.71 with fixed training (n = 10, all
males).

The second test was the Embedded Figures Test (Witkin, Oltman,
Raskin, and Karp, 1971). The Embedded Figures Test (EFT) measures
the perceptual ability of field independence and field dependence.

More specifically, the EFT assesses the ability to break up an organized
visual field in order to keep a part of it separate from that field.

The better the performance on the EFT, the more field independent one
is. Field independence appears to be important in motor skill learning
in that it correlates with driving behavior (Goodenough, 1976}, piloting
(Long, 1972), and tracking (Benfari and Vitale, 1965). Field indepen-
dence also correlates with arousal level (Oltman, 1964), which

Marteniuk (1976) states is necessary for selective attention. Furthermore,
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i TABLE 3

1. Tests Used as Predictor Variables

i Test: Reliability

Embedded Figures Test (perceptual style of field independence) . 0.80
Map Memory (visual memory) . . . . . . ¢ . & ¢ ¢ ¢ ¢« o o« 4 . . c.77

Identical Pictures (perceptual speed) . . . . . . . . . . « . . 0.84

Maze Tracing (spatial scanning) . . . . . ¢ ¢ ¢« & « « & o o « = 0.90
2 Cube Comparison (spatial orientation) . . . . . . . . . . . . . 0.77
- Pursuit Rotor (continuous motor skill-tracking) . . . . . . . . **
i‘ I/E Scaie (introversion-extroversion)” . . . . . . . . . . . . . 0.72
N TV Handball (continuous motor skill-tracking) . . . . . . . . . %=
3" *The I/E Scale and the TV Handball tests were not used in the
} validation study or in the Savage, et al. (1978) study.

**The reliability coefficient is not known.
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Cratty (1967) points out that an analytical perceptual style such as
field independence is important for early stages of motor s%ill
learning. Considerable interest in the relationship between field
independence and motor skills is evident. Much of this interest is
based on the fact that field independence has correlated with personality
factors such as creativity, social orientation, individuality, and
impulsivity and with cognitive factors such as memory and problem-
solving behavior. Therefore, performance on the EFT seems to be an
important factor in motor skill learning.

The next four tests were paper-and-pencil tests from the Ekstrom,
French, Harman, and Dermen (1976) battery. The Map Memory Test is a
test of visual memory. It assesses the ability to remember the
configuration, location, and orientation of figural material. There
is evidence that the coding of motor information in memory is visual
and spatial in nature. Marteniuk (1976) states that memory is necessary
in continuous motor tasks such as tracking. Furthermore, Marteniuk
points out that memory is a factor in the various mechanisms involved
in motor performance such as the perceptual mechanism (the detection
of and attention to information input), the decision mechanism (the
process of how to respond to the information input), and the effector
mechanism (the organization of a response). Keele (1973), Laabs (1973),
Marteniuk and Roy (1972), and Posner (1967) report that it appears to
be a large number of individual differences in memory capacity, particu-
larly the coding of information. Finally, Adams and Dijkstra (1966),
Bilodeau, Sulzer, and Levy (1962), and Posner (1967) postulate that an

"image" may be the form that movement-related information takes in
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short-term memory. Therefore, the Map Memory Test was chosen to tap
short-term visual memory capacity by measuring how well the individual
can remember visual information. . '

The Identical Pictures Test is a test of perceptual speed. This
test assesses speed in comparing figures or symbols, or carrying out
other very simple tasks involving visual perception such as how rapidly
an individual can process perceptual information. Fleishman and
Hempel (1954, 1956) found this factor important in motor skill learning.
Marteniuk (1976) discussed the necessity of an individual to detect
rapidly and to filter out perceptually irrelevant information in motor
learning. Other aspects of perceptual speed involve selective
attention, scanning and searching, and pattern recognition. Thus, this
test assesses an individual's ability to handle and reduce perceptual
information.

The Cube Comparisons Test measures spatial orientation. It
assesses the ability to perceive spatial patterns or to maintain
orientation with respect to objects in space. This test measures how
well an individual can maintain a clear spatial perspective of objects
in the environment. Cratty (1967) and Marteniuk (1976) pointed out
that the coding of motor information appears to be spatial as well as
visual. Fleishman and Rich (1963) have demonstrated that subjects who

were best in spatial sensitivity performed better, early in learning,

than those who were worst in spatial sensitivity. This study again
demonstrates that spatial-visual information is important in motor

learning.
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The Maze Tracking Test is a test of spatial scanning. This test
assesses the speed in exploring visually a wide or complicased spatial
field and measures how well an individual can visually scan a field
quickly for the correct path. This scanning behavior is often called
visual pursuit. The logic for this test is basically the same as for
spatial orientation. The specific task, maze tracing, is similar to

a pursuit tracking task which could indicate a good predictor of

pursuit tracking performance.

Training conditions. A two-dimensional pursuit tracking task was
used in the training task involving two possible training approaches:
fixed difficulty and adaptive. The fixed difficulty training condition
uses the traditional approach to motor skill training in which the
trainees are presented the criterion task initially and their error
decreases as training progresses. This approach does not allow for
individual differences which often results in the task being too
difficult or too easy for the trainee.

The adaptive training condition involves an adaptive logic which
manipulates task difficulty in a closed-loop system (Kelley, 1969). 1In
a closed-loop system, feedback from the output of the former system is
present and can be used to modify subsequent outputs. Thereforc, student
performance is monitored and compared to a standard. The system adjusts
the difficulty of the training task so that the performance of the
student is relatively stable throughout training. The result is that
the adaptive training condition adjusts to individual skills through the

feedback loop. The adaptive logic in this task used a total of 1,851 task
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difficulty steps requiring a minimum time of 1lll.1 seconds to reach the

exit criterion level of difficulty.

Equipment. The training and transfer tasks were generated using
a laboratory-developed software package run on a Digital Equipment
Corporation PDP 11/55 digital computer which is linked to a Tektronix
4014-1 computer display terminal and a Measurement System Model 435
two-axis pressure control stick. The software responsible for generating
the tracking task was developed around two independent real-time cycles:
a 60-Hz cycle to refresh the display and a 60-ms cycle to calculate and
update the task. (See Appendix I for a more detailed description of the
equipment and the software, and see Appendix II for the software source

listing.)

Procedure. Each subject completed the battery of six pretests
to acquire scores for the predictor variables. First, the subject
tracked on the pursuit rotor to six 30-second trials with a 10-second
rest period between each trial. Each trial began with the stylus resting
on the target. The subject was to keep the stylus on the target while
the turntable rotated in a clockwise motion at 6.005 radians/second. The
mean time on target across the six trials was the score for this test.
Next, the EFT was administered and was contained on 7.6 cm by
12.7 cm cards. Each subject had one practice trial which consisted of
viewing a complex figure for 15 seconds after which a simple figure was
viewed for 10 seconds. Finally, the subject was shown the complex

figure again and was instructed to locate the embedded simple figure.
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The sum of the times required to find the simple figure for the 12
trials was éhe score for the EFT,

The next four tests were pape;-and-pencil tests encloseé in three
to six page booklets. The first page of each test contained instructions
and practice items, and each test had two parts. The score for each
test was the average of the two parts. Each part of each test was
scored by subtracting the number of incorrect items from the number of
correct items. The Cube Comparison Test contained 21 pairs of cubes
and a three minute time limit for each part. The subject's task was to
indicate which items present drawings that can be of the same cube and

which items present drawings of different cubes. For the Map Memory

Test, each part consisted of a study page and a test page with three

minutes for studying and three minutes for testing. Both parts
contained 12 maps. The task was to identify maps which were presénted
on the previous study page. Each part of the Identical Pictures Test
consisted of 48 items with one and one-half minutes allowed for each
part. The subject's task was to identify which one of five pictures was
identical to a standard figure. Finally, the Maze Tracing Test contained
24 mazes and a three minute time limit for each part. The task was to
find and mark an open path through the series of mazes.

Following the completion of the six pretests, each subject learned
a pursuit tracking training task illustrated in Figure 1. The training
task involved two independent, random, band-limited functions which
determined the X-Y coordinates of the forcing function symbol ("X") on
the display. The boundaries of the symbol movement are determined by

the band-limited function. The control output ("O") was generated from
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inputs from the isometric controller. The symbol size was a 0.64 X 0.48 cm
rectangle on the Tektronix screen. The tracking area.on the screen was
- ..
18 cm x 18 em. Feedback bars appeared outside this area. In Figure 1,
the left feedback bar displays tracking accuracy with the tolerance
limits defined by the horizontal lines at the top of the bar. The right
feedback bar displays the level of difficulty of the task with the top
of the bar being the exit criterion. In order to exit from the task,
subjects had to maintain the exit criterion level of difficulty and
an acceptable tracking accuracy for a period of 20 seconds. The viewing
distance from the screen was 1 m. A forehead rest was used to maintain
a constant viewing distance.

The control system dynamics were neither pure rate nor pure
acceleration. With pure acceleration dynamics, the task would have
involved an unreasonable amount of time to learn the task, while with
pure rate dynamics, the task would have been too simple for most subjects.
The order of the control system was 1 + o, where 0. is the proportion
of acceleration control. The positions of the "O" were calculated using
both pure rate and pure acceleration dynamics for each control stick
output. The following transfer function describes the system dynamics

in each axis:

Q. Q.
1X iX
Oox(S) = (1 - a)Kl _E— + aKlKZ 52 (1)

where

OOX(S) = the Laplace transform of the scalor change in position of
the "O" in one axis,

o = a weighting constant used to weight rate control and
acceleration control on a relative basis,
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K, = gain constant,

1
Kz = time constant,
Gix = input force on the control stick in one axis, and
S = the Laplace transform independent variable.

In the present study, a was equal to 0.80. The constants Kl and K2
were derived as a function of the maximum allowable speed of the "0O"
(50.8 cm/s) and the tracking area on the display (see Appendix I). 1In

1

equation (1), K, was equal to 1.8139 cm/s/N and K2 = 1.4285713 s .

1
Task difficulty was manipulated in terms of the movement of the
forcing function symbol ("X") and was generated by the minicomputer by
simulating a computer-operated control stick. The simulated control
stick output would be Gix in equation (l). The constants Kl and K2
are again derived as a function of the maximum allowable speed of the
"X" (20.3 cm/s), the minimum speed of the "X" (0.025 cm/s), and the
tracking area on the display (see Appendix I). The constant Kl was

0.7246 cm/s/N and K, was equal to 0.57'R s-l. A random number generator

2
internal to the minicomputer simula*ted the input of the forcing
function.

The adaptive logic used 1851 task difficulty steps which required
111.1 s to reach exit criterion. The criterion level of task difficulty
wag the maximum movement speed of the forcing function symbol ("X"):
20.3 cm/s. The tolerance limit was 10% of the screen diagonal (2.5 cm).
Absolute tracking error was computed every 60 ms.

A maximum of 15 three-minute trials alternating with one-minute

-e9* periods were given to avoid possible fatigue effects. There was a

= -minute rest between the training and transfer tasks.
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The transfer task was similar to the training task except that no
performance information (feedback bars) was provided. The transfer

task lasted six minutes during which three levels of difficulty in

terms of the maximum speed of the forcing function changed each minute.

The three levels of difficulty consisted of the exit criterion (20.3 cn/s,
level of difficulty 2), more difficult than the exit criterion (30.5 cm/s,
level of difficulty 3), and less difficulty than the exit criterion

(10.2 cm/s, level of difficulty 1). The order to task difficulties
presented was the same for each subject: levels of difficulty 2, 1, 3,

1, 2, 3.

Results and Discussion
Training data. A Jdouble cross-validation procedure was employed

where the original equations were used to predict time to exit

2 . .
performance for the new sample (Ri ). and new regression equations

2

ware generated from the new sample and used to predict time to exit

N
performance for the first sample (Rgl). For both samples, correlations

were calculated between the predicted and the actual scores (R1 and

tosty

1 R3.). These correlations ara presented in Table 4.

Il
-

It was expected that a reduction or shrinkage would occur in the

[omom—

cross-validation correlations when compared to the original correlations

due to the new samples of subjects and different testing times. When

Nmtrmim &

the raegression equations from the first sample were used to predict

time tv exit performance for the second sample, the cross=-validated

b oemd

)
squared correlations (REQ) were similar to the estimates of shrinkage

Y
(R" ). However, the regression equations for the adaptive female and

1
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TABLE 4

Coefficients of Multiple Determination from Cross-Validation

Overall Male Female
Adaptive Training:
2
Rll 0.721 0.750 0.817 |
2 )
R 0.690 0.717 0.756 i
s ;
1 §
R%Z 0.832 0.619 0.306
Rg 0.859 0.841 0.827
59 . . .
2
R 0.833 0.796 0.741
s
2
RE » 0.699 0.578 0.511
21
3
Fixed Difficulty Training:
R 0.639 0.803 0.431
11
Rz 0.610 0.758 0.374
Rg 0.444 0.178 0.482
12 . . .
2
R§2 0.611 0.474 0.905
R2 0.538 0.324 0.856
s
2
Rg 0.472 0.333 0.003
21
NOTE: R%l = variance accounted for of regression equation, original sample;
Rgl a aestimate of shrinkage, original sample; R%z = squared correlation of

REZ = variance accounted
b

for of regression equation, new sample:; Rgz = estimate of shrinkage, new

predicted scores with actual scores of new sample;

2
sample; R21

original sample.

= gquared correlation of predicted scores with actual scores of

i . 1
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fixed male subjects did not produce correlations similar to the estimate

of shrinkage. When the new regression equations generated from the

second sample were used to predict time to exit performance for the
first sample, the cross-validated squared correlations (Rgl) were again
similar to the estimates of shrinkage (Riz). The exception was the
regression equation developed for the fixed female subjects. Although
the cross-validated squared correlation for the fixed male subjects was
similar to the estimate of shrinkage, the multiple squared correlation
(Rgz) was relatively low initially.

Several aspects of these data should be noted. First, the multiple
squared correlations and the cross-validated squared correlations were
consistently high for the overall regression equation. Furthermore,
when comparing the regression equations derived from the first
sample and the second sample, the predictor variables were consistent.
The only exception was the addition of a new predictor variable for
the overall fixed training regression equation; however, it was the
least weighted variable. The regression equations developed separately
for male and female subjects were not consistent in the cross-validation
procedure, and the predictor variables had a tendency to change in the
regression equation from the second sample when compared with the
regression equation from the first sample.

Given these results, the two samples were combined and an overall
regression equation was calculated for both training models. These
combined overall regression equations are shown in Table 5. Each of
these regression equations predicting time to exit performance is

reliable at the 0.0001 level of significance. Both regression equations
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TABLE 5

Combined Sample Regression Equations for Training Time to Exit

Adaptive:

TE

n

0w o~

= 1326.85 + 381.82 EF - 307.48 MM + 259.52 SE

= 51

= 0.756

= 0.740

0.0001

A

Fixed Difficulty:

TE

n

cC =

EF =

Ip =

= 994.57 + 405.77 EF + 251.3 IP - 139.28 CC

= 48

0.632

0.607

A

0.0001

Cube Comparison Test, number correct minus number incorrect
Embedded Figures Test, time to locate simple figure

Identical Pictures Test, number correct minus number incorrect
Map Memory Test, number correct minus number incorrect

Sex
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have the same dominant predictor variable: the Embedded Figures Test.

i All other predictor variables are different. Sex is a reliable

predictor variable only in the regression equation for adapative training.
1- These differences in the regression equations should be sufficient to

; discriminate time to exit performance between the two training strategies

to serve as a decision rule to determine a training strategy for the

individual.

Transfer data. Table 6 presents the double cross-validation data
for the regression equations predicting mean RMS vector error in the
transfer task. These data did not cross-validate in that the

cross-validated squared correlations (Ri and Rgl) fail to compare with

2

the estimates of shrinkage (Ri and Rz ). There were three statistically
1 2
significant correlations: the overall regression equation for adaptive

training, r., = 0.370, p < 0.05, and the overall regression equations

-- 21
;. for fixed training, r12 = 0.546, p < 0.01, and r2l = 0.464, p < 0.05.
- Because of these statistically significant correlations, the two samples

were combined to develop an overall regression equation for each training

model. These regression equations appear in Table 7. Both regression

Smamericg
.

equations are reliable at the 0.0001 level of significance. As was found
with the regression equations predicting time to exit performance, the

Embedded Figures Test is the dominant predictor variable. The only

& ameey [P
» ¢

predictor variable not common to both regression equations is the Cube

Comparison Test in fixed training.

AP ]

The predictor variable in the combined overall regression equations

‘-.-u,

presented in Table 7 were all contained in either the regression equation
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TABLE 6

Coefficients of Multiple Detexrmination from Cross-validation

- .h

Overall Male Female
i
Adaptive Training:
R? 0.691 0.545 0.906
11
R2 0.629 0.484 0.875
s
1
2
Riz 0.027 0.036 0.124
R2 0.474 0.383 0.824
52 . . .
Rz 0.412 0.306 0.736
S
2
2
A *
R21 0.137 0.046 0.001
Fixed Difficulty Training:
2
Rll 0.454 ————— 0.807
2
R 0.408 2/ 6w===- 0.697
s
1
2
~ AR emamoe
R12 0.298 0.191
R? 0.507 0.642 0.369
22
R2 ‘ 0.415 0.597 0.290
s
2
Rgl 0.215* 0.043 0.109

*p < 0.0S5. **p < 0.0l.

NOTE: For definition of terms, see Table 4.
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TABLE 7

Combined Sample Regression Equations for Predicting Transfer Performance

Adaptive Training:
RMS = 0.1088 + 0.0123 EF + (~0.0071) MM + 0.0062 SE

R™ = 0.445

x
"

0.410

n = 51

0.0001

ko]
"

Fixed Difficulty Training:

RMS = 0.1078 + 0.0086 EF + 0.0068 SE + 0.0067 CC + (~0.0042) MM ;

x
[

0.462

x
]

0.412

n = 48

0.001

p
EF = Embedded Figures Test, time to locate simple figure
MM = Map Memory Test, number correct minus number incorrect

CC = Cube Comparison Test, number correct minus number incorrect

SE = Sex




32

developed from the first sample or the regression equation developed
from the second sample. The two regression equations calculated from
the two samples separately were very dissimilar. Therefore, these

regression equations predicting mean RMS vector error in the transfer

task need to be validated with a second sample of subjects.

;
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STUDY II

. ..
Introduction

The purpose of the second study was to test the usefulness of
the regression equations as a decision rule; that is, can one optimize
the training of an individual by using predicted scores from the
regression equations to determine the best training condition for that
individual? To determine the usefulness of these equations, subjects
were either matched or mismatched, according to their predicted time
to exit scores, to a training strategy. If a significant difference
exists between the matched and mismatched subjects, with the matched
subjects requiring less time to train, then it would appear that the
equations are useful for assigning subjects to an optimal training
strategy when subjects are mismatched.

A third treatment (aside from matched and mismatched) was a random
assignment condition in which .ubjects were randomly assigned to a
training strategy. A significant difference between the matched condition
and the random condition, with the matched subjects exhibiting superior
performance, would not only demonstrate that subjects are properly
matched to their respective training condition, but it would be an
indication of the predictive power of the regression equations, in that
approximately 50% of the subjects in the random condition would be assumed
to be properly matched to a training condition initially.

This experiment also served as a second validation of the existing

regression equations predicting training performance and the validation

i3
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of the regression equations predicting transfer performance. As in

Study I, the predicted scores will be correlated with the actual

scores.

Method

Experimental design and analysis. Figure 2 gives a pictorial
representation of the 2 X 2 X 3 factorial experimental design for the
training task. The variables are training {(adaptive and fixed), sex
(male and female), and assignment (matched, mismatched, and random).
All of the variables are between-subject effects and an analysis of
variance (ANOVA) was used to analyze the data. The experimental design
for the transfer task included the additional within-subject variable
of level of difficulty. The Newman-Keuls multiple comparison test was
used to analyze all significant effects.

The present experiment served as a second validation of the
regression equations predicting both training and transfer performance
(see Tables 5 and 7). The validation analysis consisted of correlating
the predicted scores with the actual scores. Finally, new regression
equations predicting mean RMS vector error in the transfer task were
generated using the two additional tests. This analysis used five
stepwise procedures from the SAS package (see Barr, Goodnight, Sall,

and Helwig, 1976).

Materials and prccedure. The equipment, training conditions, and
tests and their procedures were the same as in the first study. In
addition to the six tests described in Study I, two additional,

supplemental tests were administered. The I/E Scale (Rotter, 1954, 1966)
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involves subjects answering questions about situations of interest in
our society over which they may be perceived to have control or over
which they perceive external factors to have control. The a;swers to
these questions consisted of choosinq which statement they believed to
be more true. Ryckman (1978) found the I/E Scale to correlate with
tracking performance on a pursuit rotor.

The second additional test was a TV handball game which consisted
of maximizing the time in the game. The task involved hitting a ball
with a paddle which the subject controlled in a vertical dimension.

The more often the subject hits the ball, the longer he stays in the
game. Once the subject missed the ball 15 times, the game ended and
the time was recorded. The game was displayed on a 48.3 cm television
screen. A pilot study found this motor task to be correlated with mean
transfer performance (RMS vector error): r = -0.642 for adaptive
training and 0.422 for fixed training (n = 10, all males).

The addition of the I/E Scale assesses one aspect of the personality
domain of the individual which follows the suggestion of Conway and
Norman (1974), whereas the addition of the TV handball could be considered
as a task-specific factor which follows the suggestion of Williges, et al.
(1978) . These new tests will be used with the other six tests to develop
new regression equations for predicting transfer performance in an attempt
to account for more variance than the present regression equations

presented in Table 7.

Assignment of the subjects. The critical aspect of this experiment

involved the assignment of the subjects to a training condition using

RO O————"
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the predicted time to exit scores of the regression equations presented
in Table 5. The first step in the assignment was to randomly assign

20 male and 20 female subjects to éhe matched, mismatched, o; random
condition. If the subject were in the random condition, then he/she
would be randomly assigned to one of the two training conditions.
However, the predicted time to exit scores from the regression equations

in Table 5 determined which training condition the subject received in

both the matched and mismatched conditions.

Results and Discussion

Training data. The results of the ANOVA on the time to exit scores
(measured in seconds) found two significant effects: sex and assignment.
The cell means are presented in Table 8 and the ANOVA summary table is
presented in Table 9. For the main effect of sex, male subjects
required significantly less time to exit than female subjects. The
mean time to exit for male subjects was 685.42 s; whereas, for female
subjects the mean time to exit was 1306.09 s. The Newman-Keuls test
found that for the assignment main effect, the matched subjects required
significantly less time to exit than either the random or the mismatched
subjects at the 0.01 level. The difference between the random and
mismatched subjects was not reliable. The mean time to exit was 599.38 s
for the matched subjects, 1122.08 s for the random subjects, and
1265.80 s for the mismatched subjects.

The results strongly support the use of these regression equations
as a decision rule which selects a training strategy for the individual.

When subjects are matched to a training strategy, a savings of 47% in
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l- TABLE 8

i Cell Means for the ANOVA on the Time to Exit Data

Adaptive Training Fixed Training

Male Female Male Female Mean
? Matched 324.97 834.37 430.70 807.50 599.38
i Random 694.96 1633.39 937.59 1222.37 1122.08
§~ Mismatched 1013.00 1814.51 711.28 1524.41 1265.80
5 Mean. 677.64 1427.42 693.19 1184.77

[RRe e}




TABLE 9
ANOVA Source Table for the Time to Exit Data
Source df MS F P
Training (T) 1 386864.852 1.36 < 0.2464
i Assignment (A) 2 4919876.150 17.27 < 0.0001
Sex (S) 1 11557148.496 i 40.57 < 0.0001 1
T XA 2 287595.476 1.01 < 0.3678 h
T X 8 1 500037.867 1.76 < 0.1880
A XS ; 332250.314 1.17 < 0.3154
T XA XS 2 306203.480 1.07 < 0.3449

Subjects/TAS 108 284842.349




Pr—

[ POy ot
. . 3

- —

IGRCK T

training time can result when compared to subjects who are randomly
assigned and a savings of 53% when compared to subjects who Pxe
mismatched. Therefore, when the g;al of designing a traininé
program is to maximize savings in training time, the trainer would
profit by using a similar methodology of matching subjects with a
training strategy.

Theoretically, the random condition should have 50% of the
subjects matched and 50% mismatched. In this study, the random
condition resulted in 22 subjects matched and 18 subjects mismatched.
These subjects' data were then placed in the respective assignment
conditions which results in two levels of the assignment variable.

An unequal ns ANOVA was then conducted.

The results again found a significant main effect of assignment.
The cell means are presented in Table 10 and th; ANOVA source table
is presented in Table 11. The mean time to exit was 769.18 s for the
matched subjects and 1237.96 s for the mismatched subjects. The
assignment by sex interaction was also significant. The Newman-Keuls
test found that the mismatched female subjects were significantly
different from the matched male subjects, the matched female subjects,
and the mismatched male subjects at the 0.0l level. There were no
other reliable differences. The mean time to exit for the mismatched
female subjec£s was 1652.91 s; whereas, the mean time to exit was
590.96 s, 793.36 s, and 959.27 s for the matched male subject, the

mismatched male subjects, and the matched female subjects, respectively.

The results of this interaction are presented in Figure 3.
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TABLE 10

Cell Means for the Unequal ns ANOVA on the Time to Exit Data

é Adaptive Training Fixed Training

‘ Male Female Male Female Mean
|

t Matched 520.91 908.27 670.36 988.80 769.18

Mismatched 882.60 1727.99 716.02 1523.23 1237.96

gt
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.

Py

L I B

P - Sa i ————————————




vy T W

42

TABLE 11

Unequal ns ANOVA Source Table for the Time to Exit Data

Source daf MS F P

Training (T) 1 35635.63 0.11 < 0.7355
Assignment (A) 1 5574623.12 17.94 < 0.0001
Sex (S) 1 10007378.31 32.20 < 0.0001
T x A 1 650364.04 2.09 < 0.1508
T xS 1 20646.17 0.07 < 0.7971
Axs ! 1611813. 39 5.19 < 0.0247
TXAXS 1 1699.38 0.01 < 0.9412

Subjects/TAS 112 310754.18

PR
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Figure 3. The sex by assignment interaction.
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Two significant results were found from the training data. First,
male subjects generally required about half the time to learn the task
that the female subjects required.. Second, when subjects we;e matched
to a training condition, a 47 to 53% savings in training time resulted
when compared with the random or mismatched conditions. However, the
unequal ns ANOVA showed that this result is primarily due to the
mismatched female subjects. There was no significant difference

between the matched and mismatched male subjects in the assignment by

sex interaction.

Transfer data. The results of the ANOVA on the RMS vector error
found three main effects and one interaction significant. The cell
means are presented in Table 12 and the ANOVA summary table is presented
in Table 13, The level of difficulty was found to be highly reliable
with the subsequent Newman-Keuls test finding all three levels of
difficulty reliably different at the 0.0l level. The RMS vector error
was 0.0711, 0.1160, and 0.1486, respectively, for the lowest level of
difficulty, the exit criterion of difficulty, and the highest level of
difficulty. The effect of sex was also highly reliable with a mean RMS
vector error of 0.1020 for male subjects and 0.1218 for female subjects.
The sex by level of difficulty interaction was also found to be reliable.
The Newman-Keuls test resulted in all possible combinations being
reliable at least at the 0.05 level. Generally, male subjects had
smaller error than female subjects at each level of difficulty.

The main effect of assignment resulted in a reliable difference.

The Newman-Keuls test found that matched and random subjects had a
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TABLE 12

Cell Means for the ANOVA on the RMS Vector Error Rate

Adaptive Training

Fixed Training

Male Female Male Female Mean
Matched 0.0840 0.0937 0.1035 0.1198 0.1003
Random 0.0982 0.1260 0.0949 0.1207 0.1099
Mismatched 0.1088 0.1349 0.1226 0.1359 0.1255
Mean 0.0970 0.1182 0.1070 0.1255

e — e s =
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TABLE 13 ‘ ’
. ANOVA Source Table for the Transfer Task Data
. Source daf MS F p
Training (T) 1l 0.0066977 2.74 < 0.1008
Assignment (A) 2 0.0195094 7.98 < 0.0006
Sex (S) 1 0.355057 14.53 < 0.0002
E T XA 2 0.0055405 2.27 < 0.1086
j T xS 1l 0.0001613 0.07 < 0.7977
i. A XS 2 0.0014335 0.59 < 0.5581
.- T X A XS 2 0.0007099 0.29 < 0.7485
} Subjects/TAS 108 0.0024444
T Level of Difficulty
i (L) 2 0.1815312 386.22 < 0.0001
T T x L 2 0.0003596 0.77 < 0.4666
1" A XL 4 0.0005550 1.82 < 0.1262
S XL 2 0.0024918 5.30 < 0.0057
T xXxAXL 4 0.0004767 1.01 < 0.4009
TXS XL 2 0.0006420 1.37 < 0.2573
A XS XL 4 0.0002715 0.58 < 0.6792
TXAXS XL 4 0.0001069 0.23 < 0.9228
L x SubjectS/TAS. 216 0.0004700
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smaller RMS vector error than mismatched subjects (p < 0.01 and p < 0.05,
respectively), whereas the matched and random subjects were.not reliably
different. The mean RMS vector error was 0.1003, 0.1100, an; 0.1255,
respectively, for the matched, random, and mismatched conditions. This
result suggests that by matching subjects to a training condition based
on time to exit scores, they will have significantly smaller RMS vector
error than subjects who are purposely mismatched. The matched subjects,
however, will not be better than subjects who are randomly assigned.
Therefore, if the goal of a training program is to maximize transfer
task performance by matching subjects based on time to exit scores, then
these data are not necessarily supportive of this goal because of the
lack of a reliable difference between the matched and random subjects.

Given that 22 subjects were matched and 18 were mismatched in the
random condition, an unequal ns ANOVA was also performed on the transfer
task data. The cell means are presented in Table 14 and the ANOVA

summary table is presented in Table 15. These results found two reliable

effects: training and assignment. Subjects trained adaptively had

significantly less RMS vector error than subjects trained in the fixed
condition. The mean RMS vector error was 0.1076 and 0.1162 for the
adaptive and fixed, respectively. For the effects of assignment, matched
subjects had significantly smaller error in transfer than mismatched
subjects. The mean RMS vector error was 0.1030 and 0.1215 for matched
and mismatched, respectively. These two results suggest that error can
be successfully reduced in transfer by training subjects adaptively or

by matching subjects to a training condition. An 8% reduction in error

was obtained by the adaptive training condition, whereas an 18% reduction

L v o e ———————n LoAras = 1 e
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TABLE 14

Cell Means for the Unequal ns ANOVA on the RMS Vector Error Data

Adaptive Training Fixed Training
Male Female Male Female Mean
Matched 0.0917 0.0957 0.1027 0.1175 0.1030 3

Mismatched  0.1040 0.1312 0.1112 0.1393 0.1215

-4
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) TABLE 15
l i Unequal ns ANOVA Summary Table for the Transfer of Task Data
} Source ar MS F p
g Training (T) 1 0.01249 5.05 < 0.0266
N Sex (S) 1 0.03283 13.27 < 0.0004
z Assignment (A) 1 0.02973 12.01 < 0.0005S
T X A 1 0.00165 0.67 < 0.4155
T XS 1 0.00072 0.29 < 0.5901
A xS 1 0.00718 2.90 < 0.0913
T X AXS 1 0.00051 0.21 < 0.6495
Subjects/TAS 112 0.00248
- Level of Difficulty
‘ (L) 2 0.17528 373.85 < 0.0001
_ T X L 2 0.00050 1.06 < 0.3465
A XL 2 0.00125 2.67 < 0.0717
2 3 S X L 2 0.00248 5.28 < 0.0057
t TXAXL 2 0.000027 0.06 < 0.9447
} i TXxS XL 2 0.000820 1.75 < 0.1766
i AXS XL 2 0.000260 0.55 < 0.5757
! TXAXSXL 2 0.000130 0.27 < 0.7658
i L x Subject/TAS 224 0.000470
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of error was obtained by the matched condition. Therefore, if the
goal of the trainer is to maximize transfer performance, then trade-off

-

considerations need to be considered based on these results.

Validation results. This study also provided an opportunity to
validate the cobmined overall regression equations previously presented
in Tables 5 and 7. As in Study I, the predicted scores were correlated
with the actual scores. In considering first the regreséion equations
in Table 5 for predicting time to exit performance in adaptive training,
the correlation between the predicted scores and the actual scores was
r=20.789, p = 0.0001. The R2 was 0.623, which was somewhat lower than
the estimate ¢i shrinkage (Rz) is Table 5. The regression equation fbr
the fixed training resulted in an r = 0.716, p = 0.0001. The R2 was .
0.5131, which again was somewhat lower than the estimate of shrinkage
(8%) in Table 5.

Additionally, the regression equations in Table 7 predicting mean
RMS vector error in transfer were also validated. The regression
equation for fixed training resulted in a near zero correlation and,
therefore, showed no signs of being a valid equation. However, the
regression equation for adaptive training resulted in a r = 0.574,

p = 0.0001. The R2 was 0.330, which was lower than the estimate of
shrinkage (Rz) in Table 7. It should be noted that the variance accountea
for by this equation was less than 33%, which is relatively low in
comparison to thé equations predicting time to exit performance.

Given that the regression equations predicting transfer performance
were either not valid or accounted for a small proportion of variance,

new equations were calculated using the'results of the two additional
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tests., These equations are presented in Table 16. Both equations are
highly reliable, but the equation for fixed training only accounted
for a small proportion of variance: 26%. The regression equ;tion for
adaptive training accounted for 43% of the variance in the transfer
task. The validity of this equation needs to be determined. 1In
general, success in predicting performance in the transfer task is
lacking. Fleishman (1972) and Williges, et al. (1978) suggest that
task-specific variables are evident late in learning (or training) and
that general ability factors (e.g., information-processing skills)
become less important. If this is the situation in the present transfer
task, then task-specific variables are needed to predict performance.
The equations in Table 16 show some support for task-specific variables
in that both equations contain a measure of tracking performance (the
pursuit rotor and the television handball) which could be considered

task-specific variables.
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TABLE 16

New Regression Equations Predicting Transfer Performance

Adaptive

RMS = 0.107597 + 0.014449 EF + (-0.007982) PR

2
R = 0.429
2
R_= 0.409
s
n =60
p = 0.0001
Fixed

RMS = 0.116224 + (-0.012541) CC + (-0.00824%) TV

2

R = 0.263
2

R = 0.237
s
n =60
p = 0.0002

EE

Embedded Figures Test, time to find simple figure
PR = Pursuit Rotor, time on target
CC = Cube Comparison Test, number correct minus the number incorrect

TV = Television Handball, time to complete game
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CONCLUSION

The results of both studies were positive, and there are some
implications for future research. Study I showed that performance in
the pursuit tracking task could be predicted by using a multiple
regression approach with information-processing variables as predictors.
In both training conditions, adaptive and fixed, time to exit
performean:e was predicted reliably, as indicated by the double cross-
validation results.

These results have implications for future research on individual
differences in motor skill learning. Information-processing skills
were found important in motor skill learning, and many of the mechanisms
of various information-processing theories dealing with human performance
could be tested. Furthermore, performance in other training models for
motor skills could be predicted by generating new regression equations.
Williges and Williges (1977) found success with a learner-centered
training model for motor skill training. Other adaptive training models
could be utilized with different adaptive logics. By adding more
training strategies, a trainer could more closely match students with a
training strategy. Finally, the prediction of motor performance may be
improved by adding measures of personality characteristics, previous
experience, general psychomotor skills, and task-specific variables.
From the results reported here, it appears that successful prediction of
transfer performance may be dependent on measures of task-specific
variables. This is particularly true, since the I/E scale did not add

to the prediction of transfer performance.

53
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Study II results document that matching students to a training

strategy results in substantial savings of training time. This was

particularly true for female subjects. For the transfer task, smaller
tracking error resulted when subjects were matched as opposed to
mismatched.

Overall, three basic conclusions seem warranted. First, a methodo-
logical approach was utilized by using regression equations as a
decision rule. The results of this research show that this approach
is successful; however, it may not necessarily be the best approach.
Future research is nceded to determine the appropriateness of other
approaches, such as the use of discriminant analysis or the approach
suggested by Conway and Norman (1974). Furthermore, this research
needs to be replicated, which is necessary to determine the validity
of the methodological approach used in this research.

Second, individualized training is supported by this research in
terms of training time and tracking error. In other situations, such
as pilot training, individualized training can be costly, and certain
trade-offs need consideration. Forty-five minutes of pretesting is
not cost effective when the student can be trained in 30 minutes as
with the tracking task used in the present research. If the training

time is a matter of days or weeks, then 45 minutes of pretesting can

have definite benefits for purposes of matching students with a training -

strategy.
Finally, this research can be thought of in terms of searching for
an "optimal" training strategy for the individual, optimal used in the

sense of matching as closely as possible the characteristics of the

e ———— e
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individual with a training strategy. Based on the results of this

research, matching trainees with an “optimal® training strategy will

result in a savings of training time and better performance in transfer.
The possibility exists, however, that an individual is matched to a
training strategy, but it may not necessarily be an "optimal" strategy.
Therefore, research is needed to not only predict performance within

a training strategy, but also to determine efficient and economic
training strategies so that an "optimal®” training strategy for the

individual becomes more of a reality.
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INTRODUCTION

Background

i Throughout the history of learning research, there has been no
conclusive data to demonstrate that learning can occur without the

presence of some form of feedback. In any given task, feedback is

usually separated into two components, intrinsic feedback and aug-

mented feedback. Intrinsic or fundamental feedback is that which is
inherent in a system and is encountered in most daily tasks. For
example, in driving an automobile, an increase in the loudness of the
engine informs the operator that he is accelerating. However, the
operator can not precisely tell you the speed at any one point in the
acceleration. The speedometer provides this information and is a

i form of augmented or supplemental feedback since it is not inherent

in the sub-system causing the automobile to accelerate.

Clearly, the augmented feedback is not essential to the system's
operation, but it is obvious that the performance of the operator-
machine system can be improved by its use. This is the basic
difference between intrinsic and augmented feedback--intrinsic feedback

is essential to the successful operation of a system, whereas the

gystem may he operated without the use of augmented feedback. However,
the appropriate implementation of augmented feedback into a system can
lead to improved performance of the operator and, therefore, improve

the operation of the system. Consequently, one could define augmented
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feedback as supplemental information provided to the human operator
which enhances the fundamental feedback available from the
operational system.

Although both forms of feedback are based on the same source of
information, fundamental feedback is the more direct of the two in
that the information in provides is immediate and does not undergo any
transformations. Augmented feedback, on the other hand, is based on
a sample of behavior taken over time and is transformed in the sense
that the behavior of the operator-machine system is compared with an
external criterion. In the above example, the sound of the engine is
fundamental feedback because it is a direct result of the mechanical
operations causing the automobile to accelerate. Since the speed-
ometer represents the past actions of the operator and the information
it presents is compared with a legally or individually established
criterion, it is a form of augmented feedback. Thus, information
supplied by the augmented feedback aids the operator to evaluate
performance against established criteria. The means by which augmented
feedback is generated and the way in which it is utilized by the
operator indicates that it must occur some time after the operator's
actions and that it has an evaluative function.

Figure 1 i1llustrates augmented feedback aiding the operator in
evaluating performance. The operator compares system input (what
should be done) with system output (what actually was done) and
evaluates the results of operator actions against the external

criterion.
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Augmented feedback does not always take the form of information

presented on a display. It could very well be comments from an
instructor, as is often the case in industrial training situatiomns, or
a paper and pencil test from which the trainer evaluates the trainee's
progress and then feeds this information back to the trainee. Many
training systems currently employ augmented feedback while many more
could benefit from its use. However, augmented feedback is of no
benefit if upon its withdrawal (such as the case may be in going from
a job training situation to the actual job) the human operator's
performance declines to the point that he can no longer successfully
control the system,

Open-loop versus closed-loop systems. Most learning situations

encountered are of the open-loop variety. An individual possessing

a specified minimum aptitude is expected to complete successfully a
task with a certain level of difficulty given an appropriate set of
stimuli. In designing the learning situation, no consideration is
usually given to feedback derived from the learner's responses. If
feedback is incorporated into the system, it is typically of the
reinforcement type, indicating performance degradation or improvement,
which does little to aid the learner in formulating a correct response.
Closed-loop learning systems differ in that a reference specifying
the desired system response is available against which the system's
output (feedback) due to the operator's responses are compared. Thus,
the learner has a criterion on which to base successive responses if

a discrepancy (error) occurs between the output of the system due to
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a previous response and the reference. These are two qualifying
features of a closed-loop system—--that it be error centered and that
it have a reference mechanism against which feedback from a response
can be compared for the detection and correction of error. In this
regard, Bilodeau and Bilodeau (1961) point out that the central focus
of an open-loop system is the correct response, whereas the central
focus of a closed-loop system is error.

Until recently, all learning theories, including those of %
James (1890), Washburn (1916), Lashley (1917), Thorndike (1927), and
Bartlett (1948) were open-looped in that they treated errors
incidentally or only hinted at feedback being partically responsible
for successive responses. Adams (1971) however, has proposed a theory
of motor learning with error as its central focus. In Adams' theory,

the reference mechanism or "perceptual trace" against which the i

correctness of a particular response is evaluated is developed and
strengthened as a function of sensory feedback received from the
responses. The perceptual trace is actually a motor image of past
movements which the learner uses to compare against the feedback

from each response. Differences between the perceptual trace and
feedback from individual responses aid the learner in improving
responses until discrepancies between the feedback and the perceptual
trace eventually cease to exist. At this stage of learning, Adams
maintains that the learner can now respond with respect to the per-
ceptual trace alone and feedback concerning responses is no longer

essential to the maintenance of adequate performance. Although he
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contends that feedback is no longer essential at this point in
training, he also adds that the continuance of feedback in the transfer
situation will enhance performance.

Even though no general agreement exists among motor-learning
theorists as to the precise role of feedback in motor skill
acquisition, they do agree that feedback concerning performance level
is critical in the acquisition of a motor skill. bespite this fact,
gome training systems inherently eliminate much of the intrinsic feed-
back available to the trainee. The most popular of such systems are
those that employ an adaptive logic.

Adaptive training systems are of interest to motor skills
researchers since they provide a means by which motor skills training
may be individualized. In open-loop training systems where task
difficulty is maintained at a constant level throughout training,
the task is often too easy at certain points in the training process
for some trainees while being too difficult for others. In an adaptive
training system, on the other hand, one or more variables important to
the training task are changed according to the trainee's performance
(see Figure 2). As the trainee's performance improves, the difficulty
or complexity of the adaptive variable(s) is manipulated such that some
measure of performance remains relatively constant throughout training.
As a result of this adaptiveness of the training system, the learner's
error remains relatively constant throughout training. Irrefutably,
this is a closed-loop system in that its central focus is error and

the trainee's performance affects the system's dynamics. However,
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error in a closed-loop system is to be used by the trainee in evalu-
ating performance. In adaptive training systems, the error perceived
by the trainee remains relatively constant, leaving little on which
performance may be judged or future responses based. Kelley (1969),
an innovator of adaptive training, recognized this fact and suggested
(but did not experimentally test) that augmented feedback in the form
of a meter indicating task difficulty level and possibly an indicator
of out-of-tolerance performance be provided to trainees in adaptive
training systems.

Augmented feedback in motor skills training. An extensive amount

of research examining the effects of augmented feedback in traditional,
open-loop motor skills training systems has been conducted, but the
results have often been in disagreement with one another. Archer,
Kent, and Mote (1956), Archer and Namikas (1958), and Bilodeau and
Rogenquist (1964) found augmented feedback to have no effect on
subjects' performance in training or transfer. Numerous other studies
have found augmented feedback to aid performance in training but to
have no effect on transfer performance when feedback is withdrawn
(Morin and Gagne, 1951; Bilodeau, 1952; Goldstein and Rittenhouse,
1954; Bilodeau, 1955; Payne and Hauty, 1955; Karlin and Mortimer, 1963;
and Sheldon and Bjorklund, 1966). Other researchers have found
augmented feedback to produce a learning effect where the performance
of the feedback groups remains significantly better than that of the

no-feedback groups even after the augmented feedback is withdrawm

(Reynolds and Adams, 1953; Smode, 1958; Williams and Briggs, 1962;




Kinkade, 1963; Karlin, 1965; Gordon and Gottlieb, 1967; and

Gordon, 1968).

Although these studies have produced conflicting results, they
have been valuable in formulating some éeneral conclusions regarding
the use of augmented feedback in open-loop motor skills training
systems. Welford (1968) observed that supplemental feedback must not
provide cues which are eventually relied upon to the extent that when
the feedback is withdrawn, the trainee is no longer able to maintain
adequate performance. A performance decrement upon feedback withdrawal
has most often been found in systems where the trainee is capable of
performing part of the task by simply attending to the supplemental
feedback tues. When the supplemental feedback is withdrawn, a
considerable amount of information loss occurs and performance
deteriorates. Annett and Kay (1957) suggest that if such cues are
to be used, the training situation should be arranged so that the
extra cues, Wwhile aiding the trainee in the early part of training,
later become redundant information. In this way, the trainee would no
longer rely upon these cues in the later parts of training and,
therefore, no serious decline in performance would occur upon their
withdrawal. If one puts Annett and Kay's suggestion into perspective
with Adams' (1971) theory of motor learning, it is apparent that
Annett and Kay are suggesting the removal of these cues when the
perceptual trace has been developed to the point that feedback is no

longer essential to adequate performance.
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The reliance upon supplemental feedback is most often encountered
in predictable systems providing rather precise error information.
Since error is relatively constant in adaptive training systems and
augmented feedback would be more performance oriented, any such
problems should be circumvented.

Clarity of the intrinsic feedback provided by the training task
has also been found to be an important variable interacting with
augmented feeﬁback (Adams, 1964). If the intrinsic feedback in the
training system is not clearly discernible, the additional feedback
provided will become a part of the total information used to guide
performance. Thus, the function of the augmented feedback will change
from its intended purpose of aiding in the evaluation of performance
to one of guiding performance. Kinkade (1963) found that subjects
who received augmented feedback in a training task where the intrinsic
feedback was ambiguous performed significantly better in training than
subjects who did not receive augmented feedback. However, when feed-
back was withdrawn in transfer, the performance of the feedback group
declined to that of the no~feedback group. In a similar training task
in which the intrinsic feedback was clearly discernible, subjects
provided with augmented feedback in training performed significantly
better in training and transfer than subjects who did not receive
augmented feedback in training. These findings are of importance in
considering the implementation of augmented feedback into any training

system,
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Williams and Briggs (1962) concluded that the type of behavior
indicated by augmented feedback is related to the effect it produces.
Wich feedback indicating out~of-tolerance performance, large errors

are emphasized early in training and the trainee learns to minimize

them quickly. With feedback indicating in-tolerance performance,
small errors are emphasized and the trainee is not as quick in
responding to correct the large errors not emphasized by the feed-
back. Since minimizing out-of-tolerance performance is of primary

importance in training, out-of-tolerance feedback would appear best

in aiding the trainee to achieve the desired performance level.
Williams and Briggs (1962) also made the important observation

that with feedback indicating out—of-tolerance‘perfdrmance, the amount

of feedback received by the trainee diminishes as training continues.

Thus, when the trainee is put into the transfer situation where feed-

back is not present, the change is not as abrupt. In their research,
Williams and Briggs found that subjects who received out-of-tolerance

feedback in training did not exhibit a performance decrement in the

no-feedback transfer task. Subjects receiving in-tolerance feedback

during training, however, failed to maintain their superiority over

the control group that did not receive feedback in training. 1In
addition, the in-tolerance feedback group displayed considerably
greater inter-subject variability in transfer than the out-of-tolerance
feedback group. These results are in agreement with the findings of

Adams, Goetz, and Marshall (1972), which suggest that the performance




decrement in going from the training to the transfer situation is

i least when the change in feedback is minimal.
. Finally, Bilodeau (1966) and Annett (1969) suggest that augmented
L. feedback should direct the attention of the trainees to the results

of their responses and, thus, their errors. Out-of-tolerance feedback

would appear to be best suited for this in that the trainees would be
signaled when their responses are in error. In an adaptive training
system, an indication of task difficulty would provide the trainees
with similar performance information in that a decrease in task
difficulty would indicate a performance decrement while an increase
in task difficulty would indicate an improvement in performance.

In summary, research on traditional, open-loop motor skills
training suggests that in order for augmented feedback to have a
learning effect (i.e., to have the improved performance caused by
augmented feedback to continue after the feedback is withdrawn), the
following provisions must be made: (1) the augmented feedback must
not provide cues which are relied upon for successful performance
throughout training, (2) the intrinsic feedback provided by the
training system must be clearly discernible, (3) the augmented feed-
back should signal out-of-tolerance performance, and (4) the augmented
feedback should direct the attention of the trainees to the results
of their responses and, thus, their errors. Although these results

are the culmination of several years of research effort on traditiomal

open-loop motor skills training systems, they can not be generalized to

- closed-loop forms of motor skills training without empirical testing.
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Statement of the Problem

Research conducted on the effects of augmented feedback in
closed=-loop motor skills training systems has been scant. Norman
(1973) is one of the few to have carried out such research. In a
series of experiments, he provided subjects in an adaptive flight
training task with visually augmented, level-of-difficulty feedback
and found the visual feedback to have no effect on training performance.
However, when the feedback was withdrawn in transfer, subjects who
received feedback in training performed significantly better than
those who were in the no-feedback training groups. Unfortunately,
the reliability of these findings is somewhat questionable since the
comparisons were made between groups in more than one experiment in
which different subject pools were used, the independent variables
differed, and the training task was substantially different from the
transfer task.

Cote, Williges, and Williges (1978) conducted two studies on
the use of augmented feedback in motor skill training using a two-
dimensional pursuit tracking task. The purpose of this research was
to evaluate the effects of visually presented augmented feedback on
motor skills learning using either traditional, open-loop training or
closed-loop training. Feedback in both studies was in terms of task
difficulty and performance accuracy (see Figure 3). In Study I, the
effects of augmented feedback cues on adaptive motor learning were

examined using an automatic adaptive training procedure in which task
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difficulty increased as a function of the trainee's performance. Six

[
.

male subjects were randomly assigned to each of the four treatment

conditions presented in Table 1.

o

Although the mean training time-to-criterion scores of subjects

i who received augmented feedback was not significantly higher than
that of subjects who did not receive the augmented feedback, there was
a trend for the training scores of subjects who received feedback to
be higher. A possible explanation for this may come from the comments
of several subjects who mentioned that when they attempted to use the
augmented feedback, their tracking performance declined sharply. 1In
transfer, no reliable effects due to feedback in training and/or
transfer were observed (p > 0.10).

In Study II, the combined effects of visually presented augmented

‘- feedback and training procedure were examined. Two training pro-

cedures were used: (1) a fixed-difficulty procedure in which the

trainee was presented with the criterion level of task difficulty

i throughout training, and (2) the automatic adaptive training procedure
used in Study I.

! Six male subjects were randomly assigned to each of four training/

feedback conditions. These were: (1) a fixed-difficulty procedure

[P

in which no augmented feedback was presented, (2) a fixed-difficulty
j procedure in which visual augmented feedback was presented, (3) an

automatic adaptive procedure in which no augmented feedback was

[ YR}
4

presented, and (4) an automatic adaptive procedure in which visual

augmented feedback was presented. A transfer task similar to the

&

Pt
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TABLE 1

Treatment Combinations of Study I

l » Condition Training Transfer
’ I Feedback Feedback
’ .
11 Feedback No Feedback
1‘ III No Feedback Feedback
Iv No Feedback No Feedback

ey
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training task was given to all groups in which feedback was not

T I R S

presented. Results of the analysis of variance indicated no differ-

ence in training time-to-criterion (p > 0.05). Thus, visually

B §
. H

presented augmented feedback did not aid subjects in either type of

training procedure. Furthermore, subjects trained adaptively required

[

the same amount of training as those in the fixed-difficulty conditionms.
! However, subjects who were trained adaptively performed reliably
better in transfer than those receiving fixed-difficulty training
(p = 0.0065). The presence of feedback in training did not prove to
have any effect on transfer performance (p > 0.10). 1

The results of the above two studies imply that constantly

[os—y

presented visual feedback produces neither a performance nor a
- learning effect in a complex, closed-loop tracking task. However,
- based on the conclusions from open-loop motor skills research, it would

appear that augmented feedback should have enhanced performance

.,_.;..t -4

in training and transfer. From the training results of Study I and

i

the comments of several subjects in the feedback conditions, there

| v
(2

was reason to believe that the training task in these two studies

.
1~ imposed such a large visual workload upon the subjects that they were
3 unable to use the feedback effectively. In fact, the visual workload

of the subjects in the feedback conditions was theoretically increased

gt

by providing them with the visual feedback.
If the workload imposed by a task is such that the augmented

feedback can not be attended to, then the feedback will not have an

effect on training performance. With this being the case, one can not

L I Y R |
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expect transfer performance in a non~augmented feedback condition
to be affected either. This has been a consistent finding of
augmented feedback research in which augmented feedback failed to
enhance behavior while present in training.

Thus, a primary concern when employing augmented feedback should
be its capability of being used by the trainee. In relatively simple
systems, this criterion may be met by presenting augmented feedback
in any one of numerous ways. However, the more complex the training
system, the more careful one must be in presenting augmented feed-
back so that it is useful. For example, in complex training systems
outside of the laboratory, a high visual workload is often encountered.
Some systems require the operator to constantly monitor numerous
continuous information displays which provide information important
for successful task performance. One such instance is a flight
training simulator. In situations such as this, it is imperative
that means other than the constant presentation of visual feedback
be explored if, indeed, this augmented information is capable of
aiding performance.

Some research in this area has recently been conducted. Gibson
and Ventola (1976) successfully employed constantly augmenting tactile
feedback to present pilots with flight path information during
approach and landing operations. Lintern (1978) presented adaptive
visual flight path information during landing operations that appeared

only when the trainee was off-course. As in Gibson and Ventola's study,

T 4t b s
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Lintern found a performance as well as a learning effect attributable

L to the augmented feedback. i

l Purpose of Thesis Research

Research dealing with the effects of augmented feedback on closed-

;. loop motor skills training has been severely limited. Furthermore,
little has been done to investigate alternative procedures for pre-
senting augmented feedback in complex motor skills training. The
purpose of the present research was to evaluate the effects of two
types of off-course augmented feedback using two training procedures
on the learning of a complex motor skill.

The main point of interest in this study was the effect of the
augmented feedback on adaptive motor skill learning. The types of

i - feedback used were: (1) auditory feedback, (2) visual feedback,

(3) auditory plus visual feedback, and (4) no feedback. Two training
procedures were used to assess whether or not the various augmented
feedback types would have any differential effects upon training
procedure. The training procedures used were: (1) a fixed-diffi-
culty training procedure representing traditional, open-loop motor

skills training, and (2) an adaptive training procedure.

With the use of off-course augmented feedback, the amount of

information presented diminished as training progressed. This

prevented an abrupt change in the amount of information available
from occuring in the transition from training to the no-feedback

transfer condition. Furthermore, off-course feedback called attention
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to and emphasized one's errors early in traiming. In addition to
these desirable qualities, off-course information, if correctly
implemented, has a clear advantage over continuous augmented infor-
mation in that it does not require constant monitoring.

Besides off-course information, subjects who received feedback
in the adaptive training procedure also were provided information
concerning the changing levels of task difficulty. The decision
to include such information was the result of a suggestion by Kelley
(1969). With error remaining relatively constant in an adaptive
training system, Kelley suggested that it is important for the trainee
to be provided with some type of information indicating performance
improvement.

It was hypothesized that the augmented feedback would produce
a performance as w;ll as a learning effect in both types of training
procedures used. It was also hypothesized that subjects who received
adaptive training and augmented feedback would have lower training
scores than subjects in the fixed difficulty conditions receiving
augmented feedback. Providing level-of-difficulty feedback with
adaptive training eliminates the problem of there being no performance
information in adaptive systems. Thus, the combination of the adaptive
procedure which provides tailored training and level of difficulty
feedback which provides performance information, training should be
facilitated in terms of lower time-to-criterion scores. Finally, it
was hypothesized that those who received adaptive training would

perform significantly better in the transfer task with multiple levels

e i,
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of task difficulty than those who received fixed-difficulty training.

This hypothesis was baéed on the fact that subjects presented with the

adaptive training procedure have more experience in tracking the

Pl ami el S

forcing function at various levels of difficulty and therefore could

more readily adapt to changing levels of task difficulty in transfer.

[ ]
M '

& ey




Tracking Task

To investigate the possible facilitating effect of augmented

feedback in motor skills training, a two-dimensional pursuit tracking

task was used. The experiment was divided into two sessions, a
training session and a transfer session, with the same tracking task
being used in both sessions.

Training task. Subjects learned the two-dimensional pursuit
tracking task illustrated in Figure 4. Three independent, random,
band-limited functions were used to determine the forcing function
of the pursuit symbol ("X") on the display. The band-limited functions
determined the length of a movement in each axis and the duration of
the vector movement. The forcing function of the tracking symbol
("0") was generated from the output of an isometric control stick.

The effective tracking area on the display was 12.7 cm X 12.7 cm

- with the visual feedback appearing outside of this region (8.89 cm

from the display's center). Subjects rested their heads on a fore-

head rest such that the viewing distance was kept constant at 1 m.

With this viewing distance and a subject's point of regard being the

¥ . center of the display, the visual angle subtended by the feedback bars

was 10.1°. Thus, the feedback bars were in peripheral vision when a

y-t

subject fixated on the center of the display. Each tracking symbol

presented on the display occupied a 0.64 cm X 0.48 cm area.

22

[ pumnd () ondy




- . * (jse3 tenioe ayy uy padeydsip
! s7aqeT A(uo 3yl aiem , x11IND1441d, PUB ,XOViADDV,) ‘'OBqpasy
_ paiudulne JensTA YITM jsel 3uryoexl Jynsind jeuoysusawip oMl ‘4 3iIn314

ALNJI4414 AJVHNIIV

S ——et— e ————————

12 s o AR o € 7!

_m,.. ALINDI4410 : JONVNHOIY3d
ASVL INgVLd430Y ———
NOIM3114D WNWINIW

Pomomry . —— 4 — b4 romr-e [am— P ] ol 4




@n

[ |

o el e

24

The control system dynamics of this system were neither pure
rate nor pure acceleration. With pure acceleration systen dynamics,
pretesting results showed mean time to be more than 1 h, a time
period longer than that desired by the experimenter. In pretesting
subjects with a pure rate system, mean training time was less than
5 min with little intersubject variability. Thus, various weighting
constants were placed on both control orders and several new subjects
were pretested to establish weightings that would result in training
times acceptable to the experimenter and also yield satisfactory
intersubject variability.

For each stick output, the corresponding positions of the
"0" under both pure rate and pure acceleration control were calcu-
lated. The following transfer function describes the system dynamics

in each axis:

0 o
« Ax . ix
ox (8) = (A=) Ky 5=+ = KK, 22 &Y

where eox (S) = the Laplace transform of the scalor change
in position of the "0" in one axis
= = 3 weighting constant used to weight rate control
and acceleration control on a relative basis
K, = gain constant
Kz = time constant
@, = input force on the control stick in one axis
S = the Laplace transform independent variable.
For this experiment, = was specified equal to 0.8. The constants

K. and K, were derived as a function of the maximum allowable speed

1 2
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of the "0" set in the task parameters (see Appendix A) and the
effective tracking area on the display. These constants were

specified as follows:

K, = 1.4511 cm syt
-1
K2 = 1.6 s

The input force was that applied to the top of the 12.534 cm isometric
controller and measured at its base.

The random movement of the pursuit symboi was generated by
simulating a computer-operated control stick identical to the transfer
function of the isometric controller as described in Equation 1. In
Equation 2, eix would be the simulated control stick output value. The
Ki constants for the pursuit symbol were derived as a function of the
maximum and minimum velocities of the "X" set in the param;ters of

the task and the effective tracking area on the display. These

constants were specified as follows:

K, = 0.7266 cm syt
-1
KZ = 0.8 s

The value for the input force in newtons was chosen from a random
number generator internal to the mini-computer used to generate the
experimental task. Task difficulty was defined in terms of the
movement speed of the pursuit symbol and changed relative to the output

value of the simulated control stick.
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A small-step adaptive logic was available to vary task difficulty

I by changing the maximum allowable output value of the simulated control
- stick. Absolute vector tracking error was computed every 60 ms and

ol compared to a tolerance limit of 10% of the screen diagonal (1.8 cm).

A total of 1851 task difficulty steps requiring a minimum time of
111.1 s to reach the exit criterion level of difficulty was used.
With such a small-step adaptive logic, performance was Stabilized
throughout training, but increases in level of task difficulty were
not readily apparent from the task itself.

The criterion level of task difficulty during training was a
maximum possible movement speed of the "X" of 20.32 cm/s. In the
fixed-difficulty training procedure, the speed of the "X" was main-
tained at the criterion level throughout training. Exit criterion
training performance was the maintenance of the "0" within 10% of
the effective screen diagonal of the "X" for a period of 20 continuous
seconds while the "X" was moving at the criterion level of difficulty.

To avoid confounding fatigue effects, subjects were given a maximum

[ S S— [

of fifteen, 3-min trials iunterspersed with 1-min rest periods to exit

[ |

the training task.

Transfer task. After training to criterion and a 5-min rest

period, subjects were given a 6-min transfer task identical to the
training task with the exception that no feedback was presented to
any of the groups. Task difficulty shifted among three levels with
each level of difficulty being presented for 2 min. These three levels

of difficulty were: the exit criterion level of difficulty in training

N P S St e e
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(20.32 cm/s), 0.5 X exit criterion level (10.16 cm/s), and 1.5 X
exit criterion level (30.48 cm/s). The presentation of the levels
of difficulty was completely balanced within each cell, yielding six
possible presentation orders. With there being 12 subjects per cell,

two subjects in each cell received the same presentation order.

Experimental Design.

Figure 5 contains a block diagram of the experimental design.
The two factors examined in training were training procedure and
augmented feedback. Training procedure had two levels with one
being adaptive training (closed-loop) in which the level of task
difficulty varied as a function of the trainee's performance according
to the logic described in the training task and the other being
fixed-difficulty training (open-loop) in which the trainee was pre-
sented with the criterion level of task difficulty throughout training.
The second factor examined in training, augmented feedback, had four
levels. These four levels included two different types of off-course
feedback (visual and auditory), a combination of both types of off-
course feedback, and no augmented feedback.

Visual feedback was provided as shown in Figure 4. On the left
hand side of the display appeared a bar graph labeled "ACCURACY."
The horizontal line at the top of the bar graph indicated in-tolerance
performance, or, the "0" being within 10% of the effective screen
diagonal of the "X" (1.8 cm). When the "0" was closer than 1.8 cm to

the "X", the vertical line disappeared from the display. If the
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subject moved the "O" outside of the tolerance range, the bar re-
appeared on the display. On the right hand side of the display
appeared a bar graph labeled "DIFFICULTY." As task difficulty in-
creased, the bar approached the upper horizontal line which indicated
criterion task difficulty. When criterion task difficulty was
achieved, the right hand bar graph disappeared from the display. 1In
the adaptive training procedure, the bar graph reappeared if a
subject's performance became out-of-tolerance after the criterion
level of difficglty had been reached. In the fixed-difficulty
training procedure, this bar graph was not presented because task
difficulty was always at the criterion level.

Auditory feedback was provided through a loudspeaker located
approximately 1.5 m to the rear and 1.5 m above the subjects. Task
difficulty was indicated by 50 ms "beeps" at 400 Hz and 46 dB. When
the task was at its lowest level of difficulty (as it was when training
began), the beeps were presented at the rate of 20/s and were perceived
as a continuous tone. As task difficulty increased, the period be-
tween beeps also increased until the criterion level of task difficulty
was reached. At this point the beeps were no longer presented. How-
ever, if performance decrement occurred and task difficulty decreased,
the beeps reappeared at an initial rate of one beep every 400 ms. If
performance decrement continued to occur, the rate of the beeps con-
tinued to increase.

Tracking accuracy was indicated by a continuous, 2,000 Hz tone

varying in amplitude from 46 dB to 51 dB. When the "0" was more than
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10X of the effective screen diagonal away from the "X" for a period

of 60 ms, onset of the tone occurred at 46 dB with the tone increasing

in amplitude to 51 dB when the subject was > SOZ of the effective
screen diagonal away from the "X". All frequencies and amplitudes were
selected such that no masking occurred.

As can be seen, the off-course feedback employed in this study
was such that it was noticable when presented and therefore did not
require the subject to perform a secondary task of monitoring for
its presence. Furthermore, although the on-target versus off-target
augmented feedback may have been redundant information in that this
information was readily available from the task itself, the task
difficulty augmented feedback given in the adaptive training procedure
provided information not readily apparent from the task due to the

small-step adaptive logic employed.

Equipment

The tracking task was generated using a laboratory developed
software package run on a Digital Equipment Corporation PDP 11/55
digital computer. The task was displayed on a Tektronix 4014-1
computer display terminal. Subjects tracked the pursuit symbol using
a Measurement Systems Model 435 two-axis isometric ;ontrol stick.
Augmented feedback was presented visually oa the Tektronix display and
auditorily through a Utah 15.24 cm, general purpose loudspeaker. The
hardware responsible for generating the auditory signals was built

in-house.
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For the 2,000 Hz continuous tone indicating in-tolerance versus
out-of-tolerance performance, an analog voltage was sent from the
D/A converter of the PDP 11/55 (a DEC LPS 11) which was proportional
to the subject's distance (in terms of percent of screen diagonal)
from the pursuit symbol. This voltage was received by a voltage
control amplifier which also had a 2,000 Hz input. If the voltage
received corresponded to a subject's tracking error being greater than
10%2 of the screen diagonal (out-of-tolerance performance), the voltage
control amplifier amplified the 2,000 Hz input to a specific dB level
between 46 dB and 51 dB and sent it to another amplifier which
powered the Utah speaker. If subject error was less than 10% of the
screen diagonal, no auditory signal was generated.

The beep rate of the 400 Hz tone was generated as the result of
a digital output of the LPS 11. A 16 bit word with a numeric value
corresponding to task difficulty level was received by a counter
with a continuous clock input. Given che digital signal and the input
from the continuous clock, the counter determined when to send a
signal to a trigger which opened a circuit to a 400 Hz input. (Upon
signaling the trigger, the counter was reset). A 400 Hz output with
a specific amplitude and duration was then sent to the same amplifier
which powered the Utah speaker for the 2,000 Hz tone. So that both
auditory signals could be put through the same speaker, an analog
adder was employed. Thus, before either auditory signal was fed into

the speaker amplifier, they were sent through the analog adder.
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Figure 6 illustrates the experimental set-up. The software

package responsible for generating the tracking task and the augmented

feedback used two independent real-time cycles--a 60-Hz cycle to

]

refresh the display and a 60-ms cycle to update the task and the #

[P
. .

augmented feedback. Figure 7 gives an overview of the software ;
package while Figure 8 contains a flow diagram of the real-time

process. Appendix C contains a listing of the software package.

Subjects

Twelve paid volunteer male college students were randomly

assigned to each training/feedback condition for a total of 96

subjects. All were right-handed and naive to the experimental task.

[Ty
.

Before participating in the study, all subjects were given a full
vision test with a Bausch and Lomb Orthorater and were required to

have at least 20/25 vision (near and far, corrected or uncorrected).

& ww )
« '

Furthermore, all subjects read and signed a consent form to parti-
] cipate in the study which delineated their rights as a subject.
I Subjects were given the opportunity to receive a summary of the
- I experimental results by indicating so on the consent form. Appendix
| D contains the summary. Only male subjects were used to eliminate
! any sex differences that may exist in motor skills training (Williges,

Williges, and Savage, 1977).

Procedure

[yPo—

Subjects were seated in the experimental room and given sufficient

time to adapt to the room's low illuminance level. They were then !

Gt § [Sm——
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Figure 6. Experimental set-up.
(Prepared by John Evans, III).
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Flow diagram of the real time process.

(Prepared by John Evans, III).




given tape-recorded instructions appropriate to their respective
experimental conditions. After attending to the recording, subjects

were given the opportunity to ask questions concerning the instructions.

,,*

[ o
v

The experimenter remained in the experimental room for the first

trial of the training session after which the subjects were once again

Sy
N

asked if they had any questions. For the remainder of the experiment,

the experimenter resided in an adjacent room to which the subjects

[T

were provided communication via an intercom system.
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RESULTS

Eight subjects failed to exit from the training task in the
allotted 15 trials. Three were in the fixed-difficulty without
augmented feedback condition while each of the following conditions
had one no-exit subject: adaptive training with auditory feedback,
adaptive training with visual feedback, fixed training with auditory
feedback, fixed training with visual feedback, and fixed training
with auditory and visual feedback. Thus, a total of 104 subjects
were required to balance each of the right conditions with 12
subjects. Three xz analyses were performed with the no-exit frequency
data to determine if there was a significant difference in the number
of no-exit subjects due to training procedure, type of augmented
feedback or training/feedback conditions. None of the three analyses
yielded significant results (p > 0.10). It must be noted, however,
that a bias in favor of failing to reject the null hypothesis was
introduced in those analyses in that some of the expected cell fre-
quencies were less than 5 (Lewis and Burke, 1949). As a result, the
probability of occurrence of the alternative hypothesis (there being
a significant difference in the number of no-exit subjects due to
training procedure, type of augmented feedback or training/feedback
conditions) was actually higher than that obtained by these analyses.

All subjects were presented the transfer task, whether or not
they exited from training within the allotted 15, 3-min trials. Equal

n's analyses of variance as well as unequal n's analyses of variance

37
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were performed on the data. In the unequal n's analysis of variance
on the training data, 45 min was used as the time-to-criterion for
subjects who failed to exit from the training task. The unequal n's
ANOVA used was Yate's (1933) weighted squares of means technique in
which values for the missing observations in each cell are inserted
so as to obtain a complete set of data. This technique yields
inflated treatment F-values, but the inflation of these F-values

is modest when the fraction of observations inserted in each cell is
small relative to the total number of cell-observations used in the
analysis. The significant findings in the unequal n's analyses were
the same as those in the equal n's analyses. (See Appendix G for the
ANOVA summary tables of the unequal n's analyses). Thus, the values

reported are those of the equal n's analyses.

Training

Table 2 lists the mean time-~to-criterion scores and their
standard deviations for the eight training/feedback groups. A two-
way analysis of variance on time-to-criterion scores yielded no
reliable effect due to training procedure or augmented feedback
on training time (p > 0.25). Table 3 presents the ANOVA summary table

of the training analysis.

Transfer
An analysis of variance on vector RMS tracking error integrated
over each minute of the transfer task was conducted with training

procedure, feedback in training, and level of task difficulty during




TABLE 2

Mean Time~to-Criterion Scores and Standard Deviations

Condition X (min) s (min)
Fixed training/Auditory feedback 14.3 7.7
Fixed training/Visual feedback 13.4 7.1
Fixed training/Auditory plus visual feedback 12.0 8.7
Fixed training/No feedback 17.0 9.8
Adaptive training/Auditory feedback 14.6 9.3
Adaptive training/Visual feedback - 14.2 9.8
Adaptive training/Auditory plus visual feedback 15.3 11.3
Adaptive training/No feedback 17.7 6.8

Lall

, Fixed training: 14.2 min

lall

, Adaptive training: 15.4 min

fal)

s, Feedback: 14.0 min

tall

, No feedback: 17.4 min
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TABLE 3

ANOVA Summary Table for Equal n Training Data

Source daf Ss F B
Training Procedure (T) 1 146005.08 0.51 0.4776
Feedback Type (F) 3 761279.64 0.88 0.4548
TxF 3 119049.35 0.14 0.9332
S/TF 88 25261347.63
Total 95 26287681.70
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transfer as factors. Table 4 provides a summary of the mean error

and standard deviation for the right training/feedback groups.

The main effect of level of difficulty was significant (p < 0.0001),

indicating that the three levels of task difficulty presented in trans-

fer did represent different skill levels (see Table 5). Tracking
error increased with greater task difficulty (6.4%, 9.4Z and 12.3%,
respectively).

A more important result from the analysis of variance was the
finding that training procedure had a significant effect (p = 0.0251)
upon transfer performance. The mean vector error of those trained
adaptively was 9.0%, whereas the mean vector error on those trained
in the fixed-difficulty condition was 9.7%. The main effect of feed-

back in training and none of the interactions were reliable.

Questionnaire

A xz analysis was performed on the cumulative responses to each
response on the questionnaire. A summary of the x2 analysis on all
questions is provided in Appendix F. Several of these findings are
of primary incerest.

Of the 72 subjects who received some form of augmented feedback,
only two, a significant minority, responded that they did not ewploy
it in performing the task, xz (1) = 64.2, p < 0.005. Out of the 70
subjects who used the feedback, a significantly greater number said
they found the feedback to be more than "helpful" on the
questionnaire they were administered, x2 (1) = 16.5, p < 0.025.

However, in an analysis by condition on the helpfulness
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TABLE &

Transfer Vector RMS Tracking Error and Standard Deviations

Mean Error

iu Conditions X of screen diagonal s
T Fixed/Auditory 9.2 2.6
Fixed/Visual 9.3 2.8
i Fixed/Auditory plus Visual 10.1 3.5
Fixed/No Feedback 10.4 4.0
Adaptive/Auditory 9.1 3.0
I Adaptive/Visual ‘ 9.0 3.1
Adaptive/Auditory plus Visual 9.3 3.0
I Adaptive/No Feedback 8.6 3.0
I X, Fixed Training: 9.7%

-~
tell

, Adaptive Training: 9.0%

tadl

, Feedback: 9.3%

s
ladl

, No Feedback: 9.5%
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TABLE 5

ANOVA Summary Table for Equal n Transfer Data

Source af ss F ]

Between Subject

Training Procedure (T) 1 0.0041 5.19 0.0251
Feedback Type (F) 3 0.0015 0.65 0.5870
TxF 3 0.0030 1.26 0.2942
S/TF 88 0.0698

Within Subject

Level of Difficulty (LOD) 2 0.1667 349.12 0.0001
LoD x T 2 0.0005 1.16 0.3155
LOD x F 6 0.0005 0.34 0.9162
LOD x T x F 6 0.0025 1.75 0.1114
LOD x S/T 176 0.0420

Total 287 0.2906
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rating, it was found that the condition a subject was in significantly
affected the helpfulness rating, x2 (15) = 29.8, p < 0.025. Approxi-
mately one-half of those subjects who received the fixed training

with visual feedback and the adaptive training with both types of

feedback found the augmented feedback less than "helpful." 1

=y ey D B

Another interesting, statistically significant finding was

Seniiatic |
. '

subject preference to feedback type. Significantly more subjects
indicated that they preferred auditory to visual feedback, xz (1) =
8.16, p < 0.005. However, this preference was significantly affected

by training procedure, x2 (1) = 6.32, p < 0.005, with all subjects in

Sty [—
L] . .

the fixed~difficulty training procedure preferring auditory feedback
while only 7 subjects (58.3%) in the adaptive training procedure

preferred the auditory feedback.

In addition to the above significant findings, some non-signifi-

cant findings also proved to be interesting. A major concern of many

experimenters in employing augmented feedback is its motivating
effects. However, in responding to a question asking subjects how
interesting they found the experiment, those who received feedback
found the experiment no more interesting than subjects not provided
with feedback (p > 0.10). Another interesting nonsignificant finding
was that the actual use of the auditory signal, as indicated by the
subjects, was not greater than that of the visual signal (p > 0.10)
even though a significantly greater number of subjects preferred the

auditory signal over the visual signal.

S T O e el puid  feend  pemd g el e




~
PR e b

B sy
.

PN )

& i
.

Smran g

DISCUSSION

Augmented Feedback
Training. In training, no significant effect due to augmented

feedback was found. This result is consistent with earlier findings

of Cote, et al. (1978). However, the results of this study do not
support the hypothesis that the lack of an augmented feedback effect
with this task 1s due to a visual information overload. In the present
study, the visual attention required to attend effectively to the
visual feedback was minimal. Furthermore, the auditory feedback
required no visual attention.

One could hypothesize that the lack of a feedback effect could
be the result of an overall operator information overload, but this
hypothesis is not consistent with the findings of the questionnaire
analyses. If the augmented feedback created an information overload,
it would appear reasonable to assume that subjects would ignore the
feedback since the task could be performed without it. However, of
the subjects who received augmented feedback, a significant majority
sald they used it in performing the task (p < 0.005). Furthermore, of
the subjects who used the feedback, a significant majority considered
it to be more than helpful (p < 0.005). In addition, over 50% of the
subjects receiving feedback indicated that they used it for at least
two-thirds of the training session.

Another interesting point from the questionnaire regarded the

preference of feedback type and actual performance when presented with

45
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a single feedback type. When subjects who were presented with auditory
and visual feedback in both training procedures were asked which feed-

back type they would choose if they had to do the same task again (see

i
|
I
I

question 14 in Appendix D), a significant majority chose auditory

feedback (p < 0.005). Nevertheless, subjects who received only the

Wpastainin.
¥

auditory feedback in both the adaptive and fixed-difficulty training
procedures did not have significantly lower time-to-criterion scores
than subjects who received only the visual feedback.

Transfer. As in the results of the training analysis, no

significant effect due to feedback was found in transfer. The lack

of any significant effect due to feedback in training and/or transfer

was not expected. Gordon (1968), Gordon and Gottlieb (1967) and

€ st ot
-

Williams and Briggs (1962) have all shown out-of-tolerance augmented
feedback to produce a performance as well as a learning effect when
used with open-loop tasks having clearly discernible intrinsic feed-
back. The intrinsic feedback available from the task used in this

study was certainly clearly discernible. However, Michelli (1966)

d bmemd

may offer an explanation for the differences in results. In varying i

B o §
,

2

the amount of augmented feedback presented and the discernibility of

the intrinsic feedback, he found only a tendency for small amounts of

[ ]
M .

information from augmenting feedback during training to be somewhat

beneficial in transfer with tasks having clearly discernible intrinsic

ol
M .

feedback.

 ama ]

Although the augmented feedback in the fixed-difficulty closed-

loop task was usable, it did not provide information that was not
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readily available from the task itself. This may help explain the
nonsignificant transfer results. However, in the transfer results
of the adaptive training groups, a tendency of the feedback groups to

perférm better in transfer is evident. The lack of a significant

result could be due to the small amount of additional information

provided by the augmented feedback which was not intrinsically avail-

Vol i oumi NS D W

able from the task (task difficulty information).

Another plausible explanation for the finding of a learning

gy

effect in other studies employing off-course feedback and tasks with

clearly discernible intrinsic feedback may be that of negative

| aae]

reinforcement. Since the augmenting cues were only presented when a
subject's response was incorrect, an aversive conditioning effect may

have occurred. Payne and his associates (Payne, 1970; Payne and

Artley, 1972; Payne and Dunman, 1974; and Payne and Richardson, 1972)
have shown that the pairing of an out-of-tolerance augmenting cue

(red light) with an aversive stimulus (shock) prior to performing the
actual training task with clearly discernible intrinsic feedback will
cause the augmenting cue to produce a performance as well as a learning
effect. Groups that did not receive the aversive conditioning prior

to performing the task failed to show any tendency of a performance or

learning effect due to the augmented feedback.

Training Procedure

Training. In training, no significant effect on time-to-~criterion

scores due to training procedure was found. This is consistent with

s e = - N TN s —— A o s = s 5w e
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the earlier findings of Cote, et al. (1978). However, it was hypo-
thesized that the training by feedback interaction would be significant
due to the adaptive procedure which provides tailored training and
the level-of-difficulty feedback which provides performance infor-
mation. This hypothesis was based on the results of numerous studies
where adaptive training has not been found to be superior to fixed-
difficulty training and Kelley's (1969) suggestion that the failure
of adaptive systems may sometimes be due to their inherent lack of
performance information. The provision of level of difficulty infor-
mation appears to be especially important in adaptive systems employing
a small-step adaptive logic in that performance improvement is then
difficult to detect. However, the results of this study in which a
small-step adaptive logic was employed fail to support this hypothesis.
The failure of augmented feedback to improve the performance of
those in the adaptive training procedure may have been due to a couple
of features inherent to the task. In the adaptive system used, task
difficulty was adjusted in accordance with the trainee's performance
in an effort to keep the trainee's tracking error relatively constant

at a specified low level. As a consequence, though, behavior producing

out-of-tolerance performance one moment would not cause out-of-
tolerance at a time in the near future. Thus, the nature of the
adaptive system could have voided any useful purpose that the out-of-
tolerance feedback may have served.

Another reason for the failure of augmented feedback to have an

effect on the performance of those trained adaptively may have been
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the subjects' knowledge of the amount of time they were to spend per-
forming the task. Subjects knew that the experiment was approximately

one hour in length. As a result, they may have been simply performing

taone I B BN

the task without giving much attention to the information they were

presented regarding their performance. Thus, the information may not

[ "]

have been as important to them as it would be in a task that is open-

ended. In a task that is not readily learned, requiring training to

take place over an extended period, information indicating actual per-

i1

formance level in relation to criterion performance level could play

an important motivational or incentive type role. In an extended

training session with a small-step adaptive logic, an apparent lack of
improvement could be extremely discouraging to the trainee and there-
- fore impede performance. The addition of augmented feedback depicting
- actual performance in relation to criterion performance may then help
maintain a steady rate of improvement in performance.

Transfer. Although a main effect of training type was signifi-
cant in transfer with those who received the adaptive training pro-

} cedure tracking more accurately than those who received the fixed-

[y

difficulty procedure, the difference in transfer tracking error was

minimal. However, this finding was consistent with the earlier

Eoe a—t

findings of Cote, et al. (1978). As was hypothesized earlier, the

ey

reason for superior performance of the adaptive training group in

transfer may have been due to the greater amount of practice afforded

B samainan

the adaptive group in keeping the controlled elemerit within tolerance
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of the forcing function symbol at various levels of difficulty. This,
of course, is a basic feature of adaptive training systems.

This result points out an important aspect of adaptive systems
that should not be ignored. Adaptive training systems have often been
criticized for their development costs, their failure to reduce
training time, and their failure to improve training performance. How-
ever, 1f performance in the transfer situation is better than it would
be if alternative training procedures were used, then it may be wise to
use an adaptive training system. Obviously, many factors would have to
be considered in making the decision of what type of a training system
to use, but any particular system should not be excluded based on its

cost and the training results it produces.

Conclusion

The results of this study suggest that augmented feedback in a
closed-loop adaptive training system with clearly discernible intrinsic
feedback does not enhance performance in either training or transfer.
However, the results obtained may be due to: (1) the limited amount of
information that may be provided by augmented feedback in an adaptive
system with clearly discernible intrinsic feedback, (2) the feedback
not being aversive, (3) the length of the training period, or (4) the
features inherent in an adaptive training system. Nevertheless, it
appears that augmented feedback will not produce a performance or a
learning effect when provided with an adaptive task of short duration

that has clearly discernible intrinsic feedback.
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Although no effect due to augmented feedback was found in this
study, it may be that augmented feedback may aid performance in an
adaptive task without clearly discernible intrinsic feedback. One such
example would be a compensatory tracking task. In open-loop motor
skills research, augmented feedback has been found to produce a per-
formance as well as a learning effect in tasks that lack clearly
discernible intrinsic feedback (Von Buseck, 1965; Gibson and Ventola,
1967; and Lintern, 1978). However, in attempting to apply augmented
feedback in a closed-lsop system lacking clear intrinsic feedback,
one should follow the suggestions that have come out of the numerous
open~loop studies that have investigated the effects of augmented
feedback.

Thus, if augmented feedback is applied in an adaptive closed-
loop system lacking clearly discernible intrinsic feedback, the feed-
back should: (1) not provide cues which can be relied upon for
successful performance throughout training, (2) signal out-of-tolerance
performance, and (3) direct the attention of the trainees to the
results of their responses and thus their errors. It is hypothesized
that if these guidelines are followed in implementing augmented feed-
back into a closed-loop adaptive motor skill training system lacking
clearly discernible intrinsic feedback, a performance as well as a
learning effect would be realized. This hypothesis is based on the
results of Micheli's (1966) research which suggests that the more
information provided by augmented feedback, the greater the effect on

performance and learning. However, one must be cautious not to have
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such poor intrinsic feedback that the trainee relies on the augmented
feedback to perform the task. In this situation, a severe performance

decrement would occur upon the withdrawal of the feedback.




SUMMARY

A two-dimensional pursuit tracking task was used to teach subjects

a complex perceptual motor skill. The primary emphasis of this
experiment was to test the effects of off-course augmented feedback
on adaptive motor skill learning. Another aim was to examine the com~
bined effects of various augmented feedback types and training
procedures.

Previous open-loop motor skill research has shown off-course
augmented feedback to produce a learning effect when employed with
tasks having clearly discernible intrinsic feedback. It is the general
consensus that such feedback, if usable by the trainee, produces a
learning effect because: (1) it emphasizes error due to incorrect
responses early in training, (2) the supplemental information provided
by the augmented feedback is gradually phased out as the trainee be-
comes more proficient in performing the task such that an abrupt change
in information does not occur when the augmented feedback is completely
withdrawn, (3) the trainee car not depend on the off-course augmented
feedback to perform the task throughout training, and (4) off-course
augmented feedback, if made readily apparent, does not distract from
the task being performed as does constant augmented feedback requiring
continuous monitoring.

Subjects were taught a two-dimensional pursuit tracking task with
a fixed-difficulty training procedure or an automatic adaptive training
procedure. Subjects in each training procedure were placed in one of

four feedback conditions. The four feedback conditions were:
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(1) off-course auditory feedback, (2) off-course visual feedback, (3)

l off-course auditory and visual feedback, and (4) no augmented feedback.
I Subjects in the adaptive training procedure who received augmented

feedback were also given task difficulty information.

After training to criterion and a 5-min rest period, all subjects
were presented with a 6-min no-feedback transfer task fdentical to the
. training task. The transfer task consisted of 3 task difficulty levels.

In training, no reliable effect due to feedback or training

[N

procedure was found. In transfer, there was no reliable effect due
! to training feedback. However, the effect of training procedure was

significant in transfer with subjects trained adaptively performing

.

significantly better. This effect was anticipated on the basis that
adaptively trained subjects receive more practice at various levels of
task difficulty during training.

In conclusion, the results of this study suggest that augmented

—

feedback in a closed~loop adaptive training system with clearly
o discernible intrinsic feedback does not enhance performance. However,

- it 1s believed that level of task difficulty information may maintain

a steady increase in performance level in adaptive systems requiring

training to take place over an extended pariod. Furthermore, based on

the findings of numerous open-loop motor skill studies and the results

of this research, it was hypothesized that augmented feedback may pro-

duce a performance as well as a learning effect in adaptive systems

lacking clearly discernible intrinsic feedback.
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Prgdicting Optimal Training Group Assignment
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the longer predicted time to train.

INTRODUCTION

The vast storage capacity of the
¢cmputer has encouraged training desig-
ners to provide adaptive instruction
tailored to individual student needs.
In training, the role of the computer
varies from disseminator of information
te manager of instruction. As a disse-
minator of information the computer det-
armines the student's unique trajectory
through the curriculum. This 1is what
tHansen (1973) refers to as within task
ajaption. Hansen defines pretask adap-
ticn as the use of the computer as a
manager to diagnose and prescribe
instruction.

Much research has been directed
toward the development of an optimiza-
tion model to disseminate information.
Fletcher (1975) describes four types of
quantitative models: memory (e.g.,
Estes, 1960), artificial intelligence
te.g., Newell, Shaw, and Simon, 1960),
autcmation (e.g., Minsky, 1967), and
regression (e.g., Suppes, Fletcher, and
Zanotti, 1975). An earlier approach to
irstructional sequencing, Smallwood's
(1362) model, uses both the student's
response history as well as the cumula-
tive history of students who took previ-
O3 courses. In motor skill training
the linear adaptive model developed by
Kelley (1969) has been the stimulus for
4 gr'czt deal of research. The goal of
esch of these approaches is to minimize
Lime and instructional costs and to
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PREDICTING OPTIMAL TRAINING GROUP ASSIGNMENT

Beverly H. Williges, Robert C., Williges, and Ricky E. Savage

Virginia Polytechnic Institute and State University
Blacksburg, Virginia

ABSTRACT

Multiple regression equations were used to assigr 40 students to fix-
ed-difficulty or adaptive training based upon the shorter predicted time-
to-train score. In addition, 40 students were randomly assigzned to the two
training conditions, and 40 students were mismatched to training based upon
Using predicted scores to match stu-
dents to training alternatives resulted in a 47% savings in training time
cver random assignment and a 53% savings over mismatched assignment. The
assignment effect was reliable at the 0.000l level. Future research will
examine different categories of predictors, additional training alterna-
tives, and more complex training tasks.

maximize student achievement by adjus‘-
ing the instructional environment to
individual, and perhaps changing,
instructional needs.

A second approach to individual
differences in training involves the use
of the computer as a manager of instruc-
tion. Carroll's (1963) learning theory
suggests that the degree of learning a
given task is a function of the amount
of time spent learning the task in rela-
tion to the amount of time needed to
learn the task. Time needed is based
upon learning under optimal conditions.
Bloom (1976) provides three predictors

of time to learn: (1) cognitive entry
behaviors (prior experience with the
task), (2) affective entry behaviors

(motivation level of the student), and
(3) quality of instruction (appropriate-
ness for the student).

As a manager of instruction the
computer must use a model to determine a
priori the appropriateness of a particu-
lar training method. For example,
regression models might be useful to
predict training success. Kaskowitz and
Suppes (1978) have suggested that a
regression equation may be considered to
be a mathematical model in the sense
that a linear relationship between rate
of learning and certain independent var-
iables is hypothesized,

Two findings reported by Wagner,

Copyright @ 1979, The Human Factors Society, Inc. All rights reserved.
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Behringer, and Pattie (1973) provided
impetus for the present study in which
regression equations were used to pred-
ict optimal training group assignment.
Using regression equations to predict
Lime to complete a course on stock con-
trol and accounting, Wagner et al. found
that (1) simple mathematical equations
were the best predictors of performance
and (2) grouping students according to
mode of instruction (audio-visual or
programmed instructions) improved pred-
iction. The improvement in prediction
when students are grouped by training
type suggests that training type inter-
acted with individual differences among
students. Perhaps the best score pred-
icted with the various training types
could be wused to select an optimal
training assignment.

A preliminary evaluation of the use
of multiple regression for training
group assignment has been conducted
using the Air Force Advanced Instruc-
tional System's inventory Management
course. McCombs (1979) reports modest
savings in training time when regression
models were used to select students for
alternative training modules. However,
because the study was conducted within
Lhe constraints of an operational train-
ing system, several limitations should
be noted. First, alternative tr »atments
were available only in selected lessons
(27% of the course). Second, no stu-
dents were purposetully mismatched, so
tne discriminability of the selection
procedure could not be tested. Third,
selection of the optimal training type
could be overridden when tne instruc-
tional materials were not available or
~hen an instructor changed a student's
assignment. However, even with these
limitations, consistent savings in time
to learn a cognitive task were obtained
using regression modeling.

The present study extended this
regression model approach to the percep-
tual-motor learning domain. Specifi-
cally, groups were assigned to various
training strategies on the Dbasis of
predicted scores from baseline regres-
sion models of training time-to-exit.
Students were matched (shorter predicted
time), mismatched (longer predicted
time), or randomly assigned to fixed-
difficulty or adaptive training to learn
1 two=dimensional pursuit tracking task.

229

METHOD

Regression Equations

A battery of six tests and secx of
the student were used to provide predic-
tor variables. The pretest buttery
included: (1) pursuit rotor (motor
skill), (2) Embedded Figures Test (tield
independence), (3) Identical Picturss
Test (perceptual speed), (4) Maze Truc-
ing Test (spatial scanning), (5) HMap
Memory Test (visual memory), and (6)
Cube Comparison Test (spatial orienta-

tion). The Embedded Figures Test is
from the Educational Testing Service
(Witkin, Oltman, Raskin, and Karp,

1971), and the last four tests uare
paper-and-pencil tests from the Ekstrom,
French, Harman, and Derman (1976) bat-
tery.  Five stepwise regression proce-
dures were used to determine equations;
those with the fewest predictors uand
accounting for the most variance were
selected.

A double cross-validation procedure
was used to validate the repressicn
equations which predicted time Lo le rn
a two-dimensional pursuit tracxking task.
The coefficients of multiple determi'.-
tion were consistently high, so the two
samples were combined and new equations
generated. The combined sample equi-
tions, given in Table 1, were used {cor
training group assignment.

Experimental Design

A 2 x 2 x 3 complete factorial
design with two levels of sex, two lev-
els of training (fixed-difficulty, adap-
tive), and three levels of assignment
(matched, random, mismatched) was used.
A total of 120 undergraduates were
equally divided among the 12 cells cf
the experiment. All subjects were
volunteers and were paid for their par-
ticipation.

Equipment and Tasks

A PDP 11/55 digital computer pro-
vided inputs to a Tektronix 4014-!
cathode ray tube display and processed
control inputs from a Measurement System
Model 435 jsometric control stick.
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Each subject completed a series of
trials to learn a two-dimensional track
ing task in which random functions were
used to determine the x-y coordinates of
the forcing function symbol (X).

Table 1

cmbined Sample Regression Equations for Training
Time-to-Exit

Adaptive Training
TE = 1326.85 + 381.82 EF - 307.48 MM + 259.52 SE
n_ =51
R2 = .756
RE = .740
p <= .0001

Fixea-Ditriculty Training
U 00AU8T F A05.7T EF + 271,70 1P - 179.28 ¢C

n = 48

RE = 632
RE = .607
p = = .0001

Embedded Figures Test

01 = Map Memorv Test
8" = Sex of Student
P = fdentical Pictures Test

¢ = Cube Comparison Test

The control output (0) was generated
using inputs from the analog controller.
Dynamic, augmented visual feedback in
terms of tracking error and task diffie
culty was provided. Task difficulty was
manipulated in terms of the movement
speed and distance of the forcing func-
tion symbol. Exit criterion was
obtained when the student maintained
exit criterion task difficulty and
acceptable accuracy for a period of 20
seronds.

Two training conditions were avail-
able--fixed-difficulty and adaptive. In
firned-difficulty training the criterion
lavel of task difficulty is presented
throughout training, and student error
decreases over time. Adaptive training
(Krlley, 1968) i3 a closed-loop system
in which task difficulty varies during
training as a function of student per-
formance.

Following training and a short rest
perind, each sub ject completed a
i=minute transf.r task i{n which no aug-
merzed feedback was provided. Task
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difficulty changed automatically after
each minute of tracking. Three levels
of difficulty were used: the same as
exit criterion in training, more diffi-
cult than exit criterion, and less dif-
ficult than exit criterion.

RESULTS AND DISCUSSION

Training Time

The correlation between predicted
and actual time-to-exit scores was .757.
For only the students receiving adaptive
training the correlation was .789; for
fixed-difficulty training it was .T16.
Coefficients of multiple determination
were somewhat lawer than the estimates
of shrinkage (Rs ) given in Table 1.

Results of an analysis of variance
on actual training time-to-exit scores
revealed reliable main effects af
assignment F(2,108)=17.27,p<.0001, and
sex, F{1,108)=40.57, p<.0001. Matched
subjects required significantly less
time to exit than either random or mis-
matched subjects, and males required
significantly less training than
females. There was no reliable differ-
ence between training alternatives
(E=.2U6).

Use of the regression equations to
predict optimal training type resulted
in savings of 4T7% of training time over
random assignment and 53% over mis-
matched assignment. Variance in train-
ing time was reduced approximateiy 40%
by optimizing training group assignment.
Table 2 summarizes the reliable effects
from the analysis of training time.

These data strongly support the use
of regression equations to optimize
training group assignment. The optimi-
zation procedure resulted in savings in
training time and a reduction in vari-
ance among students. Interestingly, no
overall difference in training time bet-
ween fixed-difficulty and adaptive
training was noted. If the study had
employed only random assignment, one
might have erroneocusly concluded that no
advantage is to be gained in providing
alternative training conditions.
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Transfer Task Accuracy

An analysis of variance on vector
root mean square tracking error in the
vransfer task revealed a reliable mai-
et feet of level of Jifficuley
F(2,216):386.2, p<.0001, indicating that
the three levels of tracking difficulty
111 represent different skill levels for
the students.

The performance differences between
males and females also appeared in
trunsfer with males performing more
accurately than females, F(1,108)=14.53,
p=.0002. In addition, there was a3 reli-
able interaction between level of diffi-
culty and sex, F(2,216)=5.30, p=.00057.
Although all post hoc comparisons were
reliable (p<.05), the superiority of
males over f{emales was most pronounced
at the highest level of task difficuluy.

The main effect of assignment was
again reliable in transfer, F(2,108) =

7.98, p=.0006. Post hoc analyses com-
tfirm that the reliable Jdifferences in
transfer were between random and mis-
matched assignment and between matched
and mismatched assignment. [t is i1mpor-
tant to point out that the assignment
optimization procedure was based on

training time, not transfer performance.
‘nerefore, marked differences 1n trans-
fer wWwere not expected since students

were trained to the same exit criterion.

able 2

swummary Statistics for Training Time-to-Exit (min®

Lltevt N o

tealning Type
Adapeive 17.5 12.

-~

Fixed=-Difficulety 15.6 10.1
Assignment Procedure

Matched 10.0 7.9

Random 18.7 11.6

Mismatched 21.1 1.7
Sex of Student

Male - Tl

Female 1.8 12.4

8

CONCLUSIONS

These data clearly
notion that training can be

support tue
impraoved by

providing alternative training proco-
dures with assignment basced upon  an
optimjzation model. In addition, oo
research supports the cofficacy ot
regression approach fur Asnipgnment

optimization.

To facilitate implementation :n

operational training systems, ruesearch
is warranted to examine regrasston
optimization with additional tLlypes v
predictors, training procedures, g

more complex training tasks. Guidelin~s
for selection of viable predictors 13
particularly critical. The experioenes
with the Advanced Instructional Sy3t.m
vividly portrays the complexity of
implementing innovative <training pro-
grams. However, if the computer is =2var
to provide real value to triainini syo-
tems, the challenge of the aper.tional
training system must be conguerad.
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Appendix D

Prediction of Performance in Motor Skills Training
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PREDICTION OF PERFORMANCE IN MOTOR SKILLS TRAINING
Richard J. Becker, Beverly H. Williges, and Robert C. Williges

Virginia Polytechnic Institute and State Universicy
Blacksburg, Virginia

and

Jefferson M. Koonce
USAF Academy, Colorado

ABSTRACT

Williges, Williges, and Savage (1979) demonstrated the utility of a multiple-regression
approach for assigning individuals to training alternacives. Average training time savings
of 50% were obtained when the lower predicted score was used to assign students to fixed-
difficulty or adaptive ctraining coanditions to learn a two-dimemsional tracking task. The
present study extends this work by developing prediction models for a real-world training
task. Regression models were developed to predict performance on several flight manuevers
using the ATC-610 Flight Trainer. One hundred VPI undergraduates and 100 USAF cadets,
with an equal number of males and females, served as subjects.

The predictors included measures of information processing skills, mocor skills, and
demographic characteristics. The measures of information processing skills were: (1)
Embedded Figures Test (field independence); (2) Identical Pictures Test (perceptual speed);
(3) Maze Tracing Test (spatial scanning); (4) Map Memory Test (visual memory); and (5)

Cube Comparisons Test (spatial orientation). The motor skills tests were the Psychomotor
Test Device Tests 1 and 2 (oystems Research Laboratories) and the pursuit rotor. Demographic
predictors included sex and educational institution. Difference: in reliable predictors

for males versus females, cadets versus undergraduates, and trackiug versus flight trainer
performances are discussed.

Copyright © 1979, The Humsn Factors Saociety, Inc. Al rights reserved,
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