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EXECUTIVE SUMMARY

This report documents the results of a preliminary evaluation of a Pilot
Objective/Subjective Workload Assessment Technique (POSWAT). The study employed a
critical tracking task, in which 24 subjects (pilots and nonpilots) viewed an
analog display of the error between operator input and system output, while
correcting with opposite pressure on a joystick. The purpose was to determine if
there was a relationship between participant responses on a 10-point scale
administered during task performance and tracking task difficulty. Eight measures
were used in the data analysis and results were verified statistically. The eight
measures were critical lambda (degree of system instability), operating lambda,
effort rating (a subjective measure), rating response delay, mean tracking error,
mean log tracking error, mean stick deflection, and mean log stick deflection.
Following a brief review of the workload literature, the experimental methodology
is described. The data analysis section includes the questionnaire used.

It is generally concluded that POSWAT used for measuring effort rating and rating
delay on a regular basis during this experiment 1is minimally intrusive, is
informative, and merits further evaluation in a cockpit environment. More
specifically:

1. Subjects were able to discriminate levels of effort involved in controlling a
critical tracking task at four distinct difficulty levels wusing the POSWAT
technique.

2. Nonpilot subjects obtained significantly lower critical lambda values
(divergence rates) and reported significantly higher effort than pilot subjects.

3. Response delays did not vary as a function of difficulty level.
4, Subjects were unable to identify difficulty level presentation order in the
post-test debriefing session. This contrasts with their discrimination obtained
from the minute-by-minute effort rating using the 10-level keyboard.
5. Effort rating varied as a function of the log of stick deflection or tracking

error more closely than with difficulty level as defined by proportion of critical
lambda.
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INTRODUCTION
PURPOSE.

The purpose of this report is to document the results of a preliminary evaluation
of a Pilot Objective/Subjective Workload Assessment Technique (POSWAT). The
technique is intended for use in evaluating the potential impact associated with
changes in cockpit procedure and instrumentation, such as those resulting from the
introduction of a Cockpit Display of Traffic Information (CDTI). The technique
would serve as an appropriate workload measurement method that would provide a
common basis for assessing the results of many individual experiments. This study
employed a two-axis, compensatory critical tracking task, in which 24 subjects
viewed an analog display of the error between operator input and system output,
while correcting with opposite pressure on a joystick. The purpose is to determine
if there is a relationship between participant responses on a subjective 10-point
scale administered during task performance and objectively predetermined tracking
task difficulty. If participant responses reliably change as a function of task
difficulty, then the workload assessment tool has application in future simulation
and operations in which pilot workload is measured. The research was conducted at
the Federal Aviation Administration (FAA) Technical Center, Atlantic City, New
Jersey, as part of a joint NASA/FAA program. The issue that the current research
wishes to address concerns the effect of CDTI on pilot workload. Pilot workload
imposed by equipment design and/or operational procedures is a major coancern. To
date, it has not been possible to develop stable measures which are useful and can
reliably predict workload in varying flight situations. Further, the growing
number of system errors, the anticipated growth of traffic, the necessary increases
in automating the current air traffic control (ATC) system, probable changes in the
traditional roles of the controller and pilot, and the evolution to the more flight
efficient aircraft designs, make a comprehensive workload research program
imperative (Albrecht, 1981). To this end, a series of general aviation simulation
and operational flight studies will be carried out at the FAA Technical Center to
evaluate the CDTI concept and its effect on the level of pilot workload. However,
before these studies can be accomplished, measurement methods must be established
and pretested to confirm both empirical and face validity.

BACKGROUND.

Since the advent of a scientific concern for man-machine relationships,
investigators have been trying to evaluate workload as an indicator of how well
equipment design interfaces with the needs and limitations of human operators.
Prior to undertaking the current research, a comprehensive review of the workload
literature was completed (Rehmann, 1982). Results indicate a relative consensus
among investigators that measurement of workload is no simple affair. At best,
workload is viewed as a multidimensional construct (Eggemeir, 1980; Chiles, 1979).
In the realm of such complexity, it is unlikely that any simple technique will
suffice to account for all the variance (Williges and Wierville, 1979). Given the
wide variety of contexts in which attempts have been made to specify the nature of
workload (i.e., personnel selection, job selection, man-machine design in industry,
laboratory research), there has been only marginal success 1in measuring,
specifying, and predicting workload (Chiles, 1979). It 1is, therefore, not
surprising that similar problems exist in aviation.





















Prior to participating in the tracking task, each participant was briefed in a
conference room about his/her rights and the general tone of the experiment. A
copy of this briefing can be found in appendix A. At the completion of the
briefing, the researcher administered a short questionnaire (Subjective Units of
Discomfort Scale (SUDS)) which focused on the participant’'s current level of stress

and motivation. (See appendix B, Workload Evaluation: Preliminary Questions.)
They were then escorted into the experimental room in which the equipment was
located. They were seated at one-armed desks facing a CRT display. The

participant's dominant hand (as determined by the experimenter asking) was placed
on the joystick. The keyboard and joystick were adjusted for participants who were
left-handed. Subjects were then briefed on the specific nature of the task, which
was to keep the pip centered on the screen by moving the joystick. A practice
period followed in which the subject was instructed to "fly" the pip clockwise,
counterclockwise, diagonally, and across the horizontal and vertical axes. This
phase was completed by attempting to keep the pip centered. During this time, the
difficulty level (operating lambda) was set at 0.5 units (Jex, McDonnell and
Phatak, 1966). The purpose of this training was to provide the opportunity for the

participant to learn at a low level of difficulty. The training was terminated
when the oscillation in the radial error was reduced to approximately 3 millimeters
(mm) in magnitude. After a brief rest period, another session of centering

practice was conducted with difficulty set at 1.0 units. During this period,
training with the response box was accomplished. Participants were instructed to
keep their nondominant hand physically on the box and to think continuously about
how hard they were working. When they heard the query tone, they were instructed
to push the button of their choice from 1 (very easy) to 10 (very hard) in response
to how hard they felt they were working. Their response was indicated on the chart
recorder. At the completion of this training session, actual data collection
started. Figure 2 shows the general laboratory setup.

The tracking task generated by the analog computer (see appendix C) could be set to
any level of difficulty, from very simple to very difficult. Because people vary
in their ability after initial training, the maximum performance or critical
tracking difficulty (critical lambda) was measured on each person prior to data
collection. Each person was assigned his/her own unique administration of four
levels of task difficulty (operating lambda) which were set at 0.25, 0.50, 0.75,
and 1.0 of the individual's best performance (critical lambda). The research
design is presented in table 2, which shows the balanced presentation order, across
participants, that was developed to remove potential order effects from the
design.

To measure the individuals maximal performance level or critical lambda, the
researcher started with a low level of difficulty (0.5) and 1increased the
difficulty until the individual lost control as defined by the pip hitting the
border of the scope. When this occurred, difficulty was decreased until control
was regained (defined by oscillations in radial error not exceeding 5 mm). The
process was repeated again and the individual's maximal performance was taken as
the highest prior to loss of control of the two trials., This was chosen based on
preliminary research that indicated that averaging ascending and descending trials
or selecting the lower value of the two trials did not adequately stress
participants when exposed to values at their A¢. Once this value was determined,
the participant was exposed to two 4 -1/2-minute blocks in accordance with the
research design in table 2,






























Except for the questionnaire data, the results that are discussed are based on the
ANOVA, unless otherwise noted. The major question under consideration was to
determine if there was a relationship between various levels of objective task
difficulty and participants' subjective effort rating. Recall that the purpose of
the experiment centered on this question. Since the pilot/monpilot distinction was
also of interest, tests of this variable were included in the analysis of variance.
The task difficulty by pilot/nonpilot group interaction was not significant (table
6) which allowed us to examine the main effects directly. The influence of group
membership; i.e., pilot/nonpilot and difficulty level, was evaluated separately.
Figure 3 is the most informative representation of this data. As difficulty level
increases for both groups, the effort rating increases also, in a very reliable
manner. From figure 3, a difference between pilots and nonpilots also appears,
with the nonpilots assigning generally higher effort ratings. The ANOVA shows that
both the group membership and task difficulty variables produced significant main
effects across the two groups and across the levels of difficulty. A test of
multiple comparisons takes a closer look at these data and determines between which
pairs of difficulty levels, for example, differences exist. It was decided to
treat the data as if there had been an interaction, in order to remove any
overlapping variance generated by difficulty and groups. This was done because of
the differing pattern between pilots and nonpilots (note the dip in the line at
D-3 for pilots in figure 3).

This procedure proved to be profitable. The simple effects (table 7) are main
effects with overlapping variance removed. The results of this and subsequent
post~hoc tests are shown at the bottom-right of figure 3. The nonpilots effort
ratings at every difficulty level were significantly different from every other
difficulty level. Pilots, however, tended not to discriminate difficulty across
the two intermediate levels.

Pilots and nonpilots differed significantly only at D-3, an intermediate difficulty

level. An alternate way of representing the data is shown in figure 4. Figure 4
shows histograms of effort rating versus difficulty level for both groups of
participants. Each histogram contains 48 points representing 12 subjects with &4

trials each. Since the rating scale consists of 10 discrete levels (pushbutton)
with a lower limit of 1 and an upper limit of 10, the distribution for the lowest
difficulty level is skewed upward and for the highest difficulty is skewed

downward. Due to the obvious deviation from a normal distribution (on which
parametric techniques such as ANOVA are based) nonparametric analyses were
performed. The results for the Friedman Analysis of Variance and multiple

comparisons agreed with the results for the parametric analyses reported above.

Both pilots and nonpilots are willing and able to make effort judgments while
tracking. Pilot and nonpilot effort ratings were not significantly different
except at one (out of four) intermediate level of difficulty. This was of interest
since nonpilots could possibly be used in future workload research where nonflying
tasks are involved.
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It was hypothesized that participants' delay in making a workload response would be
related to task difficulty and would be an objective measure of effort. Rating
delay is defined as the time between an audio prompt requesting an effort rating
and the time the response was entered. Figure 5 presents the results and shows
that across difficulty levels there is no systematic change in rating delay for
either group. This finding was borne out by the ANOVA reported in table 6. The
initial expectation was that the rating delay would increase as difficulty level
increased. This did not happen. The reason for the lack of effect of difficulty
level on rating delay may be due to the nature of the control task. Since there was
only one input modality and one response modality, the switching of response was
limited to the use of the POSWAT keyboard. It is recommended that further testing
in a more complex task environment be done before reaching a final conclusion on
the usefulness of rating delay as a workload measure.

It was of interest to determine if tracking experience gained by the participants
during the experiment affected a person's level of performance (critical lambda)
and further, to determine if pilots differed from nonpilots. Critical lambda
reflects the individual's ability to deal with a maximum difficulty level based on
his/her unique abilities and is a measurement of the maximum divergence rate of the
pip from the center of the screen.

The results indicate that both pilots and nonpilots were slightly lower at the
beginning and middle than at the end of the experiment. These results are shown in
figure 6. It is interesting to note that pilots have significantly higher critical
lambdas than nonpilots. This is not surprising given that they have more

experience in complex perceptual-motor coordination tasks through flying modern
aircraft.

The type of pattern for operating lambda that emerged across difficulty levels was
evaluated, as well as whether or not a different pattern was seen for pilots and
nonpilots. The ANOVA revealed that mean operating lambda across levels was not the
same for pilots and nonpilots difficulty by group interaction (table 6). Operating
lambda is the absolute divergence rate generated by the computer which serves as a
fixed proportion of the individuals maximum or critical lambda. As one increases
the difficulty level, operating lambda has to increase with the possible exception
of recalibration. This is not a function of how the participant performs during
the test trials but only during critical lambda measurement trials. The reason
there was an interaction between difficulty and groups appears to be due to a more
steady increase in the pilots operating lambda than that shown by the nonpilots.
(See figure 7.) This means that pilots were operating at higher lambda levels
throughout and confirms the findings already discussed.

Recall that each participant's critical lambda score was recalibrated midway
through the experiment, in order to compensate for effects of fatigue or experience
on an individual's critical lambda score. The order of presentation of difficulty

levels was counterbalanced to further remove order effects. To determine what
effect, if any, recalibration had, the average of mean critical lambda for both
pilots and nonpilots was computed and plotted against difficulty level. (See

figure 8.) What is apparent from this graph and confirmed by the ANOVA is though
the critical lambdas of pilots and nonpilots significantly differed, there were no
significant differences across difficulty levels, proving that the
counterbalanced-experimental design was successful in removing both order and
recalibration effects.
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The analysis for stick deflection was very similar to that for tracking error. The
more difficult the task, the more stick movement the operator was required to use

to control the system. (See tables 6, 7, and 8.) It also indicates that pilots
and nonpilots differed at two levels of difficulty, Dl and D3, with the pilots
recording less stick deflection. It seemed that pilots were not putting in as much
physical effort at these two levels of difficulty. Why this difference was not
consistent for D2 and D4 is unclear. Reported effort between the two groups was
only different at D3 where the pilots indicated a lower level of effort. The level
of agreement between effort rating and the two variables discussed above was
evaluated by means of correlation.

Table 9 indicates what must already be apparent. Difficulty drives effort ratings,
and difficulty is directly related to tracking error and stick deflection. Thus,
it is easy to see the relationship between these two variables and effort rating.
Tracking error and stick deflection may be viewed as indicators of physical effort;
and the higher they are, the higher reported effort ratings are. It should be
noted that this relationship is far from perfect and confirms that there is more to
effort rating than can be seen in observable operator behavior.

The question of what data collected had potential for discriminating between pilots
and nonpilots was also investigated. The technique employed for this analysis was
discriminant function analysis. This statistical tool attempts to produce a
weighted linear combination of variables which would best distinguish between
membership in two nonoverlapping groups. The advantage of such analysis is that it
may be instrumental in deciding what types of measures might later be used to
separate personnel on a performance continuum. This procedure was repeated for all
four difficulty levels. The percentages of correct classifications are reported in
table 10.

A chi square analysis was applied to determine if the assignment of participants to
the two respective groups was accurate beyond chance. In other words, could we
have done equally well by randomly labeling participants as pilots and nonpilots
without knowing anything about their performance in the experiment? Using a
weighted combination of variables, group assignment was more accurate than could be
expected by chance alone for all difficulty levels except for the least difficult,
Dl. It would appear that as difficulty increases, the differences in performance
between pilots and nonpilots becomes easier to identify using the pool of measures
employed in this experiment,
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QUESTIONNAIRE DATA ANALYSIS.

The post—tracking questionnaire provided useful data for addressing additional
areas. For example, after the experiment was completed, was it possible for
participants to recall the relative difficulty and subsequent effort during the
administration of the four difficulty levels. What was really desired was
knowledge of whether traditional post-task questionnaires are reliable indicators
of what participants experienced during the experiment. The second question in the
workload evaluation task questionnaire (see appendix B) asked the participant to
rank-order the four levels of work difficulty. If the participants received the
administration of difficulty at 0.25, 0.50, 0.75, and 1.0 of critical lambda, then
a correct response would have been to rank-order from least difficult to most
difficult as follows: A, B, C, and D. Recall that each participant received the
levels of difficulty in a counterbalanced order. Results indicated that personnel
were not able to correctly recall the difficulty order after tracking was
completed. The median correct percentages are presented at the bottom of table 11.
Percentage correct was computed by determining how many of the four difficulty
levels were correctly assigned a rank position. The importance of minute-by-minute
effort rating data collection during the experiment cannot be overstated, given the
poor recall of participants on this critical question.

Finally, what was the attitude of personnel towards this experiment?
This question is intentionally broad in order to encompass a number of problems
that were addressed with both pre- and post—experiment questionnaires.

A preliminary questionnaire asked participants to rate their anxiety level from 1
(at ease) to 100 (very tense) and also to evaluate their performance motivation on
a 10-point scale. These questions were meant as a rough estimate and were not
standardized on a sample. Results are presented in table 11, No significant
difference between pilots and nonpilots is reported, although the anxiety scale
mean appeared lower for the pilots while their performance motivation appeared
higher. There was a great deal of individual variation within each group.

After the experiment, the subjects were again asked to subjectively rate their
level of anxiety from 1 to 100. Although anxiety appeared to increase for both
pilots and nonpilots, the increase was not significant. Also, the performance
motivation scale from the preliminary questionnaire correlated negatively with the
anxiety scale after the experiment (table 12). In other words, the more motivated
the participant said he/she felt before the experiment, the less anxious he/she
indicated after completion.
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RESULTS SUMMARY

Both pilots and nonpilots discriminated between the difficulty levels using the
pushbutton effort rating system. The pilots, however, did not separate the two
intermediate levels of difficulty. While nonpilots reported somewhat higher effort
across all four difficulty levels, the difference between their ratings and those
of the pilots was only significant at D-3, an intermediate level.

The rating delay made by both groups did not differ significantly across difficulty
levels. This measure should not be rejected, however, without further study to
determine if its failure was an artifact of experimental design.

Critical lambda, the maximum performance ability of participants, did not change
significantly as participant experience with the tracking task increased. This
indicated that critical lambda may be a stable measure of individual ability which
transcends situational experience. Pilots achieved significantly higher critical
lambdas and, as a consequence, their operating lambdas (the result of applying a
proportion to critical lambda for each level of difficulty) were also higher.

As difficulty increased, the amount of tracking error also increased for both pilot
and nonpilots. The magnitude of pilot error was significantly less than nonmpilots
on two (Dl + D3) out of the four difficulty levels. If the difficulty had not been
adjusted for individual ability, it is probable that pilots would have had lower
error scores on all four difficulty levels.

The amount of tracking error correlated relatively well with the amount of effort
reported by both groups of participants. This relationship also existed between
effort and control input (stick deflection) but was not as strong.

A discriminant function analysis proved that pilots and nonpilots could be
separated by their performance in the experiment. This separation was significant
at the three higher levels of difficulty, but not at the lowest level Dl. Such
techniques could be potentially useful to separate personnel into appropriate
performance categories in other studies.

After the experiment was completed, participants were unable to accurately recall
the order of difficulty presentation they had experienced. This adds to the
importance of minute-by-minute effort rating data collection during the experiment
itself.

Attitudes toward the experiment did not differ significantly between pilots and
nonpilots. The higher the stated motivation was before the experiment, the lower
the reported stress was after the experiment. The subjects indicated that the
tracking task was difficult and was not boring. They were unclear as to whether
the effort rating buttons were distracting, and they indicated that the response
query tone was not annoying.

30



It was apparent that both pilots and nonpilots were willing and able to distinguish
between counterbalanced levels of difficulty in a tracking task similar to that
imposed by instrument approaches using a localizer. A distinction between
difficulty levels was reflected in subjective effort ratings. This finding was in
direct contrast to the results of the questionnaire data analysis that indicated
participants were not able to accurately recall difficulty levels for each trial.
This was an anticipated result, and it serves as justification for measuring effort
ratings during the tracking experiment rather than at the conclusion of an
experimental session.

CONCLUSIONS

The Pilot Objective/Subjective Workload Assessment Technique (POSWAT) used to
measure effort rating on a regular basis during this experiment was found to be
practical, minimally intrusive, and informative. The concept merits further
evaluation in a cockpit environment.

The critical tracking task is a valuable research tool for investigating workload
rating scales providing, as it does, accurate and easily controllable difficulty
levels and objective measures of performance.

Subjects were able to discriminate levels of effort involved in controlling a
critical tracking task at four different divergence rates (difficulty levels) using
the POSWAT rating scale. In the one case in which there was a nounsignificant
change in rating with an increase in difficulty level, the rating curve closely
matched those for Ln tracking error and Ln stick deflection. This indicates that
subjective effort ratings faithfully reflect differences in objective performance
and level of difficulty.

Effort rating varied as a function of tracking error or of stick deflection more
closely than with difficulty level as defined by proportion of critical lambda.

Rating delay did not vary in any reliable manner as a function of difficulty level.
Pilot subjects reported significantly 1lower effort ratings and obtained
significantly higher critical lambda values than the nonpilot subjects.

Participants were unable to identify difficulty level presentation order in the
post-test debriefing session. This contrasts with their generally accurate
discrimination obtained from the minute-by-minute effort rating using the 10-key
POSWAT keyboard.

Discriminant function analysis was found to be a useful technique for determining
which measures could best be used to differentiate between participant groups.
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APPENDIX A

WORKLOAD EVALUATION PARTICIPANT BRIEFING






APPENDIX B

WORKLOAD EVALUATION QUESTIONNAIRES



Once we begin the experiment the point of light will be centered on the screen
and your job will be to keep it there by moving the joystick. The light will
"wander" from the center unless you continually move it back. It is very
important that you try as well as possible to keep the light centered. We are
recording the amount of time that it remains off center.

Now we will being a practice period so that you can learn to operate the
equipment. This will last about 5 minutes.












The next series of questions each involve a statement followed by a scale
of agreement or disagreement. Circle a number from 1 (strongly disagree)
to 10 (strongly agree) which best describes your level of agreement

with the statement.

4. The tracking task I participated in was:

Strongly 7 8 9 10 Strongly
Disagree 1 2 3 4 56 Agree

circle one

Demanding 1 2 3 4 5 6 7 8 9 10
Exciting 1 2 3 4 5 6 7 8 9 10
Boring 1 2 3 4 5 6 7 8 9 10
Undemanding 1 2 3 4 5 6 7 8 9 10

5. The workload buttons which I had to push every minute
were:

Comfortable 1 2 3 4 5 6 7 8 9 10
Always Distracting 1 2 3 4 5 6 7 8 9 10

An Accurate measure 1 2 3 4 5 6 7 8 9 10
of work load

6. The tone used to signal my workload reponse was:

Too Loud 1 2 3 4 5 6 7 8 9 10
Too Frequent 1 2 3 4 5 6 7 8 9 10

7. Feel free to comment on anything you feel is important in
our development of this experiment.

B-4



APPENDIX C

TRACKING TASK






A tracking task system was implemented on a Donner Model SD-80 analog computer to
develop vertical and horizontal output signals in response to manually operated
joystick deflections. The block diagram of figure 4 illustrates this system.
Nomenclature for the diagram is presented in table 1.

Two divergent positive feedback loops are used, one for the vertical tracking
task and one for the horizontal. Longitudinal stick motions provide inputs to
the vertical task, and lateral stick motions to the horizontal task. The output
responses from the task represent target error signals, which are applied to the
appropriate vertical and horizontal deflections of an oscilloscope. The error
signals deflect a dot which moves about the face of the oscilloscope in response
to joystick inputs. At zero error, the dot is centered on the oscilloscope.

Centering bias adjustments are provided on the computer to trim the stick input
signals to zero when the stick is centered. A low-amplitude sine wave function
is also added to each stick input to keep the signal active when stick signals

are small. The sine wave frequencies and amplitudes are individually adjustable

The error rate gain, A, is controllable in a number of ways: (a) the value of

A can be held at a constant value by closing the reset switch on the integrator
and selecting the desired XA value with the initial X setting; (b) the i value
can be caused to increase from the initial value at a constant rate by placing
the rate input switch in the positive position, selecting the desired ) rate
setting, and opening the reset switch on the ) integrator; (c) variation of A
can be stopped at any existing magnitude by placing the rate input switch in the
center position, (d) a decreasing A value can be produced by placing the rate
input switch in the negative position, when the reset switch is open. The
decrease will occur at the rate set on the ) rate control; and (e) the value of

A can be returned to the initial setting by closing the reset switch on the A
integrator.

Either of the tasks can be immobilized, to leave only a single axis active, by
closing the reset switch on the desired error integrator. Both error signals

can be returned to the center to restart the problem by closing the reset
switches on both error integrators. This can be accomplished by placing the

analog computer to reset.

A circuit is provided to convert the vertical and horizontal stick deflection
magnitudes into a single radial deflection value. This is accomplished by a
hypotenuse computation which calculates the square root of the sum of the squares
of the vertical and horizontal magnitudes.

An integrating circuit provides a summation of the radial stick deflections over
a period of time. When the sum of the deflections reaches 100 volts, a reset
trigger circuit returns the summation to zero. An external relay input is also
provided to return the summation to zero when a reset clock pulse is received
from a test period timer, each minute. At the end of a test period, the total
summation of stick deflections is determined by the number of resets plus the

final integrator magnitude. Identical circuits are provided for developing the
radial magnitudes of the error output signals, and integrating these magnitudes

to provide an error summation. Records of the variables, including stick
deflections, error magnitudes, and their summations are made as time histories on
a eight-channel Brush strip-chart recorder.



Analog computer mechanization of the tracking task system is illustrated by two
figures. Figure 5 presents an analog diagram of the vertical and horizontal
tracking tasks, with provisions for controlling the % value. Figure 6 presents
the hypotenuse computation which develops the radial values of stick deflection
or error magnitude. This diagram also includes the integrator circuit for
summation of these magnitudes.
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TABLE C-1, NOMENCLATURE

vy = Vertical Stick Deflection
Horizontal Stick Deflection
Radial Stick Deflection
Vertical Error Magnitude

E; = Horizontal Error Magnitude
Ep = Radial Error Magnitude

SQ =
SQRT =
S =
A =

= Multiplication

Squaring Computation

Square Root Computation

d/dt, differential operator, 1/sec

error rate gain, reciprocal of first order divergence
time constant, l/sec

c-3












