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ABSTRACT
AN ASSESSHMENT OF BATTLEFIELD NAP EFFECTIVENESS
By

Joseph Francis Fontanella, Jr.

Battlefield map effectiveness was investigated in a perception
experiment with three variables: method of symbol explanation, method of
terrain representation, and military experience or interest. Maps of
two hypothetical battles were used in the experiment and were preceded
by either a "natural" legend or conventional legend. Subjects viewed
one map of each battle; battles were alternately configured with
different methods of terrain representation. Experience and interest
vas determined by questionnaire. Test responses were examined to
determine the influence of each variable on map effectiveness. The
results suggest that: (a) the "natural" legend promotes understanding of
battlefield map symbols in certain map reading tasks and is at least as
effective as the conventional legend in others; (b) the interpretive
method of terrain representation facilitates performance of military
terrain analysis tasks; and (c) military experience and interest
facilitates performance in tasks requiring symbol identification or

overall integration of map information.
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CHAPTER I

NAPPING BATTLE SITUATIONS

Introduction

Battlefield maps portray the spatial relationships between
opposing military forces through the course of battle and are a primary
tool in the study of current military geography. The spatial study of
battles undoubtedly has both utilitarian and educational value for the
professional soldier and military scholar. Knowledge of military
history and military geography aids in developing and applying useful
ideas, theories and interpretations of the practice of the military
profession (Jessup and Coakley, 1982). Battlefield maps describe both
current and past events that may be of common interest to society in
general. In such circumstances maps should be undefstandable regardless
of soldierly or scholarly experience; effective maps may overcome a lack
of experience and promote better understanding. As such, a cartographic
4study that evaluates the communication effectiveness of battlefield maps
is worthy.

This research is an empirical examination of three variables
potentially contributing to the effectiveness of battlefield maps in the
study of military geography. The variables are: symbol explanation and
type of legend, interpreted terrain as a separate category of thematic
information, and the experience and interest of the map user. The
purpose is to provide cartographers with a set of design principles for

mapping battle in an historic and geographic context.



The Nature and Purpose of Battlefield Mapping

The issue of battlefield map effectiveness is actually one of
cartographic communication. A number of early studies (Kolacny, 1969;
and Ratajski, 1973) identified critical elements in the communication
process: the cartographer and the map user, the medium of communication
(the map), and the cartographer's and user's knowledge and experience.
The idea of improving communication has since become one of the
organizing themes of the profession, providing cartographers with a
basis for developing hypotheses and research methods and for evaluating
results (Morrison, 1984).

The communication effectiveness of battlefield maps has largely
been ignored. Petchenik (1978) attributed the lack of research in
historical battlefield mapping to: (1) the deviation of historical
military mapping from the mainstream of cartographic activity, (2) the
peripheral nature of military history to American historical thought and
writing, combined with (3) the subordination of maps to development of
text in military works, and (4) the lack of professional cartographic
input into the design and production of battlefield maps. She
suggested that battlefield map ineffectiveness is caused by a low regard
for maps as data and for the meaning of maps, or by the failed
communication of information to the map user. Petchenik's analysis
provoked several relevant questions; how are battlefield maps
categorized, what are their purposes, and what can they communicate to
the student of military geography?

Historical battle maps can be categorized by scale and purpose, as

"thematic" or "reference" maps, or by the operations that can be
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performed on them. Petchenik (1978) developed a typology by scale and

purpose for twentieth century military maps. The first type, small
scale place-name maps, are simple reference maps that show the locations
associated with military activity described in an accompanying text
(Figure 1). The second type, small to medium scale place-name and line
maps, are purported to show troop movements between locations over a
period of time (Figure 2). The third type, the large scale battlefield
map, shows the disposition of military forces throughout the course of a
single battle (Figure 3). This third type, described by Petchenik as
the type "that everyone expects to see and that hardly anyone
understands,” is the most common and is the focus of this study.

Maps may also be categorized as either "thematic” or "reference,"
with battlefield maps perhaps more closely representing the former.
Dent (1985) argued that the single graphic theme of a thematic map
distinguishes it from a reference map. Battlefield maps illustrate the
distribution of military units through the course of a battle and have a
single theme. However, the distribution of military activity on a
battlefield map is strongly related to the physical and cultural
landscape represented by the base map; as such, battlefield maps also
exhibit the qualities of reference maps. Petchenik (1979) suggested
that map classification should depend on the operations that can be
performed on it. She argued that reference maps require the map reader
to learn where things are, whereas thematic maps cause the reader to
understand distributions. Battlefield maps provide an inventory of the
unique characteristics of military forces as associated with particular
places and they also illustrate the distribution of those forces over

time.



Figure 1. An example of a small scale place-name map. Source: Robert P. Jordan, fhe Civil Far.
(National Geographic Society: Washington, D.C., 1969)

SEA . T

Figure 2. An example of a small scale place-name and lime map. Source: Simon Goodenough, War Naps.
(St. Martin's Press: New York, 1982)



Pigure 3. An example of a large scale battlefield map. Source: Thomas B. Griess, tMin Atlas to the
American Civil War. (Avery Publishing Group, Inc: Wayne, 1986)

Just as a map may be classified by the operations that may be
performed on it, so may its effectiveness be defined in relation to its
intended use (MacEachren, 1982). What is the purpose of military
historical geography, and what is its relationship to battlefield
mapping?

Peltier (1961) described military geography as a "borderline
science between military science and scientific geography," arguing that
military science is operational and therefore cannot be strictly
objective. He suggested that solutions to military problems could be
accommodated through an application of systematic geographic principles
and knowledge; one such systematic approach is historical. History and

geography are interdependent and distributions are the result of
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historical processes (Thompson, 1962). Thompson suggested that in

relation to the systematic sciences, history provides an orientation in
time, whereas geography provides one in space. The interests of the
military historian and the military geographer are therefore compatible,
yet discrete. The chronology, significance and outcome of events is of
key importance to the military historian; these are of no less concern
to the military geographer. The military geographer is concerned not
only with relating the questions of "what, why, and when" to historical
events, but also with gaining a spatial understanding of those events
and applying it to military operations; much of that spatial
understanding is gained through map analysis.

The tasks which can be performed on a battlefield map determine
the manner in which the map aids the study of military historical
geography. Three potential categories of map reading tasks may be
performed on maps: navigation, measurement, and visualization (Board,
1978). A summary of map reading tasks by category is in Table 1. It is
possible that any or all of the tasks could be executed in the study of
military geography. However, there should be a practical limit to any
research problem, since "valid experimental conclusions can only be
obtained by asking questions and by testing hypotheses which are based
upon the ways in which readers use maps" (Board, 1978). Which tasks are
therefore most appropriate for a cartographic communication experiment
designed to assess battlefield map effectiveness? Navigation is seldom
used‘IOt battlefield maps in a military historical context, whereas
measurement and visualization tasks are most likely to be performed.

Measurement requires the map reader obtain and possibly compare some
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Table 1. Summary of Map-Reading Tasks. Source: Christopher Board, "Nap
Reading Tasks Appropriate in Experimental Studies in Cartographis
Comnunication,” The Canadian Cartographer, Vol. 15, Wo. 1, p. 6

NAVIGATION NEASURENENT VISUALIZATION
Search Search Search
Identify and locate Identify Identify
own position on map
Orient map Count Describe
Search for optimum route Compare Coapare/recognize
Search for landmarks Contrast Contrast
en route
Recognize landmarks Bstinate Discriminate/Distinguish
en route
Search for destination Interpolate Deliait
Identify destination Neasure Verify
Verify Generalize
Prefer/like

precise cartographic information. Visualization requires the reader
obtain an overall view of the geographical landscape and is basic to

explaining distribution patterns (Board, 1978).

Understanding Battlefield Map Symbols

Map symbols generally provide information regarding the location,
type, quantity and quality of objects or occurrences in space. The
effectiveness of a map is therefore largely dependent on the user's
understanding of the symbols. Much of the cartographic literature
concerned with symbol understanding has either recommended specific
forms or developed rules for devising or proving new sets (Hopkin and
Taylor, 1979). However, it is not the intent of this study to develop

new symbols for battlefield maps, nor to evaluate the effectiveness of
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those currently used. Rather, the purpose is to identify the

characteristics of battlefield map symbols and, based on these
characteristics, understand how they may be effectively learned.
Cartographic literature (DeLucia and Hiller, 1982) suggests that
understanding of battlefield map symbols will be enhanced with a
"natural"” legend accompanied by an explanation of battlefield map
construction, rather than a conventional legend. A "natural" legend
format depicts the map symbols in a context more closely resembling
their actual situations within the body of a map, whereas a conventional
legend catalogues them. This suggestion is based on the premise that
standard battlefield map symbols are too complex and varied to be
understood solely through inference typically required by conventional
legend types.

Battlefield map symbols often follow a conventional standard.
Hopkin and Taylor (1979) argued that the association of specific
meanings with specific symbols is fundamental to all effective means of
graphic communication and can be accomplished through standardization.
It is therefore not surprising that the need to derive and adopt
standard symbols has been the focus of a number of cartographic studies
(Ratajski, 1971; Board, 1973; Robinson, 1973; Morrison, 1974 and 1984).
It is generally accepted that reference maps lend themselves more easily
to the adoption of standard symbols than do most thematic maps; the
effectiveness of certain symbols on thematic maps varies and is
dependent on the specific information depicted (Hopkin and Taylor,
1979). Although battlefield maps may be categorized as a type of
thematic map, their symbols lend themselves to standardization better

than do others.
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Thematic information on military operations maps and overlays is

portrayed with standard symbols (Field Manual 101-5-1, 1985).
Standardization provides military commanders and planners with a common
graphic means of depicting operational intentions, thereby reducing the
possibility of confusion or misinterpretation between users.

Battlefield map symbols are similar in character to those found on
standard military operational maps and appear to have evolved from then.
.Evidence of this evolution is found in several historical battle atlases
(Esposito, 1959; Chandler, 1980; Goodenough, 1982). It is possible that
techniques used to learn standard military map symbols may be applied to
battlefield mapping.

Unlike those found on many thematic maps, standard battlefield map
symbols are both qualitative and quantitative; they not only portray the
quantities and characteristics of various military units, but also
portray the activities of these units, control measures, and other
tactical information of interest. Hopkin and Taylor (1979) argued that
cartographic researchers have been preoccupied with the psychophysical
scaling of quantitative map symbols. As a result, the understanding of
symbols which are both qualitative and quantitative has not been wholly
addressed in the cartographic literature.

Standard battlefield symbols are abstract, complex, and yaried.
Abstract symbols require sophistication of the user and must be
accompanied by a detailed legend (Dent, 1985); the complexity of
battlefield map symbols compounds the legend's requirement for detail.
As evidence of this complexity, a diagram illustrating the components of

a typical military unit symbol is shown in Figure 4. Although it might
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SIZE OF UNIT SYMBOL T
HIGHER ECHELONS
OF COMMAND
v SEPARATED BY A
S SUASH (EXCEPT
CAB UNITS)

.‘ Squad

UNIT Dt SIGNATION ====e- ® @ Section

© ® @ Platoon or

BRANCH DUITY Detachment

TFUNCTIONAL) SYMBOL ,

OR ABBREVIATION OTHER 1DENTITYING INFORMATION SUCH AS ) Company.

oF UNIT TYPE OF WEAPON OR VEMICLES ORGANIC TO Battery. Troop
THE UNIT OR OTHER INFORMATION CONTR! )
BUTING 10 ITS IDENTITY

1] Battalion of
Squadion

EXAMPLES
in Group. Regiment.

(X X}
or Equivalent

1ST PLATOON COMPANY A
| A276 20 BATIALION (MECHANIZED) L Bugage
76TH INFANTRY

xn Division

° XXX  Corps
20 SQUAD COMPANY B XARX  Army
2 82 2151 ENGINEER BATIALION

Pigure 4. Components of a standard military umit symbol. Source: Pield Nanual 5-34, fngineer Field
Data. (Government Printing Office: Washington, D.C., 1987), p. 10-26.

be argued that the complexity of the symbols is justified by their
utility, there is no empirical evidence to either dispute or support
that claim. Nevertheless, the issue is not the utility of complex
symbols, but rather the effect of complexity on learning.

Several authors have determined that complex and numerous symbol
sets are difficult to learn (Harrison, 1959; Williams and Falzon, 1963;
Easterby, 1963; Van Roy and Morrison, 1973). The complex idea
represented by a symbol must be expressed in words (Blaut, 1954), and
the application of Blaut's notion usually occurs in the form of a
legend. According to DeLucia and Hiller (1982), the legend of a
thematic map is crucial to map understanding because the map user
"depends upon it to decode and comprehend the symbols used.” With
battle atlases, a legend is typically found in the introductory pages of

the atlas, although supplemental legends may accompany individual maps.
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Several typical battlefield map legends are shown in Figures S and 6.
These legends do not depict all of the symbols found in their respective
atlases; a single battlefield map symbol is a ccmpound structure and may
be constructed from several others. Therefore, it is difficult for a map
user to learn all possible combinations and impractical for all of those
combinations to appear in any legend. As such, two "cardinal rules"
(Robinson, Morrison and Sale, et al.,'1984) are violated: "no symbol
that is not self-explanatory should be used on a map unless it is
explained in a legend"” and; "any symbol explained should appear in the
legend exactly as it appears on the map."

A conventional approach to legend design may be inappropriate for
battlefield maps. Perhaps instead of illustrating possible symbol
combinations, the legend might illustrate the procedure for constructing
map symbols from several basic ones. Once familiar with the
construction technique, the map user may be able to dissect and
understand any battlefield map symbol (Field Manuals 101-5-1, 1985, and
21-30, 1970). Similarly, instead of cataloging symbols, the legend
could show the context in which they are used. Rarely does an adequate
explanation of symbol construction or illustration of symbol usage
accompany battle maps or atlases. Apparently, the map reader is
expected to infer the meaning of combinations not illustrated in the
legend. The lay user is likely to encounter difficulty in understanding
the significance of even the basic symbols, one of Petchenik's (1978)
major criticisms of most battle maps.

An alternative to the conventional legend is a "natural" legend
combined with an illustrated description of symbol construction.

DeLucia and Hiller (1982) determined that map performance efficiency and
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understanding is improved using a natural, rather than a conventional
legend. An example of a natural legend is shown in Figure 7. The
legend could be complemented by an illustrated description; the
descriptive approach has been used to summarize the principles of
military map interpretation (McGrath, 1975) and to teach military map
reading, navigation and graphic representation (U.S. Army Infantry
School Student Handbooks 7-6 and 21-21, 1985; and Command and General
Staff College, 1985). The illustrated description graphically depicts
the construction, use and meaning of battlefield map symbols and their
components. Theoretically, the combination of an illustrated
description of symbol construction with a natural legend would not only
provide more information to the map user, but would provide the
information in a context that facilitates better understanding of

battlefield maps.

Terrain as a Category of Thematic Information

Terrain can be defined as the surface of the earth with all its
natural and artificial features, and an understanding of the effects of
terrain on past military operations is of paramount importance to the
student of military geography (Thompson, 1962). Therefore, an effective
thematic battlefield map should do more than represent the physical
aspects of terrain; it should present an analysis of the military
aspects of terrain and their effects on battle.

Thematic battlefield maps often portray only the physical aspects
of terrain and ignore the military aspects. Contemporary military
doctrine (Field Manuals 21-32,1979; 34-1, 1984; and 101-5-1, 1985)
considers five military aspects of terrain: (1) observation and fields

of fire; (2) cover and concealment; (3) obstacles; (4) key terrain;
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(5) avenues of approach. The cartographic methods of portraying terrain
are varied (Robinson, Morrison and Sale, et al.,1984), and several of
these methods haée been applied to battlefield maps (Figures 8 through
10). Although the maps in Figures 8 through 10 differ in method of
terrain portrayal, they all portray the physical, rather than the
military, aspects of the terrain.

Thematic maps consist of at least two elements, a geographic or
base map, and one or more thematic overlays. The purpose of the
geographic base is to provide locational information relevant to the
thematic information, and it has been argued that it should include only
the amount of information necessary to convey the map's message (Dent,
1972). On battlefield maps, the terrain is often depicted as only
geographic base information, and not as a category of thematic
information. Miller and Voskuil (1964) argued that thematic maps should
present not only facts, but the results of analysis and synthesis. What
was the significance of a particular hilltop, ridge or valley? Which
rivers acted as obstacles? Why did a force fail to engage the enemy
from a particular position? Battlefield maps that represent only the
physical aspects of the terrain cannot, by themselves, answer these
questions. With maps of this type, the map user's understanding of the
relationship between the military aspects of terrain and the outcome of
battle becomes dependent on either written description or inference
based on a prior knowledge of tactics. An alternative to portraying
only the physical aspects of terrain is to interpret certain military
aspects of terrain, and present them as an additional category of

thematic information.
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GUADALCANAL, 1942

Attack on Bloody Ridge, o
12-14 September 1942 {

Figure 8. An example of a battlefield map with hachures used to represent landforas. Source: Thomas E.
Griess, Bd., Atlas of the Second World War - Asia and the Pacific. (Avery Publishing Group, Imc:
Vayne, 1985)

The military has applied thematic mapping techniques in the
preparation of terrain analysis products for operational maps (Leestma,
1967; Field Manual 21-33, 1978; Howard, 1980; Field Manual 34-1, 1984)
and it is possible that this approach may be applied to historical
battlefield maps. It has long been recognized that graphics are basic
to many aspects of military intelligence and operations planning (Field
Manual 5-105, 1987), and multiple terrain factor overlays, the products
of terrain analysis, are often used in the planning process. These
products are either overprinted on topographic map sheets of varying
scale, or are reproduced as transparent overlays. The relationship
between the military aspects of terrain and the elements of terrain
information are shown in Table 2, as are potential military terrain

analysis products.
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s e e e —_—

Figure 9. An example of a battlefield map with contours used to represent the terrain. Source: Thomas
Yoseloff, Pub., fhe Official Atlas of the Civil Far. (Thomas Yoseloff, Inc: New York, 1958)

The military's operational approach can be adapted to produce a
thematic terrain overlay for a battlefield map. Design of such a
thematic overlay would require sufficient generalization to avoid
overvwhelming the user with every nuance of the military aspects of
terrain. Unlike its operational counterpart, a terrain overlay for a
battlefield map is not a planning tool, but is meant to convey the
relative importance of terrain through the course of battle. The
influence of certain military aspects of terrain on the outcome of an
historic battle is known, and it is only those aspects that the
cartographer need depict.

Several cartographic principles must be applied in the design of a

thematic terrain overlay for a battlefield map. Regardless of whether
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OPERATIONS IN KOREA

TERRAIN

Figure 10. An example of the use of layer tinting in terrain representation. Source: Vincent J.
Bsposito, Bd., The West Point Atlas of American FWars. (Prederick J. Praeger Press: New York, 1959)
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Table 2. Relaticaships between the Hilitary Aspects of Terrain, Blemeats of
Terrais Inforsatiem, aad possible Yerrain Asalysis Products.
Source: U.S. Departseat of the Army, Pield Manumal 5-105, fopographic
Operations. (Goverameat Priating Office: Washiagtom, D.C.,1987),

p. 1-4.
Eflitary Aspects Exasples of Yerrain
of Terraia (OCOEA) [Klemeats of Yerraia Infermatioa  Asalysis Predacts
Observatioa/ SVegetation (sumser aad wiater). t*Norizoatal lise-of-sight

fields of fire

tSurface coafiguration.
thattlefield eaviroameatal
effects oa the terrain.
$0rbaa areas.

for direct-tire weapoas
ad radar.
ttaplacenent suitability
aad perforsance ratisgs
for grouad surveillaace.

Cover asd tVegetation (summer and winter). $Cover poteatial from

coacealnent tgarface coafiguration. direct and indirect tire
s0bstacles (micro relief). (good/tair/poor).
sgattlefield eavircaneatal tConcealaeat poteatial

effects oa terrain. froa horizoatal aad
tirbaa areas. vertical observatioss.

Obstacles SYegetation (summer and wiater). tlLocatien of existiag
surface coafiguration. sataral aad man-made
tDrainage characteristics. obstacles.
sHatural and man-sade obstacles. sNobility poteatial o»
tiicro relief. the battlefield.
t$urface naterials (wet and dry).
t9rban aress.

Key terrain tUrbaa areas. tlocation of key terrain
SLines of comswaication. features, both mataral
sgarface configuration. ad aaa-made.
sprainage characteristics.

Aveanes of tVegetation (summer and winter). sIdeatification of areas

ppresch tUrban aress. vhere soveneat of

sgurface configuratioa.

sgurface materials (wet and dry).

$hrainage characteristics.
sLines of commumication.

friendly and eneny
forces aay occur.
sgpeed prediction.
$Drop zomes.
tLaading zomes.
tlaading beaches.
sHap-of-the-Barth
aavigation.
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the overlay is a transparent flap or printed on the map itself, it must
b2 designed as part of th2 map, not as an addition te it. It is
commonly accepted that a range of visual importance must ke established
on a map (Robinson, Morrison and Sale, et al., 1984). Dent (1972)
argued that on a thematic map, distributions should be assigned an order
in the visual hierarchy. The base map should be at the lowest visual
plane in the hierarchy and the less important distribution (the military
aspects of terrain) should appear as an intermediate level in the order
between the primary distribution (military units and movement) and the
geographic base. Finally, as with the geographic base, only the
information necessary to convey the terrain's significance should appear

on the thematic overlay.

Map User Experience

A third element in battlefield map learning is user experience
since most cartographers agree that greater experience results in
increased map effectiveness. Experience could include map reading
ability, military background, or visual-spatial abilities. Whatever the
source of familiarity, user experience coﬁld influence battlefield map
effectiveness. Underwood (1981) investigated the relationship between
geographic training and map reading ability. She concluded that
experience provides "cues" for successful interprestation and may
compensate for a lack of visual-spatial ability. Therefore, the factor
of experience may be most important in understanding and overcoming
complex visual displays. Olson (1975) cited a number of cartographic
studies that concluded that experience does not necessarily result in
less user error. She suggested that some of the abilities necessary for

effective map reading are perceptual and may not be acquired solely
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through geographic or related training. However, experience may
overcome deficient perceptual skills. Map user skills may be increased
by providing inexperienced users with an improved legend type and
description of symbol construction. Similarly, deficient perceptual
skills may be accommodated by interpreting the military aspects of
terrain through the addition of a category of thematic information.

This theory is an extension of Olson's (1975) conclusion that map design
modification and experience are complementary factors in improving map

communication.

Problea and Hypotheses

This study examines the contribution of three variables to the
effectiveness of battlefield maps in the study of military historical
geography: (1) symbol explanation and type of legend: (2) terrain as a
category of interpret=d thematic information; and (3) 2=xperizncz and
interest of the subject. Psychophysical testing techniques are employasd
to measure and evaluate communication effectiveness. Specifically, this
study focuses on the following research questions:

1. How do map users effectively learn battlefield map symbols? Can
knowledge of battlefield map symbols be effectively gained through use
of a conventional legend or through a natural legend? Should symbol
construction be explained by an illustrated description?

2. How do battlefield maps most effectively communicate information
about the battle setting? 1Is terrain effectively portrayed as
geographic base map information or should the interpreted military
aspects of terrain be represented as an additional category of thematic

information?
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3. What is the relationship between the prior military experience or
interest of the map user and battlefield map effectiveness? Is
performance of battlefield map reading tasks dependent on map user
experience or interest, and if so, which tasks? Are any combination of
battlefield map variables independent of experience or interest?

A review of the cartographic literature suggests that the research
questions may be addressed through the testing of the following
hypotheses:

1. The understanding of battlefield map symbols will be significantly
greater among subjects viewing a natural legend accompanied by an
illustration of battlefield symbol construction than among subjects
using a conventional legend without an accompanying illustration.

2. The understanding of the military aspects of terrain and their
impact on battle will be significantly greater with battle maps having
additional interpreted terrain information, than with maps without such
information.

3. There will be a significant positive relationship between task-
related military experience and interest of map users and information
gained from a battlefield map.

Few cartographic assessments of battlefield mapping exist. This
research will provide a better understanding of the felationship between
accuracy of battlefield map interpretation and the variables under
investigation. Results of this study may be applied to the design of
battlefield maps and atlases as well as the organization of military

texts and manuals.



CEAPTER I1I

RESEARCE DESIGHN AND EETHODS

Introduction

There are few empirical battlefield map effectiveness studies
wvhich are suitable design models for this research, although numerous
precedents in psychophysical testing procedures have been established.
Board (1978) argued that all cartographic evaluation requires an
empirical approach and suggested four points to be considered in
developing tests of map effectiveness: (1) What type of map? (2) What is
the intended audience? (3) Under what conditions will it be used? (4)
What map reading tasks are appropriate to the stated purpose? Several
cartographers have argued that the fourth consideration has not been
sufficiently addressed in many psychophysical studies. MNcCleary (1975)
stated that testing should approximate a real map using environment with
consideration given to the map's purpose. Board (1978) contended that
experimentation using inappropriate tasks makes little contribution to
evaluating map effectiveness and improving map design. He developed a
- model for evaluating map effectiveness in terms of user requirements;
this model is shown in Figure 11. The design and implementation of this

research was guided by Board's procedure.

Test Structure
The test structure and composition of the sample population were
‘guided by the research hypotheses. Examination of the first hypothesis

required a measurement and comparison of map use accuracy between

23
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subjects viewing a conventional battlefield map legend and those viewing
a natural legend accompanied by an illustration of symbol cecnstruction.
Similarly, testing of the second hypothesis required a measurement and
comparison of responses between subjects viewing battle maps with
interpreted terrain information, and those viewing maps lacking
interpreted terrain information. Examination of the third hypothesis
required a test sample population with a wide range of quantifiable
experience and interest. In consideration of these requirements, a
three variable, four part experiment was designed to.investigate the
effectiveness of battlefield maps in the study of military historical
geography. The test structure is shown in Figure 12.

Each test subject was provided an 8.5" x 14" test booklet, a
consent form, an answer sheet, and a questionnaire. Subjects were
divided into groups numbered one through four, and worked with one of
four possible test configurations.

Part I, entitled "Battlefield Map Symbols" requirasd that subjects
study a battlefield map legend, construct a five component military unit
symbol, and then match ten map symbols found on a battlefield map with
their associated descriptions. There were two configurations of Part I;
groups 1 and 2 were provided a conventional legend, whereas groups 3 and
4 were provided a natural legend accompanied by an illustration of
nilitary unit symbol construction. The requirements for symbol
construction and matching were identical for both configurations.

Parts II and III of the test each required that subjects study a
battle. The narrative of each battle was accompanied by a series of
maps which were alternately configured with or without interpreted

terrain information. There were four configurations of Parts II and III
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Pigure 12. Schematic of a three variable, four part experiment designed to investigate the
effectiveness of battlefield maps.

(two battles x two forms of terrain depiction) and each group was
exposed to two configurations. Subjects were required to study each
series of battle maps and accompanying narrative, and then respond to
fifteen test questions. Test questions were identical for each battle,
regardless of configuration.

The final part of the test was a questionnaire designed to assess
each subject's level of military experience, familiarity with
battlefield maps and symbols, and interest in military history or
military geography. The questionnaire also solicited each subject's
preferences, as well as their opinion regarding the content, quality and

administration of the test.



27

Design of the Test Instruments

To make the evaluation of map effectiveness directly applicable to
cartographic design problems involving battle portrayal, actual battles
were used to construct the test maps for Parts II and III. Two battles
were chosen from the 1973 Arab-Israeli War: the Egyptian attack and
subsequent Israeli counterattack across the Suez Canal, and the Israeli
defense of the Golan Heights. The battles were chosen because: (1) It
was believed that the test subjects could better relate their experience
to contemporary battles, thereby stimulating interest; the selected
battles could be represented at a relatively large scale and modern
equipment and tactics were employed throughout their duration. (2) They
represented two levels of tactical complexity, making it possible to
evaluate each test variable in these terms; complexity was included
because of its possible adverse impact on effectiveness (Monmonier,
1974; Jenks, 1975; MacBachren, 1982). (3) They occurred in distinct
phases which could be represented in a sequential series of maps. (4)
The effects of terrain significantly affected their outcome.

Bach of the battles in Parts II and III was presented as a
sequential series of maps, with each map representing a portion of the
battle through time, rather than as a single map. This decision was
based on the accepted theory that a sequential and partitioned
presentation of information will complement both user learning
strategies and perceptual abilities (Bartram, 1978; Shimron, 1978;
Thorndyke, 1980; Griffin, 1983; Bastman, 1985; Fontanella, 1988). The

data for the test maps in Parts II and III were compiled from several
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sources (Herzog, 1975; Eshel, 1978; Badir, et.al, 1978; O'Ballance,

1978; Aker, 1985).

Several measures were taken to eliminate the possibility that a
subject’'s familiarity with either battle might influence experimental
results. The area represented was mapped with an unconventional
orientation and several of the easily identifiable terrain features were
relocated or distorted. Place names, dates, and the names and unit
designations of the participants were changed. The battles were renamed
using real but little-known places in Africa and Asia.

The two map configurations for each battle were identical, except
for the addition or absence of the interpreted terrain information.
Battlefield map symbols and colors for opposing forces and for terrain
information were selected from those standard on military operations
maps (U.S. Dept. of the Army Field Manual 101-5-1, 1985) and were
similar in form and scale for all parts of the test. A shaded relief
method was used to represent topography on all maps and was chosen for
its ease of construction, suitability for quality reproduction, and
aesthetic appearance. Following established cartographic principles
(Dent, 1972; Board, 1978), a visual hierarchy from the highest order
(the distribution of military forces) through intermediate (the
interpreted terrain information) to the lowest (the geographic base
maps) was established by varying the color saturation and intensity for
the opposing force symbols versus the terrain symbols, and by rendering
the base map in a subdued grey tone. The maps in each series were
numbered sequentially and labeled with dates corresponding to the phase

of the battle, and a legend was provided below the maps. Test map
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configurations for Part II are found in FPigures 16 and 18, vhereas test

maps for Part III are found in Pigures 20 and 22.

The graphic design considerations used for Part I were identical
to those used to display the two battles in Parts II and III. The
natural legend base map found in the second configuration, and the test
map found in both configurations, were made to resemble the maps found
in subsequent parts. Symbols found in both legend configurations were
identical in type, form, color and scale. The conventional legend used
in the first configuration was modeled after the legend found in The
Fest Point Atlas of American Wars (1959). The illustration of symbol
construction found in the second configuration was modeled after a
similar illustration appearing in Operational Terms and Symbols (Dept.
of the Aray Field Manual 101-3-1, 1985). Unlike Parts II and III, test
questions for Part I appeared on the same page as the graphics. The two
configurations of Part I are in Pigures 13 and 14.

Battles in Parts II and III were each described by a short
narrative. This measure was taken not only to create a test environment
vhich simulated the study of military historical geography, but also
because cartographic literature suggests that it may not be possible to
design battlefield maps that are completely self-explanatory (Petchenik,
1977). These narratives were each designed as "propositional”™ text that
refers the reader to locations and distributions on the map. It has
been shown that propositional information in text contributes to the
understanding of spatial relationships (Petchenik, 1977; Shimron, 1978;
Perrig and Kintsch, 1985).

The narratives were divided into distinct parts, each part

corresponding and referring to one of the maps in each sequential
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series. The narrative, test instructions and test questions were all

located on the page facing the map, and the test subjects were able to
study all three without turning the page. The narratives, test
questions, and instructions for Parts II and III are found facing their
associated battlefield maps in Figures 15 and 17, and Pigures 19 and 21,
respectively.

Test questions used in Part I, "Battlefield Map Symbols," were
designed to measure the effectiveness of legend type on symbol
understanding. Part IA, "Unit Symbol Construction,” required subjects
to identify and graphically describe the components of a military unit
symbol. The unit symbol in question did'not appear in any of the
examples of symbol combinations, thus requiring the subject to
synthesize information gained from the legend. For Part IB, "Matching.,"
three categories of questions were formulated. The first set of
questions required subjects to identify symbol types and functions. In
order to not restrict performance evaluation to simple identification
tasks, the other categories of questions were designed to assess overall
integration of map information gained by viewing a particular legend
type. The second category of questions required subjects to associate a
unit symbol with an operational symbol: e.g., to associate a unit with
its activity. The final category of questions required subjects to
visualize complex relationships between several map elements: e.g.,
between several units, or between several units and the terrain. 1In
order to build subject confidence, questions were arranged in a
hierarchy of difficulty.

Part II, "The Arrakeen Crossing,"” and Part III, "The Defense of

the Logone Plateau," simulated an environment for the study of military
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(Reduced from the original 8.5" by 14" format).

Figure 20. Non-interpreted t
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Figure 22. Interpreted terrain configuration of test maps used in Part ITI

{Reduced from the original 8.5" by 14" format).



41
historical geography. Test questions for these parts were designed to

evaluate the subjects' comprehension of the relative position, movement
and combat power of the battle participants, the sequence and importance
of battlefield events, and the impact of terrain on the outcome of
battle. As in Part I, questions were arranged in a hierarchy of
difficulty, but were of the "true-false” variety. In order to
discourage subjects from guessing, a "cannot answer” option was
provided.

Six categories of test questions were formulated for Parts II and
III. Confronted with an actual study scenario, it was expected that the
legend viewved in Part I would influence the subjects’ test performance.
In order to assess the impact of legend type on subject comprehension,
the first three categories of questions were identical to those used in
Part I.

The last three categories of questions were designed to assess the
subjects' understanding of the impact of terrain on the outcome of
battle. An understanding of three military aspects of terrain were
evaluated. The first category asked subjects to identify obstacles to
unit movement, the second category required that subjects identify

engagement areas, and the third category required that subjects locate
key terrain features and likely unit objectives.

Written instructions for each part were designed to eliminate as
many misinterpretations and incomplete responses by test subjects as
possible. Instructions for those configurations lacking interpreted
terrain information differed slightly from the others; for these

‘configurations, subjects were instructed to base their terrain analysis
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on the topography and disposition of forces as shown on the base map, as

well as the narrative.

Part 1V of the test was a questionnaire designed to assess the
subjects' expertise and interest in battlefield mapping and in the study
of military historical geography. Subjects were asked to identify
recent duty positions requiring familiarity with military symbols,
graphics, and operational terms. Subjects were also asked to rate their
familiarity with military symbols, their interest in the subject matter,
and the usefulness of maps in the study of military history or military
geography. Subjects were asked for their opinion regarding the comtent,
quality and administration of the test. The questionnaire is shown in
Appendix A.

Forty test booklets, ten per configuration, were produced in the
Michigan State University Center for Cartographic Research and Spatial
Analysis. Consent forms. answer sheets and questionnaires were inserted
into the completed test booklets prior to distribution to test subjects.
The answer sheet and consent form used in the test are in Appendices B
and C, respectively.

A small preliminary test with six subjects was conducted to
determine whether the experiment was reasonable in terms of difficulty,
and to determine the time necessary to complete each test part. It was
found that subjects had little difficulty in understanding the
instructions, and that approximately 12 to 15 minutes were required to
complete each part, I through III. Five minutes were required to
complete the questionnaire. Pre-test subjects were slightly confused by
the requirements for Part IA, "Unit Symbol Construction," and advised

that a basic symbol "box" be added to the answer sheet for this section.
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Test Administration

In order to assure a wide range of task-related experience,
subjects were drawn from the Regular Army, the U.S. Army Reserve. the
Michigan Army National Guard, and the Michigan State University Reserve
Officer's Training Corps. The test sample composition by participating
organization is shown in Table 3.

The test vas administered at various unit locations to 186
soldiers and cadets. The conduct of the test was under normal viewing
conditions in large unit classrooms, where subjects had room to spread
out the test materials. A typical testing environment is shown in
Pigure 23. 1In order to assure an equal distribution of ranks among the
test groups, booklets were first distributed to officers and cadets,
then to non-commissioned officers, and lastly, to other enlisted
personnel. The group composition by grade is in Table 4.

The test was administered using a prepared script (Appendix D) and
administrative assistance was provided by each unit. A brief oral
introduction vas given to the subjects before distributing the test
booklets. The introduction included a short description of battlefield
maps and their uses and an explanation of the purpose of the experiment.
Fifteen minutes were allotted to complete each part of the test, and the
elapsed time was provided at five minute intervals; a two minute warning
was also provided. Test subjects were not allowed to work on any part
of the test other than the one directed, although they were allowed to
examine the legend in Part I while working on Parts II or III. Consent
forms were collected prior to testing in order to maintain anonymity of

the test subjects; all other test materials were collected upon
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Table 3. Test Sample N icipati
Organization, test site and number aad grade composition
of participasts are shom.

17th Dagineer  {th Ba.,20th 119th Feld 50 ROTC
Ba. (Combat) Pield Artillery Artillery ba. Spartm M.

Compozent Regular Aray US Aray Reserve Nichigam Army  Aray ROTC
National Guard

Test Site Pt. Hood, X Lansing, NI Lansing, NI NSU Campus
Location
Participaats:

Comnissioned 6 5 { ]

Officers

13 1 1 0

Enlisted Personnel ki) 51 1 0
ROTC Cadets 0 3 1 20
T0TAL 52 7% 2 20

Iy mm

| "W

Aray Reserve) participate in the experiment.
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Table 4. Croup Composition by Crade. Fumber of subjects ia each
grade category are showa by growp.

Croup 1 Crowp 2 GCrowp 3 Crowp {
Grade Categery (a=46) (2242) (2=d5] (2sdd)

Commissioned Officers:

Pield Grade Officers 0 0 1 0
Najor - Colonel

Company Grade Officers 3 ] k] ]
2d Lient. - Captain

Noa-Comnissioned Officers:

Senior NCOs 1 1 1 1
Sergeant First Class -
Naster Sergeant

Juaior NCOs 11 9 9 9
Sergeant - Staff Sergeant

Mnlisted Perseanel: 2 n U b3
Private - Specialist

ROTC Cadets: L] § 1 7
Freshaen - Seniors

completion of the test. Color deficient subjects were asked to identify
themselves prior to testing and were released from participation.

Upon completion of the experiment, tests with incomplete
responses, and those in which the instructions were not followed, were
discarded. Nine tests were eliminated, resulting in a total sample of
177 subjects.




CEAPTER III
BDATA ANALYSIS AND RESULTS

Introduction

Quantitative measures were used to examine the influence of three
variables on battlefield map effectiveness. The method of terrain
representation and method of symbol explanation and legend type are
addressed in relation to: (1) their effects on symbol understanding and
overall integration of map information, (2) their combined effects on
overall test performance, (3) their individual effects on performance of
specific map reading tasks, and (4) their effects on communication
failure. The latter part of this chapter addresses the effects of

experience and interest on test performance.

Effects on Symbol Understanding and Overall
Integration of Map Information

The first objective of this study was to determine the extent to
vhich battlefield map effectiveness is influenced by the form of symbol
explanation; communication effectiveness was hypothesized to be greatest
amongst subjects viewing a natural legend and illustration of symbol
construction. The central tendency of the responses for symbol
construction and matching tasks in Part I, "Battlefield Map Symbols,”
vas dgtornined and the mean percentage of correct responses for groups
viewing each of the legend types in Part I was compared. The Student's
T Test vas used to determine whether a significant difference in mean

values existed.
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Table 5 shows the results for the symbol construction section of

Part I. Natural legend groups achieved greatest accuracy when asked to
construct a military unit symbol, yielding scores significantly higher
than the conventional legend groups.

Results were similar for the matching portion of Part I (Table 6).
As expected, the natural legend groups scored significantly higher than
did conventional legend groups in the simple symbol identification
category. The natural legend groups also scored higher in both
categories requiring overall integration of map information. The
category requiring the visualization of complex relationships between
map elements yielded statistically significant results; despite the
statistical insignificance of the results in the second category, the
directionality of the results still suggests the possibility that
associations between unit and operational symbols is improved when a
natural legend is viewed. The results froa Part I alone strongly
suggest that map symbol understanding is improved when a natural legend

and illustration of symbol construction is used.

Combined Effects on Overall Test Performance

A second objective of this study was to determine the extent to
which effectiveness is governed by the method of terrain representation.
Communication effectiveness was hypothesized to be greatest among
subjects viewing maps in which the military aspects of terrain were
interpreted and presented as an additional category of thematic
information. Only the last three categories of questions asked in Parts
II and III were directed towards an understanding of the effects of
terrain on the outcome of battle; the first three categories were

directed towards symbol understanding and overall integration of map
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Table S. Bffects of Legend Type om Subjects’ Ability to Comstruct a
military Wait Sysbol. Neaz percestage of correct respoases
by ailitary sait syabol composest are cospared.

Syabel Coavestiensl Legesd IMatarsl Legesd Studeat's
Conpeaent Perceat Correct Perceat Correct * Sigaificast at e=.05

Wit Desigmation  65.9% 0N 3.152 ¢
Sait Size 35.2% 66.9% 425 ¢
Righer Rcheleas  {5.4% 61.7% 2.157 ¢
Wit Role n.xn 90.48 L8
Wit sill h.8 "2 1.762 ¢
Overall 60.5% n.n 4161 ¢

Table 6. Effects of Legend Type ca Subjects’ Ability to Natch Symbols to
Asseciated Descriptions. Nean percemtage of correct responses by
Bap reading task category are compared.

Cosvestional Legend [Katural Legesd

Category/ Perceat Perceat Stadeat's
Question Correct Correct ¢t significant ot a=.05
Category I:

Ideatify Syabol  72.7% $6.9% 3,560 ¢
Type & Puction

Category I1:

Identify Onit 64.5% 71.% 1.546 B3
with Activity
Category III:

Visualize Complex 64.0% 75.7% 2.116 ¢
Relatioaships

Part IB Overall 6.9 n.ss 3.605 ¢
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information and were identical to those in Part I. The overall results

from Parts II and III can therefore be interpreted as the combined
effects of legend type and method of terrain representation on
battlefield map understanding.

Evaluation of the influence of each variable on map effectiveness

vas again accomplished through a statistical comparison of mean

percentage of correct responses (Table 7). Groups with varied legend
types and similar methods of terrain representation were compared first:; ?
for the simple battlefield map display in Part II, groups using the

natural legend scored significantly higher than those using the

conventional legend. Natural legend groups also scored higher with the
complex map display in Part III, but the differences were not
statistically significant.

The next comparison was between groups with varied methods of
terrain representation and similar legend types. It was found that in
each case, groups viewving the interpreted terrain representation scored
significantly higher than those viewing the non-interpreted terrain
representation.

By comparing the remaining configurations of legend types and
methods of terrain representation, it was found that the interpretive
method of terrain representation yielded higher scores in nearly all
cases, regardless of the type of legend viewed. Statistically
significant differences occurred only with the combination of natural
legend type and interpreted terrain representation.

In order to gain an understanding of how legend type relates to
subsequent battlefield map effectiveness in a simulated study

environment, performance on Part I was correlated with performance on
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Table 7. Rffects of Varying Logend Type and Hethod of Terraia Represestation
oa Test Performemce ia Parts II and III. Neas percestage of correct
respoases sre compared by test part and growp.

Resalts of Varying Legesd Type Mhile
Bethod of Terraia Represestatios is Beld Coastaat

Croups  Test Stadeat's ?
Conpared Part. fype of Legesd / Bethod of Terrain Represestation * Sigaificast at e<.05

1 vs. ) Part 11 Comvestiomal/Interpreted vs. Batural/Interpreted 1912 ¢

61.9% n.1%
3vs. 4 DPart 11 Coaveational/Non-Interpreted vs. Fatural/Noa-Interpreted 3.291 ¢ ‘
52.5% 63.6%
3vs. 4 DMart 111 Coaventiomal/Iaterpreted vs. Nataral/Interpreted 140
58.6% 63.5%
1 vs. 3 DPart 111 Comventional/Noa-Isterpreted vs. Fatural/Non-Interpreted 0.539 S
52.5% 53.9%

Results of Varying Nethod of Terrain Represeatatics
Rile Type of Legend is Neld Constant

Croups  Test Studeat's ¥
Compared Part  Uethod of ferrain Represestation / Type of Legend * Significest at e=.05

3vs. 1 Mrt 11 Nos-Isterpreted/Coavestional vs. Interpreted/Comvestiossl 2.19% ¢

52.5% 61.9%

dvs. ) DPart 11 Jom-Interpreted/Matural vs. Isterpreted/Nastaral 3.9 ¢
63.6% 171.1%

1vs. 2 Part I11 Noa-Interpreted/Comventionsl vs. Iaterpreted/Coaventional 1.901 ¢
52.5% 58.6%

Jvs. & DPart 111 Bon-Interpreted/Matural vs. Isterpreted/Matural 1,389 ¢
53.9% 63.5%

Results of Varying Deth Type of Legend and
Nethed of Terrain Represeatatios

Croups  Test Stadeat’s ?
Compared Part  fType of Legend / Bethod of Terraia Represeatation ¢ Sigaificest at e=.05

2vs. ) DMt 11 Coaventionsal/Nos-Iaterpreted vs. Nataral/Interpreted 6.548 ¢

§2.5% 1.1%

fv.] DMartll Nataral/Noa-Interpreted vs. Comventional/Interpreted 0.488 BS
63.6% 61.9%

1vs. & Part 111 Coaventional/Nos-Interpreted vs. Nataral/Interpreted 3.610 ¢
§2.5% 63.5%

3vs.2 DMartlIll Ratural/Non-Interpreted vs. Conventiosal/Interpreted 1.552 B8
53.9% 58.6%
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Teble 8. Correlaticn Betweea Test Performesce oa Part I (Military
Syabol ldeatificaticn) and Test Perfesance ea Marts II aad
II1. Spearsan’s Rask Order Correlation Coefficiest (r) is used.

hrtl Studeat's ?
r ¢t sigmificeat at e=.05

Part II 0.615 10.313 ¢
hart 111 0.350 .93 ¢
Parts II & III 0.626 10.619 ¢
Comhined

subsequent parts of the test. Table 8 shows the results of these
correlations; statistically significant positive correlations suggest
that subsequent map effectiveness is strongly related to symbol
understanding gained from the legend viewed.

This initial analysis indicates that when a battlefield map user
is confronted with a combination of tasks requiring symbol
identification, integration of map information, and an understanding of
the effects of terrain on the outcome of battle, then overall map
effectiveness is influenced by both legend type and method of terrain
representation. The findings specifically indicate that battlefield map
effectiveness is significantly improved by the interpretive method of
- terrain representation and that the natural legend type significantly
improves battlefield map understanding only in simple map displays.
Finally, battlefield map effectiveness is most improved when the natural
legend type is used in conjunction with the interpretive method of

terrain representation.
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Individual Effects on Performance of

Specific Map Ioadiic Tasks
Mean correct responses were calculated by task category and
statistically compared for each possible configuration of legend type

and method of terrain representation. Figure 24 is a graphic summary of

the results by each category of map reading task and for each
configuration; detailed statistical summaries are found in Tables 13
through 17, Appendix E.

The interpretive method of terrain representation significantly
improves performance in most terrain analysis tasks without
significantly degrading symbol understanding or overall integration of
map information (Tables 13 and 14). In nearly all of the symbol
understanding and integration of map information categories, the
differences between group means were statistically insignificant.
Purthermore, the directionality of the responses did not consistently
favor any one method of terrain representation. These results suggest
that any increased map complexity created by the addition of a separate
category of terrain information does not significantly affect symbol
understanding or overall integration of map information. As expected,
the interpreted terrain method was most effective in performing military
terrain analysis tasks; nearly all terrain analysis tasks yielded
statistically significant results in favor of the interpretive method of
terrain representation.

The results for each of the symbol understanding/ integration of
map information categories suggests that the extent to which the natural
legend type improves understanding is highly varied (Tables 15 and 16).

The natural legend did not yield significantly higher scores in any of
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100
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Mean Percentage of Correct Responses

gl

Category | Category Il Category !l | Category IV Category VI

o2 %

Symboi Unaerstanaing.

Terrain Analysis Tasks
integration ot Map Intormation Tasks Mihtary Terrar 4

Results from Part |I: The Arrakeen Crossing
(Simple Map Series)

100
30

80

1Y
50

30

Mean Percentage of Correct Responses

5 d B
IV Category V Category VI

Category |  Category |l Category Iil | Category
Symbol Understanding/

Integratron of Map Information Tasks Mintary Terrain Analysis Tasks

Results from Part lil: The Defense of the Logone Plateau
(Compiex Map Series)

Il Conventional Legend/interpreted Terrain

E3 Conventional Legend/Non-Interpreted Terrain
O Natural Legend/Interpreted Terrain

B3 Natural Legend/Non-Interpreted

Pigure 24. A graphic summary of the results by category of map reading task for each configuration of
legend type and method of terrain representation. The height of each bar represents the mean
percentage of correct responses.
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the symbol identification tasks (category I) and, when paired with the

interpreted terrain representation, failed to yield significant results
in the simple map series (Table 16). An explanation for this particular
result is that the interpreted terrain information reduces effectiveness
in these categories by contributing "noise"™ to the map. Theoretically,
the additional noise would adversely affect both conventional legend and
natural legend groups; however, it was found that the conventional
legend groups scored slightly higher when configured with the
interpreted terrain representation. Another possibility is that the
interpreted terrain method may have slightly improved performance in
integration of map information tasks in a manner similar to the natural
legend, hence the improved performance of the conventional legend
groups.

The natural legend type appears to somevhat improve subjects’
ability to perform some military terrain analysis tasks. However, the
inconsistency of the results across similar task categories and
different levels of map complexity suggest that the overall
effectiveness of legend type on terrain interpretation is negligible.

A comparison between what may be termed the "worst case” and "best
case” configurations (between combinations of conventional legend/non-
interpreted terrain representation and natural legend/interpreted
terrain representation) yielded fewer insignificant results across all
categories than any comparison thus far (Table 17). These results
suggest once again that overall battlefield map effectiveness is most
improved by a combination of a natural legend and interpreted terrain
representation. By comparing configurations of conventional

legend/interpreted terrain representation and natural legend/non-
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interpreted terrain representation, the broad categories in which each

variable is most effective is clarified; the natural legend yielded
higher scores in nearly all symbol understanding and integration tasks,
whereas the interpretive terrain method yielded higher scores in all
military terrain analysis tasks (Table 17).

RBffects on Communication Failure

Maps can fail to communicate information in several ways; they can 9
fail to present information in a manner accessible to the reader (non-
communication), they can relay incorrect information to the reader (mis-
communication), or can be misinterpeted by the reader. An analysis by
task category was performed in an effort to measure communication
failure. Communication failure ratios were calculated by dividing the
percent selection of "cannot answer" responses (a measure of
uncertainty, and by extension, of non-comaunication) by the percemt of
total incorrect responses (a measure of failure). The ratios indicate
the extent to which communication failure due to non-communication
occurred. Figure 25 is a graphic summary of the results; detailed
statistical summaries are found in Tables 18 and 19, Appendix E.

Several trends are apparent in Pigure 25. Pirst, communication
ratios are fairly low throughout most categories. Assuming that the
percent selection of "cannot answer” responses is a reliable measure of
subject uncertainty, then the majority of lost effectiveness is
attributable either to mis-communication or misinterpretation of
information, and not to non-communication. There is no consistent
pattern of relationships established by legend type alone. However, in
the symbol understanding and integration tasks, there appears to be

greater uncertainty among the conventional legend/non-interpreted
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Pigure 25. A graphic summary of communication failure ratios by map reading task for each
configuration of legend type and method of terrain representation. Ihe height of each bar represents
the cozmunication failure rat.
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terrain groups than among the natural legend/non-interpreted terrain

groups; this trend reverses itself in the terrain interpretation tasks.
As expected, non-communication is most evident in military terrain
analysis tasks, especially among the non-interpreted terrain
configurations. '

A statistical comparison of overall test subject uncertainty by
groups of varied configurations yielded several significant results
(Table 19): (1) the natural legend type had lower values than the
conventional legend type only when both were combined with the non-
interpreted form of terrain representation, and (2) in all other
comparisons, the interpretive terrain method had lower values,
regardless of legend type or degree of map complexity. PFurthermore,
differences were most profound between configurations combining the
natural legend with the interpreted terrain representation and those
combining the conventional legend and non-interpreted terrain
representation.

These results are consistent with earlier analyses and further
suggest that not only does the interpretive method of terrain
representation significantly improve performance in terrain analysis
tasks, it does so by significantly increasing the amount of information

obtainable from the map.

Effects of Experience and Interest oa Test Performamce
A final objective of this study was to determine the extent to
vhich battlefield map effectiveness is influenced by the prior military
_experience or interest of the subject. It was hypothesized that

effectiveness would be directly related to experience and interest.
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Experience and interest were determined by questionnaire, the results of

which are shown in Table 9.

The questionnaire not only solicited information which could be
used to assess the subjects' experience and interest, but also sought
the subjects' map preferences, as well as their opinions regarding the
content, quality and administration of the experiment. The majority of
the test sample came froa the reserve components, whereas less than one-
third came from the regular army. Fewv subjects (25.4%) rated theaselves
as unfamiliar with military symbols, graphics, or operational terms, yet
most (64.4%) had not held a duty position requiring this familiarity. A
sonevhat disturbing result is that less than one-quarter of the subjects
had been encouraged to study military history or military geography as
part of their professional development. Although the majority of
subjects (89.8%) indicated some level of interest in military history or
military geography, only 11.3% had taken part in a course as part of
their military or civilian education. Most subjects felt that maps were
necessary in understanding military history or military geography, and
the majority preferred the maps with the interpreted terrain
information. When confronted with maps lacking interpreted terrain
information, only 25.4% relied on their experience or training to
perfora military analysis tasks. Subjects were asked to rate the legend
used in terms of its helpfulness in learning battlefield map symbols.
The natural legend was rated slightly more helpful in learning
battlefield map symbols than was the conventional legend. Most subjects
found the narrative helpful in answering the questions, and found the
test interesting. Subjects’' comments most relevant to this study are

shown in Table 9.
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Table 9. Questicasaire Respemses. Percest of subjects selecting particular
respoases are shown valess othervise indicated.

¥ilitary Component:
29.3% Regular Army 15.8% Natiomal Guard (Michigan)
41.3% US Aray Reserve 13.6% Reserve Officer's Training Corps

Raak/Crade (Mumber of subjects by raak):

9¢ Junior Ealisted Persomael 24 Cadets

(Private throsgh Specialist) (Preshaen throsgh Sesiors)
42 Nos-Comaissioned Officers 15 Comnissioned Officers

(Sergeant through Master Sergeant (2nd Lieutenant through Colosel) e
Runber of duty positions held requiriag familiarity with military sysbols, graphics aad operatiomal
teras.
64.48 No positions .58 Two positions '
20.3% One position 6.4% Three positions

T

Nilitary Sysbol Pamiliarity

4.0% Expert 41.8% Paniliar
28.0% Somewhat familiar 35.48 Uafaniliar

Bacouraged to study military history/military geography for professional developaeat?
21.5% TYes 10.5% Bo

Partipated ia military history/military geography course

11.3% Yes 18.7% o

Isterest ia military history/ailitary geography

10.2% Very interested 31.1% Soseshat iaterested
20.8%  Interested 10.28 Little iaterest/No opinica

Usefulness of maps in waderstanding military history/military geography

63.9%  Decessary 13.18 Useful
10.78  Very wseful, 5.68 Somewhat useful
bet not aecessary 1.71% Useless

Rffectiveness of legend in learning battlefield map symbols

fotal  Coavestiosal  Matural
_Sample Legend Groups Legend Groups

48.0% 0.9 55.1% Very helpful
19.2% 25.08 13.5% Belpful

19.8% 20.5% 19.2% Somewhat helpful
10.2% 11.3% $.9% Confusing

3.8 LN 1.8 Very coafusiag.
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Table 9 (Continned). Questionnaire Respesses.

Terraia analysis strategy for maps without iaterpreted terrain
inforsation

33.9% Relied oz the nap

21.5% Releid on the marrative

35.4% 1Relied on prior experience aad training
12.4% Guessed

6.8% Did not ansver

Preferred map fora.
62.2% Maps vith interpreted terraia iaformatioa
9.60 Maps without interpreted terrain informatios
20.2% Doth were equally effective
4.0% Both were equally imeffective
Bffectiveness of narrative

17.5% Very helptul 21.7% Relpfal
33.9% Relpfal 20.9% Uanecessary

Opiaioas of the test

Difficalty Isterest Nap Comprebension
37.8% Difficult §2.0% Interesting 18.1% I uaderstood the maps.
3.8 Mgy 6.2% Boring 14.65 The naps were coafusing.
Jarrative Comprebension Tise Allotted

18.68 I uaderstood the sarrative. 22.0% Sufficieat tise was provided.
16.48 The narrative was coafusing. 23.2% Insufficieat time was provided.

Mditional cosseats:

3.3% The test stimulated interest ia military history/geography.
2.3% The subjects would have perforaed better with prior trainiag.
1.7% The use of notional (foreign) names made the test difficuit.
1.1% The test illustrated a usefal way to teach sap symbols.
0.6% Rxperience was needed in order to perfora well.

0.68 The legend (coaveatiomal) could be improved.
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Five variables were likely to be indicative of task-related

experience or interest as applied to this study: (1) length of military
service, (2) recent duty positions requiring familiarity with military
symbols, graphics, and operational terms, (3) subjects’' assessment of

personal level of familiarity with military symbols, graphics, and

operational terms, (4) subjects' assessment of personal level of
interest in military history or military geography, and (5) formal I
education in military history or military geography.

In order to assess the relationship between experience or interest
and battlefield map effectiveness, each of the variables were assigned
either ratio-interval (actual years of sﬁrvico, duty positions, or
military history/military geography courses) or ordinal values (a
ranking of low to high familiarity or interest). Subsequently, each
variable was correlated with test performance on each part of the test
(Table 10). The results suggest that of the five experience or interest
variables, only length of military service is not directly related to
battlefield map effectiveness.

Results could be biased by an unequal distribution of experience
or interest variables among groups of varied map configurations. Steps
were taken during test administration to insure an approximate equal
distridbution of ranks throughout all groups; although this procedure may
have increased the probability of an equal distribution of experience
and interest, it did not guarantee it. An analysis of variance (ANOVA)
was conducted to inspect for possible bias (Table 11). The between
group variation for each of the experience or interest variables was
found to be insignificantly different, suggesting that differences

existing between groups are due to reasons other than experience or




62

Table 10. Correlatieas Between: Test Performsace e Parts I, II aad
II1; and Interest end Experiesce Variables. Spearses’s Reat
Order Correlation Coefficieat (r) 1s used; the test statistic
is a Gue-Tail Student's 7 at gs.05.

Varieble hrtl hart 11 RrtIII  Tetal

military service r=0.010 r=0.016 t=0.099  r=0.04§
1=0.132 08 T1=0.212 08 T=1.316 B T=0.59¢ BS

Duty Pesiticas r=4.328 r=0.189 t=4.197 r=0.326
=506 ¢ Te2.546 ¢ Ts2.658 ¢ T=4.562 ¢

Level of Pamiliarity r=4.307 r=0.112 r=0.139  r=0.208
T=0.207 ¢ 12,309 ¢ T=1057 ¢ T=).900 8

Level of Interest r=0.368 rs0.305 r=0.165  r=40.206
15236 ¢ TS5t 13213 ¢ 15,206 ¢

Torsal Bincatio r=d.195 r=0.132 rsd.116 r=0.206
7=2.630 ¢ 751762 ¢ Ts1.505 ¢ 1=2.785 ¢

s Significeat at e=.05

Table 11. Test Sample Bomogeneity. [Zxperience aad iaterest variables are
compared by group; the test statistic is the One-Fay Analysis of
Variance (ANOVL) P-Test at es.05. Nean values are shom.

Group 1 Cromp 2 Croup ) Crowp { AROVA P

Variehle (asdb) (2s42) [(asd5) (2=dd) * Sigmificamt at o=.05
Hilitary Service 5.537  5.35¢ S.400 (.50 012 s
Buty Pesitions 0.500  0.619 0.622 0.56¢ 0.17¢ B8
- hevel of Pemiliarity 1.130  1.130 1.24 1.295 0018 B8
Lovel of Interest 1.935 2.000 2.178 1.9% .11 88
Perml Bincatiaa 0.109  0.095  0.089  0.29 0455 &8

B8 Insignificent at e=.05
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interest, such as the configuration of legend type and method of terrain

roprosaptation.
The next step in the analysis was to determine the extent to which

each of the experience and interest variables influenced battlefield map

effectiveness. Subject responses were grouped based on: (1) the number
of recent task-related duty positions held; (2) proclaimed level of
familiarity with military symbols, graphics, and operational terms; (3)

)

formal education in military history or military geography; (4)
proclaimed level of interest in military history or military geography.
A series of analysis of variance FP-tests and paired Student's T-tests by i
task category were subsequently performed between groups. Significant ‘
results are summarized in Table 12; detailed summaries are found in
Appendix E (Tables 20 through 23).

The differences between group performance in tasks requiring
symbol construction, symbol identification, and overall integration of
map information (all of Part I, and categories I through III in Parts II
and III) were found to be statistically significant in favor of the
group with the most task-related experience, whereas the differences
between group performance in terrain analysis tasks (categories IV
through VI) were statistically insignificant (Table 20).

Similar results were found when subject responses were grouped and
compared by proclaimed level of familiarity with military symbols,
graphics and operational terms (Table 21) and by extent of formal
education in military history or geography (Table 22). The difference
between group means for terrain analysis tasks in the simple map series
and for all tasks in the complex map series were statistically

insignificant.
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Table 12. Rffect of Experience and Interest Variables om Test Performemce.

Significant results and test statistics are shows by major tast
categeries for each varisble.

Task-Related  Proclainsd Formal Preclained
Catogory/ hty Paailiarity Riveation Interest
Questicas (anons ?) (AMOVA 1) (Studest’'s T) (AWOVA P)

PARY I: Military Symbol Idestificatiom

Part Ih: $.370 ¢ 5.506 ¢ 3.794 ¢ 3
{Coastraction)

hart I3 5.629 ¢ 320 1.613 0 .35 ¢
(Natehing)

PARY 1 OVERALL 1.197 ¢ 6.090 ¢ 35 e .35 ¢

PARY II: The Arrakeea Crossing (Simple Nap Series)

CATRCORIRS I-III  6.216 ¢ 3.9 ¢ 3.108 ¢ 6.154 ¢
(owest. 1-7)

CATRGORIRS IVEVI 0.142 BS 1.3 B8 1.420 1.187 88
(Owest. §-15)

PART 11 OVERALL 3.050 ¢ YRILE | .483 ¢ 4,783 ¢

PART III: The Defease of the Logene Platean (Complex Bap Series)

CATEGORIRS I-II1 3.3 ¢ PRILN 1.558 08 2.586 ¢
(Quest. 1-6)

CATRGORIRS IV-YI 1.1371 B8 Ll s 1425 88 0.617 88
(Quest. 7-15)

PARY III OVERALL 1.123 ¢ 1.6 08 1.503 B8 2.2

PARYS I-III YOTAL  7.168 ¢ 5.349 ¢ 3610 e $.260 ¢

¢ significest at e=.05
38 Dnsignificant

-
i
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The final variable examined was the proclaimed level of subject

interest (Table 23). Again, significant differences in favor of the
high interest groups were found only in symbol comstruction, symbol
identification and overall integration of map information tasks.

All results suggest that battlefield map effectiveness is related
to the experience and interest of the map user. However, this
relationship only exists with those tasks requiring symbol comstruction,
identification, and overall integration of map information, and is most
profound when simple, rather than complex, map displays are viewed. No
relationship exists between any of the experience or interest variables

and performance in terrain analysis tasks.

Y/

i Y



CEAPTER IV
SUNNARY AND CONCLUSIONS

Semmary of the Research

Military historians and geographers use battlefield maps as a
means of communicating the spatial relationships occurring throughout
the course of battle. The successful communication of battle
information often requires the map reader to perfora a series of
visualization and measurement tasks. Of these tasks, those likely to be
performed in the study of military geography include symbol
identification, integration of map information, and military terrain
analysis. The communication effectiveness of battlefield maps has
largely been ignored, primarily due to the deviation of this type of
mapping from the mainstream of cartograpbic thought. As a result,
cartographers have often followed conventional methods without giving
consideration to the tasks that are portorned on battlefield maps. The
goal of this research was to provide the battlefield cartographer with a
set of empirically derived design principles. The study focused on
three research questions: (1) How do map users effectively learn
battlefield map symbols? (2) How do battlefield maps most effectively
communicate information about the battle setting? (3) What is the
relationship between the prior military experience or interest of the
map user and battlefield map effectiveness?

Previous literature suggests that the characteristics of
battlefield map symbols makes theam unique, and therefore, conventional

methods of symbol explanation are not likely to be effective. An
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alternative method is to illustrate the construction of military unit

synbols and then to show them, in conjunction with other operational
symbols, in the context in which they are used. Application of this
method results in what is known as a "natural legend.” The natural
legend format has been shown to improve efficiency and understanding of
topographic maps, and may produce similar results with battlefield maps.

Also considered is the effectiveness of battlefield maps in
depicting the influence of terrain on the outcome of battle.
Battlefield cartographers have conventionally portrayed only the
physical aspects of terrain and ignored the military ones. The
understanding of the effects of terrain on the outcome of battle are
likely to be improved if the pertinent military aspects of terrain are
interpreted and presented as an additional category of thematic
information. The military has successfully applied thematic mapping
techniques in determining the effects of terrain on planned military
operations. This approach may be successfully modified and applied in
the design of historical battlefield maps as well.

A final consideration is the relationship between the experience
and interest of the map reader and battlefield map understanding. The
. cartographic literature suggests that some map reading tasks are
dependent on prior trgininc of the map reader, whereas others may be
dependent on visual-spatial or perceptual abilities. Two complementary
approaches are therefore possible in improving map effectiveness: design
nodification and improvement of reader skills. Categorization of
‘battlefield map reading tasks by their dependency on either experience
or perceptual abilities may aid in the design process; improvement of

user skills are likely to be influenced by legend type, whereas the
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interpretive method of terrain representation may help overcome

deficient perceptual abilities.

Conclusions

The results indicate that the effectiveness of battlefield maps is
influenced by the methods of symbol explanation and terrain
representation, as well as the prior military experience or interest of
the map reader. Based on the assumption that the maps used in the study
were typical specimens of their kind, each research hypothesis can be
provisionally accepted.

The natural legend format promotes understanding of battlefield
sap symbols in certain map reading tasks and is at least as effective as
the conventional legend in others; this finding complements those of
Delucia and Hiller (1982). The effects of the natural legend were most
profound in the performance of tasks requiring overall integration of
map information. The natural legend aids the reader in acquiring an
overall view of the "geographical landscape,” which, as Board (1978)
suggested, is basic to understanding spatial distributioms.

The natural legend combined with the illustration of unit symbol
construction facilitates map reader understanding of military unit
symbol composition. The illustrated description is therefore a viable
and space-saving alternative to the "cataloging™ of complex military
unit symbols typically found in a conventional legend format.
Furthermore, this method can be expected to have application in other
forms of mapping that require an explanation of complex symbols.

The influence of terrain on the outcome of battle can not be
effectively determined from geographic base map information alone.

However, the military aspects of terrain can successfully be interpreted

-
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as an additional category of thematic information. The interpretive

method of terrain representation appears to facilitate the map reader's
ability to perform military terrain analysis tasks without degrading
performance in other tasks. Purthermore, this method may help clarify
spatial relationships and promote overall integration of map information
in the absence of, and in a manner similar to, the natural legend. This
last finding is not fully understood and merits further investigation.
Overall map communication effectiveness was most improved in cases
vhere the natural legend was combined with the interpretive method of
terrain representation. However, the influence of these methods was
least important in tasks performed on the complex map series. This
finding supports earlier suggestions (Monmonier, 1974; Jenks, 1975;
MacBachren, 1982) that map complexity reduces map effectiveness; these
methods will not overcome insufficient map generalization, and are not
substitutes for good map design. The natural legend format and the
interpretive terrain method can be viewed as complementary, since
improvements in understanding induced by each method generally apply to
different categories of map reading tasks. Purthermore, application of
these alternative methods should be based on the map's intended use.
Prior experience and interest facilitated reader understanding in
synbol identification tasks and tasks requiring the overall integration
of map information, but not in military terrain analysis tasks.
Purthermore, experience and interest was found to be less influential in
the performance of tasks on the complex map series than on the simple
map series. Battlefield cartographers may apply these findings in the
map design process; those tasks dependent on experience will only be

successfully performed by inexperienced subjects if the cartographer
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incorporates a training mechanisa into the map's legend design.

Furthermore, successful performance in tasks which are independent of
experience are likely to be determined by the visual-spatial abilities
of the subject, which in turn may be accommodated by design
modification.
Recommendations for Further Study

This research is one of the few empirical studies of
battlefield map effectiveness. Further studies focusing on the
following topics may improve understanding of battlefield maps:

1. The relationship between battlefield maps and their accoapanying
narrative. Certain descriptive information cannot be learned directly
from a battlefield map and so must be contained in some fora of
narrative (Petchenik, 1977). Several studies (Petchenik, 1977; Shimroa,
1978; Perrig and Kintsch, 1978) have suggested that certain foras of
text contribute to map effectiveness, yet none have been applied to
battlefield maps.

3. The relationship between battlefield map complexity and
effectiveness. Studies of this type have been limited to the mapping of
statistical surfaces (Monmonier, 1974; Jenks, 1975; MacEachren, 1982).
Although this topic was qualitatively addressed in this study, it merits
further investigation.

3. Alternative symbol sets for battlefield maps. Conventional
military symbols were applied to historic battle maps in this study, yet
their effectiveness in this capacity vas not evaluated. Alternative

methods of symbolization should be sought and evaluated.
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4. Battle simulations and interactive mapping. Computer and video

technology have made simulations and interactive mapping possible, and

these techniques may be applied to historic battlefield mapping.
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APPENDIX A

Cuestionnaire

Part IV: Questionnaire Booklet No. (Fill in)

This questionnaire is designed to assess your military experience and
interest. Fill in the blanks as appropriate; for multiple choice questions,
circle the response that best describes your opinion.

1. For military and former military only: (Circle your class or status)
Cadet (Class: ) Active Duty Reserve/NG Prior Service
2. For non-military: (Circle your class/positicn)

Fresh. Soph. Junior Senior Grad. Faculty Other

3. What is your current grade? (Former military should indicate the highest
grade held) (Fill in)

4. Length of military service: (Fill 1in)
S. What were your last three duty positions? Please annotate those positions
that required familiarity with military symbols, graphics and operational

terms. (Fill in; include your current position if AD/Reserve military)

1) 2)

3)

6. Describe your familiarity with military symbols, graphics., ind operational
terms by circling the appropriate response.

a. Very familiar (expert).
b. Familiar.

c. Somewhat familiar.

d. Unfamiliar.

7. Did your supervisors ever encourage you to study military history/military
geography as part of your professional development?

Yes No

8. Have you ever taken part in a military history/military geography course as
part of your military or civilian education? If so, how long was the course
(semester, term or total hours)?

Yes (Length: ) No

9. Which words best describe your interest 1in military history/military
geography?

a. Very interested.

b. Interested.

c. Somewhat interested.
d. Little interest.

e. No interest.

CONTINUED ON THEE NEXT PAGE
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APPENDIX A (continued)

10. How useful are maps in understanding military history/military geography?

a. Necessary.

b. Very useful, but not necessary.
c. Useful.

d. Somewhat useful.

e. Useless.

11. How well did the legend studied in Part I help you to learn battlefield
map symbols?

a. It was very helpful.

b. It was helpful.

c. It was somewhat helpful.
d. It was somewhat confusing.
e. It was very confusing.

12. Only one of the two sets of maps viewed included interpreted terrain
information (shown in green). In general, how did you answer questions
regarding the effect of terrain on military operations when you viewed the
maps without the interpreted terrain information?

a. The map provided sufficient terrain information.
b. The narrative provided the needed informaticn.
c. I relied on my experience and training.

d. I guessed.

e. I could not ansvwer these questions.

13. Which map form, the maps with interpreted terrain information, or the
maps without the interpreted terrain information, did you find more effective?

a. The maps with interpreted terrain information (shown 1in
green).

b. The maps without interpreted terrain information.

c. Both were equally effective.

d. Both were equally ineffective.

14. How well did the narrative assist you in ansvering the questions?

a. It was very helpful.

b. It was helpful.

c. It was somewhat helpful.

d. I didn't need it to answer the questions

15. Select the words or statements that best describe your opinion of this
test. You may circle more than one choice.

a. Difficult. f. The maps were confusing.

b. Easy. g. I understood the narrative.
c. Boring. h. The narrative was confusing.
d. Interesting. i. Sufficient time was provided.

e. I understood the maps. j. Insufficient time was provided.

16. Additional comments:
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1PPEXDIX 3

Answer Sﬁeet

AMSWER SHEET BOOKLET NO. (rill in)

Mark all your answers on this sheet; do not mark in the test
booklet .

Part I: Military Symbol Identification.
Section A: Unit Symbol Construction S8ection B: Matching

Using the basic symbol provided, Example _M __ (Answer)
construct the unit symbol for:
1.
Company A, 307th Engineer Battalion 2.
(Airborne), less detachments 3.
4.
5.
6.
7.
8.
9.
10.

Part II: The Arrakeen Crossing

Circle “T" for true, "F" for false, and "C" for can’‘t tell.

T F C

T F C

T F C

T F C
5. T F C
6. T F C
7. T F ¢C
8. T F C
9. T F C
10. T F C
11. T F ¢C
12. T F C
13. T F C
14. T F C
15. T F C

Part III: The Defense of the Logone Plateau

Circle "T" for true, "F" for false, and "C" for can’t tell.

1. T F C
2. T F C
3. T FP C
4. T F C
5. T F C
6. T F C
7. T F C
8. T F C
9. T F C
10. T F C
11. T F C
12. T F C
13. T F C
14. T F C
15. T F C
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APPENDIX C

CONSENT FORM

1. I freely consent to take part in a cartographic study
being conducted by CPT Joseph F. Fontanella under the
supervision of Dr. Richard E. Groop, Associate Professor of
Geography, Michigan State University.

2. The objective of the study is increased understanding of
historical battlefield map reading and design.

3. The study has been sufficiently explained such that I
have a clear idea of what I will be required to do during
the course of the test.

4. I understand that I am free to discontinue my
participation in the study at any time without penalty. The
test will be approximately 50 to 60 minutes in length.

5. I understand that my participation in the study will be
treated with strict confidence and that I will remain
anonynous. Within these limits, the results of this study
will be made available to me at my request.

6. 1 understand that this test is on a voluntary basis.
Furthermore, I understand that my participation in the study
does not guarantee results beneficial to me.

7. I understand that at the completion of the test a more

thorough explanation of the study will be made available at
my request.

Signacture Date
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APPENDIX D

SCRIPT FOR TEST ADNINISTRATION

The purpose of this test is to increase understanding of
historical battlefield map reading and map design. The types of maps
you will find in this test are similar to those you might find in a
military history or military geography text or atlas. Conduct of this
test is under the supervision of the Department of Geography, Michigan
State University.

Are there any subjects who are "color-blind?”" T

(Release color-deficient subjects from participatioam)

—

I will now pass out the test booklets; when I call out your pay grade
category, please raise your hand.

(Pass out test booklets to officers/cadets, thea to .
aon-commissioned officers, and finally to enlisted persoanel) +

Please do not open your test booklet until instructed to do so. The
test will consist of four parts:

Part I will require that you study a battlefield map and its
accompanying legend. In Section A, you will first be required to
construct a military unit symbol. Subsequently, in Section B you will
be required to match ten map symbols with their associated descriptions.

Part II will require that you viev a series of maps of a fictionmal
battle, "The Arrakeen Crossing.” read an accompanying narrative, and
then answer fifteen questions pertaining to the battle.

Part III is similar to part II, except that you will study another
fictional battle, entitled "The Defense of the Logone Plateau.”

Part IV is a questionnaire designed to assess your military
experience.

You will have 15 minutes to complete each part, I though IV. If you
finish a part early, please do not advance to the next part or answer
any questions on any previous part. You may, hovever, reexamine the
legend viewed in Part I, and you may work on the questionnaire.

In your test booklet you will find a yellow consent form, a pink
ansver sheet, and a blue questionnaire. Please pull them out. I will
ask you now to read the consent form, and will answer any questions you
have.

(Answer guestions)
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APPENDIX D (continued)

If you have consented to participate in this test, please sign and
date the form. Today's date is (provide date). 1In order to maintain
your anonymity, consent forms will now be collected; please pass them
forward.

(Collect coasent forms)

Nov please look at your answer sheet. Insure that the number at the
top of your answer sheet matches the test booklet number on the fronmt
page of your test booklet. If both numbers do not match, raise your hand
and I will correct the problem for you; do not correct the problem
yourself.

(Nake necessary correctioas)

Please make no marks in the test booklet; make all your marks on the
ansver sheet. This is a timed test. Try to answer all questions to the
best of your ability. If you find yourself "stuck” on a question,
proceed to the next and return to unanswered questions if time permits.

If you cannot answer a question, you should circle the "cannot tell"”
response on your answer sheet.

Are there any questions before we begin the test?
(Answer Questions)

Turn to the first page and begin part I. You have 15 minutes to
complete this part.

(Provide elapsed time at 5 minute intervals, and at 2 minutes remaining)

(After time expires) This concludes the time allotted for Part I.
Make no further marks on your answer sheet.

Turn to the next page and begin Part II. You have 15 minutes to
. complete this part.

(Provide elapsed time at 5 minute intervals, and at 2 minutes resaining)

(After time expires) This concludes the time allotted for Part II.
Make no further marks on your answer sheet.

Turn to the next page and begin Part III. You have 15 minutes to
complete this part.

(Provide elapsed time at 5 minute intervals, and at 2 minutes resaining)

(After time expires) This concludes the time allotted for Part III.
Make no further marks on your answer sheet.
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APPENDIX P (continued)

Please take a fewv minutes to f£ill out both sides of the questionnaire.
I would appreciate any further comments you may have about the test or
its administration.

Please place your answver sheet and questionnaire in your test booklet
and pass theam in.

(Collect test booklets)
I would like to thank you for your participation.

I will now gladly answer any additional questions you have about the
test.
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APPENDIX E

STATISTICAL AND NUMERIC SUNNARIES

Table 13. Bffects of Varying Method of Terrain Represeatation while Batural Legead

Type is held Constaat. Nean percentage of correct responses are compared.

Results Prom: Part II, The Arrakeen Crossing (Simple Map Series)
Groups Compared: Group { (Non-Interpreted) vs. Group 3 (Interpreted)

Category/ Crowp { Nema Crowp 3 Nemn Studeat's ¥

Questioas (Non-Interpreted) (Interpreted) ¢ Sigmificamt at e=.05

Category I 75.0% vs. 82.2% 1.099 B8
(Quest. 1-2)

Category II 59.1% vs. 51.1% 1.1
(Quest. J-4)

Category III 87.9% 8. 83.7% 1.0 8
(Quest. 5-7)

Total Symbol Understaanding 75.9% . 73.9% 0.604 1S

& Overall Iategratiom Tasks

Category IV 53.4% vs. 68.3% 1.022 ¢
(Quest. §-11)

Category VI 52.3% vs. 68.9% .78 ¢
{Quest. 12-15)

Total Terraia Asalysis Tasks 52.8% . 68.68 1,522 ¢

PARY II QVERALL 63.68% . .18 2,390 ¢

Results Prom: Part III, The Defense of the Logone Plateau (Complex Map Series)
Croups Compared: Group 3 (Non-Interpreted) vs. Group 4 (Interpreted)

Category/ Crowp 3 Memn Crowp { ¥emn Stadeat's ?

Questioas (Bon-Interpreted) (Interpreted) ¢ Sigaificamt at e=.05

Category I 70.0% vs. 69.3% 0.093 18
(Quest. 1-2)

Category II 72.2% vs. 75.0% 0.461 U8
(Quest. J-4)

Category III 13.2% Vs, 72.8% 0.078 BS
(Quest. 5-6)

Total Symbol Uaderstaadiag 71.4% vs. 12.48 0.221 18

& Overall Iategration Tasks

Category IV 45.6% Vs, 59.7% 3.830 ¢
{Quest. 7-10)

Category V 48.9% vs. 59.1% 1.462 §S
(Quest. 11-12)

Category VI 33,68 vs. 53.8% 31.737 ¢
(Quest. 13-15)

Total Terraia Amalysis Tasks 42.6% vs. 57.8% 4.6 ¢

PARY III OVERALL 53.9% vs. 63.5% 3.389 ¢
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APPENDIX E (Continued)

Table 14. Bffects of Varying Method of Yerraia Representatioa while Conveational Legend
Type is held Constant. Nean percentage of correct responses are compared.

Results Prom: Part II, The Arrakeen Crossing (Simple Map Series)
Groups Compared: Group 2 (Non-Interpreted) vs. Group 1 (Interpreted)

Category/ Srowp 2 ema Group 1 Nean Studeat's 17

Questioas (Bou-Interpreted) (Interpreted) ¢ Significant at e=.05

Category I 15.0% vs. 17.3% 0.324 NS
(Quest. 1-2)

Category II 36.9% vs. 40.2% 0.413 18
(Quest. 3-4)

Category III 13.8% Vs, 15.4% 0.25] BS
(Quest. 5-7)

Total $ymbol Understanding 63.6% ". 64.38 ' 0.505 NS

& Overall Integratioa Tasks

Category IV 48.5% vs. 56.5% 1.809 ¢
(Quest. 8-11)

Category VI 37.5% vs. 60.3% 3.492 ¢
(Quest. 12-15)

Total Terraia 2.% vs. 58.4% 3.5 ¢

Amalysis Tasks

PAR? II OVERALL 52.5% vs. 61.9% 2.798 ¢

Results Prom: Part III, The Defense of the Logone Plateau (Complex Map Series)
Groups Compared: Group 1 (Non-Interpreted) vs. Group 2 (Interpreted)

Category/ Crowp 1 Hemn Groap 2 Nean Student's

(uestions (Bon-Isterpreted) (Iaterpreted) * Sigmificast at e=.05

Category I 66.3% vs. 69.1% 0.376 B8
(Quest. 1-2)

Category II 69.6% vs. 571.2% 1.689 ¢
(Quest. 3-4)

Category III 59.8% vs. 57.2% 0.350 NS
(Quest. 5-6)

Total Syabol Saderstanding 65.2% vs. 61.1% 0.903 &S

& Overall Integratioa Tasks

Category IV 53.8% Vs, 58.9% 0.960 §S
(Quest. 7-10)

Category V 40.2% vs. 58.4% 2.265 ¢
(Quest. 11-12)

Category VI 333 vs. 53.2% 3.901 ¢
(Quest. 13-15)

Total Terraia 42.4% vs. 56.9% 3.58 ¢

Amalysis Tasks
PART III OVERALL 52.5% . 58.6% 1.901 ¢
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APPENDIX E (Continued)

Table 15. Bffects of Varyiag Legend Type while Non-Interpreted Terrain Iaformation
is held Comstaat. Nean percentage of correct responses are compared.

Results Prom: Part II, The Arrakeen Crossing (Simple Nap Series)
Groups Compared: Group 2 (Conventional Legend) vs. Group 4 (Natural Legend)

Category/ Sroep 2 Nemn Crowp { Nean Student's ¥

Questions (Conveational) (Rataral) ¢t Sigaificant at e=.05

Category 1 75.0% vs. 75.0% 0.000 NS
{Quest. 1-2)

Category II 36.9% vs. 59.1% 3,20 ¢
(Quest. 3-4)

Category III 73.8% vs. 87.9% 2.221 ¢
(Quest. 5-7)

Total Symbol Understaading 63.6% vs. 15.9% 1,359 ¢

& Overall Integration Tasks

Category IV 48.5% vs. 53.4% 1.030 US
(Quest. §-11)

Category V1 37.5% vs. 52.3% .29 ¢
(Quest. 12-15)

Yotal Yerrain 4.9 s, 52.8% 2.063 ¢

Analysis Yasks

PARY II OVERALL 52.5% . 63.6% .28 ¢

Results From: Part III, The Defense of the Logome Plateau (Complex Nap Series)
Croups Compared: Group 1 (Conventional Legend) vs. Group 3 (Natural Legend)

Category/ Growp 1 Nema Growp 3 Nean Studeat's 1
Questions (Coaventional) (Bataral] ¢t Sigaificant at e=.05
Category I 66.3% vs. 170.0% 0.548 NS
(Quest. 1-2)
_ Category II 69.6% vs. 72.2% 0.422 B8
(Quest. 3-4)
Category III 59.8% vs. 72.2% 1.912 ¢
(Quest. 5-6)
Total Symbol Understaadiag 65.2% . .48 1.757 »
& Overall Integration Tasks
Category IV 53.8% s. 45.6% 1.529 IS
(Quest. 7-10)
Category V 40.2% vs. {8.9% 1.376 88
(Quest. 11-12)
Category VI 13.3% 8. 33.6% 0.000 NS
- (Quest. 13-15)
Total Terrain 42.4% s. 42.6% 0.400 NS

Analysis Tasks
PART III OVERALL 52.5% vs. 53.9% 0.539 IS
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APPENDIX E (Continued)

Table 16. Bffects of Varying Legend Type while Interpreted Terrain Information
is held Comstamt. Nean percentage of correct responses are compared.

Results Prom: Part II, The Arrakeen Crossing (Simple Map Series)
Groups Compared: Group 1 (Conventional Legend) vs. Group 3 (Natural Legend)

Category/ Croup 1 Nean Crowp 3 Nean Student's 7

Questions (Coaveational) (Fataral) t Significant at e=.05

Category I 17.2% vs. 82.2% 0.807 W§
(Quest. 1-2)

Category II 40.2% vs. 51.1% 1.588 S
(Quest. J-4)

Category III 15.4% vs. 83.7% 1.623 ES
{Quest. 5-7)

Total Syabol Understanding 64.3% vs. 13.9% 2.1771 ¢

& Overall Iategration Tasks

Category IV 56.5% vs. 68.3% 1.855 ¢
(Quest. 8-11)

Category VI 60.3% 8. 68.9% 1.629 U8
(Quest. 12-15)

Total Terraia 58.4% vs. 68.6% 2.561 ¢

Analysis Tasks

PART II OVERALL 61.9% vs. 1.1% 2.902 ¢

Results Prom: Part III, The Defense of the Logone Plateau (Complex Map Series)
Groups Compared: Group 2 (Conventional Legend) vs. Group 4 (Natural Legend)

Category/ Growp 2 Nemn ¢ronp { Nean Student's ?

Questions (Comventional) (Fataral) ¢ Significamt at e=.05

Category I 69.1% vs. £9.3% 0.035 NS
(Quest. 1-2)

Category II §7.2% vs. 75.0% 1.506 ¢
(Quest. J-4)

Category III 57.2% vs. 12.8% 2.036 ¢
(Quest. 5-6)

Total Syabol Understanding 61.1% 8. 12.48 2.336 ¢

& Overall Iategration Tasks

Category IV 58.9% vs. 59.7% 0.148 WS
(Quest. 7-10)

Category V 58.48% Vs, 59.1% 0.102 BS
(Quest. 11-12)

Category VI 53.2% vs. 53.8% 0.123 &S
(Quest. 13-15)

Total Terraia 56.9% vs. 57.8% 0.196 &S

Analysis Tasks
PARY III OVERALL 58.6% vs. 63.5% 1.487 18
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APPENDIX E (Continued)

Table 17. Bffects of Varying Both Legend Type and Method of Terrain Represeataion.
Nean percentage of correct responses are compared.

Results Prom: Part II, The Arrakeen Crossing (Simple Map Series)
Groups Compared: Group 2 (Conv. Legend/Non-Inter. Terrain) vs. Group 3 (Nat. Legend/Inter. Terrain)

Category/ Croup 2 Nean Group 3 Nean Student's ¥

Questions (Comv./Bon-Inter.) (Batural/Imter.) * Sigmificaat at e=.05

Category I 15.0% vs. 82.2% 1114 B8
(Quest. 1-2)

Category II 36.9% vs. 51.1% 1.122 ¢
(Quest. 3-4)

Category III 13.8% vs. 83.7% 1.874 ¢
(Quest. 5-7)

Total Symbol Understaadiag 63.6% vs. 73.9% 3.001 ¢

& Overall Integration Tasks

Category IV 48.5% vs. 68.3% 4.694 ¢
(Quest. §-11)

Category VI 37.5% vs. 68.9% 5.296 ¢
(Quest. 12-15)

Yotal Terraia 1.9 vs. 68.6% 6.055 ¢

Amalysis Tasks

PAR? I OVERALL 52.5% vs. 71.1% 6.548 ¢

Results Prom: Part III, The Defense of the Logone Plateau (Complex Map Series)
Groups Compared: Group 1 (Conv. Legend/Non-Inter. Terrain) vs. Group 4 (Nat. Legend/Inter. Terrain)

Category/ Group 1 Nema Croup 4 Nean Studeat's ?

(uestioas (Conv./Bon-Inter.) (Batural/Inter.)] ¢ Sigmificast at e=.05

Category I 66.3% vs. 69.3% 0.401 US
(Quest. 1-2)

Category II 69.6% vs. 75.0% 0.886 NS
(Quest. J-4)

Category III 59.8% vs. 11.8% 1.864 ¢
(Quest. 5-6)

Total Symbol Understanding 65.2% vs. 72.48 1.766 ¢

& Overall Integration Tasks

Category IV 53.8% V8. 59.7% 1.100 BS
(Quest. 7-10)

Category V 40.2% vs. 59.1% 1.653 ¢
(Quest. 11-12)

Category VI 13.3% vs. 53.8% 4.101 ¢
{Quest. 13-15)

Yotal Yerraia 42.4% vs. 57.8% 1571

Analysis Tasks
PARY III OVERALL 52.5% vs. 63.5% 3.610 ¢
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Table 17 (Coat.). Bffects of Varying Both Legend Type and Method of Terrain
Representation. Nean percentage of correct responses are compared.

Resalts Prom: Part II, The Arrakeen Crossing (Simple Map Series)
Groups Compared: Group 1 (Conv. Legend/Inter. Terrain) vs. Group 4 (Nat. Legend/Non-Inter. Terrain)

Category/ Group 1 Hean Croup 4 Nean Student's T

Questioas (Conv./Inter.) (Batural/Non-Ister.) * Sigaificamt at 8=.05

Category 1 17.2% vs. 15.0% 0.320 BS
(Quest. 1-2)

Category II 40.2% vs. 59.1% 1.665 ¢
(Quest. 3-4)

Category III 15.4% s, 87.9% 1.514 ¢
(Quest. 5-7)

Total Syabol Understanding 64.3% vs. 75.9% 2.518 ¢

& Overall Integration Yasks

Category IV 56.5% vs. 53.4% 0.633 U8
{Quest. 8-11)

Category VI 60.3% vs. 52.3% 1.380 WS
(Quest. 12-15)

Yotal Terrain 58.4% s. 52.8% 1.214 B8

Analysis Tasks

PARY II OVERALL 61.9% vs. 63.6% 0.488 BS

Results From: Part III, The Defense of the Logone Plateau (Complex Map Series)
Groups Compared: Group 2 (Conv. Legend/Non-Inter. Terrain) vs. Group 3 (Nat. Legend/Inter. Terrain)

Category/ Crowp 2 Nemn Group 3 Neama Studeat's 7

Questions (Coav./Inter.) (Batural/Mon-Inter.) * Significant at a=.05

Category I 69.1% vs. 70.0% 0.135 S
{Quest. 1-2)

Category II 57.2% vs. 72.2% 1.078 ¢
(Quest. 3-4)

Category III 57.2% vs. 12.2% 2,129 ¢
(Quest. 5-6)

Total Syabol Understanding 61.1% vs. 7148 2.345 ¢

& Overall Integration Tasks

Category IV 58.9% vs. 45.6% 2.674 ¢
(Quest. 7-10)

Category V 58.4% vs. 48.9% 1.411 88
(Quest. 11-12)

Category VI 53.2% vs. 33.6% 3.567 ¢
(Quest. 13-15)

Total Terraia 56.9% vs. 12.6% §.414 2

Analysis Tasks
PART III OVERALL 58.6% vs. 531.9% 1.522 &S
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Table 18. Commwnication Pailure Ratios. Ratios are compared by group: the test statistic
Is the One-Fay Analysis of Variance (ANOVA) P-Test at a=.05.

Results Prom: Part II, The Arrakeen Crossing (Simple Map Series)

Conveational Legend

Batural Legend

Grom? 1 cR00P 2 GROUP 3 CROUP 4 AKOV1 ¢

Category/ (Interpreted (Bon-Interpret. (Iaterpreted (Non-Iaterpret. * Significamt
Questions. ferrain) Yerrain) ferrain) ferrais) at a=.05
Category I {.5 144 6.2 12.9 1.88) ¢
(Quest. 1-2)

Category II 10.8 1.0 6.7 11.7 4,300 ¢
(Quest. 3-4)

Category III 14.6 2.0 22.6 14.1 3.I1) ¢
(Quest. 5-7)

Total Symbol 10.4 1.2 10.3 13.0 5.217 ¢
Understanding & Integration YTasks

Category IV 12.0 6.6 15.8 8.7 6.286 ¢
(Quest. 8-11)

Category VI 12.1 53.4 8.9 72.9 10.201 ¢
(Quest. 12-15)

fotal Terrain 11.1 1.2 1.9 50.6 1.690 ¢
Analysis Tasks

PART II OVERALL 11.0 32.4 16.6 33.6 10.868 ¢

Results Proa: Part III, The Defense of the Logone Plateau (Complex Map Series)

Coaventional Legenad Jateral Legead
crot? 2 6Ro0? 1 GROUP 4 GROUR 3 ANOYA ?

Category/ (Interpreted (Nom-Interpret. (Interpreted (Boa-Interpret. * significast
Questions. Perrain) Perrain) ferrain) ferrain) at e=.05
Category I 11.6 12.3 18.6 A 2.710 ¢
(Quest. 1-2)

Category II 16.5 2.1 18.0 15.8 2.688 ¢
(Quest. 3-4)

Category III 2.2 1.6 16.5 1.9 1.718 ¢
(Quest. 5-6)

Total Symbol 17.1 1.8 17.8 1.1 1172 ¢
Understanding & Integration Tasks

Category IV 6.0 9.4 16.9 32.8 L1g e
(Quest. 7-10)

Category V 11.5 36.3 13.9 30.5 1,386 ¢
(Quest. :1-12)

Category VI 16.9 1.4 17.9 41.5 9.569 ¢
(Quest. 13-15)

Total Terrain 18.1 32.6 16.4 3.2 10.547 ¢
Analysis Tasks

PART III OVERALL 11.6 7.8 16.2 4.5 5.540 ¢
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Table 19. Bffects of Varying Legend Type aad Nethod of Terrain Representation

oa Test Swbject Omcertainty. Nean percentage of total ‘Cannot Tell®
responses are compared by test part and group.

Results of Varying Legend Type While
Nethod of Terrain Representation is Held Constant

Groups  Test Student's ?
Compared Part  Type of Legead / Nethod of Terrain Representation * Significast at e=.05
1vs. 3 Part Il Conventional/Interpreted vs. Natural/Interpreted 0.735 &8
4.2% .88
2vs. 4 Part I1 Comventional/Non-Interpreted vs. Natural/Nom-Interpreted 1.062 ¢
15.6% §.7%
2 vs. & Part III Conventional/Interpreted vs. Natural/Interpreted 1.170 BS
9.7% 5.9%
1 vs. 3 Part III Conventional/Non-Interpreted vs. Natural/Non-Interpreted 2.115
13.2% 11.5%
Results of Varying Nethod of Yerrain Representation
Thile Type of Legend is Held Coastant
Groups  Test Student's 1
Compared Part MNethod of Terrain Representation / fype of Legend * Significast at e=.05
2 vs. 1 Part I1 Nop-Interpreted/Conventional vs. Interpreted/Conventional 3.513 t
15.6% 4.2%
4 vs. ) Part II Mon-Interpreted/Natural vs. Interpreted/Natural 2.929 ¢
9.7% 4.8%
1 vs. 2 Part II1 Non-Interpreted/Conventional vs. Interpreted/Conventional 3.018 ¢
13.2% 1.3%
3 vs. & Part III Non-Interpreted/Natural vs. Interpreted/Natural 2.658 ¢
11.5% 5.9%
Results of Varying Both Type of Legead and
Nethod of Terrain Representation
Croups  Test Student's ¥
Compared Part  Type of Legead / Nethod of Terrain Represestation * Sigaificast at e=.05
2vs. ) Part II Conventional/Non-Interpreted vs. Natural/Interpreted 1.896 ¢
15.6% {.8%
{vs. 1 Partll Natural/Non-Interpreted vs. Conventional/Interpreted 1.57% ¢
9.7% 1.2%
1 vs. 4 Part II1 Conventional/Non-Interpreted vs. Natural/Interpreted 4.118 ¢
‘ 13.2% 5.9%
Jvs. 2 Part III Natural/Non-Interpreted vs. Conventional/Interpreted 2.115 %

11.5% 1.3%
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Table 20. Rffect of the Number of Task-Related Duty Positions held on Test
Performance. [Test performance is compared between groups of
varied duty positions; the test statistic is the One-Way Apalysis
of Variance (ANOVA) at a=.05. Nean percentage of correct test
responses are shown.

| [ Oze by [ Three ABOVA I
Category/ Pogitions Position Positions Positions ¢ Significant
Questions n=114) (0=36) {n=15) fn=12) at g=.05

PART I: Nilitary Symbol Identification

Part IA: 61.7 80.4 86.7 86.7 8.370 ¢
(Construction)

Part 1B 67.2 85.6 70.0 85.0 5.629 ¢
(Natching)

PART 1 OVERALL 65.4 11.9 15.6 $5.6 1.197 ¢

PARY II: The Arrakeen Crossing (Simple Map Series)

CATBGORIES I-IIT  63.8 79.4 66.7 78.6 6.276 ¢
(Quest. 1-7)

CATBGORIBS IVEVI  54.5 60.4 58.3 53.1 0.742 S
{Quest. 8-15)

PARY II OVERALL 60.1 69.) £2.2 65.0 3.050 ¢

PARY III: The Defense of the Logone Platean (Complex Map Series)

CATEGORIES I-III  64.2 76.4 70.0 70.8 AT
(Quest. 1-6)

CATBGORIBS IV-V1  48.6 6.4 53.3 46.9 1.1 K8
(Quest. 7-15)

PART III OVERALL 54.9 62.9 60.0 56.1 1,113 ¢

PARTS I-III TOTAL  60.1 n.1 65.9 68.9 1.168
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Table 21. Bffect of Proclained Level of Pamiliarity on Yest Performance.
Test performance is compared between groups of varied famjliarity
levels; the test statistic is the One-Way Apalysis of Variance
(ANOVA) at a=.05. Nean percentage of correct test responses are shown.

Somewhat Very ANOYA ¥
Category/ Unfamiliar Pamiliar Pamiliar Pamiliar ¢ Significant
Questions (n=45) (0=51)  [(0=74)  (0<7) at e=.05

PARY I: Nilitary Symbol Identificatioa

Part IA: 60.9 63.1 76.4 98.1 5.506
{Construction)

Part 1B 62.) 70.4 1.6 94.3 4.812
(Natching)

PART I OVERALL 62.1 67.9 1.6 9.3 6.090

PART II: The Arrakeen Crossing (Simple Map Series)

CATBGORIBS I-III  67.6 65.2 13.9 75.5 2.890
(Quest. 1-7)

CATBGORIBS IVEVI  54.7 54.1 56.1 66.7 1.838 18
(Quest. 8-15)

PART II OVERALL 60.7 59.3 64.4 15.2 2.509 IS

PARY III: The Defemse of the Logome Plateau (Complex Map Series)

CATBGORIES I-III  63.3 66.] 69.8 80.9 117 N8
(Quest. 1-6)

CATEGORIES IV-VI 6.7 52.3 50.2 52.4 0.814 NS
(Quest. 7-15)

PARY III OVERALL  53.3 57.9 58.2 65.0 1.638 &S

PARTS I-III TOTAL  58.7 61.7 66.5 1.9 5.249
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Table 22. Rffects of Pormal Bducation in Military History or Military Geography
on Test Performance. Nean percentage of correct test responses are
compared between groups; the test statistic is the Ope-Tail Student's
T Test at a=.05,

o Pormal Some Pormal
Category/ Bducation Bducation Student's T
Questions (n=139) (n=38)  * Significant at a=.05

PAR? I: Military Symbol Identification

Part IA: 66.2 80.7 2.794 ¢
(Construction)

Part IB 68.9 85.0 J.613 s
(Natching)

PART I OVERALL 68.0 837 3.5

PART II: The Arrakeen Crossing (Simple Map Series)

CATBGORIES I-1II 67.9 1.1 1.808 ¢
(Quest. 1-7)

CATBGORIBS IVEVI 54.7 60.5 1.420 S
(Quest. §-15)

PARY II OVERALL 60.9 68.2 2.481 ¢

PART III: The Defease of the Logome Plateau (Complex Map Series)

CATBGORIBS I-III 66.4 1.9 1.558 S
{Quest. 1-6)

CATBGORIBS IV-VI 8.7 54.7 1.425 &S
(Quest. 7-15)

PART III QVERALL 55.8 62.2 1.503 &8

PARYS I-IIT TOTAL 61.6 1.2 1.610 ¢
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Table 23. Bffect of Proclaimed Level of Interest on Test Performance.
Yest performance Is compared between groups of varied Interest levels;
the test statistic is the One-Way Analysis of Variance [ANOVA) at a=.05.
Nean percentage of correct test responses are shown.

To Little Someshat Very AV F
Category/ Interest Interest Interested Interested Interested * Significant
Questions (n=18)  (p=42)  (0=55) (n=44) n=18) at a=05

PART I: Military Symbol Identification

Part IA: 52.2 64.8 69.1 75.9 82.2 3.3
{Construction)

Part 1B 3. 68.1 1.6 75.2 91.1 8.345
(Natching)

PARY I OVERALL 46.3 66.9 4.2 5.5 - 8.1 8.345

PARY II: The Arrakeen Crossing (Simple Map Series)

CATEGORIES I-III  58.7 62.2 72.9 75.6 75.4 6.154
{Quest. 1-7)
CATEGORIBS IVEVI  50.0 51.2 56.4 58.2 65.9 1.817 B

(Quest. 8-15)
PART II OVERALL  54.1 56.) 64.1 66.4 70.3 4.183

PARY III: The Defense of the Logome Plateaun (Complex Map Series)

CATEGORIES I-II1  54.6 66.3 68.8 70.8 72.2 2.586
(Quest. 1-6)

CATBGORIBS IV-VI  43.38 4.5 50.5 51.3 52.5 0.617 IS
{Quest. 7-15)

PART IIT OVERALL 48.1 54.9 57.8 59.1 60.4 .21 18

PARTS I-III TOTAL 49.5 59.8 65.4 66.9 1.9 8.260
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