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ABSTRACT

This report is the third in a series of experiments dealing with transfer of training as a
function of simulated aircraft longitudinal dynamics. Subjectis performed single dimension
compensatory tracking with long period (phugoid) oscillatory control system dynamics. Two

experiments are reported dealing with changes in course complexity and amplitude of the experi-
mental stimulus forcing function.

Increasing course complexity was found to substantially affect transfer of training, but not
training performance. Increasing course amplitude markedly affected training performance, but

not transfer of training. In general, transfer effects were greater from less difficult to more
difficult task conditions.

These results are superficially inconsistent with previously reported studies. However,

many of the phenomena are directly attributable to the presence of complex system dynamics
which were absent in prior studies.

PUBLICATION REVIEW

777 /T <4
WALTER F. GRETHER
Technical Director
Behavioral Sciences Laboratory
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I. INTRODUCTION

This report is the third in a series dealing with transfer of training as a
function of simulated aircraft longitudinal dynamics. The previous reports (10, 11)
have presented five studies concerned with {a) variations of period and dasmping
terms of long-period (phugold) oscillatory transients and (b) variations in control
gain parameters.

In the present experiments, emphasis 1s shifted from control to display para-
meters. In every human tracking task a forcing function of some nature 1s used to
provide & basic display input to the operator. In some types of tasks (e.g., com-
pensatory tracking) the forcing function is mixed with the operator's output in
order to display an error term vwhich the operator attempts to nullify. In other
kinds of tasks (e.g., pursuit tracking) the forcing function is displayed independ-
ently along with the display of the operator's actual performance output. In this
case, the operator attempts to nullify the difference between the two stimulus
signals. Regardless of the type of task, however, some form of forcing function
is used.

There is ample evidence to indicate that variations in the nature of the
forcing function may result in changes in the level of tracking and transfer
performance (cf., ©.4+y 2, 3 ;g). The present exploratory studies are an
attempt to examine the effects of changes in course complexity and amplitude
of the foreing function with varistions in system dynamics parameters as repre-
sented by simuleted alireraft phugold responses.
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II. EXPERIMENT 6: VARIATIONS IN COURSE COMPLEXITY

All of the previous studies in this series have employed a simple low-ampli-
tude sinusold as the basic forelng function. One variatlon that is immediately
possible 1s to change the frequency of the sine wave. Another variation would be
to increase the complexity of the forelng functlion by using comblnations of var-
itous frequencies. In this study the latter method has been chosen, and transfer
and training performance is compared with "simple™ and "complex" course frequen-
cles of the basic forcing function. Varlatlicon in task difficulty and system dynamics
is introduced by using a number of simulated aircraft longitudinal dynamic (phugold)
responses.,

Experimental Method

Experimental Task and Apparatus.* 1In all cases, the subject was required to
perform one-dimension compensatory tracking. A horizontal stimulus line was dis-
played on a 5-inch oscllloscope. Using a conventional aircraft control stick, the
subject attempted to keep the stimulus line centered at all times,

The subject's contrel stick output was fed into a computer which generated simu-
lated aircraft long-period (phugoid) oscillatory transients with period and damping
values designated by the particular experimental conditions. The signal from the
computer was mixed with a signal generated by a cam, and the resultant error signal
was displayed to the subject on the face of the oscilloscope.

The cam provided the basic forcing function to the subject. In the preceding
experiments (10, &l), a constant course frequency was provided by a saw tooth func-
tion closely approximeting a simple sine wave of six cycles per minute. Variations
in course frequency provided the primary experimental variable used. The first was
the six cycles per minute sine wave used in all preceding experiments, and it is
here termed the "simple-course frequency”. For experimental comparison, a second
function was chosen from a combination of 3 and 6 cycles per minute, and it is here
termed the "complex-course frequency". The two forcing functions were equated in
terms of the time-on-target (TOT) scores obtained by running the cams without stick
input. TOP scores of 15 *.10 seconds were obtained for both simple- and complex-
course frequencies without stick input.

Three simulated phugoid conditions were selected representing wide variations
in period and damping terms: (a) Condition 1 with a period of 18 seconds and a time-
to-damp-to-half amplitude of 17 seconds, (b) condition 5 with a period of 35 seconds
and a damping term of 33 seconds, and {¢) condition 9 with & period of Tl seconds
and a damping value of 66 seconds. Previous experimentation (10, 11) has shown con-
siderable differences in training and transfer scores with these phugoid conditions.

rimental Design. Since two course complexity conditions and three simulated
phugoid conditions were selected for this experiment, a total of six experimental con-
ditions were used in this study as shown in Table 1.

* A detalled discussion of the experimental apparatus, simulation techniques, and
experimental procedures common to all studies in this series may be found in the
initial report (10).
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TABLE 1

Experiment 6: Experimental Design and Groups*

Phugoid Condition

1 5 9
§1mple-Course Frequency 1.1 1.5%% 1.9
Complex-Course Frequency 6.1 6, 5% 6.9

¥* Transfer Condition

Six independent groups of subjects were trained on the experimental conditions.
For the transfer trials, all groups shifted to or remeined on one of the two appro-
priate transfer conditions (1.5 and 6.5).

Subjects. A total of 60 male University of Illinois undergraduate students
served as subjects in this experiment. Half of the subjects had previously served
on conditions 1.1, 1.5, and 1.9 as part of the basic experiment in this series (10).
The remainder of the subjects (30) were specifically sssigned to the present stuﬁ§
for conditions 6.1, 6.5, and 6.9. Subjects were assigned at random with the single
exception that they were divided into 3 equal groups, 10 subjects to each condition.

Procedure. Each subject was given 30 training trials on one of the six experi-
mental conditions. Each experimental trial was 30 seconds in length, with an inter-
trial interval of 30 seconds. After a 3-minute rest each subject then tranaferred
to either condition 1.5 or 6.5 and was then given 10 additional trials. The detailed
subject instructions may be seen in the first report in this series (19). Particular
care was taken to insure that all procedures were identical for the simple and com-
plex course frequency groups.

Response Measure. The response measure was TQP for each training and transfer
trial. A tolerance band was allowed of .2 inch from the null, or center, line.
The maximum possible TOT score was 30 seconds, the length of the individual train-
ing and transfer trial.

Results

fhe major findings in this experiment are shown graphically in figures 1 and 2.
Figure 1 shows mean TOT scores for phugoid conditions 1, 5, and 9 using the simple-
course frequency. Figure 2 shows mean TOT' scores for phugoid conditions 1, 5 and 9
using the complex-course frequency. It should be noted that on each figure theoretical
performance, with no subject stick input, is shown; that is, if the subject had done
nothing he could have achieved a l5-second TOT score.

# Report Notation. Consistent with previous studies in this series, a decimal nota-
tion bas been adopted to indicate the particular experiment and the phugoid condi-
tion, The number of preceding the decimal is the experiment; the number after the
decimal is the phugoid condition. It may be seen in Table 1 +that half of the con-
ditions were derived from Experiment 1, while the remainder are specific to this
Btudy .
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Figure 1. Simple Course Frequency: Training and Transfer Performance
for Groups 1.1, 1.5, and 1.9.
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Figure 2. Complex Course Freguency: Training and Transfer PRerformance
for Groups 6.1, 6.5, and 6.9,

¥Theoretical "performance" with no subject response.
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Training Trisls. Due to extreme inter-trial variability the data were blocked
into groups of five trials. Means and standard deviations by blocked trials are
presented in the Appendix. Using the chi-square distribution-free technique described
by Wilson (14), analysis of the blocked-learning trials showed total chi-square values
throughout training significant beyond the 1% level. The row {simple and complex-
course freguency variations ) chi-square values were not gignificant at any time dur-
ing training. Column {phugeid conditlons) chi-square velues were statistically
significant beyond the 1% level throughout training. There were no statlstically
significant interaction effects.

Separate analyses of the data for groups 1.1, 1.5, and 1.9 showed statistically
significant performance differences throughout training. Analysis of the data for
groups 6.1, 6.5, and 6.9 produced the same result.

Therefore, variations in simulated phugoid conditions produced reliable perfor-
mance differences during training. This firding is in agreement with other studies
in the present serles (10,11). However, a change in the complexity of the foreing
function course frequency did not differentially affect training performance.

Transfer of Training. In the preceding studies in this series, a distinctlon
vas made between "absolute" and "relative" trausfer effect. By absolute transfer
effect is meant the effect of learning a task on the initial learning of a second
tzsk. This is the classical question asked 1n studies of Transfer of training (15).
In the present study this concerns the effect of learning under phugoid conditions
1 and © on the initial learning with phugoid condition 5 for both cases of course
complexity.

The term "relative transfer effect" refers to a quite different transfer ques-
tion. By relative transfer effect is meant a comparison of the performance of the
experimental groups (phugold conditions 1 and 9) with the control group (phugoid
condition 5) after all groups have recelved an equivalent nmumber of training trials.

This distinction between absolute and relative transfer effect will be mein-
tained in the discussion of the transfer data which Tollows.

1. Computation of absolute transfer effect is based on the equation proposed
by Gagne, Foster, and Crowley (4):

Per Cent Absolute _ Transfer Group Score - Control Group Score y 100
Transfer Effect Total Possible Score - Control Group Score

Per cent absolute transfer effect is baesed on a comparison of the early transfer per-
formance of the experimental groups with the early training performance of the two
contrel groups (1.5 and 3.5). Table 2 shows these percentages camputed separately for
the first and second blocks of five irials for each camparison. 4 marked difference

in the sbsclute transfer effect may be seen with respect to simple and complex-course
?requency experimental groups. Transfer of the simple-course frequency groups resulted
in negative transfer witn respect to the initial training trials of the contrel group
(1.5). On the other hand, positive absolute transfer effect was obtained in the
traanfer of tihe coauplex-course frequency groups.



TABLE 2

Experiment 6: Per Cent Absolute Transfer Effect

Blocked Per Cent Absolute Transfer Effects
Transfar Simple Complex
Trials 1.1 1.5 1.9 6.L 6.5 6.9
1-5 -12 50 0.3 30 sh 19
6-10 -21 25 20 32 45 10

2. The computation of relative transfer effect is based on a comparison of the
experimental and control groups after all groups had recelved an equivalent number
of training trials. Equation 3, as presented by Gagne, Foster, and Crowley (4)
expresses this comparison: B

Per Cent Relative __ T score (trial x) - C score (initial) , 109
Transfer Effect - C score (trial x} - C score (Initiael)

Since the control grouvp was given direct practice without change, the performance of
this group is used as the base. With this equation, 100 per cent relative transfer
means that the transfer gain was equal to the direct practice galn over an equivalent
number of trials. Negatlve transfer values mean that there was a transfer loss rela-
tive to the direct practice gain over the trials block. In Table 3, per cent relative
transfer effect is shown for all condltions on transfer trials 1.5 and 6=10. The 100
per cent vaelues for the two control groups (1.5 and 6.5) are derived simply by & com-
parison of the control group score against itself.

TABIE 3

Experiment 6: Per Cent Relative Transfer Effect

Blocked

Transfer Simple Course Complex Course

Trials 1.1 1.5 1.9 6.1 6.5 6.9
1.5 -23 100 3 25 100 36
6-10 37 1co 39 83 100 58

An over-all analysis of the performance on the blocked transfer trials showed statis-
tically significant total, row (simple versus complex), and column (phugold conditions)
chi-square values. There was no significant interaction effect. A separate analysis
of the transfer performance of groups 1.1, 1.5, and 1.9 showed statistically signifi-
cant differences beyond the 1 per cent level throughout the course of transfer. This
is evident from figure 1 and Table 3, which show the relatively poor performance levels
of groups l.1 apd 1.9 ag compared with the control group 1l.5. Tt 1s obvious, however,
that performance is improving for both groups as transfer progresses. Analysis of the
performance of groups 6.1, 6.5, and 6,9 d1d not reveal any statistically siznificant
differences except on the first transfer trial. Past the first transfer trial, however,
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the performance differences are not statistically significant.

In swmary, these data appear to show that variations in training course fre-
quency can affect both absolute and relative transfer of training with complex system
dynamies, Training with the simple-course Trequency appears to influence transfer
performance to a greater extent than training with the complex-course frequency. In
every case, transfer performance of the complex-course frequency groups was superior
to the transfer performance of the simple-course frequency groups.

Discussion

Training. The finding that there were no significant differences in training
performance between the simple and complex-course freguency groups is not in general
conslstent with prior investligations (cf., 2, 3, 9, 12). None of the previcus studies
hovever, used complex system dynamics, and comparisons between this study and others
1s not possible in the strictest sense. A visual exemination of figures 1 and 2 would
appear to suggest that performance levels with the complex-course frequency groups were
higher than those with the simple-course frequency. As noted, however, these differ-
ences were not statistically significant.

Previous experiments (e.g., 12} would seem to indicate that variations in course
complexity should be a more imporfant variable with pursuit tracking than with com-
pensatory tracking. By the nature of the compensatory task, the basic forcing func-
tion and the subject's ocutput are mixed prior to display, with the result that the
display movement is always "complex". In pursuit tasks, on the other hand, the forc-
ing function and the subject's output are displayed separately, with the result, as
Poulton (12) puts it, of "...an uncomplicated view of the 'stimulus' movement, and a
similar direct view of the effect of control movements." Tt 1s not surprising that
tracking performance differs with the two types of tasks, and it would be of interest
to see vhether or not differential results are obtalned with the two tasks when varia-
tlons in system dynamics such as those used in the present studies are introduced.

Transfer of Training., Variations in phugoid dynamics obviously produce varlations
in task difficulty during traininz. A conslderable amcount of experimental evidence has
been published on the topic of transfer as affected by task difficulty (e.g., 2, 6),
and it is of interest to exsmine the present data in this light. With both types of
course frequencies, absolute transfer effect was greater from the less difficult phu-
goid condition (1.1 and 6.1) than the more dlfficult conditions (6.9 and 1.9); these
findings ere not in general consistent with most previous studies. Even more confuse
ing is the fact thai transfer with complex-course frequency groups was positive while
transfer with the simple-course frequenecy groups was negative, There is certainly no
obvious explanation for these findings, and additional experimentation would appear
to be desirable,

Comparisons of these results with data from prior investizations is particularly
hazardous due to the fact that most of the previous studies involved very simple out-
put variables as compared with the present experimental apperatus and task. - Perhaps
the best that can be said at the present time is that the effects of task difficulty
on transfer appear to differ radically, both as a function of course complexity and
control system dynamics, if the present findings are found to be reliable.

Although time did not permit, 1t would have been interesting to cowpare transfer
effects with (1) simple-to-complex and (2) complex-to-simple course frequency groups
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such as were studied, for example, by Jones and Bllodeau (6). Their data indicate
that differential transfer of this sort results in greatest transfer from the com-
plex to the simple task. Whether or not this would remain true with more complex
system dynamics remains to be investigated.

Examination of the differential relative transfer effects showed that the com-
plex course frequency groups were able to shift to the control condition with ease
(except for a very transitory effect on the first transfer trial), This was not the
case, however, with the simple-course frequency groups, and their transfer perfor-
mance after an eguivalent number of trials was significantly poorer than the direct
practice (control) group. The present writers are unable to construct any simple
explanation for this difference between the two-course frequency conditions., Further
experimentation would appear to be in order,



III. EXPERIMENT 7: VARIATIONS IN COURSE AMPLITUDE

In addition to changes in course frequency, one of the simplest possible changes
in the task forcing function is increassing course amplitude., A number of previous
investigations (e.g., 1, 4, 5, 7, 8, 12) have shown that stimulus amplitude may play
a role in determining Tevel of tracking performance. The present study differs some-
what in that the increase in course amplitude is introduced in the forcing function
rather than directly in the displayed element itself.

Experimental Method

Experimental Task and Apparatus. In the preceding study, variations in course
frequency were studied. In the present experiment, variations in course amplitude
were introduced with course frequency held constant. Given a trial with no subject
stick input, the stimulus movement was *.3 inch on the scope at the maximum ampli-
tude of the simple sine wave pattern. This course amplitude relationship was main-
tained throughout all the six previous studies. For the present experiment, the
course amplitude was doubled to .6 inch on the scope for maximum amplitudes of
the simple sine wave function. Treining and transfer performance were compared on
the "low course amplitude” and the "high course amplitude” conditions. Thus, varia-
tions in course amplitude provided the primary experimental variable under study in
the present experiment.

For control system dynamics, three simulated long period (phugoid) oscillatory
transients were again selected. As was the case in Experiment 6, these were: (a)
condition 1, with a period of 18 seconds and a time to damp to half amplitude of 17
seconds, (b) condition 5, with a period of 35 seconds and a damping term of 33 seconds,
and (c) condition 9, with a periocd of Tl seconds and & damping value of 66 seconds.

Experimental Design. To investigate training and transfer effects as a function
of course amplitude and simulated phugoid conditions, six experimental groups were
assigned as shown in Table L,

TABLE 4

Experiment 7: Experimental Design and Groups

Phugoid Condition

1 5 9
Low-Course Amplitude 1.1 1.5% 1.9
High-Course Amplitude T.1 T.5% T.9

¥ Transfer Condition

S8ix independent groups were assigned to the experimental conditions. For the trans-
fer trials, all groups shifted to or remained on one of the two transfer conditions

(1.5 and 7.5).



Subjects. A total of 60 male undergraduate students from the University of
Illinois provided data for this experiment. Half of the subjects had previously
served on conditions 1.1, 1.5, and 1.9 as part of the basic experiment in thls seriles
(Experiment 1, 10) The remainder of the subjects were specifically assigned to this
experiment for conditions 7.1, 7.5, and T7.9. Assigmment of the subjects was random,
with the restriction that they were equally divided between conditions. Each experi-
mental group, therefore, consisted of 10 subjects.

Procedure and Response Measure. The same procedure was used in this study as
has been described in Experiment 6. To insure validity of the comparisons between
data derived here and data derived from Experiment 1, particular cere was taken to
insure that the only difference between the groups was with respect to the variable
of course asmplitude. The response measure was again TOT for each of the 30 training
and 10 transfer trials.

Results

The major findings in this experiment are shown graphically in figures 3 and L,
Figure 3 shows mean TOT scores for phugold conditions 1.1, 1.5, and 1.9 using the low
course amplitude. Figure 4 shows mean TOT scores for phugoid conditions 7.1, 7.5, and
7.9 using the same phugold transients, but with the high-course amplitude.

As usual, theoretical performance with no subject stick input is shown on each
figure. Due to the fact that the amplitude relationship is changed, the TOT scores
differ. For the low-course amplitude, 1f the subject had done nothing, he could have
achleved a 15-second TOT score per trial. For the high-course amplitude condition,
this figure is cut in half to 7.5 seconds per trial.

Training Trials. Again, due to extreme inter-triasl variability, the data were
blocked into groups of five trials. Means and standard deviations of the blocked
trials for both training apd transfer may be seen in the Appendix. Using the chi-
square distribution-free technique described by Wilson (1l4) and assuming the 1% level
of significance throughout, analysis of the blocked trairing trials showed total, row
{1low and high-course amplitude), and column (phugoid conditions) significant chi-square
values. There was no statistically significant interaction effect. Separate analyses
of the data for groups 1.1, 1.5, and 1.9 and groups 7.1, 7.5, amd 7.9 resulted in sta-
tistically significant differences beyond the 1% level throughout the training trials.

Thus, both course amplitude variations and variations in simulated phugoid con-
ditions influenced the level of training performance. It may be seen in figure 4
that training performance levels with high-course amplitude are substantially below
performance with the same phugold conditlions and low-course amplitude as shown in
figure 3. Over all, training performance for the high-course amplitude groups was
only slightly more than half the level attained by the low-course amplitude groups
over the last 10 training trials. Indeed, as msy be seen in figure L, only group
7.1 showed any evidence of improvement during training.

Transfer of Training. A distinction will again be made in the analysis of the
transfer data between absolute and relative transfer effect. The computational formu-
lae described in Experiment 6 will be used in making the absolute apd relative
comparisons.
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Figure 3. Low-Course Amplitude: Training and Transfer Performance
for Groups 1.1, 1.5, and 1.9.
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Figure 4. High-Course Amplitude: Training and Transfer PRerformance
for Groups 7.1, 7.5, and 7.9

*Theoretical "performance” with no subject response.

11



1. Teble 5 shows per cent absolute transfer effect based on a comparison of
the transfer performance of each experimental condition with the first 10 training
trials of the control groups (1.5 and 7.5).

TAELE 5

Experiment 7: Per Cent Absolute Transfer Effects

Blocked Per Cent Absolute Transfer Effects

Transfer Low Amplitude High Amplitude
Trials 1.1 1.5 1.9 7.1 7.5 7.9
1=5 =12 50 0.3 -3.3 G0 -4 .2
6~10 =21 25 ~-20 -4 .4 6.2 -5.8

Analysis of the transfer data for groups 7.l and 7.9 as compared with the first 10
training trials of control group 7.5 showed no statistically significant differences.

2, Table 6 presents per cent relative transfer effect based on a comparison of
the experimental groups with their respective controls (1.5 and 7.5) after all groups
had received an equivalent number of training trials.

TABIE 6

Experiment 7: Per Cent Relative Transfer Effect

Blocked Per Cent Relative Transfer Effect

Transfer Low Amplitude High Amplitude

Trials 1.1 1.5 1.9 Tl T.5 7.9
1-5 -23 100 3 =37 100 K
6-10 37 100 39 -36 100 95

Previous analysis of the transfer performance of groups 1.1, 1.5, and 1.9 hed shown
statistical significance beyond the 1% level throughout the transfer trials. A
separate analysis of the performance of groups 7.1, 7.5, and 7.9 for the 10 trans-
fer trials also produced statistical significance beyond the 1% level. As may be
seen in figure 4, however, the magnitude of the differences between groups T.1l, 7.5,
and 7.9 during transfer is very small. All groups are performing at about the level
that could be obtained with no subject stick movement at all.

Discussion

Training Trials. Increasing course amplitude resulted in a substantial degrada-
tion of the level of tracking performance. With & high-course amplitude, only one
phugoid condition (7.1) showed any evidence of learning over the 30 training trials.
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It is of interest that such a simple change as increasing course amplitude should

have produced such merked effects. The explanation is, however, rather simple. The
increase in course amplitude required an increase in the gain of the subject's cutput,
Due to the nature of the system dynamics and the phugoid transients, increased subject
gain resulted in more frequent elicitation of transients; graphic performance records
showed considerable instability and frequent complete loss of control by the subject.
These data suggest the very sensitive nature of human tracking performance with com-
plex system transients. A slight change in & system element can result in a perfor-
mance shift from quite adequate operator control to no control at all. In the conduct
of studies of this nature it is apparent that careful examination must be made of the
various system parameters involved, particularly if extrapolation of the data to an
actual man-machine system is desired. A slight change in the actual system elements
might result in operator performance quite different from that predicted by laboratory
experimentation.

Transfer of Training. It is difficult to discuss transfer of training in this
study in any meaningful sense. Two of the three high course amplitude groups showed
little learning, and transfer was to & control condition vwhere little learning might
be expected. No absolute transfer effect of any megnitude was obtained with the high-
course amplitude groups, and considering the training performance levels, none should
perhaps have been expected.

Nevertheless, a differential relative transfer effect was obtained. Apparently
a shift from condition 1 to condition 5 after an equivalent number of training trials
was made with somewhat less difficulty then & shift from condition 9 even at these very
low levels of performance. The writers can offer no obvious explanation for this result.

A Final Comment. One of the objectives of human factors laboratory experiments
is to provide data for extrapolation to the design of man-machine systems., While
most actual systems involve very complex system dynamics, the majority of laboratory
experiments have used very simple dynamics. It is suggested that extrapolation Trom
the latter to the former may be risky indeed. It is further suggested that a great
deal more laboratory experimentation is required to investigate systematically dis-
play and control variables with higher order control systems. Without these data,
the only safe design choice is to limit the operator to simple subsystems. Cf'ten,
however, this is neither desirable nor possible, and when the operator must be used
in 2 complex control loop, the humen factors specialist is faced with a rather acute
problem in applying presently avallable data.
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APPENDIX
MEANS AND STANDARD DEVIATIONS BY BLOCKED TRIALS
TABLE 7

Experiment 6

EXPERIMENTAL GROUPS
Blocked
Trials 6.1 1.1 6.5 1.5 6.9 1.9
1-5 113.81% 88.16 86.98 78.717 69.61 55,06
8.85%% | 20.38 19.73 10.70 12.00 13.56
6-10 119.99 100,46 102.50 101.35 75.56 57.k42
10.20 19,42 19,50 14,68 9.95 6.41
% 11-15 128,32 109.69 109.00 101.72 77.02 63.01
E 6.7h 18,21 15.60 11.97 10.07 11.31
g
5 6-20 132.5% |116.10 | 115.81 | 11k.kO 80.48 63.00
) 16~ 8,47 9.71 11.58 9.28 10.69 5.50
21-25 135.22  {115.43 | 117.75 | 112.6h4 77.86 66.92
5.7k 10.32 11.07 k.77 7.95 9.70
26-30 134.58  |118.63 | 119.55 | 118.18 79.18 68.15
7.33 10.19 13.53 16.15 8.54 13.90
_ 105.62 69, 4L 120.91 114,17 99,20 78.9
39 31-35 17.55 16.06 | 1h.52 13.68 19.63 (A
2.3
£
36-40 117.62 91.17 123,98 113.64 108,544 91.64
i 17.55 20.82 14.15 11.20 15.72 12.70

* Mean in seconds.
#¥Standard Deviation in seconds.
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TABLE 8

Experiment 7

EXFERIMENTAL GROUPS

Blocked
Triasls 7.1 1.1 7.5 1.5 7.9 1.9
1-5 48.57% 88.16 33.20 78.77 40,84 55.06
Q. 79%% | 20,38 5,36 10.70 L.65 13.56
6-10 66.83 | 100.46 35.086 | 101.35 39.44 57.42
11.67 19.k2 6.62 14,68 5.31 6.41
@ 11-15 73.00 109.69 39.93 101,72 39.38 63,01
S 9.31 18.21 6.41 11.97 5.55 11.31
&
bﬂxﬂ
E 16-20 71.84 116.10 40.93 114,40 40,66 63.00
3 11,80 g.71 5.80 9.28 L. 4o 5.50
2125 82.87 115,43 41.33 112,64 1,72 66.92
10.24 10.32 2.88 1k, 77 2.76 9.70
26-30 80.74 118.63 43.49 111.18 h1,63 68.15
10.58 10.19 L. 96 16.15 2.79 13.90
31-35 29.32 69.b4 43.67 | 11k.17 38.07 78.95
B S5.TT 16.06 8.49 13.68 5.76 14,14
EX
£ &
& 36-40 29.98 91.17 k2.25 | 113.64 bi.r7 91.6k4
L.59 22.82 T7.17 11,20 11.15 12.70

* Mean in seconds.

¥ Standard Deviation in seconds.
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