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ABSTRACT

This report is the second in a series dealing with transfer of training as a function of simu-
lated aircraft longitudinal dynamics. Subjects performed single dimension compensatory tracking
with long period (phugoid) oscillatory control system dynamics. Three experiments are reported
dealing with variations in control gain.

Increasing control gain resulted in equally high training and transfer performance for all
oscillatory transient conditions studied, but at a lower gain level, significant differences were
found.

If rate of onset of the transient conditions were not equated by adjusting control gain, signi-
ficant negative relative transfer of training was elicited. Equalization of rate of onset, however,
substantially reduced training performance differences and eliminated negative transfer effects.

PUBLICATION REVIEW

P altr i e
WALTER F. GRETHER
Technical Director
Behavinral Sciences Laboratory
Aerospace Medical Research Laboratories
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I. INTRODUCTION

This report is the second in a series describing explorstory experimentz deal-
ing with transfer of training as a function of simulated sircraft longitudinal
dynamics. The purpose of these studies was to produce research data that may be
applicable to design decisions concerning fidelity of simulation of flight train-
Ing simulators. The initial studies (8) investigated some of the basic simulation
parameters of aircraft longitudinal dynamics in terms of period and damping values
of long-period (phugoid) oscillatory transients.

It is obvious, however, that in & complex man-machine system-simulator or air-
craft, for example, many parsmeters must be specified for optimum training and trans.
fer of training results. From previous experimentation, it seems reasonable that one
of the most important parameters is control gain. Accordingly, the three studies
reported here center on variations of control gain and various phugold conditions.

From the point of view of the human operator, control gain is of interest in terms
of control and display relationships; that is, variations in control gain result in
variations in display movement characteristics, and the conventional terminology in
discussing control gain for lower order systems is more adequately expressed in terms
of control/display (C/D) movement ratios (e.g., 9). Changes in the C/D ratio are an
indication of the sensitivity of the control; e.g., the lower the ratio the less con-
trol output required to produce display movement and hence the more sensitive the control.

There is concrete evidence that determination of C/D ratios is important for
optimum man-machine system performance (e.g., 2). There is further evidence, how-
ever, that the optimal C/D ratio for a given man-machine system may be the complex
resultant of the interaction of variables (e.g., 1, 9). Finally, it has been shown
(10, 11) that transfer of training can be affected through variations of C/D ratios.

Most of the prior studies have been concerned with relatively simple system
dynamics. The present studies are an attempt to examine the effect of control gain
variations -- and hence control/display movement ratios -- in combination with higher
order system dynamics. The specification of fidelity of simulation for flight train-
ing simulators in terms of system dynamics require that higher order systems bhe ex-
amined since these dynamics are an integral part of the flight control and flight
display complex.



II. EXPERIMENT 3: VARIATIONS IN CONTROL GAIN AND FHUGOID CEARACTERISTICS ¥

In the previous studies (8) of performance with various long-period (phugoid)
oscillatory transients, a constant low control-gain setting was used for all con-
ditions. In the present study, these data are compared with data obtained with a
uniformly high control gain setting.

Experimental Method

Experimental Task and Apparatus.** In all cases, the subject performed one-
dimension (vertical) compensatory tracking. A horizontal stimulus line was dis-
played on a 5-inch oscilloscope. Using a conventional alrcraft contrel stick the
subject attempted to keep the stimulus line centered at all times.

The subject's control stick output was fed into a computer vhich generated
simulated alrcraft long-period (phugoid) oscillatory transients with period and
damping values as designated by the particular experimental conditions. At this
point, it was possible to vary the control gain of the subject'’s stick output.

Two control gain settings were selected, & low-gain setting which had been used in

all previocus experimental conditions (8), and a high gain which was double that of

low gain, Variations in control gain, therefore, provided the primary experimental
varisble under study in the present investigation. Increasing control-gain results
in decreasing the C/D movement ratio, since with higher control gain less operator

control cutput is required for dlsplay movements.

The signal from the computer was mixed with & signal generated by a cam,
and the result wss displayed to the subject on the face of the oscilloscope as
an error signal. The frequency of the cem forcing function signal was a saw-tooth
function very closely approximating a simple sine wave of 6 cycles per minute.
given a trial with no stick input, the stimulus movement was % 0.3 inch on the
scope face at maximum amplitude of the simple sine wave pattern. With no stick
input, time-on-target {TOT) scores of 15 seconds were obtained for the foreing
function per trial.

The Oscillatory Transients. In the original study in this series (8) a total
of nine phugoid oscillatory transients representing wide variations in period and
damping values were studied. From this set of nine, five were selected for investi-
gation in the present study:

1. Conpdition 1: Period = 18 seconds: Damping = 17 seconds
2. Condition 3; Period = 71 seconds: Damping = 17 seconds
3, Condition 5: Period = 35 seconds: Damping = 33 seconds
4, Condition 7: Period = 18 seconds: Damping = 66 seconds

5, Condition 9: Period = 7l seconds: Damping = 66 seconds

¥Ixperiments 1 and 2 are discussed in WADD TR 60-615 (I).

##) detailed technical deseription of the experimental apparatus, simulation tech-
nigues, and experimental procedures may be found in the first report in this
series (&).



Damping is expressed in terms of time-to-damp-to-half—amplitude.

Experimental Design. To investigate the training and transfer effects of
variations in control-gain and simulated phugoid transient conditions, ten ex-
perimental conditions were selected, as shown in Teble 1.

TABLE 1.

Experiment 3: Experimental Design and Groups¥*

Control Phugoid Condition

Gain 1 3 5 7 9
Low Gain 1.1 1.3 l.5%¢ 1.7 1.9
High Gain 3.1 3.3 3.5% 3,7 3.9

*¥Pransfer Conditions

Ten independent subject groups were trained on the individual experimental conditions.
For transfer, all groups shifted to or remained on one transfer condition (either 1.5
or 3.5).

Subjects. A total of 100 male University of Illinois under-graduste students
provided data for this experiment. Half of the subjects had served previously on
conditions 1.1, 1.3, 1.5, 1.7, and 1.9 as part of the basic experiment in this series
(8). The remainder of the subjects (N =50) were specifically assigned to this study
for conditions 3.1, 3.3, 3.5, 3.7, and 3.9. Assignment of subjects was at random,
with the exception that they were equally divided between conditions. Each experi-
mental group, therefore, consisted of ten subjetts.

Procedure. Every experimental trial was 30 seconds in length. An inter-trial
interval of 30 seconds was used. Each subject was given 30 training trials on one
of the experimental conditions. After a S.minute rest each subjJect was then trans-
ferred to either condition 1.5 or 3.5 and given 10 transfer trials. The detalled
instructions given to each subject may be seen in the first report in this series
(8). Particular care was taken to insure that all procedures were identical for
the various groups.

Response Measure. The response measure was time-on-target (TOT) for each
training and transfer trial. A tolerance band of 20.2 inch was allowed from

* Report Notation. Consistent with previous studies in this series, a decimal
notation has been adopted to indicate the particular experiment and the phugoid
condition., The number preceding the decimal is the experiment number; the pumber
after the decimal is the phugoid condition. It may be seen in Table 1 that half
of the conditions were derived from Experiment 1, while the remainder are specific
to this study.




the null, or center, line. The maximum possible TOT score was 30 seconds, the
length of the individual training and transfer trial.

Results

The major findings of this experiment are shown graphically in figures 1 through
6. Note should be made of the fact that on each figure theoretical performance with
no subject stick input is shown; that 1s, if the subject had done nothing he could
have achieved a l1l5-second TOT score.

The figures are grouped to make the following comparisons:

1. Figures 1 and 2 show period variations with damping held constant.
Figure 1 shows conditions 3.1 and 3.3, with damping held congtant at 17 seconds
and period varied from 18 seconds (condition 3.1) to 71 seconds (condition 3.3).
Training and transfer performance is compared with the control group (3.5) per-
formance. Figure 2 shows conditions 3.7 and 3.9, with damping held constant at
66 seconds and period varied from 18 seconds (condition 3.7) to 71 seconds {con-
dition 3.9). All groups performed under the high control-gain setting.

2. Figures 3 and 4 show damping variations with period held constant.
Figure 3 shows condition 3.1 and 3.7, with period held constant at 18 seconds and
damping varied from 17 seconds (3.1) to 66 seconds (3.7). Figure 4 ghows conditions
3.3 and 3.9, with period held constant ai Tl seconds, while time to damp to half
amplitude is varied from 17 seconds (3.3) to 66 seconds (3.9). In both cases, train-
ing and transfer performance is compared with that of the appropriate control group
(3.5). All groups performed under the high control-gain setting.

3. Figures S5 and 6 show training and transfer performance under both high
and low control-gain settings. Figure 5 shows performance with low gain settings for
conditions 1, 5, and 9. Figure 6 shows performance with high control-gain settings
for the same phugoid conditions (1, 5, and 9).

Training Trials. A number of separate apalyses are possible for the training
trials data. The basic analytic technique used was & distribution-free method (}g).
Due to extreme inter-trial variability, the data were blocked and examined in groups
of five trials, means and standard deviations of which may be seen in the Appendix.
The 1% level of statistical significance was accepted throughout.

1. Previous experimentation (8) had shown that performance differences
between groups 1.1, 1.3, 1.7, and 1.9 were statistically significant throughout
training. In addition, a 2 x 2 statistical analysis showed a significant period
effect but no damping effect.

2. Analysis of performance scores for high control-gain setting condi-
tions 3.1, 3.3, 3.7, and 3.9 revealed no statistically significant differences in
performance. #As may be seen in figures 1 through 4, training performence was essen-
tially equivalent for all high control-gain conditions.

3. Figures 5 and 6 show the comparison of training performance for a set

of low-gain conditions (1.1, 1.5, and 1.9) and & set of high-gain conditions (3.1,
3.5, and 3.9). A 2 x 3 statistical analysis produced significant total and column
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(phugoid conditions) chi-square values. The row (control-gain) chi-square approaches
but does not reach statistical significance, except for the last five training trials.
These findings strongly suggest a significant interaction effect, but analysis did not
confirm this expectation. Further, the differences between groups 1.1, 1.5, and 1.9
were statistically significant throughout training {see figure 5). Figure 6 supports
the finding that there were no significant performance differences between groups 3.1,
305, and 3.90

Transfer Trials. Statistical enalysis of the trensfer performance of groups
3.1, 3.3, 3.5, 3.7, and 3.9 showed no statistically significant differences. This
result is supported by visual examination of the transfer data shown in figures 1
through 4. A single exceptic: is the initial transfer trial performance of condi-
tion 3.7, which was found to be statistically significantly different from control
group (3.5) performance on the first transfer trial only. Thus, performance on the
transfer condition was essentially equivalent for all high control-gain setting
experimental conditions. Previous experimentation (8) had shown that with the same
phugoid transients under low-galn settings, transfer performance was significantly
poorer than that of the control group (1.5).

In the preceding studies in this series, a distinction was made between "abso-
lute" and "relative" transfer effect. By the term "absolute transfer effect" is
meant the effect of learning a task on the initial learning of a second, subsequent
task. This is the classical question asked in most transfer-of-training studies.
The term "relative transfer effect" refers to a quite different transfer question,
and means e comparison of the performance of the experimental groups with the con-
trol group after all groups have received an equivalent number of training trials.
This distinction between abgolute and relative transfer effect will be maintained
in the discussion of the transfer data which follows.

1, Computation of absolute transfer effect is based on the equation pro-
posed by Gagne, Foster, and Crowley (2):

Per Cent Absolute - Transfer Group Score - Control Group Score
Transfer Effect Potal Possible Score - Control Group Score

100
Per cent absolute transfer effect is based on a coamparison of the early transfer per-
formance of the experimental groups with the early training performance of the two

control grcups (1.5 and 3.5). Table 2 shows these percentages camputed separately for
the first «:d second blocks of five trials for each caunparison.

TABLE 2

Experiment 3: Per Cent Absolute Transfer Effect

High-Gain Transfer Trials Low-Gain Transfer Trials

Groups 1-5 6=10 Groups 1-5 610
3.1 34 20 1.1 -12 -21
3.3 bk 26 1.3 30 g9
3.5 b7 3h 1.5 50 25
3.7 18 11 1.7 6 -13
3.9 S | 17 1.9 0.3 -20




Under the high control-gain setting, positive transfer was obtained for all phugoid
conditions, Under the low-gain setting, substantlal positive transfer effect was
ocbtaeined only for condition 1.3. For the remaining conditions low Positive or nega-
tive transfer was found, particularly as the course of transfer progressed.

2. The computation of relative transfer effect is based on a comparison
of the experimental and control groups after all groups had received an equivalent
number of training trials. Fquation 3, as presented by Gagne, Foster, and Crowley
(2) expresses this comparison:

Fer Cent Relative _ T score (trial x) - C score (initial) x 100
Transfer Effect ~  C score (trial X) - C score (initial)

Since the control group was glven direct practice without change, the performance

of this group is used as the base. With thig equation, 100 per cent relative trans-
fer means that the transfer gain was equal to the direct practice gain over an equiv-
alent number of trials. Negative transfer values mean that there was a transfer

loss relative to the direct practice gain over the trials block. In Table 3, per
cent relative transfer effect 1s shown for 811 high control gain and low control

gein experimental conditions. The 100 per cent values for the two control groups

(3.5 and 1.5) are derived 8imply by a comparison of the control group score against
itself.

TABIE 3

Experiment 3: Per Cent Relative Transfer Effect

High-Gain Transfer Trials Low-Gain Transfer Trials

Groups 1-5 6-10 Groups 1-5 6-10
3.1 T2 82 1.1 -23 37
3.3 ok 91 1.3 59 78
3.5 100 160 1.5 100 100
3.7 39 5 1.7 12 48
3.9 88 19 1.9 3 39

It is apparent that under the high control galn setiing, relative transfer effect

is comparable for the experimental conditions with that of the control group with
the initial exception of condition 3.7. On the other hand, the low-gain groups do
not appear to benefit by an equivalent number of training trials as compared with
direct practice. Again, there is a single exception in the performance of condition
1.3.

In summary, these data appear to show that variations in control-gain setting
affects both absolute and relative transfer. High positive transfer is produced
under most of the high-gain conditions. Low positive or negative tramsfer is pro-
duced by many of the low-gain conditions. To secure facilitative transfer effects,
therefore, it would seem that high control-gain would be useful for the phugoid
transient conditions used as complex system dynamics in these studies.



Discussion

Transfer of Training. As just noted, it would appear that increasing control-
gain had 8 marked effect on transfer of training with various long period (phugoid)
oscillatory transients. High control galn appears to produce a facilitastory effect.
This finding is in marked contrast to the transfer performance of the same phugoid
trensients under low control gain settings. For the most part, the transfer perfor-
mance of these groups was poor.

Application of these findings to men-machine system design, and partlcularly
to the design of flight training simuiators, is extremely hazardous. Control gein
in aircraft and their assoclated gimulators veries radically as & function of the
particulsr flight condition, and as aircraft performance extends into the ‘hypersonic
range, the variance between control gain for high and low speed and altitude is often
remarkasble. It does not follow necessarily that simply inereasing control gein will
insure high transfer effects. Data are needed comparing transfer from high to low
control gain and vice versa; the following experiment attempts to examine this problem.
The results would seem to indicate, in support of previous gtudies, that in the de-
sign of flight training gimulators -- or for that matter any complex man-machine
system -- a great deal more attention can profitably be directed to the problem of
control gain and the assoclated variations in control/display movement ratios.

Training Trials. Increasing control galn for the phugold transients under
investigation removed differences in training performance that were evident under
the low control-gain setting. Most of the improvement was restricted, however, to
the longer period conditions which possibly accounts for the lack of & pronounced
interaction effect, No periocd and damping effects were noted under the high-gain
setting, while period differences were merked under the low-gain setiing for the
same phugoid conditions.

During pre-experimental work it was gsuspected that a higher control-gain set-
ting might result in a significant damping effect. As control gain is ipcreased,
damping is usually & definite aid in controlling rapid frequency phenomena which
can occur with the poorly damped phugold transients. However, as was the case with
the low-gain settings, no damping effect was found.

The high control-gain condition in this study represented the maximum avail-
able gain with the present equipment. It might be concluded that even higher gain
levels would not affect tracking performance, but there is every reason to suspect
that this is not the case. Prior investigations with similar aircraft pitch dynsmics
have shown clearly that, after a certain point, increasing control-gain results in
marked decrement in pilot tracking performance (6, 7). It would seem ressonable
that Helson's (3) "U" hypothesis is appliceble and that increased control gain would
eventually result in performance decrement as did decreasing control gain. Certainly
a broader range of gain settings than those used in the present study should be
investigated.

10



IIT. EXPERIMENT L4: TRANSFER BETWEEN CONTROL GAINS

As noted on the preceding page, the critical question concerning fidelity of
simulation of control gain is transfer between different control-gain settings.
This information is necessary to determine the possible transfer effect that might
result if the control-gain settings differ between the aircraft and the simulstor.

The present study 1s designed to give a preliminary look at transfer from high

to low gain and from low to high gain. A single long-period osclllatory transient
condition 1s used,

Experimental Method

Experimental Task and Apparatus.* As before, the subject performed single-
dimension (vertical) compensatory tracking. A horizontal stimulus line was dis-
played on a 5-inch oscilloscope face. Using a conventiopal aircraft control stick,
the subject attempted to keep the stimulus line centered at all times.

The subject's control stick output was fed into a computer which genersted
simulated aircraft long-period (phugoid) oscillatory transients with period and
damping values as designated by the particular experimental conditions. For the
present study, one transient condition was selected -- condition 5 -- with a period
of 35 seconds and & time-to-damp-to-half-amplitude of 33 seconds. The signsl from
the computer was mixed with a forcing function signal generated by a cam, and the
resultant error signal was displayed to the subject on the face of the oscilloscope.
The foreing function was a saw-tooth function closely approximating a simple sine
wave of 6 cycles per minute: The displayed amplitude on the scope without stick
input was % 0.3 inch at maximum amplitude. With no subject response, TOT scores
of 15 seconds per trial could be obtained with the forcing function alcnee.

Experimental Design. The purpose of the present experiment was to study trans-
fer of training from a high to a low control-gain setting and from a low to a high-
gain setting using a single long-period transient condition. The basic experimental
design then becomes & classical AB-RA transfer-of -training paradigm, and four experi-
mental groups may be distinguished:

TABLE 4

Experiment 4: Experimental Design and Groups

Groups Experimental Conditions¥*
k.58 High Control Gain to Low Control Gain
L.sL Low Control Gain to High Control Gain
3.5 High Control Gain (Exp. Control)

1.5 Low Control Gein (Exp. Control)

**Phugoid Condition 5: P =35"; Ty = 33"

¥ A detalled technical discussion of the experimental apparatus, procedures, and
simulation techniques may be found in the first report in this series (8).

11



Four independent groups of subjects were assigned to the experimental conditions.

Subjects. A total of 40 male University of Illinols under-graduate students
served as subjects in this experiment. Half of the subjects had previously served
in Experiment 1 {group 1.5) and Experiment 3 (group 3.5), and their data provides
experimental control conditlons for this study. The remainder of the subjects were
specifically assigned to this study and were assigned at random to the two experl-
mental conditions (4.5H and 4.5L). Each of the four groups had 10 subjects.

Procedure and Response Memsure. The same baslc procedure was used 1n this
study as that described for the preceding experiments. Specifically, for each of
the four groups 1in Table 4, the procedure was as follovs: (a) Group 4.5H was given
30 training trials on phugoid condition 5, with the same high control-gain setting
as was used in the preceding experiment; this vas followed by 10 transfer trials
on the low control-gain setting; (b) group L.5L was given 10 training trials on
the low-gain setting, followed by 10 transfer trials on the high setting; (c) con-
trol group 1.5 had 4O trials with low-gain setting.

The response measure was again TOT for each of the 30 training trials and the
1G transfer trials.

Results

The basic findings of this study are shown graphically in figures 7 and 8.
Figure 7 shows training and transfer performance from a high control-gain setting
to a low setting. Figure 8 shows training and transfer performance from a lovw-
gain setting to a high setting.

Training Trials. The basic comparison of interest concerns the tralning per-
formance of groups 4.5H and 4,5L. Analysis of blocked training trials (means and
stapndard deviations are shown in the Appendix) showed no statistically significant
differences throughout the 30 tralning trials, using & distribution-free method
(12).

Transfer Trials. A number of comparisons are possible for the transfer trials,
each of which substantiate the implications of the data presented graphically in
figures 7 and 8.

1. A comparison of transfer performance between group 4.S5H and the appro-
priate control group 1.5 showed that the differences were statistically significant
throughout the 10 transfer trials. As Tigure 7 shows, the performance difference
appears to be considerable,

2. A comparison of transfer performance between group 4.5L and the appro-
priate control group, 3.5, showed no statistically significant differences during
the transfer trials. As figure 8 shows, there 1s very close agreement in the trans-
fer performance scores.

Computation of absolute and relative transfer effect confirms these findings:
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Figure 7. Experiment 4: Transfer from high to low control gain settings.
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Figure 8. Experiment 4: Transfer from low to high control gain settings.

* Theoretical "performance" with no subject response.

-13



Blocked Absolute Transfer Relative Transfer

Transfer Effect - Per Cent Effect - Per Cent
Trials L. 5H L.5L L.5H 4.5L
1-5 -20 b -l ol
6-10 -55 Ll -10 88

It would appear, then, that transfer from a low to high-gain setting is positive,
while transfer from high to low-gain is negative. The finding that group b.5H
showed negative absolute transfer is of interest since it is of'ten exiremely dif-
ficult to demonstrate this type of interference effect in continuous tracking tasks.

Discussion

There are a few published studies in the literature that may have some rela-
tionship to the present study (e.g., 10, 11). Unfortunately, however, these studies
differ from the present one in almost every specific detail of experimental task,
apparatus, and procedure, and comparison is obviocusly difficult.

The studies of Rockway (10) and Rockway, Eckstrand, and Morgan (1l1) are of
particular interest, since they represent systematic transfer variations from high
to low /D ratios and from low to high ratios. In a general way, this corresponds
to the present technique of changes from high to low control-gain and low to high
gain.

Rockway (10) trained three groups of subjects with C/D training ratios of
1:3, 1:9 and 1327. The Zroups then transferred toc the lowest ratio, 1l:3. Trans-
fer for all groups was positive. Allowing for the many differences between Rockway's
study and the present one, this is in effect a change from high to low gain. Since
in the present study substantial amounts of negative relative transfer occurred, it
might be conjectured that negative transfer effects might be obtained as the com-
plexity of system dynaniecs i1s increased. Experimental verification of this hypothesis
is obviously required.

Rockway, Eckstrand, and Morgan (11) also investizated transfer to the hizhest
ratio (1:27) from the lower ratiocs {133 and 1:9). Here siznificant positive trans-
fer was obtained throughout the transfer triasls. In a similar change in the present
experiment, the same general result was obtained.

However, these comparisons can only be conjecture at the present time. It is
obvious 1n the present context thet a great deal more empirical information is needed,
Investigation of the transfer interactlion between gain settings and various transient
conditions would be perhaps the most immediate possibility.

One of the most frequent complaints concerning flizht simulator performance is
that the simulator is too "senmsitive™. It has been extremely difficult to delimit
specifically the causes of this complaint. A number of hypotheses have been advanced
with the objective of localizing the problem in such variables as control galn, spe-
cific C/D movement relationships, lack of adequate small.motion resolution by the

1



computer {e.g., 4), ete. A literal interpretation of the present experiment would
be that simulator gasin control should be less than the ailreraft; such a conclusion,
hovever, would be quite unwarranted on the basis of this very scanty evidence. This
fact is specifically mentioned at this point to avold any possibility that such a
conclusion would be made.
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IV. EXPERIMENT 5: RATE-OF-ONSET VARIATIONS

By manipulation of control gain it is possible to exert scme influence over the
initial rate of response of the varilous long-pericd osecillatory transients. Although
initial rate of onset can be equated only over a very short range for these widely
disparate transients, some recent evidence (1) would seem to indicate that this type
of equalization may strongly affect training performance levels. The present study
provides evidence to support this hypothesis, and, in addition, shows that equating
initial rate of onset can also affect transfer of training.

Experimental Method

Experimental Task and Apparatus. The experimental task and apparatus variables
remain the same as has been described in the previous studies. The major experi-
mental variable concerns the use of control-galn setting to achieve various rate-
of -onset conditions.

Rate of Onset Variations. For this study, three long-period (phugoid) tran-
sient conditions were selected with widely varying period and damping terms:

(1) Condition 1: Period =18 seconds; damping= 17 seconds
(2) Condition 5: Period =35 seconds; damping= 33 seconds
(3) Condition 9: Period =71 seconds; damping= 66 seconds

As before, damping is expressed in terms of time-to-damp-to-half-amplitude. Train-
ing and transfer data have already been obtained for these conditions under both
high control-gain and low contrel-gain settings; these data have been shown in
figures 5 and 6.

By manipulation of control gain at the subject's stick output, it is possible
to equate the initial rate of onset for these three conditions, although this equal-
ization is only possible over a very short time range. To a standard step input,
it was found that by varying the control-galn setting to initial rate of onset could
be equalized over a .5 second time range. Under high gain settings (Experiment 3),
a unit step produced a given steady-state level for each condition. Holding the
gain constant for condition 9, the gains for conditions 1 and 5 were adjusted so
that the responses agreed closely to condition 9 during the first .5 second, again
for a unit step. After this time interval, the responses diverged considerably due
to different period and damping characteristics. While the average rate of onset
agreed during this time, the rate is always dependent upon the magnitude of control
input.

Experimental Design. The purpose of the present investigation is to study
training and transfer performance with the three transient conditions with (a)
low control gain and initial rate of onset uncontrolled, (b) high control gain
and initiel rate of onset uncontrolled, and (c) initial rate of onset equated.,
Thus, a basic 3 x 3 experimental design was used, Nine independent groups of
subjects were trained on the experimental conditions.
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TABIE 5

Experiment 5: Experimental Design and Groups

Phugoid Conditions

Rate-of -Onset Variations 1 5 9

Low Gain: Rate-of-Onset 1.1 1,5% 1.9
Uncontreolled

High Gain: Rate-of-Onset 3.1 3.5% 3.9
Uncontrolled

Rate-of -Onget Equated 5.1 5.5% 5.9

¥ Transfer Conditions

Subjects. A total of 90 male University of Illinocis under-graduates provided
the data for this experiment. Ope-third of the subjects served on conditions 1.1,
1.5, and 1.9 as part of the basic experiment in this series (8). A second third
of the subjects served on conditions 3.1, 3.5, and 3.9 as part of Experiment 3. A
final group of 30 subjects was assigned at random to conditions 5.1, 5.5, and 5.9
for the present study. It should be understood that the data presented for groups
1.1, 1.5, 1.9, 3.1, 3.5, and 3.9 1s derived from previous Experiments 1 and 3.

Procedure and Response Measure. The same basic procedure was used in this
study as in the preceding four experiments. Each experimental trial was 30 seconds
in length. An inter-trisl interval of 30 seconds was used. After m S5-minute rest,
each subject was then transferred to either 1.5, 3.5, or 5.5 and given 10 additioneal
trials. Particular care was taken to insure that all procedures were identical for
the various groups. The response measure was again TOT for each of the 30 training
trials and the 10 transfer trials.

Results

The basic findings of this study are shown graphically in figures 9, 10, and
1l. Figures 9 and 10 compare training and transfer performance for phugoid condi-
tions 1, 5, and 9 under (&) low gain with rate of onset uncontrolled, and (b) rate
of onset equated. Figures 10 and 11 compare training and tranpsfer performance for
phugoid conditions 1, 5, and 9 under (&) high gain with rate of onset uncontrolled
and (b) rate of onset equated.

Training Trials. A pumber of separate analyses are possible for the training
trials. The basic analytic technique used was a distribution-free method (12).
Due to extreme inter-trial variability, the date were blocked and examined in groups
of five trials, means and standard deviations for which may be seen in the Appendix,
Table 9. The 1% level of statistical significance was accepted throughout.

l. A 2 x 3 analysis was conducted comparing low-gain, rate-of-onset-
uncontrolled groups (1.1, 1.5, and 1.9) against rate-of—onset-equated groups (5.1,
5.5, and 5.9). Total chi-square values were significant throughout the 30 training
trials, as were column (phugoid variations) values. Row (rate of omset) and inter-
action terms were not significant. Figures 9 and 10 show graphically the training
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Experiment 5: Training and transfer performance for phugoid conditions
1, 5, and 9; low control galn with rate of onset uncontrolled.

30

51
p0——0 55 [CONTROL|
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TRAINING TRIALS TRANSFER

E:periment 5: Training and transfer performance for phugoid conditions
1, 5, and 9; rate of onset equated.

#* Theoretical "performance® with no subject response.
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Figure 11. Experiment 5: Training and transfer performance for phugoid conditions
1, 5, and 9; high control gain with rate of onset uncontrolled.
(* Theoretical "performance” with no subject response )

performance of these groups

2. A 2 x 3 analysis was conducted comparing high-control-gain, rate-of-
onset uncontrolled groups (3.1, 3.5, and 3.9) against rate-of-cnset equated groups
(5.1, 5.5, and 5.9). Through trials 1-10 and 26-30, total chi-square and column
values were significant; on the remalning training trials these values approached
significance closely. Row and interaction terms were not significant.

3. Previous experimentation (§) had shown that the differences between
the low=-control-gain, rate-of-onset-uncontrolled groups (1.1, 1.5, 1.9) were sta-
tistically significant throughout training. Training performance may be seen agaln

in figure 9.

4. A 1 x 3 analysis compared training performance for the rate-of =onset-
egquated groups (5.1, 5.5, and 5.9). These performance differences were statistically
significant for the 1-10 and 26-30 training trials, approaching significance on the
remaining training trials. As may be seen in figure 10, training performance differ-
ences are of relatively small magnitude.

5. A previous study in this report (Experiment 3) had shown no statistically

significant differences in training performance for the high~gain, rate-of=-onset-
uncontrolled groups (3.1, 3.5, and 3.9). Figure 1l above may be examined.
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Transfer Trials. A parallel set of separate analyses are also possible for
the transfer trials.

1. A 2 x 3 analysis comparing low gain (1.1, 1.5, and 1.9) and rate-of-
onset-equated groups (5.1, 5.5, and 5.9) showed total, row (rate-of-onset variations),
and column (phugoid conditions) values to be statistically significant. There was
no significant interaction effect. As may be seen in figures 11 and 12, transfer
performance for the two conditions was quite different.

2. A 2 x 3 analysis comparing high gain (3.1, 3.5, and 3.9) and rate-of-
onset-equated groups (5.1, 5.5, and 5.9) showed no statistically significant differ-
ences throughout the transfer trials. As figures 12 and 13 show, transfer performance
for these six groups was in general equivalent.

3. Previous experimentation (8) had shown that transfer performance differ-
ences for groups 1.1, 1.5, and 1.9 are sfatistically sigpificant. 1In Experiment 3,
it was shown that there were no significant performance differences during transfer
for groups 3.1, 3.5, and 3.9. Finally, in this study, no significant differences
in transfer performance were found for groups 5.1, 5.5, and 5.9, Transfer date as
shown in figure 12 support this finding.

Per Cent Transfer. Per cent relative and absolute transfer mey be computed
for all groups in the present study.

TABLE 6

Experiment 5: Fer Cent Absolute and Relative Transfer

Rate-of -Onset Variations Absolute Transfer Relative Transfer
1-5 6=10 1-5 610
Low Gain: Rate Uncontrolled
1.1 =12 <21 =23 37
1.5 50 25 200 100
1.9 0.3 ~20 3 39
High Galn: Rate Uncontrolled
3.1 34 20 72 82
3.5 L7 34 100 100
3.9 b1 17 83 79
Rate-of -Onset Equated
5.1 L7 34 85 79
5¢5 55 53 100 100
5.9 L7 % 86 87

In general, these data are interpreted to mean that transfer performance is
high and substantially equivalent for transfer groups where (a) rate of onset has
been controlled and (b) high control-gain, rate-of-onset-uncontrolled conditions
are used. For low control-gain groups, however, where rate of onset is uncontrolled,
tranafer is in general negative.
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Discussion

Transfer of Training. It would appear that equating rate of onset by differ-
ential control gain settings can influence transfer-of -training data obtained with
these oscillatory transient conditions. Perhaps the most interesting finding was
that equivalent and high transfer prerformance could be cbtained in two different
ways, either by high control gain or by control of rate of onset.

Although these results are rreliminary and exploratory and need substantiation,
it is possible that they may have some implications for future research in the de-
sign of flight training simulators. A great deal of concern has been directed to-
ward the fidelity of response of flight simulator computers to small stick motions
(4). Much of the pilot's output may be small amplitude movements, and it has not
been easy to obtain accurate computer response for these pilot movements, Among
other things, this may mean that initial rate of onset to Pilot control movements
can be substantially uniike the corresponding aircraft response to identical pilot
movements. How this might effect trangfer of training iz not known.

In the present study, initial rate of onset was equated, although this was
prossible over a very limited range of response in terms of time and amplitude.
Yet this equalization resulted in transfer performance as high as the control

group and as high as had been obtained with high control-gain settings with rate
of onset uncontrolled,

Due to the scanty nature of the date, no generalizations are possible. How-
ever, 1t 1s suggested as a topic for future research the short-term, low-amplitude
simulator response to pilot control movements should be given much closer attention.
It is further suggested that transfer effects derived from flight training simula-
tors in so far as continuous flight tracking tasks are concerned may rest in large
part on the events occurring at the lower normal limits of amplifier response.

These are subjects for future resesrch,

Training Trials. The tracking performance data are by no means clear. Even
with rate of onset equated, there were statistically significant performence differ-
ences for the three transient conditions although the absolute megnitude was small.

An interesting analogue to the present study has recently been reported by
Feddersen (1). On the basis of the findings of Rockway (Q) that there is an inter=
action between C/D ratio and exponential time delay of system response, Feddersen
reasoned that the critical variable, in so far as operator performance is concerned
was the rate of movement of the display element, regardless of the variation of c/D
ratio and time delay used to obtain a given display movement rate. This hypothesis
vas confirmed experimentally for negatively accelerated ("stable") functions but not
for positively sccelerated ("unstable") functions.

Equalization of rate of onset in this study is analogous to the technique used
by Feddersen to achieve a given rate of display movement. However, the conditions
of the present study are considerably complicated by the existence of the oscillatory
transients which were not present in Feddersen's experiments; it is doubtful that
rate of display movement was equated except for very short time periods. Neverthe-
less, the results showed a similar effect of deriving very small differences in
performance, despite very large differences in the transient conditions.
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The conventional approach to the study of men-machine systems 1s to select s
set of physical parameters assoclated with machine response, vary these parameters,
and record operator performance changes. The results are usually complex functions,
and change in operator performance is seldom & monotonic function of the physical
rarameters. The susplcion frequently arises that the selected physical parameters
may not be the most direct independent variables in determining operator perfore
mance, but rather that the pertinent stimulus varisbles for the operator may be a
resultant of those being varied. The results of Feddersen and of the present study
certainly camnot be used to dismiss this suspicion.
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APPENDIX: Means and Standard Deviations by
Blocked Trials
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TABLE 7

Experiment 3: Means and Standard Deviations by Blocked Trials

Experimental Groups
Blocked
Trials 3.1 3.3 3.5 3.7 3.9
1.5 93.58% 80.56 87.89 72,97 71.84
26,13%% 14 .64 19.33 24 L6 19.09
6-10 11l.ho 102.18 108.57 96.20 88.69
o 19.77 9.37 13.93 23.78 11.39
—
g 11-15 11644 104,35 115.03 112.14 102.20
k] 21,21 12.28 15.40 21.50 13.56
o+
5 16-20 125.18 109.95 115,92 117.77 106.49
.,3 13.52 9.76 14.86 21.17 14,93
& 21-25 126,43 113.83 116.73 116.36 105.76
15,18 10.99 12,32 20.36 10.52
26-30 127.76 114,30 117.06 121.29 109,31
13.63 8.71 10.89 16.19 10.53
1-5 108.67 115.23 116.96 99.18 113.35
& @ 20.88 1%.31 13.12 26.53 18.12
G o
a E 6=10 116.65 119.47 122,78 114,03 115,40
E 16.34 10.92 9.47 23.24 15.72
* Means in Seconds

*#¥% Standard Deviations in Seconds
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TABLE 8

Experiment 4: Means and Standard Deviations by Blocked Trials
Experimental Groups
Blocked High to Low Low to High
Trials ~ §.5K 1.5 L.51, 3.5

1-5 65.93% 77.87 6743 87.89

25 ,85%% 10.70 10.10 19.33

6-10 83.86 101.35 79.41 108.57

a 2L .,L5 14,68 11.86 13.93

4 11-15 9k, 79 101.72 89.79 115.03

& 20.25 11.97 10.89 15.4%0

g 16-20 108.24 11h.ko 93.61 115.92

- k.43 9.28 15.48 14,86

& 21-25 108,67 112.64 94,83 116.73

11.23 1477 13.37 12.32

26-30 107.79 111.18 100.47 117.06

11.80 16.15 13.65 10.89

1-5 61.84 11k,17 115.29 116.96

ba 11.07 13.68 10.22 13.12
LYY

%" 6-10 74.38 113.64 118.70 122,78

3 13.24 11.20 12.32 9.47

* Means in Seconds

#* Standard Deviatlicons in Seconds
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Experiment 5:

TABIE 9

Means and Standard Deviations by Blocked Trials

Blocked Experimental Groups
Trials 5.1 5.5 5.9
1-5 o4, 12% 76.21 6k.32
13.62%% 21.35 15.79
6=10 105.99 96.66 80.51
a 16.92 19.72 13.52
g 11-15 112.53 107.13 93.87
- 18.56 12.83 13.00
’E 16-20 123.11 111.12 99,62
p 10.22 15.24 14,75
i
21-25 120.88 11k.49 102.25
13.26 12.41 10.96
26-30 121.70 120.49 105.31
16.45 11.54 12.12
1-5 110.78 116,82 111.15
b @ 18.79 10.93 12.91
29 | 6-10 114,80 124,96 118.h5
£ & 17.32 9.23 12.11

3

Means 1n Seconds

¥ Standard Deviations in Seconds
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