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INTRODUCTION

The Evaluation Problem

Student pilots nust dearn to operate a
complex system in an unstable, frequently
dangerous environment,
tors make stringent demands on an instructor
pitot (IP) as he evaluates student pilot {SP)
performance in an aircraft. The IP must mon-
itor SP behaviors, unsafe performance condi-
tions, and dangers in the airspace. Observa-
tions in all relevant areas of performance
must be remembered or recorded and then used
to arrive at a meaningful evaluation of per-
formance skill. >

Clearly, the IP must process large
quantities of information, As training tasks
become more complex or dangerous, demands on
the IP %end to increase and IPs tend %o be
Tess and less able to adequately process all
the essential information. As the informa-
tion processing load increases, the integrity
of safety procedures, training effectiveness,
and evaluation methods may be compromised.

Evaluation Methods in Pilot Training

After more than 30 years, rating scales
remain the basic IP evaluation method. Rat-
ing scales are still used because they best
meet the needs of training management and the
operational user - the IP - without intruding
seriously into the IP's operational tasks
(Koonce, 1974}.

As currently used, however, rating scale
methods are marginally adequate for evaiua-
tions in training research and development
because most observations using them Jack suf-
ficient discrimination; i.e.. the observations
tend to accumulate on two, or at hest three
paints in the rating scale {Knoop & Welde,
1973). To make IP observations more discrim-
inating in training research and development,
extensive observer training and quality con-
trol programs must be developed and carried
out (Hormer, Radinsky, and Fitzpatrick, 1970;
Koonce, 1974}, This is a continuing and

Based on the senjor author's disserta-
tion, the research covered in this report was
completed at Arizona State University under
the provisicons of Air Farce 0ffice of Scien-
tific Research Grant No. AFOSR 75-2900 with
Vernon S. GBerlach as nrincipal invesiigator.

These operational fac~.

259

cumbersome process during the design and con-
duct of a study. Furthermore, no practical
alternative to IP ratings of &irborne per-
formance has been readiiy availabte.

The increasing sophistication of flight
simuiators allows greater opportunity to uti-
1ize objective data recording and processing
methods. When such simulators are used 1in
both training and research, it is important
that the objective measures be reliable,
readily accessible, simply computed and, most
importantly, meaningful to each user - IP,
student pilot, and researcher.

There are a variety of objective meas-
ures that can be used with a flight simuTlator.

In this study, objective measures were divided 7

into two broad categories: exact and summary
indicators. An’'exact indicator was a measure
easily observed at one or a few points in the
sequence of events which comprise the profile
of a training task. Most exact indicators
used in training research are not well suited
for general applications because they are not
usually derived from theoretical or general
training requirements. Instead, they are
selected or developed to reveal potential
differences in performances which will answer
some specialized research question. When that
specialized need has been satisfied, all fur-
ther interests in the measurements ars
dropped (Koonce, 1974},

By contrast, summary indicators are very
popular in most training research applications.
Selected to reveal general trends or overall
differences, a summary indicator was a glcbal
measure computed continuously or from a large
number of discrete observations made through-
out & single performance. Summary indicators
have been criticized because they are usually
insensitive to the effects of particular
events or skills in a performance {Knoop and
Walde, 1973}, and because they are usually
based on massive quantities of data with no
definitely specified velationship to the eval--
uation problem {Christensen and Mills, 1967;
Koonce, 1974}, ) ’

The purpose in this study was to investi-
gate exact indicators of particular skilis or
events that could be used with a performance

state evaluation model to simplify cbjective



measurement procedures in pilot performances;
in short, to reduce excessive detail while
not being uniformatively general (Youtz and
Ericksen, 1947}, A step in the solution of
this detail versus generality dilemma would
be achieved if a general set of exact indi-
cators were devrived from a theoretical and/
or training requirements analysis, and if
such measures were empirically shown to carry
sufficient information to evaluzte perfor-
mances in a training research effort. The
research hypothesis was that a set of exact
indicators would successfully replace a
giobal summary indicator typically used in
pilot training research,

APPROACH

The Performance State Evaluation Model

Movements of an aircraft through space
and time {i.e., the flight path) can be de-
scribed with values from several wvariables
such as altitude, heading, airspeed, pitch,
and power. To accomplish his mission, a
pilot must control the movements of the air-
craft by using information from some of these
variables to make changes on others. Any
set of values on these variables becomes a2
system "state." A state, then, is the com-
plete set of variables needed to describe
the entire performance of the pilot and the
aircraft at any instant in time (Etkin,
1972)., To evaluate a pilot's performance,
values are observed in one oOr more states
and if they meet certain requirements, the
performance is assigned an appropriate score
or mark to indicate the level of achievement.

A review of measures used in previocus
pilot training research produced three pos-
sibilities which might be effectively used
as exact indicators, These three measures
were the range, the maximum deviation from
the standard, and performance time. The
range and maximum deviation were established
in World War II as objective measures of
instrument flying skills (Hagin, 1947).
Since that time, many researchers have vali-
dated the utility of these two measures.

In parallel research during World War
II, performance time was also studied
(Miller, 1947). Performance time appeared
promising as a simplifying metric inasmuch
as it was also found to be a good indicator
in two recent studies. In a training ex-
periment, Brecke, Gerlach, and Shipley (1974)
found that differences in means and vari-
ances on performance time discriminated
between treatment groups. In another study,
Knoop and Welde (1973) obtained 87 different
objective measures from aircraft data as
well as ratings from pilots and student
pitots on the same performances. Of the 87
different measures, 7 or 8% were time
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measures. When correlated with the ratings,
11 or 14% of the 77 significant correlations
(.05) involved the time measures.

Performance Time Algordthm

To empirically study time and deviation
measures, a situation was selected in which
students in undergraduate pilot training were
learning a complex instrument flight task, the
Vertical S-A, in a simulator (USAF ATC Sylla-
bus, 1975). Performance state criteria were
analytically determined for seven "states" of
the Vertical S-A by Brecke and Gerlach (1972).
Shipley, Gerlach, and Brecke {1974) derived
flight path standards and performance times
from these criteria. In the present study,
an algorithmic, performance state evaluation
model was developed for the maneuver and per-
formance times and deviations from the stan-
dard flight path values were then studied as
potential indicators of skill in three em-
pirical investigations.

Since 1t is impossible for a performance
to deviate significantly from standard times
and still satisfy all other performance cri-
teria throughout an entire flight, performance
times can be used with deviations from flight
path standards to simplify measurement and
evaluation procedures for many maneuvers. In
the algor{thmic model, if total time is not
within given tolerances, some state or states
must contain errors; these errors will be re-
flected as deviations from the standard. The
state or states which contain the errors can
be quickly located by examining the perfor-
mance time for each state. For a state that
fails the time test there are three possible
outcomes: {a} if the entry conditions to
that state deviate significantly from the
st??dﬁrd, at least some source of the error
wi e tn the preéeding state or states; or,
(b} if the entry conditions for a state are
within the given tolerances, the sources of
the error must be focated in that state; and,
(c) if the end point deviations are out of
tolerance, the following state should also
contain information about the pilot's per-
formance. .

Data for the three investigations were
obtained from an earlier experimental study
by Brecke (1975} in which measures of time,
airspeed, heading, vertical rate, pitch,
power, and altitude were automatically ob-
tained, at a sampling rate of one second,
from performances of the Vertical $-A ma-
neuver in a Tiight simulator. ({Readers
interested in more detail about the experi-
ment or the data should consult AFOSR Tech-
nical Reporis #50430 and #60229 by Brecke
(1975) and Shipley (1976) respectively.)



INVESTIGATION I

The first investigation was carried out
to compare "standard" time values for the
Vertical 5-A states with observed perfor-
mances from two experienced pilots. The pur-
pose was to discover whether or not the
performance state evaluation model would re-
veal any significant differences ameng the
performances of these two piiots. If the
model detected significant differences among
performances of experienced pilots, it should
also make similar discriminations among per-
formances of student pilots. Such discrimi-
nations are essential to effective evaluation
in reguiar training and In experimental re-
search on the effects of training methods.

Method

Two experienced pilots performed a
sequence of 12 trials, 6 each, on the Verti-
cal S-A in a fifght simulator according to
procedures described by Brecke (1975). Two
trials of one pilot's performances were not
included in this investigation; his first
trial was a descending rather than a climb-
ing Vertical S~A and data from his last trial
was unusable because of a data recorder mal-
function.

Procedures

Performance time and maximum altitude
data were obtained from computer printouts
of these performances and the means and var-
iances were then computed for each pilet's
data on total time, times for the seven per-
formance states, and maximum aTtitude.
Deviations of observed from corresponding
standard values were alsc computed and used
as the basis of tolerance limits in subse-
quent analyses of student performances.

Results

The means and variances of the perfor-
mance times revealed three significant
differences. There were two signhificant
differences {.05) between means: a differ-
ence of 14.35 seconds on total ftime and a
difference of 10.08 seconds on the time for
the climb state. Finally, the variances
were not homogeneous foyr time in the third
transition state.

INVESTIGATION 11

The second investigation was carried

out to determine whether total performance
time and/or maximum altitude discriminated
between performances of treatment groups in

2 training experiment, An a priori predic-
tion, that differences among maximum altitude
variances would discriminate among treatment
group performances, was based on a training
requirements analysis (Brecke and Gerlach,
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1972; Gerlach, Brecke, Reiser and Shipiey,
1972} and on the outcomes of a prior experi-
ment (Brecke, Gerlach and Shipley, 1974).

‘Method

Thirty-nine student piiots were randomly
assigned to one of five groups. Members of
four experimental groups studied the object-
ives and different prefliight instructions on
how to perform the Vertical S-A; members of
a control group studied only the cbjectives.
After each subject had studied his assigned
materials, he performed a sequence of six
trials on the Vertical S$-A according to pro-
cedures described by Brecke (1975).

Procedures

Total performance time and maximum aTlti-
tude values were obtained from the Brecke
data. Total performance time values were
analyzed with a two between- one within-
subjects analysis of variance; repetition of
performance trials on the Vertical S-Ama-
neuver was the within subjects variable.
Dunnet's method (Myers, 1966) was used to
compare the means of the treatment groups
with the means of the control group.

It was hypothesized that subjects in
groups given experimental instructions would
exhibit less variability zmong their per-
formances at maximum altitude than subjects
in either the control group or the groups
given current instruction. To test this
hypothesis, F-ratio tests for differences
between group variances were used rather than
tests for differences in means, {i.e., ANOVA
or t-tests (Winer, 1972).

Results

Total time. In the ANOVA on total time,
there were significant main effects for type
of instruction, number of response items in
the instructional material, and performance
trials. A significant interaction was also
found between number of response items and
performance trials. There were no signifi-
cant differences on Dunnett's tests between
any treatment group and the contrel group,

Maximum aTtitude. As predicted, the
comparisons among the treatment groups® vari-
ances were significant on the maximum aiti-
tude measure. At maximum altitude, the
variances of the two groups that received ex-

. perimental instructions were significantly

sma1ler (,05) than the variances of the con-
trol group and the two groups receiving
current instructions. The control group
variance was not significantly different at
maximum altitude than the variances of either
‘groupn receiving current instruction.



Summary

To summarize the results of the first
two investigations, performance times and
maximum altitude discriminated among the per-
formances of both individuals and groups. To
the extent that the observed variations in
performance time and maximum altitude reveal
variability in the pilots® pitch and power
control skills, these findings provide strong
support for the hypothesis that exact indi-
cators could be used as alternatives to
sumnary indicators. In the third and final
investigation, this hypothesis was examined
by comparing the relationship between values
on the two types of indicators.

INVESTIGATION III

In this last investigation, the hypo-
thesis was that a set of exact indicator
values would predict values of a summary
indicator. If scores from & summary indica-
tor in the Brecke {1975) data could be
predicted with scores from a set of exact
indicators, evidence would be obtained to
support a recommendation to use the exact
indicators in place of the summary indicator.
A multiple regression analysis was used to
test this hypothesis.

Method

Jo evaluate the resulis of his experi-
ment, Brecke (1975} used a summary indicato¢
of variability in pilot performances called
error amplitude. Error amplitude scores in
Brecke's study were computed with procedures
described by Shipley, et al. (1974}, Con-
ceptually, error amplitude is a normalized
root mean square measure obtained with the
deviations of each observation from the cor-
responding standard and a set of tolerance
limits for each parameter. In the present
investigation, error amplitude scores from
Brecke's data were used as the criterion
variable.

The exact indicators used as variates
in the regression analysis were deviations
from the standard on the performance state
times, total time, and maximum altitude,
Three combinations of performance state
times were also included as variates in the
regression design; these combinations were
(ag the sum of the first three performance
state times; (b) the sum of the last three
performance state times; and (c] the sum of
the times for a1l seven performance states.
These sums were included in the design teo
test whether gross measures of time would be
better predictors than more specific measures.
Prior experience measures included as vari-
ates in the design were total hours as a
pilot, flying time in undergraduate pilot
training, total hours in the T-4 simulator,
and number of minutes to complete the
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instructional materials in the Brecke (1975)
experiment.

Procedures o

A set of 30 correlation matrices formed
the basis of the regression analysis: one
matrix for each of six performance trials
across the five groups in Brecke's experi-
mental design. The correlation coefficients
were averaged over the five groups, after a
Fisher's r ta Z transform {Hays, 1963), and
the means were then converted back to equiv-
alent r values. The result was a set of six
matrices of average correlations, one matrix
for each trial. Finally, each of these
matrices were submitted to a seaquence of two
stepwise regression analyses. The first
analysis was based on the average correla-
tions from the exact indicators and the sums;
the second was based on the average corre-
lations from the exact indicators, the sums,
and the prior experience measures.

Results

In the resuits of the regression analy-
ses, support would be obtained for the
hypothesis if two criteria were satisfied:
(a? if & small set (4 to 6} of the 12 exact
indicators were consistently selected in the
regression equations; and (b} if equations T
using these consistently selected indicators
would account for a substantial proportion of
the variance (50% or more) in the criterion.

The outcomes of the regression analyses
confirmed the hypothesis., It was found that,
of 16 possible indicators and experience
measures, a set of 9 were frequently selected
in the regression analyses. Varfous combi-
nations from this set of nine were selected
in equations of just five variables for each
of the trials and these five variable equa-
tions accounted for 62% or more of the vari-
ance in the summary indicator, error
amplitude.

The type of variable selected in these
equations with five variables changed across
the trials, For the first two trials, prior
experience and combined times were predomi-
nant in the squations, By the iast two
trials, the exact indicators were predominant.

As measures of learning over irials, the
summary fndicator and the exact indicaters
were compared by making a plot of the means
of each variable across the trials. It was
found that deviations from maximum altitude
exhibited virtually the same learning trend
over trials as ervor amplitude {r = .98).

These results provided convincing evi-
dence to support the hypothesis that in the
Vertical 5-A, exact indicators could he used
to replace a summary findicator.



DISCUSSION

In these analyses, exact indicators were
found more sensitive to the effects of dif-
ferent experimental treatments than a summary
indicator. In addition, when used alone, a
set of exact indicators were found to account
for moderate {34%) to large (82%) proportions
of the variance in a summary indicator.

These findings are provocative because they
suggest that a few well chosen observations,
i.e., fewar data points, can be used to ob-
tain evaluations superior to those obtained
from typical summary indicators based on
many data points.

The results of these investigations aiso .

support the use of a performance state eval-
uation model. Performance times and devia-
tions from maximum altitude were found to
discriminate precisely between both individ-
ual and group performances and to identify
the sources of errors within a given individ-
ual performance. It is interesting that
performance time for the transition from
climb to maximum altitude was consistently
found among the predominant predictors in

the regression analyses. In previous re-
search, Gerlach, et al. (1972) predicted, on
the basis of a theoretical and a training
requirements analysis, that this Tocation was
the most 1ikely source of student performance
errors in the Vertical S-A. Coupled with the
demonstrated sensitivity of deviatjons from
maximum altitude, it is clear that the
evaluation model could be effectively uti-
lized for performance of the Vertical S-A in
a flight simulator.

For the operatfonal user, these find-
ings suggest that exact indicators can be
used to replace summary indicators and also
global ratings. Maximum altitude, an
example of an exact indicator in the Verti-
cal S-A, was found to carry nearly all the
information given by error amplitude, 2
summary indicator. Since maximum altitude
in the Vertical S-A occurs at a well defined
point, IPs could easily observe it and use
its value to replace a global rating. The
dilemma of excessive detail versus uninform-
ative generality in pilot training measure-
ment and evaluation can be given & workable
solution to the extent that similar values
and their locations can be derived for other
pilot training maneuvers.
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