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FOREWORD

The Organizations and Systems Research Laboratory of the Army Re-
search Institute for the Behavioral and Social Sciences (ARI) has as its
goal the optimal utilization of the various U.S. Army combat systems.
ARI approaches this goal via two general avenues: by training or se-
lecting soldiers to interact with and operate existing systems, or by
participating in the development of new systems to assure their being
designed with the human operator in mind.

The work reported here involves a facet of training aimed at an
existing system. One of the results of an Army-wide 1973 conference on
aircrew performance in Army aviation was a tasking of ARI to address
navigation training requirements for the very low level or nap-of-the-
earth (NOE) flight environment. In its shift of emphasis to NOE flight,
the Army has discovered that present-day rotary wing aviators, although
well able to maneuver at NOE altitude, find it difficult to navigate and
maintain orientation accurately for any period of time without special
training.

To improve pilot navigation performance in NOE flight, the ARI Field
Unit at Fort Rucker, Ala., has developed an academic training program for
NOE map interpretation for the Director of Training, U.S. Army Aviation
Center, Fort Rucker. This development was conducted as a part of
Army Program 2Q263743A772A1, Aircrew Performance Enhancement in the
Tactical Environment., The course of instruction approaches map inter-
pretation from the NOE point of view, emphasizing the relatively small
NOE field of view and the lack of correlation between map features and
real-world features at low altitude.

This report presents the evaluation of an achievement test designed
to assess student aviators' comprehension of NOE map interpretation con-
cepts. The test instrument is to be integrated and fielded with the NOE
Map Interpretation and Terrain Analysis Course (MITAC).

ol i
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EVALUATION OF AN ACHIEVEMENT TEST FOR MAP INTERPRETATION IN NAP-OF-THE-
EARTH FLIGHT

BRIEF

Requirement:

The requirement was to develop an achievement test to measure com-
prehension of the concepts and principles taught in the Army's Map Inter-
pretation and Terrain Analysis Course (MITAC) for nap-of-the-earth (NOE)
flight.

Procedure:

Initial-entry rotary wing (IERW) aviator graduates of MITAC at the
U.S. Army Aviation Center, Fort Rucker, were administered a pool of test
items designed to assess MITAC comprehension. These same students' per-
formance as NOE navigators was evaluated at a later point in the IERW
curriculum, and the achievement test results were validated against the
navigation performance results.

Findings:

From the initial item pool, 49 items were identified with signifi-
cant item-to-total-score correlations and were statistically determined
to address a common core of map interpretation knowledge. This 49-item
test was also found to marginally correlate with later performance as an
NOE navigator.

Utilization of Findings:
The 49-item achievement test will be fielded with the MITAC package

as an instrument for assessing comprehension of NOE map interpretation
principles.
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EVALUATION OF AN ACHIEVEMENT TEST FOR MAP INTERPRETATION
IN NAP-OF-THE~EARTH FLIGHT

BACKGROUND

As the U.S. Army has increased its utilization of rotary wing (RW)
airborne systems platforms and logistical support, potential threat
forces' utilization of antiair (AA) systems has increased proportionately.
To evade detection by threat AA sensors and engagement by threat AA
weaponry, U.S. Army RW tactics on the modern mid- to high-intensity
battlefield will be couched in the "terrain" flight envelope, that is,

RW aircraft will operate so that they can take advantage of the conceal-
ment or "masking" from threat sensors and weapons systems:afforded by
the terrain itself.

Terrain flight is arbitrarily divided into three modes: low-level,
contour-following, and nap-of-the-earth (NOE). Of these three, NOE
involves flight closest to the ground. 1In the NOE mode, the RW aviator
flies as close to the earth's surface as possible, flying around (instead
of over) obstacles and vegetation if at all feasible. Visual pilotage
is utilized both in controlling and maneuvering the aircraft and in main-
taining geographical orientation.

The flying skills requisite for controlling and maneuvering the air-
craft at NOE altitudes are fairly easily acquired; however, maintaining
geographical orientation along a route of any length is a skill that re-
quires specialized training. The Army is now implementing a training
system for maintaining NOE orientation called the Map Interpretation and
Terrain Analysis Course (MITAC). In essence, the course teaches the
aviator to interpret standard 1:50,000 topographic maps from the NOE
point of view. Interpretation in this instance refers not only to the
learning of cartographic symbology but also to the comprehension of the
much less than perfect correlation between real-world features and those
portrayed on the map.

OBJECTIVE

Prior to the aviator's progressing from MITAC to relatively expen-
sive real-time training in NOE navigation in the aircraft, some assess-
ment of his comprehension of key principles of map interpretation should
be made. One of the more efficient and objective methods of accomplish-
ing this assessment consists of administering a course-exit achievement
test to the student aviators and using scores obtained on the test as a
criterion for progressing to aircraft training. This report describes
in detail the development and evaluation of such a test.




PROCEDURES AND RESULTS

A sizable pool of potential test questions was administered
to IERW student aviator classes at the U.S. Army Aviation Center
(USAAVNC) , Fort Rucker, after they had completed the center's MITAC
academic course of instruction. A set of 49 highly interrelated and
reliable test items was identified, and students' scores on this set
were subsequently validated against their actual performance as NOE
navigators. Figure 1 outlines this sequence of events.

DISCUSSION

The achievement test developed in the course of this study is a
statistically reliable product with marginal use in predicting students'
initial performance as NOE navigators. Doubtless, as aviators gain more
experience as NOE navigators, the test's predictive ability becomes less
precise.

The test, along with instructions, scoring sheets, etc., will be
integrated and fielded with the MITAC package as a relatively effective
means of monitoring students' academic knowledge of map interpretation
principles prior to their progressing to NOE training in the aircraft.
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TECHNICAL SUPPLEMENT

The conventional evaluation of any test instrument is directed
toward two general areas: assessment of the test items themselves, for
internal consistency, and validation of test scores against some external
criterion. The following summary is organized around these two areas:
reliability and validity.

Procedures

Test Items. One component supplied with the MITAC package is an
instructional pamphlet entitled "Map Interpretation in NOE Flight,"
which explains the fundamental principles of NOE mapreading. The MITAC
contractor has also supplied a pool of 115 multiple-choice and true-false
potential test items based on material presented in the pamphlet. The
pool has a subjectively high internal face validity in that all items
can be answered by referring to facts or concepts contained in the pam-
phlet. Across all items, the position of the correct response is sys-
tematically varied to appear equally often in all response positions.
Sample items (which were not included in the final form of the test) ap-
pear in Appendix A.

Subjects. IERW students at USAAVNC, Fort Rucker, are the ultimate
target population for MITAC once all those aviators now in the field
have been exposed to the course. IERW students range in educational
background from high school to college graduate, in age from 18 to 26, 4
in rank from Warrant Officer Candidate to First Lieutenant, and in mili- 3
tary service from O to 8 years; the students include male and female
Army and Air Force personnel. Allied and NATO students also are in-
cluded in regular IERW classes; they were specifically excluded from the
sample. 1In all, 245 IERW students were administered the original pool
of items.

Achievement Test Administration. The pool of items was presented _
to students by the Terrain Flight Operations instructors as a normal E
point in the IERW curriculum immediately after instruction in map in- A
terpretation was completed. Students were allowed one class period ?
(50 minutes) to complete the test. The test was not speeded; students
who required additional time for completion were allowed it as was fea-
sible. Following administration of the test, students were debriefed
by ARI personnel, and comments were solicited for any individual items.

Performance Test Administration. Approximately 6 weeks (dependent
on weather and class size) subsequent to completion of the academic map
interpretation course, IERW students are in their ninth and final hour
of flying standard, fixed NOE routes. The Fort Rucker training complex

[}
) \  PRECEDING PAGE BLANK-NOT FILMED




presently has 37 such training routes, all of varying lengths and diffi-
culties. Each student receives a total of 9 hours of training as pilot
and as navigator on these routes before progressing to less standardized
corridor flight. Insofar as possible, no student flies any one route
twice, either as pilot or as navigator. Each route has four preplotted
points that are to be identified by the student navigator: the starting
point, two phase lines (checkpoints), and the release point.

Instructor pilots (IP's) were tasked with collecting data from each
student's ninth hour of training as an NOE navigator. Data elements re-
corded included:

1. Route identification,
2. Start point time,
3. Release point time,

4. Meters (to nearest 100 meters) of error to right/left of pro-
jected track in identifying each point, and

5. Meters of error ahead/behind track in identifying each point.

The first three elements, when combined with route length, were
used to obtain average speed for a route, and the last two elements
were used to calculate actual distance between assumed position and pre-
plotted point.

Results

Reliability. Item analysis of 182 students' responses to the full
115-item pool identified 49 items with statistically significant item-to-
total-test-score correlations (r's > .145, p < .025). (These correla-
tions, of course, do not include the item being correlated in computing
total score.) Further analysis of this smaller set of items yielded an
alpha reliability coefficient™ of .80 and a mean of 32.6 items correct,
with a standard deviation of 6.4 items.

Table 1 shows for each item its difficulty level and item-to-total-
score correlation. Note that items 36 and 46, even though they are rela-
tively difficult, do not have low item-to-total-test-score correlations.

lCronbach, L. J. Coefficient Alpha and the Internal Structure of Tests.
Psychometrika, 1951, 16, 297-334.




Table 1

Individual Item Descriptions

Number Difficultya rb Number Difficulty ¥
1 (filler) 26 .611 =215
2 .815 .215 27 <957 .245
3 .953 .181 28 .820 «211
4 .720 .398 29 .659 .360
5 .592 .176 30 .488 .147
6 .602 .300 31 .682 .281
7 .455 .243 32 .839 .413
8 .607 .291 33 .341 .261
9 .303 .182 34 <957 <379

10 .341 .378 35 .374 .230
11 .787 .154 36 .071 211
12 .545 .286 37 .573 339
13 .758 .240 38 .896 .153
14 .801 .336 39 .801 .229
15 .550 .281 40 .502 .149
16 .782 .243 41 .787 « 195
17 .782 .182 42 .900 .216
18 .450 .374 43 .630 .357
19 .654 .278 44 sl 713 .248
20 .810 .435 45 .758 .148
21 .635 .222 46 .171 CPA
22 .844 .356 47 .739 .170
23 .763 .298 48 .450 v 233
24 .825 .254 49 .464 .147
25 .384 .298 50 .825 .221
aDifficulty: level of difficulty (or probability of correct response).

b
xr:

item-to-total-score correlation.
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Content Validity. The instructional pamphlet for NOE training is
divided into five major sections. The number of test items in the
original set and in the 49-item test that is pertinent to each section
is shown in Table 2. Aviation Center MITAC academic instructors, after
an informal perusal of the 49 items, agreed that all 49 are pertinent to
NOE map interpretation and cover facts and concepts presented in the
MITAC curriculum.

Table 2

Test Items Relevant to Curriculum Topics

Topic Original pool Final test

1. CGeneral considerations 11 :

2. Characteristics of
topographic maps 15 6

3. Interpretation of
terrain relief 19 7

4. Interpretation of
vegetation 11 6

5. Interpretation of
hydrography 16 6

6. Interpretation of
manmade features 43 23

External Validity. The NOE performance test was conducted to pro-
vide an objective measure against which the achievement test scores might
be validated. Navigation of an NOE route was conceptualized as a four-
item test, with each of the four points a navigator was to identify be-
ing considered a test item. Each item's score was the approximate direct
distance in meters the student navigator was from the actual point when
the student reported himself as being at the point. These scores ranged
from O to 1,411 meters. The composite score on the test was the mean of
these four errors; this composite ranged from O to 1,215 meters, with an
average of 391 meters and a standard deviation of 432 meters. The
scores' alpha reliability was .21.




Additionally, these scores were transformed (as described in
Appendix B) to take into account not only error magnitude but also
average speed along the route. The average transformed scores, which
can be conceptualized as probability of NOE mission success, had a mean
of .91 and standard deviation of .37. The transformed score alpha re-
liability was found to be .25.

The coefficient of validity for the achievement test and NOE per-
formance was -.098 (p < .15) for navigation raw scores and .100 (p < A5
for transformed navigation scores. The negative correlation for raw
scores was expected because better navigation performance yields a lower
raw score), but neither correlation is significant. Corrected for at-
tenuation, these coefficients are -.191 and .224, respectively.

Discussion

Reliability. As mentioned earlier, one indicator of the suitability
of a test of this sort is the degree to which all its items appear to
measure a common corpus of knowledge. If all items do address the same
general topic, responses to them should be highly intercorrelated--indi-
cating a high degree of internal consistency. In the case of this test,
consistency is indicated by the relatively high observed alpha coeffi-
cient of .80. This figure, which is based on interitem correlations,
may be interpreted as the average of all possible split-half correlation
coefficients or, alternatively, as the overall proportion of the test
that addresses some common body of knowledge (Cronbach, 1951).

Note that alpha does not identify that body of knowledge; it merely
indicates that the items in general all pertain to some common under-
lying factor(s). The assumption that the unobservable body of knowledge
is indeed comprehension of NOE navigation principles is addressed by a
consideration of the test's validity.

Validity. A test's validity in essence reveals how relevant the
test is to the construct that it purports to measure. In the case of
this test, there is a high fact validity. This is inferred from the in-
dividual items' contents: each item refers specifically to some point
presented in both the NOE navigation instructional pamphlet and the
classroom lectures.

Predictive validity is entirely a different matter. If the test
truly measures NOE navigation skills, then those students who score high
on the test should also excel in NOE navigation performance. However,
the relatively low correlation between test scores and navigation per-
formance indicates that this is not necessarily the case. In fact,
knowledge of a student's achievement test score does not appreciably af-
fect the precision with which one can predict how well the student will
navigate after 9 hours of NOE training.




Thus the question remains to be answered: If the test actually
taps those cognitive skills requisite for NOE navigation, why is there
so little relationship between test scores and navigation scores? One
major reason for the lack of relationship is the relatively low relia-
bility of the navigation test. Taking into consideration that correla-
tion between two test instruments is bounded by their individual reli-
abilities,2 it can be shown that the observed correlation between these
two tests has a theoretical upper bound of less than .45.

In the case of the navigation test, reliability may be conceptual-
ized as a rough indication that students generally do perform consis-
tently in identifying checkpoints along a route. (Consistency, in this
context, is used in the sense of a student's missing each checkpoint by
approximately the same distance.) But instead of being consistent,
students' performances varied greatly along each route; the average in-
teritem correlation was only .08 for all four checkpoints.

Assuming the IP's were consistent in scoring individual students,
the most likely reason for the low intercorrelations among checkpoints
is the checkpoints' heterogeneity. The first checkpoint on one route
might be in an open field, whereas the first checkpoint on another route
might be a road intersection. Very likely these checkpoints differ in
difficulty to the extent that the test item variances greatly exceed
their covariances.

Another possible cause for the low achievement-navigation test cor-
relation lies in the events intervening between the two tests. As shown
in Figure 1, approximately 6 weeks of RW-related training occurred be-
tween tests. Additionally, the navigation test was administered during
the last of 9 hours of actual navigation training. Thus there was ample
opportunity for principles learned during the academic phase to be for-
gotten and other practical principles to be learned during actual navi-
gation training. Either possibility would tend to "blur" the relation-
ship between the two tests.

This reasoning, of course, gives rise to a third possibility: The
principles learned in the academic phase may be nonapplicable to the train-
ing routes used at Fort Rucker. But the previous finding3——that students
trained with MITAC make one-third the errors and fly roughly twice as fast
as conventionally trained students--tends to discount this possibility.
However, the possibility does remain that the achievement test addresses
portions of MITAC that are only incidentally related to navigation
per formance.

2Novick, M. R. The Axioms and Principal Results of Classical Test
Theory. Journal of Mathematical Psychology, 1966, 3, 1-18.

3Holman, G. L. An Evaluation of a Map Interpretation and Terrain Analy-
sis Course and Nap-of-the-Earth Navigation. ARI Research Report 1198,
August 1978,

10




From all the foregoing, it can be concluded that the achievement
test is a statistically (internally) sound instrument for measuring
comprehension of the academic portion of MITAC. Its validity as a pre-
dictive instrument remains unclear, primarily because there is no readily
available statistically reliable criterion by which to assess its valid-
ity. A methodology for NOE navigation performance assessment is pres-
ently under development and will be used in any follow-on studies of the
achievement test.

11




APPENDIX A
ACHIEVEMENT TEST SAMPLE ITEMS
1. The most important effect of the scale factor is that the cartographer
must
a. generalize the shape of linear features.
b. make a selection of features to be portrayed.
c. displace features that lie adjacent to each other.
2. You can confidently expect that the highest terrain elevation in the
area covered by the map sheet will be identified with a spot elevation

numeral.

T = true
F = false

3. To use the "relative" method of identifying terrain features, you would
a. compare terrain height with aircraft altitude.
b. observe the differences between relief features.
c. compare terrain orientation with aircraft heading.

4. Most roads are more visible than most railroads.

T = true
F = false

5. The selection of features for portrayal depends most strongly on
a. the type of region being portrayed.
b. the scale and purpose of the map.
c. the judgment of the individual cartographer.

6. Because of their simple and bold portrayal on the map, cultural
features are easier to interpret reliably than natural features.

T = true
F = false

7. As a result of the feature selection process, the distribution of
features portrayed on the map is usually more variable than the

distribution of features in the real world.

T = true
F = false

1o
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8.

10.

11.

12.

A cartographer would be most likely to exaggerate scale to show a

a. sharp bend in a creek.
b. small cove along a lakeshore.
c. switchback on a mountain road.

Cartographers are given very rigid rules for selecting hydrographic
features for portrayal, and have little freedom of choice in deciding
which ponds and streams to include on the map.

T = true
F = false

The smaller the map scale, the more the cartographer must generalize
the shape of portrayed features.

T = true
F = false

Narrow strips of vegetation are normally portraved only if they are
at least 60 meters in width.

T = true
F = false

Which provides the most important information in interpreting contour
lines?

a. The shape of the lines.
b. The spacing between adjacent contour lines.
c. Whether or not a line closes back on itself.




APPENDIX B

APPROXIMATION OF THE JOINT EFFECTS OF SPEED AND DISTANCE
IN JUDGING SEVERITY OF NOE NAVIGATION ERRORS

In deriving a composite dependent measure for NOE navigation per-
formance, two performance variables are assumed to be of prime impor-
tance, if performance is defined in terms of mission success. These two
variables are speed and distance off track. The NOE mission is to be
completed expeditiously and accurately, but speed and accuracy possibly
interact. It should be evident that missing a checkpoint by 100 m at
20 kt is qualitatively different from missing a checkpoint by 100 m
while flying at 80 kt. The study presented here was conducted to gain
some insight on the joint effects of airspeed and deviation from track.

Method

Subjects. Twenty-two NOE-proficient RW aviators participated in
the study. All these subjects were NOE IP's attached to the Advanced
Division of the Department of Undergraduate Flight Training, USAAVNC,
Fort Rucker.

Procedure. The task presented subjects was that of evaluating
student navigators' performances in missing some average checkpoint by
a given distance while traveling at a given speed. The subjects esti-
mated the hypothetical navigators' probability of mission success after
the navigators missed a checkpoint by 150 to 650 m (in increments of
100 m) while flying at 25 to 55 kt (in increments of 10 kt).

The 24 combinations of speed and distance were randomized and pre-
sented one at a time, verbally, to the subjects.
Results

The data were analyzed using a two-way, (6 x 4) within-subjects
analysis of variance. The results of this analysis in Table B-1 show
very strong effects of speed and distance, but no significant inter-
action between them.

The absence of an interaction suggested a regression analysis of
the data, using speed and distance to predict mission success. This
analysis yielded the prediction equation

Mission success = =-.43 (distance) - .12 (speed) + 112.07.
The obtained coefficient of determination (R?) was .89 when corrected

for shrinkage.
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Speed and

Table B-1

Distance Analysis of Variance Summary

Source SS df MS F .
Between S's 82,938 21 3,949
Distance 215,393 5 43,079 184. *
Speed 12,075 3 4,025 17.2*
Distance x speed 1,912 15 127 .54
Error 112,861 483 234
*p < .01

Discussion

The data indicate that the joint consideration of speed and distance

in this experimental
cesses since the two
linear components of
success, account for

context can be considered as two independent pro-
do not significantly interact. Furthermore, the
speed and distance, when used to predict mission
approximately 90% of the variance.

The regression equation above can thus confidently be used to trans-

form students' raw sc

ores into a measure of mission success.
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