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ABSTRACT

Al ASSESSIEIT 0F BATTLEFIELD HAP EFFECTIVEIESS

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

was 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

EAPPIIC BATTLE SITUATIOIS

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 understandable regardless

of soldierly or scholarly experience; effective maps may overcome a lack

of experience and promote better understanding. As such, a cartographic

(study 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.
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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 for 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. Suasary of lap-leading Tasks. Source: Christopher Board, 'Map

Reading Tasks Appropriate in Experinental Studies in Cartographic

Conunnication,‘ The Canadian Cartographer, Vol. 15, Ho. 1, p. 6

 

NAVIGATIOI HEASURIIBIT VISUALIZATIOI

Search Search Search

Identify and locate Identify Identify

own position on nap

Orient nap Count Describe

Search for optinue route Coapare Conpare/recoqnize

Search for landnarks Contrast Contrast

en route

Recognize landnarks Bstinate Discriminate/Distinguish

en route

Search for destination Interpolate Delinit

Identify destination Measure 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 Miller, 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 them.

.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 varied.

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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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 Biller (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 5 and 6.

These legends do not depict all of the symbols found in their respective

atlases: a single battlefield map symbol is a compound 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 Miller (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 have 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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The military has applied thematic mapping techniques in the

preparation of terrain analysis products for operational laps (Leestma,

1967; Field Manual 21-33, 1978; Howard, 1980; Field Hanual 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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Iigire9. In example of abattlefield nap lith contours used to represent the terrain. Source: Thouas

Yoseloff, Pub., the Official ltlas of the civil tar. (Thorns Yoseloff, Inc: let 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

overwhelming 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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the overlay is a transparent flap or printed on the map itself, it must

be designed as part of the map, not as an addition to it. It is

commonly accepted that a range of visual importance must be 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.

Hap 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 could influence battlefield map

effectiveness. Underwood (1981) investigated the relationship between

geographic training and map reading ability. She concluded that

experience provides "cues" for successful interpretation 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.

Problem 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 interpreted thematic information: and (3) experience and

interest of the subject. Psychophysical testing techniques are employed

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? Is 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 relationship 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.
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Introduction

There are few empirical battlefield map effectiveness studies

which 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. lcCleary (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.

Tost Structure

The test structure and composition of the sample population were

'guided by the research hypotheses. lxamination 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 construction.

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" required 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

military 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



26

 
 

      

 
 

    
 

                     
  

 

 

 
 

  
 

 

     
              

 
 

 
 

 

new

PM" con-cud “of W

Lewes W a

| m w

Lnamxwvo onwrau

burs-s H W w W

MIT: 7"" ‘ W (Our-I'll . w 7"“ ‘ w (cue-Ills- I van-emu Fin

I Em oases-us raves cums— m Queue-s T-nll ones-m ....

w m

l

..... W1 W2 GKJUPS W4

mu m MI W

Mzw‘w 7"“ ‘w W.w Y“ .WW

‘ E T“ w w M T“ M. w w u

MM MN

I I

..... GHOUPi onoupa GROUPS GHOUPe

III" M

N

   

eeeeeeee

figure 12. Schenatic of a three variable, four part experiment designed to investigate the

effectiveness of battlefield naps.

(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.
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Design of the Tsst 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 lgyptian 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

equip-ant and tactics were employed throughout their duration. (2) The!

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 (lonmonier,

1978: Jenks, 1975: laclachren, 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.

Each 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, 1918: Shimron, 1978:

Thorndyke, 1980: Griffin, 1983: lastman. 1985: tontanella, 1988). The

data for the test maps in Parts II and III were compiled from several
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sources (nerrog, 1915: lshel. 1978: nadir. et.al, 1978: O'Ballance.

1978: Iker, 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 nanual 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 figures 16 and 18. whereas test

maps for Part III are found in figures 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

lest 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 Army field Hanual 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 figures 13 and 18.

Battles in Parts II and III were each described by a short

narrative. This measure was taken not only to create a test environment

which 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,

1971). 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, 1917: 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 figures 19 and 21,

respectively.

Test questions used in Part I, ”Battlefield Hap Symbols,” were

designed to measure the effectiveness of legend type on symbol

understanding. Part In, "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 ID, ”Hatching,”

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

visualise complex relationships between several map elements: e.g.,

between several units, or between several units and the terrain. In

order to build subject confidence, questions were arranged in a

hierarchy of difficulty.

Part II, ”The hrrakeen Crossing,” and Part III, ”The Defense of

the hogone Plateau,” simulated an environment for the study of military
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c
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i
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b
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c
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c
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c
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p
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p
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b
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c
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c
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i
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i
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r
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c
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c
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b
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c
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v
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c
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i
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h
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i
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historical geography. Test questions for these parts were designed to

evaluate the subjects' coeprehension of the relative position, novenent

and conbat power of the battle participants, the sequence and inportance

of battlefield events. and the inpact of terrain on the outcone of

battle. he in Part 1, questions were arranged in a hierarchy of

difficulty, but were of the ”true-false" variety. In order to

discourage subjects fron guessing. a "cannot answer" option was

provided.

Six categories of test questions were fornulated for Parts I! and

III. Confronted with an actual study scenario. it was expected that the

legend viewed in Part I would influence the subjects' test perforeance.

In order to assess the iapact of legend type on subject coeprehension.

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 inpact of terrain on the outcoee of

battle. An understanding of three ailitary aspects of terrain were

evaluated. The first category asked subjects to identify obstacles to

unit eovesent. the second category required that subjects identify

engagesent areas. and the third category required that subjects locate

key terrain features and likely unit objectives.

Iritten instructions for each part were designed to elininate as

eany aisinterpretations and inconplete responses by test subjects as

possible. Instructions for those configurations lacking interpreted

terrain infornation differed slightly fro- 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 nap, as

well as the narrative.

Part IV of the test was a questionnaire designed to assess the

subjects' expertise and interest in battlefield napping and in the study

of nilitary historical geography. Subjects were asked to identify

recent duty positions requiring fasiliarity with nilitary synbols,

graphics. and operational terns. Subjects were also asked to rate their

faeiliarity with nilitary synbols. their interest in the subject latter.

and the usefulness of naps in the study of nilitary history or ailitary

geography. Subjects were asked for their opinion regarding the content,

quality and adeinistration of the test. The questionnaire is shown in

Appendix A.

forty test booklets. ten per configuration, were produced in the

Hichigan State University Center for Cartographic Research and Spatial

Analysis. Consent forss. answer sheets and questionnaires were inserted

into the coepleted test booklets prior to distribution to test subjects.

The answer sheet and consent fore used in the test are in lppendices_3

and C, respectively.

A snall prelininary test with six subjects was conducted to

detersine whether the experinent was reasonable in terns of difficulty,

and to detersine the tine necessary to coeplete each test part. It was

found that subjects had little difficulty in understanding the

instructions, and that approxinately 12 to 15 sinutes were required to

conplete each part, I through 111. rive ninutes were required to

conplete the questionnaire. Pre-test subjects were slightly confused by

the require-ants for Part IL, ”Unit Synbol Construction,” and advised

that a basic synbol ”box" he added to the answer sheet for this section.



43

Test Idlinistration

In order to assure a wide range of task-related experience.

subjects were drawn fron the Regular Aray, the U.S. Rrey Reserve. the

nichigan Arey National Guard. and the nichigan State University Reserve

Officer's Training Corps. The test sanple conposition by participating

organization is shown in Table 3.

The test was adninistered at various unit locations to 186

soldiers and cadets. The conduct of the test was under nornal viewing

conditions in large unit classrooas, where subjects had rooe to spread

out the test naterials. A typical testing environnent is shown in

Figure 23. In order to assure an equal distribution of ranks along the

test groups, booklets were first distributed to officers and cadets,

then to non-coeeissioned officers. and lastly, to other enlisted

personnel. The group coeposition by grade is in Table 4.

The test was adninistered using a prepared script (Appendix D) and

adninistrative assistance was provided by each unit. A brief oral

introduction was given to the subjects before distributing the test

booklets. The introduction included a short description of battlefield

naps and their uses and an explanation of the purpose of the experinent.

Fifteen ainutes were allotted to couplets each part of the test, and the

elapsed tine was provided at five ainute intervals; a two ninute 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

exasine the legend in Part I while working on Parts II or III. Consent

for-s were collected prior to testing in order to naintain anonynity of

the test subjects: all other test naterials were collected upon
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Table 3. Test Souls Ooqositias by Rarticipatias Organization.

Organization, tart site as! subs: and grade coaposr'tioa

of participuts are "on.

17th Miles! “I II-Jfll 119th Field BI ROTC

I. (Clint) Field miller! ”tiller! II. m II.

 

Consent Regular In: US Ira) Reserve liciigu my my ROTC

latioaal Gaard

Test Site Rt. Rood, Tl Lansing, II Lansing, III III! Cams

Roeatios

Participants:

Conissioned 6 5 I 0

Officers

Ios-Coasissiooed 13 11 12 0

Officers

lllisted Personal ll 51 11 O

ROTC Cadets o l 1 20

TOTAL 52 16 ll 20

 

\\

III M Ill

Illi III

, . ‘A_, @

time 23. A typical testing esvirosssst. Soldiers of the it] lattalion, 20th field lrtillery (0.8.

in: Reserve) participate in the esperiaeat.
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Table l. Gross (oceanic Iy Grade. loafer of eabjeefs is each

mndrouummyameshmodygnnw.

Sung! Eula! Gang: Gang!

 

 

Crab Cam In“) (ad)! In!!! (all!)

gained Officers:

field Grade Officers 0 O l O

Muhr-aumn1

Coupes: Grade Officers 3 4 3 I

lad first. - captaia

Wait-ed Officers:

Seaior ICOs 1 l 1 l

Snyuuflflutcmus-

Inunn'flumuut

Jesior ICOs 11 9 9 9

largaart - staff fargaaat

Ilistad nun-.1: 26 23 24 '23

Irirate - Specialist

llffhins: 5 5 1 1

thumnu'-&numn

 

coepletion of the test. Color deficient subjects were asked to identify

the-selves prior to testing and were released fros participation.

Upon conpletion of the experinent, tests with incoeplete

responses, and those in which the instructions were not followed. were

discarded. line tests were eliainated. resulting in a total sasple of

117 subjects.
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Introduction

Quantitative aeasures were used to exanine the influence of three

variables on battlefield sap effectiveness. The eethod of terrain

representation and nethod of synbol explanation and legend type are

addressed in relation to: (1) their effects on synbol understanding and

overall integration of nap infornatiou. (2) their coebined effects on

overall test performance. (3) their individual effects on perfornance of

specific nap reading tasks, and (4) their effects on coeeunication

failure. The latter part of this chapter addresses the effects of

experience and interest on test perforsance.

lffects on Sylbol understanding and Overall

Integration of lip Information

The first objective of this study was to deteraine the extent to

which battlefield nap effectiveness is influenced by the fore of sylbol

explanation: coeeunication effectiveness was hypothesized to be greatest

aaongst subjects viewing a natural legend and illustration of synbol

construction. The central tendency of the responses for synbol

construction and aatching tasks in Part I, "battlefield nap Synbols,"

was detersined and the aean percentage of correct responses for groups

viewing each of the legend types in Part I was coepared. The Student's

'T Test was used to detersine whether a significant difference in lean

values existed.

46
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Table 5 shows the results for the synbol construction section of

Part 1. Natural legend groups achieved greatest accuracy when asked to

construct a ailitary unit synbol. yielding scores significantly higher

than the conventional legend groups.

Results were sinilar for the latching portion of Part I (Table 6).

Rs expected, the natural legend groups scored significantly higher than

did conventional legend groups in the sinple synbol identification

category. The natural legend groups also scored higher in both

categories requiring overall integration of nap infornation. The

category requiring the visualization of conplex relationships between

nap elenents 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 synbols is inproved when a

natural legend is viewed. The results froa Part I alone strongly

suggest that nap syebol understanding is iaproved when a natural legend

and illustration of synbol construction is used.

Colbined Iffects on Overall Test Perforlance

A second objective of this study was to deternine the extent to

which effectiveness is governed by the eethod of terrain representation.

Coleunication effectiveness was hypothesized to be greatest along

subjects viewing naps in which the ailitary aspects of terrain were

interpreted and presented as an additional category of thesatic

inforeation. 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 outcone of battle: the first three categories were

directed towards syebol understanding and overall integration of nap
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Tahle S. Rffeets of legasd Type ea Sebjeets' llility to Custraet a

Iilitary leit Spiel. teas percentage of correct reepoues

by ailitary asit eydol coapoaeet are cornered.

Sylol muff-a1 legal! lateral ugesd ltadsat's f

Canest ferceat Correct Rare-t Correct ‘ Sipificast at or.”

 

hit lesigntiu 65.92 ”J" 2.852 3

hit Size 35.2! 55." Li25 ‘

light Idol's 45.“ 61.23 2.351 '

Ii! Role 77.33 90.“ 2.412 ‘

hit Skill 22." “.3 1.262 '

Overall “.53 ".2! LIST ‘

 

Table e. new of Legend Type or Mjects' Utility to latch new to

Rsseciated Descriptions. lees percestage of correct respoases by

say readiag tau category are covered.

caution! sages! lateral byes!

 

Category] Retreat fereast ftadsst's T

Oasstios Correct Correct ‘ ligafl'icut at «.05

Category 1:

Identify Syabol 12.1t l6.” 3.560 I

Type R fraction

Category II:

Identify Unit “.58 11.9! 1.546 I!

sit] lctivity

Category III:

finalize Conler if.“ 15.“ 2.116 '

Relatioaslips

Part II Overall “.9. 22.52 2.“! 0
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inforsation and were identical to those in Part I. The overall results

fron Parts II and III can therefore be interpreted as the conbined

effects of legend type and nethod of terrain representation on

battlefield sap understanding.

Evaluation of the influence of each variable on sap effectiveness

was again acconplished through a statistical conparison of seen

percentage of correct responses (Table 7). Groups with varied legend

types and sisilar aethods of terrain representation were conpared first;

for the sisple battlefield sap display in Part II, groups using the

natural legend scored significantly higher than those using the

conventional legend. latural legend groups also scored higher with the

cosplex nap display in Part III, but the differences were not

statistically significant.

The next cosparison was between groups with varied nethods of

terrain representation and sisilar legend types. It was found that in

each case, groups viewing the interpreted terrain representation scored

significantly higher than those viewing the non-interpreted terrain

representation.

by cosparing the renaining configurations of legend types and

sethods of terrain representation, it was found that the interpretive

sethod of terrain representation yielded higher scores in nearly all

cases. regardless of the type of legend viewed. Statistically

significant differences occurred only with the cosbination of natural

legend type and interpreted terrain representation.

In order to gain an understanding of how legend type relates to

subsequent battlefield sap effectiveness in a sinulated study

environnent, perforsance on Part I was correlated with perfornance on
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Tile 1. Rffeets of Varying Legend Type and lethod of Terrain Representation

on Test Terformee in Tarts 11 and III. lean percentage of correct

responses ere coapared by test part and groan.

Results of Varying legend 9999 Iile

fitted of Tennis Representation in Ield Constant

Creeps Test Student's T

Canared Tart. Type of legend / has! a! Terrain Representatia 9 :ignificant at «.95

 

1 vs. 3 Part II Conventional/Interpreted en. lateral/Interpreted 2.992 9

91.99 21.19

2 vs. 9 Part 11 Conventional/Ion-Interpreted n. lateral/lon-Interpreted 3.299 9

52.59 93.99

2 vs. 9 Tart Ill Conventional/Interpreted n. lateral/Interpreted 1.992 IS

59.99 93.59

1 vs. 3 Tart Ill Coneentionai/lon-Interyretad rn. Iatrral/loa-Interpreted 9.539 IS

52.59 53.99

Resnlts of Varying letned of Terrain Representation

n11. Type of legend in Ield Constut

Creeps Test Student's T

Canned fart btbad at Terrain mutton I The aliens! 9 Significlt at «.99

 

2 vs. 1 Part 11 lon-Interpreted/Conmtional n. Interpreted/Conventional 2.299 9

52.59 91.99

9 vs. 3 Port 11 lon-Interpreted/latsral n. Interpreted/lateral 2.399 9

93.99 21.19

1 vs. 2 fart Ill lon-Interpreted/Conrentioaai n. Interpreted/Conventional 1.991 9

52.59 59.99

3 vs. 9 Part III lon-Interpreted/lataral n. Interpreted/lateral 3.399 9

53.99 93.59

IesnltseraryingIetlTypeofRegudasd

Ietnedofferraislapresontatian

Gun. Test ftndlt's T

Cans-e9 Tart Type a! legend] htbed of Terrain fermentation 9 lignifieant at v.95

 

2 vs. 3 Part 11 Conventional/Ion-Interpreted n. lateral/Interpreted 9.599 9

52.59 21.19

9 vs. 1 Part 11 Iatnral/lon-Interpreted n. Conventional/Interpreted 9.999 ll

93.99 91.99

1 vs. 9 Tart III Conrentional/lon-Interpreted an. lateral/Interpreted 3.919 9

52.59 93.59

3 vs. 2 Part In lateral/lon-Interyreted n. Conventional/Interpreted 1.552 IS

53.99 59.99
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Table 9. Correlation Intense Test Rerfornenee on Tart 1 (Iilitary

Tyiol ldontificatiui and Test forfonsnce a Parts 11 ad

m. :pearnnn '1 Rent Order Correlation Coefficient (r) in need.

Tart 1 dtldsnt's T

r 9 daiticast at an.”

 

 Part II 9.515 19.212 9

Pitt 111 9.159 9.992 9

farts II 5 111 9.525 19.519 9

W \
 

subsequent parts of the test. Table 8 shows the results of these

 
correlations: statistically significant positive correlations suggest

that subsequent nap effectiveness is strongly related to synbol

understanding gained fros the legend viewed.

This initial analysis indicates that when a battlefield nap user

is confronted with a conbination of tasks requiring synbol

identification. integration of nap infornation, and an understanding of

the effects of terrain on the outcone of battle, then overall nap

effectiveness is influenced by both legend type and nethod of terrain

representation. The findings specifically indicate that battlefield nap

effectiveness is significantly inproved by the interpretive nethod of

- terrain representation and that the natural legend type significantly

inproves battlefield nap understanding only in sinple nap displays.  finally, battlefield nap effectiveness is nost isproved when the natural

legend type is used in conjunction with the interpretive nethod of

terrain representation.
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Individual lffects on Perforsance of

Specific lap Reading Tasks

lean correct responses were calculated by task category and

statistically conpared for each possible configuration of legend type

 

and nethod of terrain representation. Figure 29 is a graphic sunnary of

the results by each category of nap reading task and for each 4

configuration; detailed statistical sunnaries are found in Tables 13

through 17. Appendix I. f

The interpretive nethod of terrain representation significantly

 inproves perfornance in nest terrain analysis tasks without

significantly degrading sysbol understanding or overall integration of

nap infornation (Tables 13 and 19). In nearly all of the sysbol

understanding and integration of nap infornation categories. the

differences between group neans were statistically insignificant.

Furthernore, the directionality of the responses did not consistently

favor any one nethod of terrain representation. These results suggest

that any increased nap conplexity created by the addition of a separate

category of terrain infornation does not significantly affect sysbol

understanding or overall integration of nap infornation. Rs expected,

the interpreted terrain nethod was neat effective in perforning nilitary

terrain analysis tasks: nearly all terrain analysis tasks yielded

statistically significant results in favor of the interpretive nethod of

terrain representation.

The results for each of the sysbol understanding! integration of

nap inforsation categories suggests that the extent to which the natural

legend type isproves understanding is highly varied (Tables 15 and 16).

The natural legend did not yield significantly higher scores in any of
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the sysbol identification tasks (category I) and, when paired with the

interpreted terrain representation, failed to yield significant results

in the sinple sap series (Table 16). An explanation for this particular

result is that the interpreted terrain infornation reduces effectiveness

in these categories by contributing "noise" to the sap. 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 nethod say have slightly inproved perfornance in

integration of nap infornation tasks in a nanner sinilar to the natural

legend, hence the inproved perfornance of the conventional legend

groups.

The natural legend type appears to sonewhat inprove subjects'

ability to perforn sone nilitary terrain analysis tasks. nowever, the

inconsistency of the results across sinilar task categories and

different levels of nap conplexity suggest that the overall

effectiveness of legend type on terrain interpretation is negligible.

1 conparison between what say be tersed the ”worst case" and ”best

case” configurations (between conbinations of conventional legend/non-

interpreted terrain representation and natural legend/interpreted

terrain representation) yielded fewer insignificant results across all

categories than any conparison thus for (Table 17). These results

suggest once again that overall battlefield nap effectiveness is nost

inproved by a conbination of a natural legend and interpreted terrain

representation. By conparing 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 nost effective is clarified: the natural legend yielded

higher scores in nearly all sysbol understanding and integration tasks,

whereas the interpretive terrain nethod yielded higher scores in all

nilitary terrain analysis tasks (Table 17).

lffects on Connnnication Failure

naps can fail to connunicate infornation in several ways; they can

fail to present infornation in a nanner accessible to the reader (non-

connunication), they can relay incorrect infornation to the reader (sis-

connunication), or can be nisinterpeted by the reader. An analysis by

task category was perforned in an effort to seasure connunication

failure. Connunication failure ratios were calculated by dividing the

percent selection of ”cannot answer" responses (a neasure of

uncertainty, and by extension, of non-cossunication) by the percent of

total incorrect responses (a neasure of failure). The ratios indicate

the extent to which connunication failure due to non-cosnunication

occurred. Figure 25 is a graphic susnary of the results; detailed

statistical sunnaries are found in Tables 18 and 19, Appendix I.

Several trends are apparent in Figure 25. First, consunication

ratios are fairly low throughout nost categories. Assuning that the

percent selection of ”cannot answer” responses is a reliable seasure of

subject uncertainty, then the najority of lost effectiveness is

attributable either to nis-cosnunication or nisinterpretation of

infornation, and not to non-connunication. There is no consistent

pattern of relationships established by legend type alone. However, in

the sysbol understanding and integration tasks, there appears to be

greater uncertainty anong the conventional legend/non-interpreted
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terrain groups than along the natural legend/non-interpreted terrain

groups: this trend reverses itself in the terrain interpretation tasks.

As expected. non-coaaunication is nost evident in nilitary terrain

analysis tasks, especially asong the non-interpreted terrain

configurations.

A statistical conparison 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 coabined with the non-

interpreted fore of terrain representation, and (2) in all other

coeparisons. the interpretive terrain nethod had lower values,

regardless of legend type or degree of aap conplexity. further-ore.

differences were aost profound between configurations coabining the

natural legend with the interpreted terrain representation and those

coebining the conventional legend and non-interpreted terrain

representation.

These results are consistent with earlier analyses and further

suggest that not only does the interpretive nethod of terrain

representation significantly iaprove perfornance in terrain analysis

tasks. it does so by significantly increasing the aeount of infornation

obtainable fro. the sap.

lffects of taperience and Interest on feet Perforaaace

1 final objective of this study was to detereine the extent to

which battlefield sap effectiveness is influenced by the prior nilitary

.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 deternined by questionnaire. the results of

which are shown in Table 9.

The questionnaire not only solicited infornation which could be

used to assess the subjects' experience and interest. but also sought

the subjects' nap preferences, as well as their opinions regarding the

content, quality and adninistration of the experieent. The eajority of

the test sanple cane free the reserve coeponents, whereas less than one-

third case free the regular arey. rew subjects (25.4%) rated theaselves

as unfaniliar with nilitary synbols, graphics, or operational terns, yet

nost (Gd.dt) had not held a duty position requiring this faniliarity. A

soeewhat disturbing result is that less than one-quarter of the subjects

had been encouraged to study nilitary history or nilitary geography as

part of their professional developnent. Although the eajority of

subjects (89.8t) indicated sone level of interest in nilitary history or

nilitary geography, only 11.3t had taken part in a course as part of

their nilitary or civilian education. lost subjects felt that naps were

necessary in understanding nilitary history or nilitary geography. and

the najority preferred the naps with the interpreted terrain

infornation. when confronted with naps lacking interpreted terrain

infornation. only 25.4t relied on their experience or training to

perforn nilitary analysis tasks. Subjects were asked to rate the legend

used in terns of its helpfulness in learning battlefield nap synbols.

The natural legend was rated slightly nore helpful in learning

battlefield nap synbols than was the conventional legend. lost subjects

found the narrative helpful in answering the questions, and found the

test interesting. Subjects' consents nost relevant to this study are

shown in Table 9.  



Table !. guestiaunaire leap-us. Percent of subjects selecting particular

responses are sheen unless etleruise indiested.

lilitary Coqoueat:

29.3t tugalar hruy 15.8t latioaal Guard llichigasl

dl.lt d: lray Reserve 13.6t deserve Officer's Training Corps

lash/Crude (finder of subjects by rank):

96 Junior lulisted Personnel 3d Cadets

llrirete through ipecielistl (freshers through seniors)

d2 lou-Conaissioued Officers 15 Coauissioued Officers

(Sergeant through tester fergeent (M lieutenant throng! ColonelI

luaber of duty positions held requiring fauiliarity uith nilitary synhols. graphics and operational

terns.

dd.dt an positions l.5t fuo positions

20.3t One position 6.8t Three positions

lilitary fyabol funiliurity

Mt Inpart It." Ianiliar

2d." foaeuhat faailiar 25." llufaailiar

lucoaraged to study nilitary history/nilitary geography for professional deuelopueat?

21..“ Yes 'll.5t lo

Partipated in nilitary history/nilitary geography course

11.” Yes it.“ In

interest in nilitary history/nilitary geography

int Very interested ll.1t foueuhat interested

lth Interested 10.” little interest/lo opinion

lsefulaess of naps in understanding nilitary historylailitary geography

it.” lacessary 13.1t Useful

ld.'lt Very useful. 5.“ Soueuhat useful

but not necessary l.‘lt Useless

lffectiueaess of legend in learning battlefield nap synbols

fetal Conventional lateral

Angle legend Greys legend Gram

it.” do.” 55.1t Very helpful

if.” 25.“ 13.5t helpful

19." 20.5t 19.2: Coneuhat helpful

10.3 11.” Mt Confusing

2.“ 2.3t Lit Very confusing.

i
i.
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fable 9 (Continued). Questionnaire Inspaases.

terrain analysis strategy for naps uithout interpreted terrain

infornation

33.” failed on the sap

21.5t Ieleid on the narrative

25.4t failed on prior experience and training

Il.dt Cuessed

6.8t Did not ansuer

freferred nap fora.

62.2t laps uith interpreted terrain infornation

9.6t laps uithout interpreted terrain infornation

zen kuunennnydhuhe

d.dt Uoth uere equally ineffective

Iffectiveness of narrative

11.5t Very helpful ll.lt helpful

33.!t lelpfal ll.!t Unnecessary

Opinions of the test

.Uifficulgy Interest 1gp cogprehensiou

31.Ut Difficult 52.Ut interesting 1t.lt I understood the naps.

Mt Iasy Ht Ioring fut The naps uere confusing.

narrative cggprehensiou fine dllotted

it.6t I understood the narrative. 22.0t Sufficient tine nus provided.

munumMRmummm amammmmuummmm.

hdditioaal consents:

t the test stiaulated interest in nilitary history/geography.

U The subjects uould have perforaed better uith prior training.

. t the use of notional lforeignl nanes nude the test difficult.

t the tent illustrated a useful any to teach nap synbols.

t prerience use needed in order to perforn uell.

The legend lcenveutiouall could he inproved.
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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 nilitary

service. (2) recent duty positions requiring faniliarity with nilitary

synbols. graphics. and operational terns. (3) subjects' assesseent of

personal level of faniliarity with nilitary synbols. graphics, and  
operational terns. (4) subjects' assessaent of personal level of

interest in nilitary history or nilitary geography, and (5) foreal % 4e

education in nilitary history or nilitary geography.

In order to assess the relationship between experience or interest

and battlefield nap effectiveness, each of the variables were assigned

either ratio-interval (actual years of service. duty positions. or

nilitary history/nilitary geography courses) or ordinal values (a

ranking of low to high faniliarity or interest). Subsequently, each

variable was correlated with test perfornance on each part of the test

(Table 10). The results suggest that of the five experience or interest

variables, only length of nilitary service is not directly related to

battlefield nap effectiveness.

Results could be biased by an unequal distribution of experience

or interest variables anong groups of varied nap configurations. Steps

were taken during test adninistration to insure an approxisate equal

distribution of ranks throughout all groups: although this procedure say

have increased the probability of an equal distribution of experience

and interest, it did not guarantee it. An analysis of variance (AIOVI)

‘was conducted to inspect for possible bias (Table 11). The between

group variation for each of the experience or interest variables vas

found to be insignificantly different, suggesting that differences

existing between groups are due to reasons other than experience or
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Table 10. Correlati-s hotness: Tent fetter-ca . Tarts I. 11 Id

III: and Interest and Inpurieace Variables. spearnan 's rant

W Correlation Coefficient Ir) is used; the test statistic

is a ae-fail itudent's T at ".05.

m1. Tart 1 Tart II Part II! Total

 

Iilitlty fervice T80.010 "0.015 ”0.099 "0.005

1.0.131 $0.111 181.315 ll 1'0.595 I0

 

It! Positim T80.315 r-O.lf9 t'0.191 r80.315

130.505 9 $1.505 9 131.550 9 180.551 9

level of Tniliarity radJO‘l r-O.111 r-0.Il! r-U.m

H.161 0 T-MOd ' H.151 ' T-JJ‘lt 0

level of Interest "0.!“ r-OJUS rt0.15§ mm 1:

T-le ‘ T-(JOS ' TIMI! 0 Ts5.115 ' {,4

Tonal Idleati. r-0.195 r30.131 t'0.115 ”0.105

T!1.530 ' 1'1.151 ' 1"1.5(5 0 14.105 9

 

‘ fiestas-t at at.”

Table 11. Test his Ingenuity. Merience and interest variables are

conpared by group; tle test statistic is the artsy dulysis of

Variance (mm I-Test at sti. lean values are shoes.

Croapltrenpl mama MIT

 

“Tibia In-lfl {arm (at!!! In“) ‘ Wflt at at.”

lilitary fervice 5.531 5.350 5.000 (.510 0.311 I!

Iaty Mtim 0.500 0.519 0.511 0.550 0.115 I!

- level of Hilarity 1.130 1.130 1.100 1.195 0.310 I!

level of Interest 1.935 1.000 1.110 1.931 1.151 I!

Tonal lhcatiu 0.109 0.095 0.009 0.195 0.055 ll

 

If Insignific-t at ac.”
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interest. such as the configuration of legend type and nethod of terrain

representation.

The next step in the analysis was to deternine the extent to which

each of the experience and interest variables influenced battlefield nap

effectiveness. Subject responses were grouped based on: (1) the nueber

of recent task-related duty positions held: (2) proclaieed level of

faniliarity with nilitary synbols. graphics, and operational terns: (3)

foraal education in nilitary history or nilitary geography: (d)

proclained level of interest in nilitary history or nilitary geography.

A series of analysis of variance T-tests and paired Student's T-tests by

task category were subsequently perforeed between groups. Significant

results are sunnarised in Table 12: detailed sunnaries are found in

Appendix 3 (Tables 20 through 23).

The differences between group perfornance in tasks requiring

sysbol construction, sysbol identification, and overall integration of

nap infornation (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 nost task-related experience. whereas the differences

between group perfornance in terrain analysis tasks (categories IV

through VI) were statistically insignificant (Table 20).

Sinilar results were found when subject responses were grouped and

conpared by proclaieed level of faniliarity with nilitary synbols,

graphics and operational terns (Table 21) and by extent of foreal

education in nilitary history or geography (Table 22). The difference

between group neans for terrain analysis tasks in the sinple nap series

and for all tasks in the coeplex nap series were statistically

insignificant.
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Table 12. lffect of Inperieeoe and Interest Tariahles on Test Uerforannce.

figsificant results and test statistics are shoes by najor test

«booties for each variable.

Tush-Ielntod Proclaiud Israel Trucleild

Category! laty Tailiarity ldncatien Interest

”tins I110" II IAN" I} (Student 's 1') (Mid I)

 

00B 1: lilitafy 51in! Identificatiu

Part 11: 0.310 9 5.505 9 1.190 9 3.311 9

(Contraction)

Tart 10 5.519 9 0.011 9 3.513 9 0.305 9

(latching)

um I ovum 1.191 9 5.090 9 3.005 9 0.305 9

 

Tth II: The Aerate- Croesiug (dials lap series)

0111000111 1-111 5.115 9 1.090 9 1.000 9 5.150 9

(Quest. l-7I

0110001101 10511 0.101 I 1.030 I 1.010 I 1.101 I

(first. U-lil

rear 11 mu 3.050 9 1.509 I 1.003 9 0.103 9

 

TIIT Ill: The Defense of the hog-e Tlateue (Coulesln Series)

 

0110000111 1-111 3.103 9 1.111 I 1.550 I 1.505 9

(Quest. HI

0511000110 11-01 1.131 I 0.010 I 1.015 I 0.511 I

(alert. 7-15)

00!! 111 00.555 3.113 9 1.530 I 1.503 I 1.131 I

00010 1-111 10115 1.150 9 5.109 9 3.510 9 0.150 9

 

9 fi-ificsnt at «.05

If Myificaut
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The final variable exanined was the proclained level of subject

interest (Table 23). Again. significant differences in favor of the

high interest groups were found only in synbol construction. sysbol

identification and overall integration of nap infornation tasks.

All results suggest that battlefield nap effectiveness is related

to the experience and interest of the sap user. however. this

relationship only exists with those tasks requiring sysbol construction.

identification, and overall integration of nap infornation. and is nost

profound when sinple. rather than coeplex, nap displays are viewed. lo

relationship exists between any of the experience or interest variables

and perfornance in terrain analysis tasks.
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Sensory of the Research

nilitary historians and geographers use battlefield naps as a

neans of connunicating the spatial relationships occurring throughout

the course of battle. The successful connunication of battle

infornation often requires the nap reader to perforn a series of

visualization and neasurenent tasks. Of these tasks. those likely to be

perforned in the study of nilitary geography include synbol

identification, integration of nap infornation. and nilitary terrain

analysis. The connunication effectiveness of battlefield naps has

largely been ignored. prinarily due to the deviation of this type of

napping free the nainstrean of cartographic thought. he a result.

cartographers have often followed conventional nethods without giving

consideration to the tasks that are perforned on battlefield naps. The

goal of this research was to provide the battlefield cartographer with a

set of eepirically derived design principles. The study focused on

three research questions: (1) low do nap users effectively learn

battlefield nap synbols? (2) now do battlefield naps nost effectively

con-unicate infornation about the battle setting? (3) What is the

relationship between the prior nilitary experience or interest of the

nap user and battlefield nap effectiveness?

Previous literature suggests that the characteristics of

battlefield nap synbols nakes then unique, and therefore, conventional

nethods of sysbol explanation are not likely to be effective. An

66
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alternative nethod is to illustrate the construction of nilitary unit

synbols and then to show then. in conjunction with other operational

synbols, in the context in which they are used. Application of this

nethod results in what is known as a "natural legend.” The natural

legend fornat has been shown to inprove efficiency and understanding of

topographic naps, and nay produce sinilar results with battlefield naps.

Also considered is the effectiveness of battlefield naps in

depicting the influence of terrain on the outcone of battle.

battlefield cartographers have conventionally portrayed only the

physical aspects of terrain and ignored the nilitary ones. The

understanding of the effects of terrain on the outcone of battle are

likely to be inproved if the pertinent nilitary aspects of terrain are

interpreted and presented as an additional category of thenatic

infornation. The nilitary has successfully applied thenatic napping

techniques in deternining the effects of terrain on planned nilitary

operations. This approach any be successfully nodified and applied in

the design of historical battlefield naps as well.

A final consideration is the relationship between the experience

and interest of the nap reader and battlefield nap understanding. The

. cartographic literature suggests that sone nap reading tasks are

dependent on prior training of the sap reader. whereas others say be

dependent on visual-spatial or perceptual abilities. Two coeplenentary

approaches are therefore possible in inproving nap effectiveness: design

nodification and inprovenent of reader skills. Categorisation of

'battlefield nap reading tasks by their dependency on either experience

or perceptual abilities nay aid in the design process: inprovenent of

user skills are likely to be influenced by legend type. whereas the
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interpretive nethod of terrain representation any help overcone

deficient perceptual abilities.

Conclusions

The results indicate that the effectiveness of battlefield naps is

influenced by the nethods of synbol explanation and terrain

representation, as well as the prior nilitary experience or interest of

the nap reader. based on the assunption that the naps used in the study

were typical specinens of their kind. each research hypothesis can he

provisionally accepted.

The natural legend fornat pronotes understanding of battlefield

nap synbols in certain nap reading tasks and is at least as effective as

the conventional legend in others: this finding conplenents those of

belucia and Killer (1982). The effects of the natural legend were nost

profound in the perfornance of tasks requiring overall integration of

nap infornation. The natural legend aids the reader in acquiring an

overall view of the ”geographical landscape,” which. as board (19791

suggested, is basic to understanding spatial distributions.

The natural legend conbined with the illustration of unit synbol

construction facilitates nap reader understanding of nilitary unit

synbol conposition. The illustrated description is therefore a viable

and space-saving alternative to the ”cataloging" of conplex nilitary

unit synbols typically found in a conventional legend foreat.

Turthernore, this nethod can be expected to have application in other

forns of napping that require an explanation of conplex synbols.

The influence of terrain on the outcone of battle can not be

effectively deternined fron geographic base nap infornation alone.

however, the nilitary aspects of terrain can successfully be interpreted

.40..
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as an additional category of thenatic infornation. The interpretive

nethod of terrain representation appears to facilitate the nap reader's

ability to perforn nilitary terrain analysis tasks without degrading

perfornance in other tasks. Turthernore, this nethod any help clarify

spatial relationships and pronote overall integration of nap infornation

in the absence of, and in a nanner sinilar to. the natural legend. This

last finding is not fully understood and nerits further investigation.

Overall nap connunication effectiveness was nost inproved in cases

where the natural legend was conbined with the interpretive nethod of

terrain representation. However, the influence of these nethods was

least inportant in tasks perforned on the conplex nap series. This

finding supports earlier suggestions (lonnonier. 1914: Jenks, 1975:

laclachren. 1982) that nap conplexity reduces nap effectiveness: these

nethods will not overcone insufficient nap generalisation. and are not

substitutes for good nap design. The natural legend fornat and the

interpretive terrain nethod can be viewed as conplenentary, since

inprovenents in understanding induced by each nethod generally apply to

different categories of nap reading tasks. furthernore. application of

these alternative nethods should be based on the nap's intended use.

Prior experience and interest facilitated reader understanding in

synbol identification tasks and tasks requiring the overall integration

of nap infornation, but not in nilitary terrain analysis tasks.

Turthernore, experience and interest was found to be less influential in

the perfornance of tasks on the conplex nap series than on the sinple

nap series. Battlefield cartographers nay apply these findings in the

nap design process; those tasks dependent on experience will only be

successfully perforned by inexperienced subjects if the cartographer
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incorporates a training nechanisn into the nap‘s legend design.

Turthernore. successful perfornance in tasks which are independent of

experience are likely to be deternined by the visual-spatial abilities

of the subject. which in turn nay be acconnodated by design

nodification.

keconnendations for further Study

This research is one of the few enpirical studies of

battlefield nap effectiveness. Further studies focusing on the

following topics nay inprove understanding of battlefield naps:

1. The relationship between battlefield naps and their acconpanying

narrative. Certain descriptive infornation cannot be learned directly

free a battlefield nap and so nust be contained in sons fore of

narrative (Petchenik. 1917). Several studies (Petchenik, 1911; Shinron.

1978: Perrig and Iintsch. 1918) have suggested that certain forns of

text contribute to nap effectiveness, yet none have been applied to

battlefield naps.

2. The relationship between battlefield nap conplexity and

effectiveness. Studies of this type have been linited to the-napping of

statistical surfaces (lonnonier, 1971: Jenks. 1915: Aaclachren. 1982).

Although this topic was qualitatively addressed in this study. it nerits

further investigation.

3. Alternative synbol sets for battlefield naps. Conventional

nilitary synbols were applied to historic battle naps in this study. yet

their effectiveness in this capacity was not evaluated. Alternative

nethods of synbolixation should be sought and evaluated.
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0. battle sinulations and interactive napping. Conputer and video

technology have nade sinulations and interactive napping possible, and

these techniques nay be applied to historic battlefield napping.
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APPENDIX A

Questionnaire

 

 

Part IV: Questionnaire Booklet lo. (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 nilitary and former military only: (Circle your class or status)

Cadet (Class: ) Active Duty Reserve/NC Prior Servrce

2. For non-nilitary: (Circle your class/position)

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 in)

5. "hat were your last three duty positions? Please annotate those positions

that required faniliarity with military symbols, graphics and operational

terns. (Fill in: include your current position if AD/Reserve military)

1) 2)
 

3)
 

6. Describe your familiarity with military symbols, graphics, and operational

terms by circling the appropriate response.

a. Very familiar (expert).

b. Familiar.

c. Sonewhat familiar.

d. Unfaniliar.

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/nilitary geography course as

part of your nilitary or civilian education? If so, how long was the course

(senester. tern or total hours)?

Yes (Length: ) No

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

geography?

a. Very interested.

b. Interested.

c. Sonewhat interested.

d. Little interest.

e. lo interest.

COITIIUID 0' TI! III? PIG!
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lPDENDIX 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. Row well did the legend studied in Part I help you to learn battlefield

map symbols?

It was very helpful.

It was helpful.

was somewhat helpful.

It was somewhat confusing.

It was very confusing.0
9
-
0
6
“

H n

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 information.

c. I relied on my experience and training.

d. I guessed.

e. I could not answer 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 in

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 answering 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. b. 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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EDIX 3'
d

*
0

I
N

1

Answer Sheet

 

 

IIIIII Ill]! DOOILIT '0. (I111 in)

Mark all your answers on this sheet; do not nerk in the test

booklet .

Part I: nilitary synbol Identification.

Section A: Unit Synbcl Construction Section B: latching

Using the basic symbol provided, Ina-pie (Answer)

construct the unit symbol for:

Company A, 307th Engineer Battalion 2.

(Airborne), less detach-ants 3.

ll
ll
ll
ll
ll
f‘

Part II: The nrrekeen Crossing

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

P

O

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

'
fl
'
fl
'
fl
'
fl
'
fl
‘
fl
’
fl
'
fl
’
fl
'
fl
'
fl
'
fl
'
fl
’
n

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

15.

Part III: The Defense of tbe Logone Plateau

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

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

0
0

8
8
8
0
9
8
0
3
8
8
6
8
8
6
.
3
0
9
8

'
I
'
I
'
I
'
fl
'
fi
'
fl
'
fl
’
fl
'
fl
'
fl
'
fi
'
fi
'
fl
'
fi
"
!

0
0
0
0
0
0
0
0
0
0
0
0
0
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Consent Porn
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APPENDIX C

 

 

CONS!!! P02!

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

anonymous. Within these limits, the results of this study

will be made available to me at my request.

6. I 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.

Signature Date
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Script for Test Administration

 

(.1
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l

4

m
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.
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I’llflnlfll I

ICIIP? POI III? IDIIIISTIITIOI

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 night find in a

military history or military geography test or atlas. Conduct of this

test is under the supervision of the Department of Geography, hichigan

State University.

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

‘

(Release coloredeficient subjects from,part1cipstion) k

I will now pass out the test booklets: when I call out your pay grade

category, please raise your hand.

(Bass out test booklets to officers/cadets. than to i

son-commissioned officers, and’finaIIy'to anIisted,personne1) ,*

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 I, you will first be required to

construct a military unit symbol. Subsequently, in Section D you will

be required to match ten map symbols with their associated descriptions.

Part II will require that you view a series of maps of a fictional

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, however, 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

answer 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.

(lesser questions)
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IPPIIDII I (continued)

If you have consented to participate in this test. please sign and

date the form. Today's date is figrovide dhte). In order to maintain

your anonymity, consent forms will now be collected; please pass them

forward.

(Collect consent forms)

low please look at your answer sheet. Insure that the number at the

top of your answer sheet matches the test booklet number on the front

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.

(lake necessary corrections)

Please make no marks in the test booklet: make all your marks on the

answer 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?

(lesser 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)

Lifter time espirss) This concludes the time allotted for Part I.

Hake 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 remaining)

Lifter time aspires) This concludes the time allotted for Part II.

Bake 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 sinnte intervals, and at 2 minutes remaining)

(lfter time aspires) This concludes the time allotted for Part III.

Make no further marks on your answer sheet.
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IPPIIDIX I (continued)

Please take a few minutes to fill out both sides of the questionnaire.

I would appreciate any further comments you may have about the test or

its administration.

Please place your answer sheet and questionnaire in your test booklet

and pass them 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.

 

 



IPPIIDIX I :

Statistical and Inmeric Summaries
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IPPIIDIX I

STATISTICAL I'D IUIIIIC SUIIIIIIS

Table 13. Iffectn of Varying Intlod of Terrain lepresentatioo stile lntaral legend

Type is held Constant. than percentage of correct responses are conpared.

Iesalts Tron: Part II, The lrrakeen Crossing (Sinple lap Series)

Gronps Conpared: Group I (Ion-Interpreted) vs. Group 3 (Interpreted)

 

Category] Groap I lean Groap 3 loan Itadent's T

mentions (Ion-Interpreted) (Interprstndl ‘ Significant at n=. 05

Category I 75.0t vs. 82.2t 1.099 I!

(Quest. 1-2/

Category II 59.1t vs. 51.18 1.177 I:

(Quest. J-l}

Category III 87.9t vs. 83.7t 1.053 If

(Quest. 5-7/

Total Synbol Understanding 75.9t vs. 73.93 0.60! If

i Overall Integration Tasks

Category II 53.4: vs. 60.3t 3.222 3

(Quest. t-II/

Category VI 52.3t vs. 60.9t 2.783 9

(Quest. 12-15)

Total Terrain Analysis Tasks 52.0t vs. 60.6! 3.522 *

III! II OVIIILL 63.6‘ vs. 71.1t 2.390 ‘

 

Iesnlts Iron: Part III, The Defense of the Logone Plateau (Conplex lap Series)

Groaps Conparnd: Group 3 (Ion-Interpreted) vs. Group I (Interpreted)

 

Category] Groap 3 loan Groap I lean Stadent‘s T

Questions (Ion-Interpreted} (Interpreted) * Significant at s=.05

Category I 70.0t vs. 69.33 0.093 I:

(Quest. 1-2/

Category II 72.2! vs. 75.0% 0.161 I:

(Quest. J-l/

Category III 72.2! vs. 72.8! 0.078 I:

(Quest. 5-6/

Total Synbol Understanding 71.0t vs. 72.4! 0.223 If

0 Overall Integration Tasks

Category IV 45.6t vs. 59.7t 2.830 *

(Quest. 7-10}

Category I 48.9t vs. 59.13 1.162 If

(Quest. 11-12}

Category 71 33.6% vs. 53.8t 3.737 '

(Quest. 11-15)

Total Terrain Analysis Tasks (2.68 vs. 57.0! 4.632 *

Til! III O'lllll 53.!t vs. 63.5‘ 3.309 ‘
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IPPIIDI! I (Continued)

Table 14. stteets of Varying Ietkod of Terrain sepresentation ukile Conventional Legend

Type is held Constant. lean percentage of correct responses are conpared.

lesults Iron: Part II, The krrakeen Crossing (Sinple lap Series)

Groups Cospared: Group 2 (Ion-Interpreted) vs. Group 1 (Interpreted)

 

Category] Group 2 lens Group I lean Student's T

Questions (Ion-Interpreted) (Interpreted) 8 Significant at 18.05

Category I 75.08 vs. 77.28 0.324 I:

(Quest. 1-2)

Category II 36.98 vs. 40.28 0.473 I!

(Quest. 3-4/

Category III 73.88 vs. 75.48 0.253 as

(Quest. 5-7/

Total Synkol Understanding 63.68 vs. 64.38 ‘ 0.505 [8

6 Overall Integration Tasks

Category IV 48.58 vs. 56.58 1.809 8

(Quest. 8-11}

Category II 37.58 vs. 60.38 3.492 8

(Quest. 1245/

Total Terrain 42.98 vs. 58.48 3.533 8

snalysis Tasks

PksT II OUIIILL 52.58 vs. 61.98 2.798 8

 

kesults Tron: Part III, The Defense of the Logone Plateau (Couples lap Series)

Groups Cospared: Group 1 (Ion-Interpreted) vs. Group 2 (Interpreted)

 

Category] Group I lean Group 2 lean Student's T

Questions (Ion-Interpreted) (Interpreted) 8 Significant at at. 05

Category I 66.38 vs. 69.18 0.376 l8

(Quest. [-2)

Category 11 69.68 vs. 57.28 1.689 8

(QWest. 3-47

Category III 59.88 vs. 57.28 0.350 as

(Quest. 5-6/

Total Syskol Understanding 65.28 vs. 61.18 0.903 as

6 Overall Integration Tasks

Category IV 53.88 vs. 58.98 0.960 88

(Quest. 7-10)

Category I 40.28 vs. 58.48 2.265 8

(Quest. 11-12l

Category 71 33.38 vs. 53.28 3.901 8

(Quest. 13-15/

Total Terrain 42.48 vs. 56.98 3.358 8

snalysis Tasks

PssT III 0818800 52.58 vs. 58.68 1.901 8
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TPPIIDIX I (Continued)

Table 15. lffects of Varying Legend Type ukile Ion-Interpreted Terrain Infornation

is held Constant. dean percentage of correct responses are conpared.

Tesults Tron: Part II, The Irrakeen Crossing (Sinple lap Series)

Groups Conpared: Group 2 (Conventional Legend) vs. Group 4 (Vatural Legend)

 

Category] Group 2 lean Group 4 lean Student's T

Questions (Conventional) (literal) 8 Significant at a=.05

Category I 75.08 vs. 75.08 0.000 I:

(Quest. 1-2/

Category 11 36.98 vs. 59.18 3.205 8

(Quest. J-l}

Category 111 73.88 vs. 87.98 2.227 8

(Quest. 5-7(

Total Synbol Understanding 63.68 vs. 75.98 3.359 8

8 Overall Integration Tasks

Category IV 48.58 vs. 53.48 1.030 IS

(Quest. 8-11)

Category VI 37.58 vs. 52.38 2.292 8

(Quest. 12-15/

Total Terrain 42.98 vs. 52.88 2.063 8

Inalysis Tasks

PITT II OVlTILL 52.58 vs. 63.68 3.298 8

 

Tesults Tron: Part III, The Defense of the Logone Plateau (Coupler lap Series)

Groups Conpared: Group 1 (Conventional Legend) vs. Group 3 (latural Legend)

 

Category] Group I lean Group 3 lean Student's T

Questions (conventional) (literal) 8 Significant at a=.05

Category I 66.38 vs. 70.08 0.548 88

(Quest. 1-2)

_ Category 11 69.68 vs. 72.28 0.422 IS

(Quest. J-ll

Category III 59.88 vs. 72.28 1.972 8

(Quest. 5-6/

Total Synhol understanding 65.28 vs. 71.48 1.757 8

6 Overall Integration Tasks

Category IV 53.88 vs. 45.68 1.529 TS

(Quest. 7-10/

Category 8 40.28 vs. 48.98 1.376 l8

(Quest. 11-12}

Category VI 33.38 vs. 33.68 0.000 88

. (Quest. 13-15)

Total Terrain 42.48 vs. 42.68 0.484 as

Inalysis Tasks

PITT III OVITILL 52.58 vs. 53.98 0.539 TS

 

 

 



812

IPPIIDIX I (Continued)

Table 16. Tffeets of Varying Legend Type ukile Interpreted Terrain Infornation

is held Constant. dean percentage of correct responses are conpared.

Tesults Tron: Part II, The Irrakeen Crossing (Sinple lap Series)

Groups Conpared: Group 1 (Conventional Legend) vs. Group 3 (Natural Legend)  
 

Category) Group I lean Group 3 lean Student's T

Questions (Conventional) (lateral) 8 Significant at a=.05

Category I 77.28 vs. 82.28 0.807 IS

(Quest. 1-2)

Category II 40.28 vs. 51.18 1.588 IS

(Quest. J-l)

Category III 75.48 vs. 83.78 1.623 IS

(Quest. 5-7)

Total Synhol Understanding 64.38 vs. 73.98 2.177 8

8 Overall Integration Tasks

Category IV 56.58 vs. 68.38 2.855 8

(Quest. 8-11)

Category VI 60.38 vs. 68.98 1.629 IS

(Quest. 12~15)

Total Terrain 58.48 vs. 68.68 2.561 8

Inalysis Tasks

PITT II OVlTILL 61.98 vs. 71.18 2.982 8

 

Tesults Pros: Part III, The Defense of the Logone Plateau (Couples lap Series)

Groups Conpared: Group 2 (Conventional Legend) vs. Group 4 (Natural Legend)

 

Category) Group 2 lean Group I lean Student's T

Questions (Conventional) (lateral) 8 Significant at e=.05

Category I 69.18 vs. 69.38 0.035 IS

(Quest. 1-2)

Category 11 57.28 vs. 75.08 2.506 8

(Quest. J-l)

Category III 57.28 vs. 72.88 2.036 8

(Quest. 5-5)

Total Synbol Understanding 61.18 vs. 72.48 2.336 8

6 Overall Integration Tasks

Category IV 58.98 vs. 59.78 0.148 IS

(Quest. 7~10)

Category V 58.48 vs. 59.18 0.102 TS

(Quest. 11-12)

Category VI 53.28 vs. 53.88 0.123 IS

(Quest. 11-15)

Total Terrain 56.98 vs. 57.88 0.196 IS

Inalysis Tasks

PITT III OVITILL 58.68 vs. 63.58 1.487 IS
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APPIIDIX I (Continued)

Table 17. lifects of Varying Iotk Legend Type and lethod of Terrain Tepresentaion.

lean percentage of correct responses are conpared.

Tesults Pros: Part II, The Irrakeen Crossing (Sinple Map Series)

Groups Conpared: Group 2 (Conv. Legend/lon-Inter. Terrain) vs. Group 3 (lat. Legend/Inter. Terrain)

 

Category) Group 2 lean Group 3 lean Student's T

Questions (Conv./Ion-Inter.) (IatrraI/Inter.) 8 Significant at a=.0.6

Category I 75.08 vs. 82.28 1.114 IS

(Quest. 1-2)

Category 11 36.98 vs. 51.18 2.122 8

(Quest. 3-4)

Category III 73.88 vs. 83.78 1.874 8

(Quest. 5-7)

Total Synhol Understanding 63.68 vs. 73.98 3.081 8

8 Overall Integration Tasks

Category IV _ 48.58 vs. 68.38 4.694 8

(Quest. 8-11)

Category VI 37.58 vs. 68.98 5.296 8

(Quest. 12-15)

Total Terrain 42.98 vs. 68.68 6.055 8

Inalysis Tasks

PITT II OVITILL 52.58 vs. 71.18 6.548 8

 

Tesults Tron: Part III. The Defense of the Logone Plateau (Coupler lap Series)

Groups Conpared: Group 1 (Conv. Legend/Ion-Inter. Terrain) vs. Group 4 (lat. Legend/Inter. Terrain)

 

Category) Group I lean Group I lean Student's T

Questions IConv./lon~Inter.) (lateral/Inter.) 8 Significant at a=.05

Category I 66.38 vs. 69.38 0.401 IS

(Quest. 1-2)

Category II 69.68 vs. 75.08 0.886 l8

(Quest. J-l)

Category 111 59.88 vs. 72.88 1.864 8

(Quest. 5-6)

Total Synkol Understanding 65.28 vs. 72.48 1.766 8

8 Overall Integration Tasks

Category IV 53.88 vs. 59.78 1.100 IS

(Quest. 7-10)

Category V 40.28 vs. 59.18 2.653 8

(Quest. 11-12)

Category VI 33.38 vs. 53.88 4.101 8

(Quest. 13-15)

Total Terrain 42.48 vs. 57.88 3.572 8

Inalysis Tasks

PITT III OVITILL 52.58 vs. 63.58 3.610 8
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IPPIIDIX I (Continued)

Table 17 (Cont.). Tffeets of Varying Ioth Legend Type and lethod of Terrain

Tepresentation. lean percentage of correct responses are conpared.

Tesults Tron: Part II, The Irrakeen Crossing (Sinple lap Series)

Groups Conpared: Group 1 (Conv. Legend/Inter. Terrain) vs. Group 4 (lat. Legend/lon-Inter. Terrain)

 

Category) Group I lean Group 4 lean Student's T

Questions (Cunv./1ntnr.) (lateraI/lun-Inter.) 8 Significant at e=.05

Category I 77.28 vs. 75.08 0.320 88

(Quest. 14)

Category 11 40.28 vs. 59.18 2.665 8

(Quest. 3-4)

Category 111 75.48 vs. 87.98 2.514 8

(Quest. 5-7)

Total Synhol Understanding 64.38 vs. 75.98 2.518 8

I Overall Integration Tasks

Category IV 56.58 vs. 53.48 0.633 TS

(Quest. 8-11)

Category VI 60.38 vs. 52.38 1.380 IS

(Quest. 12-15)

Total Terrain 58.48 vs. 52.88 1.214 88

Inalysis Tasks

PITT II OVITILL 61.98 vs. 63.68 0.488 TS

 

Tesults Pros: Part III, The Defense of the Logone Plateau (Coupler lap Series)

Groups Conpared: Group 2 (Conv. Legend/lon-Inter. Terrain) vs. Group 3 (lat. Legend/Inter. Terrain)

 

Category) Group 2 lean Group 3 lean Student's T

Questions (Conv./Inter.) (lateral/lon-Inter.) 8 Significant at e=.05

Category I 69.18 vs. 70.08 0.135 IS

(Quest. 1-2)

Category II 57.28 vs. 72.28 2.078 8

(Quest. 3-4)

Category III 57.28 vs. 72.28 2.129 8

(Quest. 5-6)

Total Synbol Understanding 61.18 vs. 71.48 2.345 8

8 Overall Integration Tasks

Category IV 58.98 vs. 45.68 2.674 8

(Quest. 7-10)

Category V 58.48 vs. 48.98 1.411 IS

(Quest. 11-12)

Category VI 53.28 vs. 33.68 3.567 8

(Quest. 13-15)

Total Terrain 56.98 vs. 42.68 4.414 8

Inalysis Tasks

PITT III OVTTILL 58.68 vs. 53.98 1.522 IS
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IPPIIDIX I (Continued)

Tahle 18. Connnnieation Pailure Tatios. Patios are conpared by group: the test statistic

is the One-dug Inalysis of’Variance (21082) r-Test at o=.05.

Tesults Pros: Part II, The Irrakeen Crossing (Sinple Map Series)

 

Conventional Legend Inturn) Legend

GTOUP 1 GTOUP 2 GTOUP 3 GTOUP 4 IIOVI V

Category) (Interpreted (Ion~Interpret. (Interpreted (Ion-1nterpret. 8 Significant

Questions. Terrain) Terrain) Terrain) Terrain) at a=.05

Category I 4.5 14.4 6.2 12.9 2.883 8

(Quest. 1-2)

Category II 10.8 21.0 6.7 11.7 4.300 8

(Quest. J-l)

Category III 14.6 24.0 22.6 14.1 3.373 8

(Quest. 5-7) -

Total Synhol 10.4 21.2 10.3 13.0 5.217 8

Understanding I Integration Tasks

Category IV 12.0 26.6 15.8 28.7 6.286 8

(Quest. 8-11)

Category VI 12.1 53.4 28.9 72.9 10.201 8

(Quest. 12-15)

Total Terrain 11.1 41.2 21.9 50.6 1.690 8

Inalysis Tasks

PITT II OVlTILL 11.0 32.8 16.6 33.6 10.868 8

Tesults Tron: Part III. The Defense of the Logone Plateau (Coupler lap Series)

 

Conventionai Legend IatnraI Legend

GTOUP 2 GTOUP 1 GTOUP 4 GTOUP 3 ITOVI P

Category) (Interpreted (Ion-Interpret. (Interpreted (Ion-In terpret. 8 significant

Questions. Terrain) Terrain) Terrain) Terrain) at e:.05

Category I 11.6 12.8 18.6 3.7 2.710 8

(Quest. 1-2)

Category II 16.5 32.2 18.0 15.8 2.688 8

(Quest. J-l)

Category III 22.2 21.6 16.5 3.9 2.718 8

(Quest. 5-5)

Total Synhol ' 17.2 21.8 17.8 7.7 3.172 8

understanding 8 Integration Tasks

Category IV 26.0 29.4 16.9 32.8 3.148 8

(Quest. 7-10)

Category V 11.5 36.3 13.9 30.5 3.386 8

(Quest. 11-12)

Category VI 16.9 31.4 17.9 43.5 9.569 8

(Quest. 13-15)

Total Terrain 18.1 32.6 16.4 36.2 10.547 8

Inalysis Tasks

PITT III OVITILL 17.6 27.8 16.2 24.5 5.540 8
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IPPIIDIX I (Continued)

Table 19. Tffects of Varying Legend Type and lethod of Terrain Tepresentation

on Test Subject Uncertainty. lean percen tage of total 'Cannot TeII'

responses are conpared by test part and group.

Tesults of Varying Legend Type Vhile

lethod of Terrain Tepresentation is Ield Constant

 

 

 

Groups Test Student's T

Conpared Part Type of Legend / letnod of Terrain Tepresentation 8 Significant at a=.05

1 vs. 3 Part II Conventional/Interpreted vs. leturaI/Interpreted 0.735 IS

4.28 4.88

2 vs. 4 Part II ConventionaI/Tnn-Interpreted vs. Iatural/fion-Interpreted 3.062 8

15.68 9.78

2 vs. 4 Part III conventional/Interpreted vs. natural/Interpreted 1.170 IS

9.78 5.98

1 vs. 3 Part III conventianaI/Ibn-Interpreted vs. IaturaI/lon-Interpreted 2.115 8

13.28 11.58

Tesults of Varying lethod of Terrain Tepresentation

Ikile Type of Legend in Ield Constant

Groups Test Student's T

Conpared Part letnod of Terrain Tepresentation / Type of Legend 8 Significant at a=.05

2 vs. 1 Part II Ton-1nterpreted/Canventiona) vs. Interpreted/Conventional 3.513 8

15.68 4.28

4 vs. 3 Part II Tun-Interpreted/Nntural vs. Interpreted/Natural 2.929 8

9.78 4.88

1 vs. 2 Part III Jun-Interpreted/Conventional vs. Interpreted/Conventional 3.018 8

13.28 7.38

3 vs. 4 Part III lbn-Interpreted/Ietural vs. Interpreted/natural 2.658 8

11.58 5.98

Tesults of Varying Iotb Type of Legend and

lethod of Terrain Tepresentation

Groups Test Student's T

Conpared Part me of Legend / letnod of Terrain Tepresentation 8 Significant at n=.05

2 vs. 3 Part II Cbnventionai/lbn-Interpreted vs. leturaI/Interpreted 3.896 8

15.68 4.88

4 vs. 1 Part II IeturaI/flon-Interpreted vs. Conventional/interpreted 2.579 8

9.78 4.28

1 vs. 4 Part III CbnventionaI/flbn-Interpreted vs. Natural/Interpreted 4.118 8

. 13.28 5.98

3 vs. 2 Part III VeturaI/Ion-Interpreted vs. Conventional/Interpreted 2.115 8

11.58 7.38
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IPPIIDII I (Continued)

Table 20. Tffect of tbe Innber of Task-Telated Duty Positions held on Test

Perfornance. Test perfornance is conpared betueen groups of

varied duty positions: the test statistic is the One-Say Analysis

of variance (28872) at o=.05. Sean percentage of correct test

responses are sharp.

lo One Tuo Three IlOVI T

Category) Positions Position Positions Positions 8 Significant

Questions (n=114) (n=36) (n=15) (n=11) at o=.05

 

PITT I: lilitary Synbol Identification

Part II: 61.7 80.4 86.7 86.7 8.370 8

(Construction)

Part II 67.2 85.6 70.0 85.0 5.629 8

(dutcning)

PITT I OVITILL 65.4 83.9 75.6 85.6 7.197 8

 

PITT II: The Irrakeen Crossing (Sinple lap Series)

CITSGOTIBS I-III 63.8 79.4 66.7 78.6 6.276 8

(Quest. 1-7)

CITTGOTIBS IVIVI 54.5 60.4 58.3 53.1 0.742 IS

(Quest. 8-15)

PITT II OVTTILL 60.1 69.3 62.2 65.0 3.050 8

 

PITT III: The Defense of the Logone Plateau (Couples lap Series)

CATEGORIES I-III 64.2 76.4 70.0 70.8 3.743 8

(Quest. 1-6)

CATEGORIES IV-VI 48.6 76.4 53.3 46.9 1.137 IS

(Quest. 7-15)

III! III OVIITLL 54.9 62.9 60.0 56.1 3.123 8

 

TIITS I-III TUTTI 60.1 72.1 65.9 68.9 7.168
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IPPIIDIX I (Continued)

Table 21. Tffect of Proclained Level of Vaniliarity on Test Perfornance.

Test perfornance is conpared.beteeen groups of varied faniliarity

levels: the test statistic is the One-flay Analysis of variance

(28012) at o=.05. dean percentage of correct test responses are shown.

Soneuhat Very IlOVI P

Category) Unfaniliar Paniliar Paniliar Taniliar 8 Significant

Questions (n=45) (n:51) (n=7l) (n=7) at n=.05

 

PITT I: lilitary Synbol Identification

Part II: 60.9 63.1 76.4 95.7 5.506

(Construction)

Part 18 62.3 70.4 77.6 94.3 4.812

(latching)

PITT I OVITILL 62.1 67.9 77.6 94.8 6.090

 

PITT II: The Irrakeen Crossing (Sinple lap Series)

CATEGORIES I-III 67.6 65.2 73.9 75.5 2.890

(Quest. 1-7)

CITEGORIBS 18681 54.7 54.1 56.1 66.7 1.838 [8

(Quest. 8-15)

PITT II OVITILL 60.7 59.3 64.4 75.2 2.589 88

 

PITT III: The Defense of the Logone Plateau (Couples lap Series)

CITIGOTIIS I-III 63.3 66.3 69.8 80.9 2.117 88

(Quest. 1-6)

CATEGORIES IV-VI 46.7 52.3 50.2 52.4 0.814 IS

(Quest. 7-15)

PITT III OVITILL 53.3 57.9 58.2 65.0 1.638 IS

 

TIRTS I-III TOTTL 58.7 61.7 66.5 77.9 5.249
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IPPIIDII I (Continued)

Table 22. lffects of Tornal sducation in lilitary history or lilitary Geography

on Test Perfornance. seas percentage of correct test responses are

conpared hetueen groups; the test statistic is the One-Tail Student's

1' Test at c=.05.

To Tornal Sone Pornal

Category) Education Tducation Student's T

Questions (naIJS) (n=38) 8 Significant at o=.05

 

PITT I: lilitary Synbol Identification

Part II: 66.2 80.7 2.794 8

(Construction)

Part 18 68.9 85.0 3.613 8

(latching)

PITT I OVITILL 68.0 83.7 3.485 8

 

PITT II: The Irrakeen Crossing (Sinple lap Series)

CATEGORIES I-III 67.9 77.1 2.808 8

(Quest. 1-7)

CATEGORIES IVIVI 54.7 60.5 1.420 IS

(Quest. S-15)

PITT II OVITILL 60.9 68.2 2.483 8

 

PITT III: The Defense of the Logone Plateau (Couples lap Series)

CATEGORIES I-III 66.4 71.9 1.558 IS

(Quest. 1-6)

CATEGORIES IV-VI 48.7 54.7 1.425 IS

(Quest. 7-15)

PITT III OVlTILL 55.8 62.2 1.503 IS

 

PARTS I-III TOTAL 61.6 71.2 3.610 8
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IPPIIDII I (Continued)

Table 23. Effect of Proclained Level of Interest on Test Perfornance.

Test perfornance is conpared hetseen groups of varied interest levels;

the test statistic is the One-Pay Analysis of variance (21082) at n=.05.

Teen percentage of correct test responses are sheen.

lo Little Soneuhat Very ATOVA P

Category) Interest Interest Interested Interested Interested 8 Significant

Questions (n=18) (n=41) (n=55) (n=ll) (n=18) at o=05

 

PITT I: lilitary Synbol Identification

Part II: 52.2 64.8 69.1 75.9 82.2 3.312

(Construction)

Part IE 43.3 68.1 77.6 75.2 91.1 8.345

(hitching)

PART I OVERALL 46.3 66.9 74.2 75.5 - 88.1 8.345

 

PITT II: The Irrakeen Crossing (Sinple lap Series)

CATEGORIES I-III 58.7 62.2 72.9 75.6 75.4 6.154

(Quest. 1-7)

CATEGORIES IVAVI 50.0 51.2 56.4 58.2 65.9 1.817 IS

(Quest. 8-15)

PITT II OVETALL 54.1 56.3 64.1 66.4 70.3 4.783

 

PITT III: The Defense of the Logone Plateau (Coupler lap Series)

CATEGORIES I~III 54.6 66.3 68.8 70.8 72.2 2.586

(Quest. 1-5)

CATEGORIES IV-VI 43.8 49.5 50.5 51.3 52.5 0.617 IS

(Quest. 7-15)

PITT III OVERALL 48.1 54.9 57.8 59.1 60.4 2.231 IS

 

PARTS I-III TOTAL 49.5 59.8 65.4 66.9 72.9 8.260
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