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Chapter 1 

INTRODUCTION 

Through the ages, the relationship between man and nature has been 

varied. The physical aspect of nature has been something to be resisted 

or endured, to be adjusted to, to be exploited. The recent concern for 

environmental quality has implied, among other things, that this physical 

aspect is also something to be appreciated, for pleasure or displeasure 

in an aesthetic way (Calvin, Dearinger, & Curtin, 1972). Evidence of 

preferences for quality landscapes has been recorded throughout history 

by artisans of all types: poets, painters, playwrites, motion picture 

directors, song writers, and authors. In addition, landscape architects 

have manipulated scenery ever since King Nebuchadnezzar's Hanging 

Gardens of Babylon in order to make it more appealing to potential 

viewers and/or users. Quality landscapes have meant many things to many 

people: developers have schemed for them, conservationists have 

agonized over them, politicians have argued over them, philosophers have 

justified them, and tourists have travelled great distances for them. 

All over America vacationers and weekenders are exploring their 

natural environment and are garnering natural features in memory and on 

film as never before. As a result, outdoor recreation resource planners 

and managers are seeking better ways of measuring people's perceptions 

of natural environments and of understanding the importance of the 

different senses involved in perception. Such information can provide 

a better basis for planning, developing, and managing natural environments



which are needed to meet the demands and preferences of outdoor 

recreationists (Shafer, 1969). 

Although landscape assessment as a specialized field of activity 

is primarily a function of planning (Greenbie, 1975), both the planners 

and managers of parks, forests, and other recreation areas have 

preferences for landscapes which are formed according to their previous 

experience and education, and unfortunately they assume visitors to these 

sites will share their views. Whether or not these managers adopt 

specific aesthetic management plans, they should recognize and respect 

the preferences of the recreationist. Since he or she is the one for 

whom the recreation area was established, it is only reasonable that 

the recreationist should have considerable influence on its appearance 

(Cook, 1972). The more managers learn about how laymen perceive land- 

scape scenes and their attitude toward certain recreation area practices, 

the more effective their management will be (Willhite & Sise, 1974). 

However, a consensus of opinion as to what is a beautiful scene or 

landscape has been extremely difficult to obtain. It could be said that 

if beauty is in the eye of the beholder, then preference for it is in 

the mind of the beholder. Given objectively equivalent stimulus condi- 

tions, two individuals may manifest markedly different degrees of 

response versatility because of personal characteristics (Bieri, 1961). 

A wide range of variables influences individuals' choices for certain 

landscape preferences. Scenic beauty is so individualized-—the inter- 

play of all the learned values, experiences, emotions, and contemporary 

influences--that measurements of it can never be accurately generalized 

over the entire population. "In general, the public response to such



studies that evaluate scenery has been that judgment of natural beauty 

is so personal and subjective that it is difficult to predict" (Morisawa, 

1970, p. 97). 

Landscape's aesthetic quality is now recognized as a valuable 

resource on par with other traditional resources, such as timber, water, 

or wildlife. Moreover, landscape preference measurement is recognized 

as a legitimate area of scientific inquiry and is especially important 

at a time in which natural beauty values clash with technological 

development (Shafer & Tooby, 1973). Scenic beauty, however, is an 

extremely difficult resource to measure objectively. This measurement 

problem is a result of scenic beauty being defined not only in terms of 

environmental characteristics but, more importantly, in terms of human 

judgment and preference. 

There have been many studies involving physical assessments of 

scenic landscapes, their individual component's attributes as well as 

their holistic effects. It may also be useful to describe these land- 

scapes along psychological dimensions. According to Shafer and Mietz 

(1969), the aesthetic and emotional experiences stimulated by natural 

environments were ranked as more important than physical, educational, 

or social ones by hikers. Calvin and others (1972) claimed that while 

it does not necessarily follow that the psychological qualities of the 

natural environment are more important than physical qualities for each 

individual, it does seem reasonable to expect that utilization of 

psychological variables might provide an interesting and practical way 

of describing natural landscape preference.



Although this field of investigation is still relatively 

new, it seems clear that personal reactions to physical en- 

vironment are determined by at least two sets of factors: 

variables in the environment itself and personality differ- 

ences among people experiencing or reacting to the environ- 

ment. (p. 449) 

Many disciplines have contributed to the pool of knowledge encom- 

passing scenic beauty preference procedures. Landscape architects, 

psychologists, engineers, geographers, economists, and recreation spe- 

cialists have developed and tested a variety of methods and techniques. 

In general, these research tools may be classified two ways, descriptive 

inventories and perceptual preference evaluations. Neither of these 

two has been generally accepted (Propst, 1977). 

The on-site landscape inventory methods traditionally used for the 

description, analysis, and evaluation of the visual attributes and 

qualities of relatively discreet parcels of land are exceedingly demanding 

of time and are exceedingly expensive when dealing with larger sections 

of the landscape continuum. Therefore, new data sources and new modes 

of inventory are being sought (Zube, 1974). 

Only recently have scientists become sufficiently aroused by 

deterioration of environmental quality to attempt evaluations 

of scenic beauty. We are beginning to realize that the true 

values of life come from ties with the natural world, that 

recourse to natural beauty is related to our health and well 

being. Escape from society is needed as society presses more 

and more upon us. It is necessary to save sanctuaries for the



spirit now; the problem of choosing such sanctuaries is here. 

(Morisawa, 1970, p. 91) 

Developing an efficient methodology for landscape preference will be 

helpful in determining such sanctuaries for enhancing the recreation 

experience and the quality of life. 

STATEMENT OF THE PROBLEM 

There is no research which has thus far developed a conceptual 

and methodological framework for analyzing subjective response to the 

appearance of simulated recreation landscapes through the use of a 

behavioral measurement of visual preference, looking time. 

HYPOTHESIS 

It was hypothesized that differences would be found in preferences 

for landscapes in direct proportion to the time spent looking at visual 

representations of those landscapes. 

SIGNIFICANCE OF THE STUDY 

The information obtained from this study will contribute to the 

growing bodies of knowledge in the areas of landscape preference and 

looking time. This study represents an initial attempt to compare 

landscape preference with time spent looking at photographic simulations 

of landscapes. 

In this study a methodology not heretofore utilized for determining 

the preferences of potential users for landscape alternatives which 

could be found in a park, campsite, or other recreation setting will be 

a



explored. Therefore, the study might be beneficial to the planners and 

managers of these recreation sites. 'Human satisfaction is becoming 

increasingly common as a goal of planning in many different contexts" 

(Mercer, 1967, p. 261). 

In addition to providing an appropriate level of management and 

development to make .. . recreational services available, the 

Manager must design, plan, and develop the resources in such a 

way that the user's experience or his satisfaction from the 

engagement will be enhanced. (Driver, 1971, p. 17) 

Because the appearance of the environment influences the sub- 

jective benefits derived from the recreation experience, it is 

valid to examine how people respond to the visual recreation 

environment so that it may be designed and managed more effec- 

tively. (Peterson & Neumann, 1969, p. 219) 

The procedure and analysis utilized in this study for landscape 

preference may serve as a demonstration for user preference in other 

areas of recreation, such as facility design and placement, cueing, 

and optimal crowding at sites.



Chapter 2 

REVIEW OF LITERATURE 

This chapter is comprised of a survey of the research relating to 

landscape preference and looking time. During the last decade and a 

half, many studies have been completed--particularly in the fields of 

psychology, landscape architecture, and forestry--related to the various 

aspects of landscape preference, forming the basis for this study. 

For the sake of efficacy, this chapter is divided according to 

human response to landscapes as was distinguished by Craik (1972a): 

1. descriptive assessments, which simply seek to depict, 

rate, measure, etc., the attributes of specific landscapes; 

2. evaluative appraisals, which judge the relative quality of 
  

specific landscapes against some implicit or explicit stan- 

dard of comparison; and 

3. preferential judgments, which express a wholly personal, 
  

subjective appreciation of (or repugnance for) specific 

landscapes. (p. 292) 

In addition, the literature reviewed is encapsulated in a brief summary 

section. 

DESCRIPTIVE ASSESSMENTS 

Descriptive assessments are based on the observer's or the inventory 

designer's reaction to the visual qualities of the physical content of 

landscapes in the field, that is, observations based on the quality of 

individual landscape components or features. Specific methods varv.



Some are very subjective and provide only lists of vaguely defined 

landscape features--such as warmth, variety, and harmony--that can 

barely be related to scenic beauty. However, more sophisticated 

inventory methods have been developed recently, which are less subjec- 

tive and provide structured lists of relatively well-defined and 

sometimes numerically scaled landscape features that are formally 

related to scenic beauty (Daniel & Boster, 1976). 

One such inventory approach requiring the identification of land- 

scape features which constitute scenic beauty was developed by Leopold 

(1969). She utilized uniqueness ratios for aesthetic factors in which 

numerical values were assigned to landscape features of a variety of 

sites having aesthetic, biologic, or human interest connotation. The 

features were ranked and the number of sites that shared a particular 

rank on each feature was recorded: the fewer sites sharing a rank on a 

particular feature, the higher the uniqueness score. A summation of 

these values yielded a comparison of the overall uniqueness of the sites. 

Arthur, Daniel, and Boster (1976) stated that the interrelationship 

of scenic beauty and scenic preferences is consistent with the view that 

both kinds of judgments rely on viewers' perceptions and preferences or 

aesthetic standards. Most descriptive inventories have not tried to 

evaluate public perceptions and preferences. Rather, inventories often 

depend heavily upon the intuitive judgments of individual authors and 

users. As Arthur and others pointed out, 

To the extent that “beauty is in the eye of the beholder," 

there is no guarantee that evaluations made by individual 

professionals bear a good relationship to public perceptions



and preferences; to the extent that procedures allow for 

subjective judgments, inventories provide indications of the 

professional's perception of beauty but may not reflect the 

aesthetic tastes of the non professional public. (p. 9) 

Litton has done much to give impetus to the descriptive inventory 

methods. For example, in 1972 Litton attempted to provide some assis- 

tance for better relationships between resource use and natural land- 

scape management by studying the ways of recognizing and evaluating the 

landscape as something that is seen as a visual experience and that can 

provide a better framework for resource-use activities. He divided 

generalized attributes of the landscape into factors of recognition and 

compositional types. From these means of recognition and their 

combinations, Litton identified compositions and suggested several 

compositional units or landscape types. 

Craik (1972b) has maintained that descriptive assessment of settings 

and scenes increase our understanding of factors that influence land- 

Scape quality. Comprehensive assessments that cover all possible 

descriptive attributes aid in gauging the strength of the relationship 

of each attribute to appraised landscape quality. "The aim is not low 

costs but complete description, which may require extensive description 

as well as evaluative field surveys" (pp. 262-263). 

EVALUATIVE APPRAISALS 

The methods and techniques which can be categorized as evaluative 

appraisals of landscapes employ quantifications of surrogate landscape 

components or holistic landscapes. The results of these kinds of studies
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do not reveal people's preferences for given landscapes but rather their 

reactions to, attitudes about, judgments of, or feelings toward those 

landscapes. Peters (1942) stated, "The judgmental methods employed in 

experiments on aesthetics consist of three basic ones: rank order, 

paired comparison, absolute judgment, and numerous modifications of 

each" (p. 273). 

In a study directed by Craik (1972b), the full paradigm of landscape 

appraisal involved two separate processes: a direct field inventory of 

landscape quality and a descriptive assessment of attributes of settings, 

whose relationship to the appraised qualities of the landscape must be 

calculated. He said that the assessment process may reduce the costs of 

landscape appraisal by eliminating the need for full field inventories of 

landscape quality and that it aids in identifying those attributes of 

settings which are least costly to assess and which afford the strongest 

predictive relationship to appraised landscape quality. In addition, 

Craik claimed that if the predictive variables could be validated through 

field inventories in some contexts, they could subsequently be used alone 

for making landscape quality decisions in other contexts, avoiding the 

expense of further field inventories. 

Linton (1968) maintained that systematic landscape appraisals are 

complicated and costly undertakings. He presented a method that substi- 

tutes map analysis for field reconnaissance: to identify the features 

that contribute most fundamentally to landscape quality, to assign 

appropriate weights to these attributes according to their importance, 

to combine sceres for each location, and to map them. This process
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resulted in a quantitative cartographic inventory of the scenic resources 

of a given area. 

Among other types of evaluative appraisals, there are those which 

have been classified as psychometric. According to Arthur and others 

(1976), the primary methods employed within this classification are 

Likert-type rating scales, paired comparisons, and sorting and ranking 

techniques. Winkel, Malek, and Thiel (1969) tried to determine the 

relationship between personality factors and roadside evaluation by the 

use of personality questionnaires. The items on the personality scale 

were intercorrelated and subjected to factor analysis. Of the 97 items, 

three factors (generally negative orientation to the urban roadside; 

belief in conservation, preservation, and maintenance of order; and 

desire for an action-oriented environment) accounted for the majority 

of the reliable variance. 

An often-used research technique included in the psychometric 

classification is the semantic differential method (Acking & Sorte, 

1973; Shafer & Richards, 1974; Daniel & Boster, 1976), a bipolar adjec- 

tival scale. This technique involved showing environmental or other 

representations via pictures, photographs, or slides to people and then 

having them rate them on scales comprised of descriptive antonyms. 

Results of the data analyses revealed the feelings of the people toward 

the contents of the representation they were shown. 

Craik (1972a) employed Litton's (1972) landscape rating scales of 

primary and secondary recognition factors, embodying the principal 

elements of his system of landscape dimensions. In addition, Craik gave 

his panels of subjects a copy of the graphic landscape typology. They
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were first to decide which of the 10 graphic types each photographic 

slide best exemplified, and then for the same scene, to work down the 

landscape rating scales, encircling numbers to record their ratings of 

the scene on each landscape dimension. Furthermore, the subjects were 

presented with a landscape adjective checklist when there were studies 

involving the assessment of diverse landscape scenery. 

PREFERENTIAL JUDGMENTS 

The literature search revealed that preferential judgments have 

encompassed those experimental studies which seek out people's prefer- 

ences toward any number of entities. The judgments have been derived 

through a variety of studies utilizing direct observation or viewing 

landscape representations via 35mm slides or photographs as experimental 

stimuli. For this literature review these studies were subdivided into 

four general categories: (a) landscape preference reaction to manage- 

ment strategies, (b) landscape preference models, (c) landscape 

preference methodology, and (d) looking time. 

Landscape Preference Reaction to Management Strategies 

Managers of parks, forests, and other recreation areas have been 

perplexed as to what decisions to make regarding landscape alternatives 

for the users. A number of studies measuring landscape preference 

reaction to such management decisions have been completed. 

Morisawa (1970) compared two approaches being used to determine 

which physical features of riverscapes are preferred: an expert's 

evaluation of vista, color, vegetation, spaciousness, serenity,
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naturalness, riffles, turbidity, and pollution and an analysis of ratings 

by viewers of riverscape slides. She indicated that ratings of viewers 

and experts are similar, that preferences are general, and that evidence 

of man's interference lowers the beauty value. 

Whether people could tell the aesthetic difference between cut and 

uncut stands of trees was researched by Rutherford and Shafer (1969). 

Employing 16 sets of slides showing cut and uncut areas for both softwood 

and hardwood timber types, the researchers showed them to five different 

groups of subjects. Afterwards, the subjects were asked which forest 

stand they found more attractive. Rutherford and Shafer examined 

preferences within each group and then for all groups combined, and they 

found that cut stands were preferred to uncut stands in softwoods (63% of 

the time) but that both were equally attractive in hardwoods. 

An attempt was made by Cook (1972) to determine the type or form of 

trees preferred by recreationists and to gain insight about the under- 

lying physical characteristics most responsible for stated preferences. 

Twelve pairs of trees, 12 inches or more in diameter at 45 feet above 

the ground, were selected for their varying timber quality at three 

different recreation sites. Each pair of trees was clearly visible 

from a single marked point on a trail. At this vantage point visitors 

indicated on a ballot which of the two trees in each set they considered 

more attractive. Cook learned that the results generally indicated a 

positive relationship between aesthetic quality and timber quality and 

that the greater the difference in timber quality within the pairs, the 

stronger the preference for the better quality tree. He concluded that 

participants were attracted by variety, not the uniform mixture of the
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classic all-aged, mixed hardwood stand but a heterogeneous and natural 

mixture. 

A study was undertaken by Hess (1966) in which he experimented 

with autonomic physical response as a means of determining preference. 

He ascertained that pupillary dilation, or increase in pupil size above 

the normal size for a given amount of light, is associated with interest- 

ing or pleasant stimuli while pupillary constriction, or decrease in 

pupil size, is associated with stimuli which a person might find 

distasteful or unappealing. Wenger and Videbeck (1969) explored the 

potential use of eye pupillary measurement as an index of aesthetic 

experience in forest settings. Subjects with and without camping 

experience viewed 52 visual experimental stimuli and were compared. The 

researchers concluded that (a) prior camping experience is related to 

mean difference in pupillary responses associated with landscape photo- 

graphs, (b) sex is not related to pupillary responses in landscape 

photographs; although, it is related to responses to social stimuli, 

(c) women with prior wildland recreation experience did not dilate more 

to landscapes than did other subjects, and (d) although a reliable 

pattern of differences occurred between campers and non-campers to land- 

scapes, the results were contrary to those hypothesized (that persons 

with much wildland recreation experience dilate more to landscape 

photographs than do persons with little or no experience).



�1�5� 

�L�a�n�d�s�c�a�p�e� �P�r�e�f�e�r�e�n�c�e� �M�o�d�e�l�s� 
� � 

�M�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �t�o� �p�r�e�d�i�c�t� �p�e�o�p�l�e�'�s� 

�p�r�e�f�e�r�e�n�c�e�s� �f�o�r� �l�a�n�d�s�c�a�p�e�s� �b�y� �c�o�r�r�e�l�a�t�i�n�g� �l�a�n�d�s�c�a�p�e� �a�r�e�a�l� �p�h�y�s�i�c�a�l� 

�a�t�t�r�i�b�u�t�e�s� �t�o� �v�i�e�w�e�r� �p�r�e�f�e�r�e�n�c�e�.� �O�n�e� �s�u�c�h� �m�o�d�e�l� �w�a�s� �d�e�v�e�l�o�p�e�d� �i�n� �1�9�6�9� 

�(�S�h�a�f�e�r�,� �H�a�m�i�l�t�o�n�,� �&� �S�c�h�m�i�d�t�)�.� �I�t� �w�a�s� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�a�t� �s�t�u�d�y� �t�o� 

�i�d�e�n�t�i�f�y� �t�h�e� �q�u�a�l�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �i�n� �a� �n�a�t�u�r�a�l� �l�a�n�d�s�c�a�p�e� �w�h�i�c�h� �a�r�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�l�a�t�e�d� �t�o� �p�u�b�l�i�c� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �t�h�a�t� �l�a�n�d�s�c�a�p�e�.� �O�n�e� 

�h�u�n�d�r�e�d� �8� �X� �1�0�-�i�n�c�h�,� �b�l�a�c�k� �a�n�d� �w�h�i�t�e� �p�h�o�t�o�g�r�a�p�h�s� �o�f� �t�r�e�e�s� �i�n� �f�o�l�i�a�g�e� �i�n� 

�h�a�l�f� �e�a�s�t�e�r�n� �a�n�d� �h�a�l�f� �w�e�s�t�e�r�n� �s�c�e�n�e�s� �w�h�i�c�h� �i�n�c�l�u�d�e�d� �m�o�u�n�t�a�i�n�s�,� �m�e�a�d�o�w�s�,� 

�w�a�t�e�r�,� �a�n�d� �v�a�r�i�o�u�s� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �e�a�c�h� �w�e�r�e� �s�h�o�w�n� �t�o� �A�d�i�r�o�n�d�a�c�k� �c�a�m�p�e�r�s� 

�w�h�o� �r�a�n�k�e�d� �t�h�e�m� �a�c�c�o�r�d�i�n�g� �t�o� �p�r�e�f�e�r�e�n�c�e�.� �T�h�e� �l�a�n�d�s�c�a�p�e�s� �w�e�r�e� �d�i�v�i�d�e�d� 

�i�n�t�o� �1�0� �z�o�n�e�s�;� �a�l�t�h�o�u�g�h�,� �e�v�e�r�y� �z�o�n�e� �d�i�d� �n�o�t� �o�c�c�u�r� �i�n� �e�a�c�h� �p�h�o�t�o�g�r�a�p�h�:� 

�1�.� �S�k�y� 

�2�.� �I�m�m�e�d�i�a�t�e� �v�e�g�e�t�a�t�i�o�n� 

�3�.� �I�n�t�e�r�m�e�d�i�a�t�e� �v�e�g�e�t�a�t�i�o�n� 

�4�.� �D�i�s�t�a�n�t� �v�e�g�e�t�a�t�i�o�n� 

�5�.� �I�m�m�e�d�i�a�t�e� �n�o�n�v�e�g�e�t�a�t�i�o�n� 

�6�.� �I�n�t�e�r�m�e�d�i�a�t�e� �n�o�n�v�e�g�e�t�a�t�i�o�n� 

�7�.� �D�i�s�t�a�n�t� �n�o�n�v�e�g�e�t�a�t�i�o�n� 

�8�.� �S�t�r�e�a�m� 

�9�.� �W�a�t�e�r�f�a�l�l� 

�1�0�.� �L�a�k�e� 

�A� �p�l�a�s�t�i�c� �g�r�i�d� �o�v�e�r�l�a�y� �w�a�s� �u�s�e�d� �t�o� �d�i�v�i�d�e� �e�a�c�h� �p�h�o�t�o�g�r�a�p�h� �i�n�t�o� �1�/�4�-�i�n�c�h� 

�s�q�u�a�r�e�s�,� �t�h�u�s� �a�l�l�o�w�i�n�g� �e�a�c�h� �s�e�p�a�r�a�t�e� �z�o�n�e� �t�o� �b�e� �q�u�a�n�t�i�f�i�e�d�.� �E�a�c�h� �z�o�n�e� 

�w�a�s� �c�o�m�p�r�i�s�e�d� �o�f� �f�o�u�r� �v�a�r�i�a�b�l�e�s�:� �(�a�)� �p�e�r�i�m�e�t�e�r� �s�q�u�a�r�e�s�,� �(�b�)� �i�n�t�e�r�i�o�r� 

�s�q�u�a�r�e�s�,� �(�c�)� �t�o�t�a�l� �a�r�e�a� �s�q�u�a�r�e�s�,� �a�n�d� �(�d�)� �h�o�r�i�z�o�n�t�a�l� �e�n�d�-�s�q�u�a�r�e�s�.� �I�n
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�a�d�d�i�t�i�o�n�,� �t�h�r�e�e� �v�a�r�i�a�b�l�e�s� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �a� �l�a�n�d�s�c�a�p�e� �w�e�r�e� �t�o�n�a�l� 

�v�a�r�i�a�t�i�o�n� �o�f� �s�k�y�,� �l�a�n�d�,� �a�n�d� �w�a�t�e�r�.� �T�h�e�s�e� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �b�y� 

�t�h�e� �u�s�e� �o�f� �a� �1�/�2�-�i�n�c�h� �g�r�i�d� �o�v�e�r�l�a�y�.� �T�h�e� �d�a�t�a� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �t�r�e�a�t�e�d� 

�b�y� �f�a�c�t�o�r� �a�n�a�l�y�s�i�s� �a�n�d� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� �t�e�c�h�n�i�q�u�e�s� �f�r�o�m� �w�h�i�c�h� �t�h�e� 

�f�i�n�d�i�n�g�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �l�a�n�d�s�c�a�p�e� �d�e�p�e�n�d�s� �o�n� �t�h�e� �a�r�e�a� �o�r� 

�p�e�r�i�m�e�t�e�r� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �s�i�x� �i�t�e�m�s� �w�i�t�h�i�n� �a� �p�h�o�t�o�g�r�a�p�h� �6�6�%� �o�f� �t�h�e� 

�t�i�m�e�.� 

�B�a�s�i�c�a�l�l�y�,� �t�h�e� �s�a�m�e� �m�o�d�e�l� �w�a�s� �r�e�p�e�a�t�e�d� �b�y� �S�h�a�f�e�r� �a�n�d� �M�i�e�t�z� �(�1�9�7�0�)� 

�f�o�r� �r�e�c�r�e�a�t�i�o�n� �a�r�e�a�s� �o�n� �t�h�e� �W�a�s�a�t�c�h� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t� �n�e�a�r� �S�a�l�t� �L�a�k�e� �C�i�t�y�,� 

�U�t�a�h�,� �a�n�d� �b�y� �S�h�a�f�e�r� �a�n�d� �T�o�o�b�y� �(�1�9�7�3�)� �i�n� �S�c�o�t�l�a�n�d�.� �T�h�e� �s�t�u�d�i�e�s� �y�i�e�l�d�e�d� 

�g�e�n�e�r�a�l�l�y� �t�h�e� �s�a�m�e� �r�e�s�u�l�t�s� �a�s� �t�h�e� �o�r�i�g�i�n�a�l� �s�t�u�d�y� �(�S�h�a�f�e�r�,� �H�a�m�i�l�t�o�n�,� �&� 

�S�c�h�m�i�d�t�,� �1�9�6�9�)�,� �e�s�t�a�b�l�i�s�h�i�n�g� �i�t�s� �r�e�l�i�a�b�i�l�i�t�y�.� 

�C�a�r�l�s �� �s�t�u�d�y� �(�1�9�7�2�)� �c�o�n�c�e�n�t�r�a�t�e�d� �o�n� �p�r�e�f�e�r�e�n�c�e� �f�a�c�t�o�r�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �m�o�r�e� �h�e�a�v�i�l�y� �u�s�e�d� �a�n�d� �h�i�g�h�l�y� �d�e�v�e�l�o�p�e�d� �o�u�t�d�o�o�r� �r�e�c�r�e�a�t�i�o�n� �a�r�e�a�s�.� 

�H�e� �h�y�p�o�t�h�e�s�i�z�e�d� �w�h�e�t�h�e�r� �l�a�n�d�s�c�a�p�e� �s�c�e�n�e�s� �c�o�n�t�a�i�n�i�n�g� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� 

�p�e�o�p�l�e�,� �d�e�v�e�l�o�p�m�e�n�t�,� �o�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �w�o�u�l�d� �b�e� �l�e�s�s� �p�r�e�f�e�r�r�e�d� 

�t�h�a�n� �t�h�o�s�e� �w�i�t�h� �l�o�w�e�r� �l�e�v�e�l�s�.� �T�h�e� �m�e�t�h�o�d�o�l�o�g�y� �w�a�s� �p�r�i�m�a�r�i�l�y� �b�a�s�e�d� �o�n� 

�t�h�a�t� �o�f� �S�h�a�f�e�r�,� �H�a�m�i�l�t�o�n�,� �a�n�d� �S�c�h�m�i�d�t� �(�1�9�6�9�)� �w�i�t�h� �s�o�m�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� 

�i�n�c�l�u�d�e� �n�u�m�b�e�r�s� �o�f� �p�e�o�p�l�e� �a�n�d� �l�e�v�e�l�s� �o�f� �d�e�v�e�l�o�p�m�e�n�t�.� �C�a�r�l�s� �l�e�a�r�n�e�d� 

�t�h�a�t� �a�s� �l�e�v�e�l�s� �o�f� �p�e�o�p�l�e� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �i�n�c�r�e�a�s�e�,� �p�r�e�f�e�r�e�n�c�e� �d�e�c�r�e�a�s�e�s�.� 

�A� �s�e�m�a�n�t�i�c� �d�i�f�f�e�r�e�n�t�i�a�l� �m�o�d�e�l� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �C�a�l�v�i�n�,� �D�e�a�r�i�n�g�e�r�,� 

�a�n�d� �C�u�r�t�i�n� �(�1�9�7�2�)�.� �T�h�e�r�e� �w�e�r�e� �1�5� �a�n�d� �2�1� �s�c�a�l�e�s� �e�m�p�l�o�y�e�d� �f�o�r� �t�h�e� �d�a�t�a� 

�c�o�l�l�e�c�t�i�o�n�.� �B�e�t�w�e�e�n�-�s�c�a�l�e� �c�o�r�r�e�l�a�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�,� 

�a�n�d� �a� �f�a�c�t�o�r� �a�n�a�l�y�s�i�s� �w�a�s� �u�s�e�d� �o�n� �a� �c�o�r�r�e�l�a�t�i�o�n� �m�a�t�r�i�x�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� 

�d�i�s�c�o�v�e�r�e�d� �t�h�a�t� �o�n�l�y� �t�w�o� �s�e�m�a�n�t�i�c� �d�i�f�f�e�r�e�n�t�i�a�l� �f�a�c�t�o�r�s� �(�n�a�t�u�r�a�l� �s�c�e�n�i�c
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�b�e�a�u�t�y� �a�n�d� �n�a�t�u�r�a�l� �f�o�r�c�e�)� �a�c�c�o�u�n�t�e�d� �f�o�r� �8�5�%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� 

�l�a�n�d�s�c�a�p�e� �s�c�e�n�e�r�y� �i�n� �t�h�e�i�r� �s�t�u�d�y�.� 

�L�a�n�d�s�c�a�p�e� �P�r�e�f�e�r�e�n�c�e� �M�e�t�h�o�d�o�l�o�g�y� 

�S�o�m�e� �p�r�e�f�e�r�e�n�c�e� �r�e�s�e�a�r�c�h� �h�a�s� �d�e�a�l�t� �w�i�t�h� �d�e�s�i�g�n�s� �t�h�a�t� �a�r�e� �m�e�t�h�o�d�-� 

�o�l�o�g�i�c�a�l� �i�n� �n�a�t�u�r�e�.� �S�o�m�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �e�f�f�o�r�t�s� �e�n�s�u�e�.� 

�D�u�n�n� �(�1�9�7�6�)� �d�i�s�c�u�s�s�e�d� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �a�s�s�e�s�s�i�n�g� �p�u�b�l�i�c� �p�r�e�f�e�r�e�n�c�e� 

�f�o�r� �l�a�n�d�s�c�a�p�e�s�.� �T�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �l�a�n�d�s�c�a�p�e� �p�h�o�t�o�g�r�a�p�h�s� �t�o� 

�a�s�s�e�s�s� �s�u�c�h� �p�r�e�f�e�r�e�n�c�e�s� �w�a�s� �a�l�s�o� �d�i�s�c�u�s�s�e�d�.� 

�A� �m�a�j�o�r� �p�r�o�b�l�e�m� �i�n� �t�h�e� �a�d�v�a�n�c�e�m�e�n�t� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �t�e�c�h�-� 

�n�i�q�u�e�s� �i�s� �t�h�a�t� �h�o�w�e�v�e�r� �d�i�l�i�g�e�n�t� �t�h�e� �s�e�a�r�c�h� �f�o�r� �a�n� �e�x�h�a�u�s�t�i�v�e� 

�s�e�t� �o�f� �"�r�e�l�e�v�a�n�t�"� �f�a�c�t�o�r�s� �m�a�y� �b�e�,� �t�h�e�r�e� �w�i�l�l� �i�n�e�v�i�t�a�b�l�y� �r�e�m�a�i�n� 

�a� �p�r�o�p�o�r�t�i�o�n� �o�f� �v�a�r�i�a�t�i�o�n� �i�n� �l�a�n�d�s�c�a�p�e� �q�u�a�l�i�t�y� �w�h�i�c�h� �c�a�n�n�o�t� �b�e� 

�p�r�e�d�i�c�t�e�d� �o�r� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �a�s�s�e�m�b�l�e�d� �f�a�c�t�o�r�s�.� �T�h�i�s� �p�r�o�p�o�r�-� 

�t�i�o�n� �w�i�l�l� �c�o�n�s�i�s�t� �o�f� �t�h�e� �s�u�b�t�l�e�t�i�e�s� �o�f� �l�a�n�d�s�c�a�p�e�,� �s�u�c�h� �a�s� 

�i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �e�l�e�m�e�n�t�s� �a�n�d� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �l�a�n�d�-� 

�s�c�a�p�e�,� �s�u�c�h� �a�s� �c�o�l�o�u�r�,� �f�o�r�m�,� �s�h�a�p�e�,� �a�n�d� �l�i�g�h�t�i�n�g�.� �T�h�e� �c�r�u�c�i�a�l� 

�p�o�i�n�t� �i�s� �t�h�a�t� �w�h�i�l�s�t� �m�e�a�s�u�r�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�s� �c�a�n�n�o�t� �d�e�v�e�l�o�p� 

�s�u�f�f�i�c�i�e�n�t�l�y� �t�o� �e�m�b�r�a�c�e� �s�u�c�h� �s�u�b�t�l�e�t�i�e�s�,� �t�h�e� �p�r�e�f�e�r�e�n�c�e� �a�p�p�r�o�a�c�h� 

�c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �t�o�t�a�l� �l�a�n�d�s�c�a�p�e� �r�a�t�h�e�r� 

�t�h�a�n� �w�i�t�h� �e�l�e�m�e�n�t�s� �o�f� �i�t�-�-�i�n�e�v�i�t�a�b�l�y� �i�n�c�l�u�d�e�s� �t�h�e�m�.� �(�p�.� �1�6�)� 

�Z�u�k� �(�1�9�7�3�)� �p�r�e�s�e�n�t�e�d� �a� �s�y�s�t�e�m�a�t�i�c� �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �r�a�t�i�o�n�a�l�l�y� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �a�e�s�t�h�e�t�i�c� �a�p�p�e�a�l� �o�f� �b�r�i�d�g�e� �d�e�s�i�g�n�s� �b�y� �t�h�e� �u�s�e� �o�f� �p�a�i�r�e�d� 

�l�i�n�e� �d�r�a�w�i�n�g�s� �f�o�r� �w�h�i�c�h� �o�n�e� �v�i�s�u�a�l� �f�a�c�t�o�r� �a�t� �a� �t�i�m�e� �i�s� �v�a�r�i�e�d�.� �H�e� �s�a�i�d� 

�t�h�a�t� �i�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�w�o� �b�r�i�d�g�e�s� �r�e�l�a�t�e�s� �t�o� �o�n�e� �p�a�r�t�i�c�u�l�a�r� 

�f�e�a�t�u�r�e�,� �t�h�a�t� �f�e�a�t�u�r�e� �c�a�n� �b�e� �i�s�o�l�a�t�e�d� �(�r�e�l�a�t�i�v�e� �t�o� �t�h�e� �w�h�o�l�e�)� �a�n�d



�1�8� 

�e�v�a�l�u�a�t�e�d� �o�n� �i�t�s� �e�f�f�e�c�t� �o�n� �a�p�p�e�a�r�a�n�c�e�.� �Z�u�k� �a�l�s�o� �s�a�i�d� �t�h�a�t� �i�n� �t�h�i�s� �w�a�y�,� 

�p�r�e�f�e�r�e�n�c�e�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �f�e�a�t�u�r�e�s� �o�f� �b�r�i�d�g�e�s� �[�o�r� �n�a�t�u�r�a�l� �l�a�n�d�s�c�a�p�e�s�]� 

�c�a�n� �b�e� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �e�v�a�l�u�a�t�e�d�,� �a�l�w�a�y�s� �i�n� �a� �s�e�t� �o�f� �t�w�o�.� 

�A�n�o�t�h�e�r� �m�e�t�h�o�d�o�l�o�g�i�c�a�l� �s�t�u�d�y� �w�a�s� �o�f�f�e�r�e�d� �b�y� �S�.� �K�a�p�l�a�n� �(�1�9�7�5�)�.� 

�H�e� �s�t�a�t�e�d� �t�h�a�t� �o�n�l�y� �t�h�e� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �b�y� �e�x�p�e�r�t�s� �s�h�o�u�l�d� �b�e� 

�s�t�u�d�i�e�d�.� �K�a�p�l�a�n� �l�o�o�k�e�d� �a�t� �a� �f�u�n�c�t�i�o�n� �a�p�p�r�o�a�c�h� �t�o� �p�e�r�c�e�p�t�i�o�n�.� �"�A� �g�r�e�a�t� 

�d�e�a�l� �o�f� �k�n�o�w�l�e�d�g�e�,� �e�x�p�e�r�i�e�n�c�e�,� �a�n�d� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �e�n�t�e�r�s� �i�n�t�o� �w�h�a�t� �m�a�y� 

�s�e�e�m� �t�o� �b�e� �t�h�e� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �p�r�o�c�e�s�s� �o�f� �l�o�o�k�i�n�g�"� �(�p�.� �9�3�)�.� 

�K�a�p�l�a�n� �f�u�r�t�h�e�r� �s�t�a�t�e�d� �t�h�a�t� �l�i�k�e� �o�t�h�e�r� �p�e�r�c�e�p�t�u�a�l� �p�r�o�c�e�s�s�e�s�,� �t�h�e� 

�p�e�r�c�e�p�t�i�o�n� �o�f� �s�p�a�c�e� �i�s� �v�e�r�y� �i�n�f�e�r�e�n�t�i�a�l�.� 

�T�h�i�s� �i�n�f�e�r�e�n�t�i�a�l� �p�r�o�c�e�s�s� �t�a�k�e�s� �a� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �p�a�t�t�e�r�n� �o�f� 

�l�i�g�h�t� �f�a�l�l�i�n�g� �o�n� �t�h�e� �r�e�t�i�n�a� �a�n�d� �i�n�t�e�r�p�r�e�t�s� �i�t� �i�n� �t�h�r�e�e� �d�i�m�e�n�-� 

�s�i�o�n�s�.� �(�T�h�u�s�,� �t�h�e� �s�p�a�t�i�a�l� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �t�h�a�t� �p�a�r�t�i�c�i�p�a�n�t�s� 

�m�a�k�e� �o�f� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �p�h�o�t�o�g�r�a�p�h�s� �i�n� �o�u�r� �r�e�s�e�a�r�c�h� �a�n�d� �i�n� �o�t�h�e�r� 

�-� �s�t�u�d�i�e�s� �i�s� �h�a�r�d�l�y� �s�u�r�p�r�i�s�i�n�g�.� �T�h�e� �p�e�r�c�e�p�t�u�a�l� �a�p�p�a�r�a�t�u�s� �i�s� 

�h�i�g�h�l�y� �b�i�a�s�e�d� �t�o�w�a�r�d� �s�p�a�t�i�a�l� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s�,� �a�n�d� �p�e�o�p�l�e� �i�n� �o�u�r� 

�s�o�c�i�e�t�y� �h�a�v�e� �e�x�t�e�n�s�i�v�e� �e�x�p�e�r�i�e�n�c�e� �w�i�t�h� �p�h�o�t�o�g�r�a�p�h�s� �a�s� �r�e�p�r�e�s�e�n�-� 

�t�a�t�i�o�n�s� �o�f� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �w�o�r�l�d�.� �T�o� �c�r�i�t�i�c�i�z�e� �p�h�o�t�o�-� 

�g�r�a�p�h�s� �a�s� �a�r�t�i�f�i�c�i�a�l� �a�n�d� �i�n�a�d�e�q�u�a�t�e� �i�n� �l�a�n�d�s�c�a�p�e� �r�e�s�e�a�r�c�h� �i�s� �t�o� 

�f�a�i�l� �t�o� �a�p�p�r�e�c�i�a�t�e� �t�h�e� �n�a�t�u�r�e� �o�f� �h�u�m�a�n� �p�e�r�c�e�p�t�u�a�l� �m�e�c�h�a�n�i�s�m�s�.�)� 

�(�p�.� �9�3�)� 

�S�i�x� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �s�e�e�m� �t�o� �h�a�v�e� �s�o�m�e� �r�o�l�e� �i�n� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �o�f� 

�p�r�e�f�e�r�e�n�c�e�:� �(�a�)� �c�o�m�p�l�e�x�i�t�y�,� �(�b�)� �m�y�s�t�e�r�y�,� �(�c�)� �i�d�e�n�t�i�f�i�a�b�i�l�i�t�y�,� 

�(�d�)� �c�o�h�e�r�e�n�c�e�,� �(�e�)� �t�e�x�t�u�r�e�,� �a�n�d� �(�f�)� �s�p�a�c�i�o�u�s�n�e�s�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �b�y� 

�S�.� �K�a�p�l�a�n� �(�1�9�7�5�)�.� �H�e� �p�r�o�p�o�s�e�d� �a� �f�r�a�m�e�w�o�r�k� �o�f� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� 

�p�r�e�f�e�r�e�n�c�e�:



�1�9� 

�1�.� �Q�u�e�s�t� �f�o�r� �i�n�f�o�r�m�a�t�i�o�n�,� �b�o�t�h� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s� �t�h�a�t� �m�e�e�t� �t�h�e� �e�y�e� �a�n�d� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �w�o�r�l�d� �t�h�a�t� �i�s� 

�i�n�f�e�r�r�e�d�;� 

�2�.� �S�e�n�s�i�t�i�v�i�t�y� �t�o� �d�e�p�t�h� �o�r� �s�p�a�c�i�o�u�s�n�e�s�s�;� �a�n�d� 

�3�.� �C�o�n�c�e�r�n� �f�o�r� �i�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �m�o�s�t� �f�r�u�i�t�f�u�l� �a�p�p�r�o�a�c�h� �t�o� �t�h�i�s� �p�r�o�b�l�e�m�,� �a�c�c�o�r�d�i�n�g� �t�o� 

�K�a�p�l�a�n�,� �s�e�e�m�e�d� �t�o� �b�e� �n�o�t� �o�n�e� �o�f� �d�e�t�e�r�m�i�n�i�n�g� �h�o�w� �d�i�f�f�e�r�e�n�t� �s�u�c�h� �g�r�o�u�p� 

�p�r�e�f�e�r�e�n�c�e�s� �a�r�e� �b�u�t� �o�f� �i�d�e�n�t�i�f�y�i�n�g� �w�h�a�t� �t�h�e� �p�a�t�t�e�r�n� �o�f� �v�a�r�i�a�b�l�e�s� �i�s� 

�t�h�a�t� �u�n�d�e�r�l�i�e�s� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �t�h�e�s�e� �v�a�r�i�o�u�s� �g�r�o�u�p�s�.� �H�e� �c�l�a�i�m�e�d� �t�h�a�t� 

�t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �g�r�o�u�p�s� �c�a�n� �b�e� �e�x�p�l�a�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �d�i�f�f�e�r�i�n�g� 

�e�m�p�h�a�s�i�s� �a�m�o�n�g� �t�h�e� �s�a�m�e� �s�e�t� �o�f� �v�a�r�i�a�b�l�e�s�.� �R�.� �K�a�p�l�a�n� �(�1�9�7�5�)� �s�a�i�d� �t�h�a�t� 

�a�l�t�h�o�u�g�h� �p�r�e�f�e�r�e�n�c�e� �i�s� �u�n�d�e�n�i�a�b�l�y� �s�u�b�j�e�c�t�i�v�e�,� �t�h�e� �s�u�b�j�e�c�t�i�v�i�t�y� �i�s� �o�f�t�e�n� 

�s�h�a�r�e�d� �t�o� �a� �g�r�e�a�t� �d�e�g�r�e�e�.� 

�C�o�l�o�r�e�d� �p�h�o�t�o�g�r�a�p�h�s� �w�e�r�e� �u�s�e�d� �b�y� �Z�u�b�e�,� �P�i�t�t�,� �a�n�d� �A�n�d�e�r�s�o�n� �(�1�9�7�5�)� 

�t�o� �e�l�i�c�i�t� �e�v�a�l�u�a�t�i�v�e� �r�e�s�p�o�n�s�e�s� �t�o� �l�a�n�d�s�c�a�p�e�s�.� �T�h�e�y� �i�n�v�e�s�t�i�g�a�t�e�d� �2�3� 

�l�a�n�d�s�c�a�p�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �w�h�i�c�h� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�l�u�e�s� �w�e�r�e� �i�n�d�i�v�i�d�u�a�l�l�y� 

�o�b�t�a�i�n�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �5�6� �v�i�e�w� �s�t�a�t�i�o�n�s� �b�y� �u�s�i�n�g� �t�o�p�o�g�r�a�p�h�i�c� �m�a�p�s� �a�n�d� 

�l�a�n�d�-�u�s�e� �d�a�t�a� �f�r�o�m� �c�u�r�r�e�n�t� �a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�y�.� �T�h�e� �t�o�p� �s�i�x� �d�i�m�e�n�s�i�o�n�s� 

�e�x�p�l�a�i�n�e�d� �6�1�.�4�%� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�.� 

�Z�u�b�e� �(�1�9�7�4�)� �e�x�a�m�i�n�e�d� �w�h�e�t�h�e�r� �(�a�)� �t�h�e�r�e� �i�s� �a�g�r�e�e�m�e�n�t� �o�n� �t�h�e� �u�s�e� �o�f� 

�e�v�a�l�u�a�t�i�v�e� �a�n�d� �d�e�s�c�r�i�p�t�i�v�e� �t�e�r�m�s� �f�o�r� �t�h�e� �l�a�n�d�s�c�a�p�e�,� �(�b�)� �t�h�e�r�e� �a�r�e� �c�o�m�m�o�n� 

�p�a�t�t�e�r�n�s� �o�f� �u�s�a�g�e� �o�f� �t�h�e�s�e� �t�e�r�m�s� �a�c�r�o�s�s� �p�r�o�f�e�s�s�i�o�n�s�,� �a�n�d� �(�c�)� �t�h�e� �r�e�s�u�l�t�s� 

�o�f� �l�a�n�d�s�c�a�p�e� �s�u�r�v�e�y�s� �u�s�i�n�g� �a�e�r�i�a�l� �d�a�t�a� �s�o�u�r�c�e�s� �d�i�f�f�e�r� �f�r�o�m� �t�h�o�s�e� �u�s�i�n�g� 

�g�r�o�u�n�d� �r�e�c�o�n�n�a�i�s�s�a�n�c�e�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�o� �w�h�a�t� �e�x�t�e�n�t� �a�n�d� �f�o�r� �w�h�a�t� 

�p�u�r�p�o�s�e�s� �d�a�t�a� �f�r�o�m� �r�e�m�o�t�e� �s�o�u�r�c�e�s� �c�a�n� �s�u�b�s�t�i�t�u�t�e� �f�o�r� �t�h�e� �i�n�-�p�e�r�s�o�n�,� 

�o�n�-�s�i�t�e� �i�n�v�e�n�t�o�r�y� �w�e�r�e� �s�t�u�d�i�e�d� �b�y� �Z�u�b�e�.� �T�h�e� �t�w�o� �s�t�u�d�y� �g�r�o�u�p�s�,� �o�n�e



�2�0� 

�p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �f�i�e�l�d� �r�e�c�o�n�n�a�i�s�s�a�n�c�e� �a�n�d� �t�h�e� �o�t�h�e�r� �i�n� �o�f�f�i�c�e� �s�t�u�d�y� 

�u�s�i�n�g� �a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�s� �a�n�d� �t�o�p�o�g�r�a�p�h�i�c� �m�a�p�s�,� �p�e�r�f�o�r�m�e�d� �t�h�e� �s�a�m�e� �t�a�s�k�s� 

�i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�r�d�e�r�:� 

�1�.� �D�e�s�c�r�i�p�t�i�o�n� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �f�o�u�r� �s�e�c�t�i�o�n�s� �o�f� �t�h�e� �l�a�n�d�s�c�a�p�e� 

�u�t�i�l�i�z�i�n�g� �a� �s�e�t� �o�f� �2�5� �s�e�m�a�n�t�i�c�-�d�i�f�f�e�r�e�n�t�i�a�l� �s�c�a�l�e�s�;� 

�2�.� �W�r�i�t�i�n�g� �a� �f�r�e�e� �o�r� �i�n�s�t�r�u�c�t�i�o�n�a�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �a� �s�e�g�m�e�n�t� �o�f� 

�t�h�e� �l�a�n�d�s�c�a�p�e�;� �a�n�d� 

�3�.� �R�a�n�k� �o�r�d�e�r�i�n�g� �b�y� �s�c�e�n�i�c� �q�u�a�l�i�t�y� �a� �s�e�t� �o�f� �s�i�x� �a�e�r�i�a�l� �p�h�o�t�o�-� 

�g�r�a�p�h�s� �o�f� �t�h�e� �g�i�v�e�n� �l�a�n�d�s�c�a�p�e�.� 

�A� �f�a�c�t�o�r� �a�n�a�l�y�s�i�s� �o�n� �t�h�e� �s�e�m�a�n�t�i�c� �d�i�f�f�e�r�e�n�t�i�a�l� �s�c�a�l�e�s� �i�n�d�i�c�a�t�e�d� �a�t� 

�l�e�a�s�t� �f�o�r� �t�w�o� �g�r�o�u�p�s� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �r�e�s�o�u�r�c�e� �p�l�a�n�n�i�n�g� �s�t�u�d�i�e�s� �t�h�a�t� 

�t�h�e�r�e� �i�s� �a� �r�e�a�s�o�n�a�b�l�e� �l�e�v�e�l� �o�f� �a�g�r�e�e�m�e�n�t� �o�n� �a� �s�e�t� �o�f� �e�v�a�l�u�a�t�i�v�e� �a�n�d� 

�d�e�s�c�r�i�p�t�i�v�e� �t�e�r�m�i�n�o�l�o�g�y� �r�e�l�a�t�i�n�g� �t�o� �s�c�e�n�i�c� �r�e�s�o�u�r�c�e�s�.� �I�t� �w�a�s� �f�u�r�t�h�e�r� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e�r�e� �i�s� �c�o�n�s�i�d�e�r�a�b�l�e� �u�t�i�l�i�t�y� �i�n� �t�h�e� �u�s�e� �o�f� �a�e�r�i�a�l� 

�p�h�o�t�o�g�r�a�p�h�s� �a�n�d� �t�o�p�o�g�r�a�p�h�i�c� �m�a�p�s� �a�s� �m�a�j�o�r� �i�n�f�o�r�m�a�t�i�o�n� �s�o�u�r�c�e�s� �f�o�r� 

�r�e�g�i�o�n�a�l� �s�c�e�n�i�c� �r�e�s�o�u�r�c�e� �s�t�u�d�i�e�s�.� 

�D�a�n�i�e�l�,� �W�h�e�e�l�e�r�,� �B�o�s�t�e�r�,� �a�n�d� �B�e�s�t� �(�1�9�7�3�)� �d�e�c�l�a�r�e�d� �t�h�a�t� �w�h�e�n� �a� 

�p�e�r�s�o�n� �m�a�k�e�s� �a�n� �e�v�a�l�u�a�t�i�v�e� �j�u�d�g�m�e�n�t� �a�b�o�u�t� �a� �q�u�a�l�i�t�y� �o�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� 

�o�f� �s�o�m�e� �s�p�e�c�i�f�i�c� �s�t�i�m�u�l�u�s� �d�i�s�p�l�a�y�,� �s�u�c�h� �a�s� �a� �l�a�n�d�s�c�a�p�e�,� �t�w�o� �e�l�e�m�e�n�t�s� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �j�u�d�g�m�e�n�t� �b�e�h�a�v�i�o�r�:� �t�h�e� �p�e�r�s�o�n�'�s� �s�e�n�s�o�r�y� �e�x�p�e�r�i�e�n�c�e� 

�r�e�l�e�v�a�n�t� �t�o� �t�h�e� �p�e�r�c�e�p�t�u�a�l� �d�i�m�e�n�s�i�o�n� �t�h�a�t� �d�e�f�i�n�e�s� �t�h�e� �j�u�d�g�e�d� �c�h�a�r�a�c�t�e�r�-� 

�i�s�t�i�c� �a�n�d� �t�h�e� �p�e�r�s�o�n�'�s� �w�i�l�l�i�n�g�n�e�s�s� �t�o� �m�a�k�e� �d�i�s�c�r�i�m�i�n�a�t�i�o�n�s� �a�t� �e�a�c�h� �p�o�i�n�t� 

�o�n� �t�h�e� �g�i�v�e�n� �s�e�n�s�i�t�i�v�i�t�y� �a�n�d� �h�i�s� �c�r�i�t�e�r�i�o�n� �s�t�a�t�e�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� 

�e�a�c�h� �o�f� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �m�a�y� �v�a�r�y� �f�r�o�m� �m�o�m�e�n�t� �t�o� �m�o�m�e�n�t�,� �d�a�y� �t�o� �d�a�y�,� �o�r� 

�t�r�i�a�l� �t�o� �t�r�i�a�l�,� �b�o�t�h� �w�i�t�h�i�n� �o�n�e� �o�b�s�e�r�v�e�r� �a�n�d� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �o�b�s�e�r�v�e�r�s�.� 

�T�h�e� �r�e�s�e�a�r�c�h�e�r� �c�l�a�i�m�e�d� �t�h�a�t� �m�a�n�y� �p�s�y�c�h�o�p�h�y�s�i�c�a�l� �m�e�t�h�o�d�s�,� �r�a�t�i�n�g



�2�1� 

�t�e�c�h�n�i�q�u�e�s�,� �a�n�d� �s�c�a�l�i�n�g� �s�y�s�t�e�m�s� �f�a�i�l�e�d� �t�o� �d�i�s�c�e�r�n� �a�d�e�q�u�a�t�e�l�y� �b�e�t�w�e�e�n� 

�t�h�e� �d�i�s�t�i�n�c�t� �s�o�u�r�c�e�s� �o�f� �v�a�r�i�a�b�i�l�i�t�y� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �s�e�n�s�i�t�i�v�i�t�y� �a�n�d� �i�n� 

�t�h�e� �c�r�i�t�e�r�i�o�n� �s�t�a�t�e�.� 

�T�h�e�r�e�f�o�r�e�,� �i�n� �o�r�d�e�r� �t�o� �t�r�y� �t�o� �r�e�c�t�i�f�y� �t�h�a�t� �d�e�f�i�c�i�e�n�c�y�,� �a� �m�e�a�s�u�r�e�~� 

�m�e�n�t� �t�e�c�h�n�i�q�u�e�-�-�t�h�e� �T�h�e�o�r�y� �o�f� �S�i�g�n�a�l� �D�e�t�e�c�t�a�b�i�l�i�t�y� �(�T�S�D�)�,� �w�h�i�c�h� �i�s� �a� 

�p�s�y�c�h�o�p�h�y�s�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t� �m�o�d�e�l� �t�h�a�t� �e�x�p�l�i�c�i�t�l�y� �d�i�s�t�i�n�g�u�i�s�h�e�s� �t�h�e� �t�w�o� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �a� �p�e�r�c�e�p�t�u�a�l� �j�u�d�g�m�e�n�t�-�~�w�a�s� �d�e�v�e�l�o�p�e�d� �(�G�r�e�e�n� �&� �S�w�e�t�s�,� �1�9�6�6�)�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �D�a�n�i�e�l� �a�n�d� �o�t�h�e�r�s� �(�1�9�7�3�)�,� �T�S�D� �m�e�t�h�o�d�s� �h�a�v�e� �i�n�d�i�c�a�t�e�d� �g�r�e�a�t� 

�p�o�t�e�n�t�i�a�l� �w�h�e�n� �a�p�p�l�i�e�d� �t�o� �c�o�m�p�l�e�x� �s�t�i�m�u�l�u�s� �s�i�t�u�a�t�i�o�n�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� 

�e�x�p�e�r�i�m�e�n�t�e�d� �w�i�t�h� �t�h�e� �T�S�D� �m�o�d�e�l� �i�n� �r�e�l�a�t�i�o�n� �t�o� �p�e�r�c�e�p�t�u�a�l� �e�v�a�l�u�a�t�i�o�n�s� 

�o�f� �f�o�r�e�s�t� �l�a�n�d�s�c�a�p�e�s�.� �O�n�e� �o�f� �t�h�e� �a�i�m�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �t�o� �i�d�e�n�t�i�f�y� 

�t�h�o�s�e� �l�a�n�d�s�c�a�p�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �d�e�t�e�r�m�i�n�a�n�t�s� �o�f� 

�a�e�s�t�h�e�t�i�c� �r�e�s�p�o�n�s�e�s�.� �S�l�i�d�e�s� �o�f� �s�i�x� �p�o�n�d�e�r�o�s�a� �p�i�n�e� �f�o�r�e�s�t� �a�r�e�a�s�,� �e�a�c�h� 

�r�e�p�r�e�s�e�n�t�i�n�g� �a� �d�i�f�f�e�r�e�n�t� �v�e�g�e�t�a�t�i�v�e� �t�r�e�a�t�m�e�n�t�,� �w�e�r�e� �u�s�e�d� �a�s� �v�i�s�u�a�l� 

�s�t�i�m�u�l�i�.� �T�h�e� �s�l�i�d�e�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�t� �i�n�t�e�r�v�a�l�s� �o�f� �5� �s�e�c�o�n�d�s� �t�o� �t�w�o� 

�s�e�p�a�r�a�t�e� �g�r�o�u�p�s� �o�f� �s�u�b�j�e�c�t�s�.� �T�h�e� �o�n�e� �g�r�o�u�p� �o�f� �v�i�e�w�e�r�s� �w�e�r�e� �t�o� �j�u�d�g�e� 

�w�h�e�t�h�e�r� �t�h�e� �a�r�e�a� �i�n� �w�h�i�c�h� �t�h�e� �s�l�i�d�e� �w�a�s� �t�a�k�e�n� �h�a�d� �b�e�e�n� �t�r�e�a�t�e�d� �(�c�u�t�,� 

�l�o�g�g�e�d�,� �e�t�c�.�)�,� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �g�r�o�u�p� �w�e�r�e� �t�o� �r�e�p�o�r�t� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e�y� 

�l�i�k�e�d� �t�h�e� �a�r�e�a� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �e�a�c�h� �s�l�i�d�e�.� �T�h�e� �g�r�o�u�p�s �� �d�e�g�r�e�e� �o�f� 

�c�o�n�f�i�d�e�n�c�e� �i�n� �t�h�e�i�r� �r�e�s�p�o�n�s�e�s� �w�e�r�e� �r�e�c�o�r�d�e�d� �o�n� �r�e�s�p�e�c�t�i�v�e� �1�0�-�p�o�i�n�t� 

�s�c�a�l�e�s�.� �T�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �s�u�b�j�e�c�t�s �� �j�u�d�g�m�e�n�t�s� �o�f� 

�t�h�e� �v�a�r�i�o�u�s� �a�r�e�a�s� �w�a�s� �d�e�p�i�c�t�e�d� �b�y� �s�e�v�e�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �c�u�m�u�l�a�t�i�v�e� 

�f�r�e�q�u�e�n�c�y� �f�u�n�c�t�i�o�n�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a� �s�u�b�j�e�c�t�'�s� 

�j�u�d�g�m�e�n�t�s� �i�n� �e�i�t�h�e�r� �o�f� �t�h�e� �g�r�o�u�p� �e�x�p�e�r�i�m�e�n�t�s� �m�a�y� �b�e� �v�i�e�w�e�d� �a�s� �a� �c�o�m�b�i�n�e�d� 

�p�r�o�d�u�c�t� �o�f� �h�i�s� �p�e�r�c�e�p�t�i�o�n� �o�f� �t�h�e� �r�e�p�r�e�s�e�n�t�e�d� �a�r�e�a� �a�n�d� �a� �m�o�r�e� �g�e�n�e�r�a�l� 

�c�o�m�p�o�n�e�n�t�,� �h�i�s� �o�r� �h�e�r� �j�u�d�g�m�e�n�t�a�l� �c�r�i�t�e�r�i�a�,� �w�h�i�c�h� �h�a�d� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d



�2�2� 

�i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �t�h�e� �s�p�e�c�i�f�i�c� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �f�o�r�e�s�t� �a�r�e�a�s� �b�e�i�n�g� 

�e�v�a�l�u�a�t�e�d�.� �T�h�e� �c�o�n�c�l�u�s�i�o�n�s� �w�e�r�e� �t�h�a�t� �b�o�t�h� �t�h�e� �t�r�e�a�t�m�e�n�t� �a�n�d� �t�h�e� 

�a�e�s�t�h�e�t�i�c� �p�r�e�f�e�r�e�n�c�e� �e�x�p�e�r�i�m�e�n�t�s� �g�a�v�e� �s�y�s�t�e�m�a�t�i�c� �a�n�d� �r�e�l�i�a�b�l�e� �i�n�d�i�c�e�s� �o�f� 

�o�b�s�e�r�v�e�r�s�'� �r�e�a�c�t�i�o�n�s� �t�o� �d�i�f�f�e�r�e�n�t� �f�o�r�e�s�t� �l�a�n�d�s�c�a�p�e�s�.� �I�n� �e�a�c�h� �c�a�s�e�,� �t�h�e� 

�r�e�s�u�l�t�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�h�y�s�i�c�a�l� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �r�e�p�r�e�s�e�n�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�s�.� �T�h�e� �s�i�g�n�a�l� �d�e�t�e�c�t�i�o�n� 

�m�e�t�h�o�d�s� �o�f� �a�n�a�l�y�s�i�s� �e�n�s�u�r�e�d� �t�h�a�t� �q�u�a�n�t�i�t�a�t�i�v�e� �e�s�t�i�m�a�t�e�s� �o�f� �p�e�r�c�e�i�v�e�d� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�s� �w�e�r�e� �u�n�b�i�a�s�e�d� �b�y� �t�h�e� �s�u�b�j�e�c�t�s �� �j�u�d�g�-� 

�m�e�n�t�a�l� �c�r�i�t�e�r�i�a�.� 

�K�a�p�l�a�n�,� �K�a�p�l�a�n�,� �a�n�d� �W�e�n�d�t� �(�1�9�7�2�)� �s�t�u�d�i�e�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 

�c�o�m�p�l�e�x�i�t�y� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �s�l�i�d�e�s� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �t�e�s�t�e�d� 

�t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �t�h�e� �c�o�n�t�e�n�t� �o�f� �t�h�e� �s�l�i�d�e�s� �(�i�n� �p�a�r�t�i�c�u�l�a�r�,� �w�h�e�t�h�e�r� 

�n�a�t�u�r�e� �o�r� �u�r�b�a�n�)� �w�o�u�l�d� �i�n�f�l�u�e�n�c�e� �p�r�e�f�e�r�e�n�c�e�,� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �c�o�m�p�l�e�x�i�t�y� 

�r�a�t�e�d� �o�n� �a� �5�-�p�o�i�n�t� �s�c�a�l�e�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �(�a�)� �n�a�t�u�r�e� �s�c�e�n�e�s� �w�e�r�e� 

�p�r�e�f�e�r�r�e�d� �t�o� �u�r�b�a�n� �s�c�e�n�e�s�,� �(�b�)� �c�o�m�p�l�e�x�i�t�y� �p�r�e�d�i�c�t�e�d� �p�r�e�f�e�r�e�n�c�e� �w�i�t�h�i�n� 

�t�h�e� �n�a�t�u�r�e� �d�o�m�a�i�n�,� �a�n�d� �(�c�)� �c�o�m�p�l�e�x�i�t�y� �d�i�d� �n�o�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �p�r�e�f�e�r�e�n�c�e� 

�f�o�r� �n�a�t�u�r�e� �o�v�e�r� �u�r�b�a�n� �s�l�i�d�e�s�.� 

�L�o�o�k�i�n�g� �T�i�m�e� 

�T�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �l�o�o�k�i�n�g� �a�t� �a� �p�i�c�t�u�r�e� �i�s� �r�e�i�n�-� 

�f�o�r�c�e�d� �b�y� �w�h�a�t� �i�s� �s�e�e�n�,� �t�h�e� �t�i�m�e�s� �s�p�e�n�t� �l�o�o�k�i�n�g� �v�a�r�y�i�n�g� �f�r�o�m� �o�n�e� �p�i�c�t�u�r�e� 

�t�o� �a�n�o�t�h�e�r�,� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �B�u�l�l�o�c�k� �(�1�9�5�9�)�.� �T�w�o� �m�a�l�e� �a�n�d� �t�w�o� 

�f�e�m�a�l�e� �s�u�b�j�e�c�t�s� �l�o�o�k�e�d� �a�t� �s�l�i�d�e�s� �o�f� �3�6� �i�n�d�i�v�i�d�u�a�l� �f�e�m�a�l�e� �n�u�d�e�s�,� �t�h�e�n� 

�3�6� �l�a�n�d�s�c�a�p�e�s�,� �a�n�d� �f�i�n�a�l�l�y� �2�8� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �n�u�d�e�s�.� �F�o�r� �e�a�c�h� �s�u�b�j�e�c�t� 

�t�h�e� �t�i�m�e�s� �s�p�e�n�t� �l�o�o�k�i�n�g� �w�e�r�e� �r�e�c�o�r�d�e�d� �i�n� �v�a�l�u�e�s� �o�f� �s�e�c�o�n�d�s� �a�n�d� �t�h�e�n� 

�p�l�o�t�t�e�d� �o�n� �a� �g�r�a�p�h� �w�i�t�h� �d�o�t�s� �f�o�r� �e�a�c�h� �s�e�t� �o�f� �s�l�i�d�e�s�.� �I�t� �w�a�s� �d�i�s�c�o�v�e�r�e�d



�2�3� 

�t�h�a�t� �a�l�l� �f�o�u�r� �s�u�b�j�e�c�t�s� �s�p�e�n�t� �a�b�o�u�t� �t�h�e� �s�a�m�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �l�o�o�k�i�n�g� �a�t� 

�t�h�e� �l�a�n�d�s�c�a�p�e� �s�l�i�d�e�s� �b�u�t� �t�h�a�t� �t�h�e� �m�a�l�e� �s�u�b�j�e�c�t�s� �s�p�e�n�t� �m�o�r�e� �t�i�m�e� �l�o�o�k�i�n�g� 

�a�t� �t�h�e� �s�l�i�d�e�s� �o�f� �t�h�e� �f�e�m�a�l�e� �n�u�d�e�s� �i�n� �b�o�t�h� �t�r�i�a�l�s� �t�h�a�n� �t�h�e� �f�e�m�a�l�e� 

�s�u�b�j�e�c�t�s� �d�i�d�.� 

�B�e�r�l�y�n�e�'�s� �1�9�6�0� �t�h�e�o�r�e�t�i�c�a�l� �t�r�e�a�t�i�s�e� �o�n� �c�o�n�f�l�i�c�t�,� �a�r�o�u�s�a�l�,� �a�n�d� 

�c�u�r�i�o�s�i�t�y� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �a�r�t�i�c�l�e� �(�1�9�6�6�)� �o�n� �c�u�r�i�o�s�i�t�y� �a�n�d� �e�x�p�l�o�r�a�t�i�o�n� 

�s�e�r�v�e�d� �a�s� �t�h�e� �g�r�o�u�n�d�w�o�r�k� �f�o�r� �m�a�n�y� �e�n�s�u�i�n�g� �s�t�u�d�i�e�s� �i�n�v�o�l�v�i�n�g� �t�h�o�s�e� �b�a�s�i�c� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �a�s�p�e�c�t�s� �o�f� �h�u�m�a�n� �b�e�h�a�v�i�o�r�.� �L�o�o�k�i�n�g� �t�i�m�e� �a�n�d� �v�i�s�u�a�l� �i�m�a�g�e�s� 

�w�e�r�e� �t�h�e� �b�a�s�i�s� �o�f� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �b�y� �B�e�r�l�y�n�e� �a�n�d� �L�a�w�r�e�n�c�e� �(�1�9�6�4�)�.� 

�T�h�e�y� �f�o�u�n�d� �t�h�a�t� �h�u�m�a�n� �s�u�b�j�e�c�t�s� �s�p�e�n�d� �m�o�r�e� �t�i�m�e� �f�i�x�a�t�i�n�g� �o�n� �t�h�e� �m�o�r�e� 

�i�r�r�e�g�u�l�a�r� �(�c�o�m�p�l�e�x� �o�r� �i�n�c�o�n�g�r�u�o�u�s�)� �m�e�m�b�e�r� �o�f� �a� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �d�i�s�p�l�a�y�e�d� 

�p�a�i�r� �o�f� �v�i�s�u�a�l� �f�i�g�u�r�e�s�,� �w�h�e�t�h�e�r� �t�h�e� �e�x�p�o�s�u�r�e� �t�i�m�e� �b�e� �1�0� �s�e�c�o�n�d�s� �o�r� 

�2� �m�i�n�u�t�e�s�.� 

�B�e�r�l�y�n�e� �(�1�9�7�1�)� �a�d�v�o�c�a�t�e�d� �t�h�a�t� �v�i�s�u�a�l� �p�a�t�t�e�r�n�s� �w�h�i�c�h� �a�r�e� �e�x�t�r�e�m�e�l�y� 

�s�i�m�p�l�e� �o�r� �h�i�g�h� �i�n� �r�e�d�u�n�d�a�n�c�y� �a�r�e� �p�l�e�a�s�i�n�g� �b�u�t� �u�n�i�n�t�e�r�e�s�t�i�n�g� �a�n�d� �t�h�a�t� 

�p�a�t�t�e�r�n�s� �w�h�i�c�h� �a�r�e� �f�o�u�n�d� �b�o�t�h� �p�l�e�a�s�i�n�g� �a�n�d� �i�n�t�e�r�e�s�t�i�n�g� �a�r�e� �o�n�e�s� �t�h�a�t� 

�p�o�s�s�e�s�s� �n�o�t� �o�n�l�y� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �c�o�m�p�l�e�x�i�t�y� �b�u�t� �a�l�s�o� �a� �g�r�e�a�t� �d�e�a�l� �o�f� 

�i�n�t�e�r�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �s�o� �t�h�a�t� �p�e�r�c�e�p�t�u�a�l� �e�f�f�o�r�t� �c�a�n� �m�a�k�e� �s�o�m�e�t�h�i�n�g� �o�f� 

�t�h�e�m�.� �H�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�o�m�p�l�e�x�i�t�y� �i�n�c�r�e�a�s�e�s� �i�n�t�e�r�e�s�t� �t�o� �a� �p�o�i�n�t� �a�n�d� 

�t�h�e�n� �t�h�e� �c�o�m�p�l�e�x� �p�a�t�t�e�r�n�s� �b�e�g�i�n� �t�o� �l�o�o�k� �s�i�m�p�l�e� �a�n�d� �u�n�i�f�o�r�m�.� 

�B�e�r�l�y�n�e�'�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�h�e� �b�a�s�i�s� �f�o�r� �h�i�s� �s�t�a�t�e�m�e�n�t� �(�1�9�7�1�)� �t�h�a�t� 

�w�h�e�n� �p�o�l�y�g�o�n�s� �a�r�e� �s�h�o�w�n�,� �b�o�t�h� �l�o�o�k�i�n�g� �t�i�m�e� �a�n�d� �i�n�t�e�r�e�s�t�i�n�g�n�e�s�s� �r�i�s�e� 

�a�s� �c�o�m�p�l�e�x�i�t�y� �i�n�c�r�e�a�s�e�s�,� �w�i�t�h� �h�i�n�t�s� �o�f� �a� �f�l�a�t�t�e�n�i�n�g� �o�u�t� �o�r� �s�l�i�g�h�t� 

�r�e�v�e�r�s�a�l� �a�s� �t�h�e� �u�p�p�e�r� �e�x�t�r�e�m�e� �o�f� �c�o�m�p�l�e�x�i�t�y� �i�s� �a�p�p�r�o�a�c�h�e�d�.� �H�e� �a�l�s�o� 

�s�t�a�t�e�d� �t�h�a�t� �"�m�a�x�i�m�a�l� �p�l�e�a�s�i�n�g�n�e�s�s� �o�r� �p�r�e�f�e�r�e�n�c�e� �c�o�i�n�c�i�d�e�s� �w�i�t�h� �i�n�t�e�r�-� 

�m�e�d�i�a�t�e� �c�o�m�p�l�e�x�i�t�y�"� �(�p�.� �2�2�0�)�.



�2�4� 

�T�h�e� �e�f�f�e�c�t� �o�f� �d�i�f�f�e�r�e�n�t� �r�a�t�e�s� �o�f� �p�r�e�-�t�e�s�t�e�d� �s�t�i�m�u�l�u�s� �p�r�e�s�e�n�t�a�t�i�o�n� 

�o�n� �t�h�e� �m�e�a�s�u�r�e�s� �o�f� �f�r�e�e� �l�o�o�k�i�n�g� �t�i�m�e� �w�a�s� �e�x�p�l�o�r�e�d� �b�y� �L�e�c�k�a�r�t�,� �K�e�e�l�i�n�g�,� 

�a�n�d� �B�a�k�a�n� �(�1�9�6�6�)�.� �T�h�e� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �t�h�a�t� �h�i�g�h� �r�a�t�e�s� �o�f� �p�r�e�s�e�n�t�a�t�i�o�n� 

�(�e�v�e�r�y� �3� �s�e�c�o�n�d�s�)� �r�e�d�u�c�e�d� �n�a�t�u�r�a�l� �l�o�o�k�i�n�g� �t�i�m�e�s� �a�n�d� �t�h�a�t� �l�o�w� �f�i�x�e�d� 

�r�a�t�e�s� �o�f� �p�r�e�s�e�n�t�a�t�i�o�n� �(�e�v�e�r�y� �1�5� �o�r� �6�0� �s�e�c�o�n�d�s�)� �i�n�c�r�e�a�s�e�d� �n�a�t�u�r�a�l� �l�o�o�k�i�n�g� 

�t�i�m�e�s�.� 

�W�a�t�m�a�n� �(�1�9�6�7�)� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �j�u�d�g�m�e�n�t�s� �o�f� �c�o�m�p�l�e�x� �p�h�o�t�o�g�r�a�p�h�s� �a�n�d� 

�l�o�o�k�i�n�g� �t�i�m�e�.� �T�h�e� �s�u�b�j�e�c�t�s� �l�o�o�k�e�d� �a�t� �p�i�c�t�u�r�e�s� �o�f� �h�i�g�h�,� �m�e�d�i�u�m�,� �a�n�d� 

�l�o�w� �c�o�m�p�l�e�x�i�t�y�,� �w�i�t�h� �m�e�a�n� �l�o�o�k�i�n�g� �t�i�m�e�s� �o�f� �8�.�3�,� �7�.�4�,� �a�n�d� �6�.�5� �s�e�c�o�n�d�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�h�o�w�e�d� �t�h�a�t� �s�u�b�j�e�c�t�i�v�e�l�y� �j�u�d�g�e�d� �c�o�m�p�l�e�x�i�t�y� 

�o�f� �s�t�i�m�u�l�i� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �l�o�o�k�i�n�g� �t�i�m�e�.� �A�n� �a�n�a�l�y�s�i�s� �o�f� 

�v�a�r�i�a�n�c�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �c�o�m�p�l�e�x�i�t�y� �a�n�d� �l�o�o�k�i�n�g� �t�i�m�e� �w�e�r�e� �n�o�t� �i�n�d�e�p�e�n�d�e�n�t�.� 

�I�n�t�e�r�r�e�l�a�t�i�o�n�s� �o�f� �v�e�r�b�a�l� �a�n�d� �n�o�n�v�e�r�b�a�l� �m�e�a�s�u�r�e�s� �u�s�e�d� �i�n� �e�x�p�e�r�i�-� 

�m�e�n�t�a�l� �a�e�s�t�h�e�t�i�c�s� �w�e�r�e� �s�t�u�d�i�e�d� �b�y� �B�e�r�l�y�n�e� �(�1�9�7�3�)�.� �H�i�s� �s�t�u�d�y� �w�a�s� �d�i�v�i�d�e�d� 

�i�n�t�o� �t�w�o� �p�a�r�t�s�.� �E�x�p�e�r�i�m�e�n�t� �I� �d�e�a�l�t� �w�i�t�h� �4�0� �m�i�s�c�e�l�l�a�n�e�o�u�s� �v�i�s�u�a�l� 

�p�a�t�t�e�r�n�s� �w�h�i�c�h� �t�h�e� �s�u�b�j�e�c�t�s� �r�a�t�e�d� �o�n� �1�2� �s�e�m�a�n�t�i�c� �d�i�f�f�e�r�e�n�t�i�a�l� �s�c�a�l�e�s�.� 

�E�x�p�e�r�i�m�e�n�t� �I�I�T� �m�e�a�s�u�r�e�d� �l�o�o�k�i�n�g� �t�i�m�e�,� �u�t�i�l�i�z�i�n�g� �t�h�e� �s�a�m�e� �4�0� �p�a�t�t�e�r�n�s� �a�s� 

�s�t�i�m�u�l�i�.� �G�a�l�v�a�n�i�c� �s�k�i�n� �r�e�s�p�o�n�s�e� �a�n�d� �e�l�e�c�t�r�o�c�a�r�d�i�o�g�r�a�m� �t�e�c�h�n�i�q�u�e�s� �w�e�r�e� 

�a�l�s�o� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �w�h�i�l�e� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �l�o�o�k�i�n�g� �a�t� 

�e�a�c�h� �p�i�c�t�u�r�e� �f�o�r� �a�s� �l�o�n�g� �a�s� �h�e� �o�r� �s�h�e� �w�i�s�h�e�d�.� �T�h�e� �f�i�n�d�i�n�g�s� �s�h�o�w�e�d� �t�h�e� 

�s�a�m�e� �t�e�n�d�e�n�c�y� �f�o�r� �m�o�r�e� �c�o�m�p�l�e�x� �m�a�t�e�r�i�a�l� �t�o� �b�e� �i�n�s�p�e�c�t�e�d� �f�o�r� �a� �l�o�n�g�e�r� 

�t�i�m�e�.� 

�W�a�l�k�e�r� �(�1�9�7�3�)� �s�u�b�s�t�a�n�t�i�a�t�e�d� �B�e�r�l�y�n�e�'�s� �(�1�9�7�1�)� �f�i�n�d�i�n�g�s�:� 

�A�l�l� �p�r�e�f�e�r�e�n�c�e� �f�u�n�c�t�i�o�n�s� �a�r�e� �t�o� �b�e� �d�e�r�i�v�e�d� �f�r�o�m� �o�p�t�i�m�a�l� 

�c�o�m�p�l�e�x�i�t�y� �l�e�v�e�l�.� �P�r�e�f�e�r�e�n�c�e� �i�s� �p�e�r�f�e�c�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� 

�p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�h�e� �o�c�c�u�r�e�n�c�e� �o�f� �a�n� �e�v�e�n�t�.� �I�n� �a� �c�o�m�p�l�e�t�e�l�y� �f�r�e�e



�2�5� 

�r�e�s�p�o�n�d�i�n�g� �s�i�t�u�a�t�i�o�n�,� �w�h�i�c�h�e�v�e�r� �e�v�e�n�t� �i�s� �c�l�o�s�e�s�t� �t�o� �o�p�t�i�m�a�l� 

�c�o�m�p�l�e�x�i�t�y� �l�e�v�e�l� �w�i�l�l� �o�c�c�u�r�.� �W�h�e�n� �t�h�e�r�e� �a�r�e� �c�o�n�s�t�r�a�i�n�t�s� �a�n�d� 

�t�h�e� �o�r�g�a�n�i�s�m� �m�a�y� �c�h�o�o�s�e� �o�n�l�y� �b�e�t�w�e�e�n� �t�w�o� �o�r� �m�o�r�e� �a�l�t�e�r�n�a�t�i�v�e�s� 

�w�h�i�c�h� �a�r�e� �s�o�m�e�w�h�a�t� �r�e�m�o�v�e�d� �f�r�o�m� �o�p�t�i�m�u�m�,� �t�h�e� �c�h�o�i�c�e� �w�i�l�l� �b�e� 

�t�h�a�t� �e�v�e�n�t� �w�h�i�c�h� �i�s� �c�l�o�s�e�s�t� �t�o� �o�p�t�i�m�u�m� �r�e�g�a�r�d�l�e�s�s� �o�f� �w�h�e�t�h�e�r� 

�i�t� �i�s� �m�o�r�e� �o�r� �l�e�s�s� �c�o�m�p�l�e�x� �t�h�a�n� �t�h�e� �o�p�t�i�m�u�m�.� �(�p�.� �6�8�)� 

�W�a�l�k�e�r� �(�1�9�7�3�)� �s�a�i�d� �t�h�a�t� �t�h�e�r�e� �a�r�e� �a�t� �l�e�a�s�t� �t�h�r�e�e� �v�e�r�y� �d�i�f�f�e�r�e�n�t� 

�a�p�p�e�a�r�i�n�g� �f�u�n�c�t�i�o�n�s� �o�b�t�a�i�n�e�d� �w�h�e�n� �a�n� �e�v�a�l�u�a�t�i�v�e� �v�a�r�i�a�b�l�e�,� �s�u�c�h� �a�s� 

�p�r�e�f�e�r�e�n�c�e�,� �i�s� �p�l�o�t�t�e�d� �a�g�a�i�n�s�t� �a� �s�t�r�u�c�t�u�r�a�l� �v�a�r�i�a�b�l�e�,� �s�u�c�h� �a�s� �p�s�y�c�h�o�-� 

�l�o�g�i�c�a�l� �c�o�m�p�l�e�x�i�t�y�:� �(�a�)� �a� �m�o�n�o�t�o�n�i�c�a�l�l�y� �i�n�c�r�e�a�s�i�n�g� �f�u�n�c�t�i�o�n�,� �(�b�)� �a�n� 

�i�n�v�e�r�t�e�d� �U�-�s�h�a�p�e�d� �f�u�n�c�t�i�o�n�,� �a�n�d� �(�c�)� �a� �d�o�u�b�l�e� �i�n�v�e�r�t�e�d� �U�-�s�h�a�p�e�d� �f�u�n�c�t�i�o�n�.� 

�W�h�e�n� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �c�h�i�l�d�r�e�n�'�s� �r�e�s�p�o�n�s�e�s� �t�o� �m�e�a�n�i�n�g�f�u�l� �p�i�c�t�u�r�e�s� 

�v�a�r�y�i�n�g� �i�n� �d�i�v�e�r�s�i�t�y�,� �W�o�h�l�w�i�l�l� �(�1�9�7�5�)� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �l�o�o�k�i�n�g� �t�i�m�e� 

�i�n�c�r�e�a�s�e�s� �w�i�t�h� �c�o�m�p�l�e�x�i�t�y� �a�n�d� �t�h�a�t� �p�r�e�f�e�r�e�n�c�e� �i�n� �r�e�g�a�r�d�s� �t�o� �t�h�e� �l�e�v�e�l� 

�o�f� �c�o�m�p�l�e�x�i�t�y� �f�o�r�m�s� �a�n� �i�n�v�e�r�t�e�d� �U� �o�n� �t�h�e� �g�r�a�p�h�s�.� 

�T�h�e� �i�n�t�e�r�r�e�l�a�t�i�o�n�s� �a�m�o�n�g� �r�e�s�p�o�n�s�e� �f�r�e�q�u�e�n�c�y�,� �l�o�o�k�i�n�g� �t�i�m�e�,� �a�n�d� �r�a�t�e�d� 

�i�n�t�e�r�e�s�t� �w�i�t�h� �v�i�s�u�a�l� �s�t�i�m�u�l�i� �(�s�l�i�d�e�s�)� �w�e�r�e� �e�x�a�m�i�n�e�d� �b�y� �R�u�s�s�e�l�l� �(�1�9�7�5�)�.� 

�T�h�e� �1�6� �s�u�b�j�e�c�t�s� �o�f� �t�h�e� �l�o�o�k�i�n�g�-�t�i�m�e� �e�x�p�e�r�i�m�e�n�t� �v�i�e�w�e�d� �f�o�u�r� �p�r�a�c�t�i�c�e� 

�s�l�i�d�e�s� �a�n�d� �2�1� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�i�d�e�s�,� �v�a�r�y�i�n�g� �f�r�o�m� �s�i�m�p�l�e� �b�l�a�c�k� �a�n�d� �w�h�i�t�e� 

�g�e�o�m�e�t�r�i�c� �p�a�t�t�e�r�n�s� �t�o� �c�o�m�p�l�e�x� �c�o�l�o�r�e�d� �s�c�e�n�e�s� �a�n�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �t�h�a�t� 

�c�o�v�e�r�e�d� �a� �w�i�d�e� �r�a�n�g�e� �o�n� �t�h�e� �s�u�b�j�e�c�t�i�v�e� �d�i�m�e�n�s�i�o�n�s� �o�n� �n�o�v�e�l�t�y�,� �c�o�m�p�l�e�x�i�t�y�,� 

�a�n�d� �p�l�e�a�s�a�n�t�n�e�s�s�.� �T�h�e� �s�u�b�j�e�c�t�s� �v�i�e�w�e�d� �t�h�e� �s�l�i�d�e�s� �f�o�r� �a�s� �l�o�n�g� �a�s� �t�h�e�y� 

�l�i�k�e�d�;� �t�h�e� �t�i�m�e� �s�p�e�n�t� �l�o�o�k�i�n�g� �w�a�s� �r�e�c�o�r�d�e�d� �f�o�r� �e�a�c�h� �s�l�i�d�e�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�t�h�e� �s�u�b�j�e�c�t�s� �r�a�t�e�d� �e�a�c�h� �s�l�i�d�e� �f�o�r� �h�o�w� �a�m�b�i�g�u�o�u�s�,� �c�o�m�p�l�e�x�,� �n�o�v�e�l�,� 

�i�n�t�e�r�e�s�t�i�n�g�,� �a�n�d� �p�l�e�a�s�a�n�t� �t�h�e�y� �t�h�o�u�g�h�t� �i�t� �w�a�s�.� �A�n�o�t�h�e�r� �g�r�o�u�p� �o�f� �1�6� 

�s�u�b�j�e�c�t�s� �l�o�o�k�e�d� �a�t� �t�h�e� �s�a�m�e� �s�l�i�d�e�s� �f�o�r� �p�e�r�i�o�d�s� �o�f� �.�5� �s�e�c�o�n�d� �f�o�r� �a�s� �m�a�n�y



�2�6� 

�t�i�m�e�s� �a�s� �t�h�e�y� �w�a�n�t�e�d�;� �t�h�e� �r�e�s�p�o�n�s�e� �f�r�e�q�u�e�n�c�y� �f�o�r� �e�a�c�h� �s�l�i�d�e� �v�i�e�w�e�d� �w�a�s� 

�r�e�c�o�r�d�e�d�.� �T�h�e� �m�a�i�n� �r�e�s�u�l�t� �s�h�o�w�e�d� �t�h�a�t� �l�o�o�k�i�n�g� �t�i�m�e�,� �v�i�e�w�i�n�g� �r�e�s�p�o�n�s�e� 

�f�r�e�q�u�e�n�c�y�,� �a�n�d� �r�a�t�e�d� �v�i�s�u�a�l� �i�n�t�e�r�e�s�t� �i�n� �a� �s�e�t� �o�f� �s�t�i�m�u�l�i� �w�e�r�e� �c�o�r�r�e�l�a�t�e�d� 

�a�t� �.�7�3� �a�n�d� �a�b�o�v�e�.� �T�h�i�s� �f�i�n�d�i�n�g� �c�o�n�c�u�r�r�e�d� �w�i�t�h� �B�e�r�l�y�n�e�'�s� �(�1�9�7�3�)� �f�i�n�d�i�n�g� 

�s�h�o�w�i�n�g� �a� �h�i�g�h� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �l�o�o�k�i�n�g� �t�i�m�e� �a�n�d� �r�a�t�e�d� �i�n�t�e�r�e�s�t�.� 

�M�a�r�c�u�s� �a�n�d� �H�a�k�m�i�l�l�e�r� �(�1�9�7�5�)� �c�l�a�i�m�e�d� �t�h�a�t� �t�h�e� �b�a�s�i�c� �p�r�o�b�l�e�m� �w�i�t�h� 

�a�l�l� �e�x�p�e�r�i�m�e�n�t�s� �w�h�i�c�h� �h�a�v�e� �m�a�n�i�p�u�l�a�t�e�d� �e�x�p�o�s�u�r�e� �d�u�r�a�t�i�o�n� �a�n�d� �f�r�e�q�u�e�n�c�y� 

�o�f� �e�x�p�o�s�u�r�e� �c�o�n�c�u�r�r�e�n�t�l�y� �i�s� �t�h�a�t� �n�o�t�e�d� �e�f�f�e�c�t�s� �a�r�e� �s�u�b�j�e�c�t� �t�o� �o�t�h�e�r� 

�e�x�p�l�a�n�a�t�i�o�n�s�.� �T�h�e� �i�n�v�e�s�t�i�g�a�t�o�r�s� �h�o�p�e�d� �t�h�a�t� �t�h�e�i�r� �s�t�u�d�y� �c�o�u�l�d� �p�o�i�n�t� �t�o� 

�a� �b�a�s�i�s� �f�o�r� �r�e�s�o�l�v�i�n�g� �d�i�v�e�r�g�e�n�t� �r�e�s�u�l�t�s� �o�f� �v�a�r�i�o�u�s� �e�x�p�e�r�i�m�e�n�t�s� �o�n� 

�f�r�e�q�u�e�n�c�y� �o�f� �e�x�p�o�s�u�r�e� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �e�x�p�o�s�u�r�e�.� �S�i�x� �m�a�l�e�s� �a�n�d� �1�4� 

�f�e�m�a�l�e�s� �w�e�r�e� �u�s�e�d� �a�s� �s�u�b�j�e�c�t�s� �f�o�r� �e�a�c�h� �o�f� �t�h�r�e�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�:� 

�d�u�r�a�t�i�o�n� �c�o�n�s�t�a�n�t�,� �f�r�e�q�u�e�n�c�y� �c�o�n�s�t�a�n�t�,� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �s�t�u�d�y� �t�r�i�a�l� 

�c�o�n�s�t�a�n�t�.� �T�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �s�h�o�w�n� �1�0� �s�l�i�d�e�s� �o�f� �c�o�l�l�e�g�e�-�a�g�e�d� �n�u�d�e� 

�f�e�m�a�l�e�s� �f�o�r� �v�a�r�y�i�n�g� �t�i�m�e� �i�n�t�e�r�v�a�l�s�.� �T�h�e�y� �a�l�s�o� �r�a�t�e�d� �t�h�e� �a�t�t�r�a�c�t�i�v�e�n�e�s�s� 

�o�f� �t�h�e� �s�l�i�d�e�s� �o�n� �a� �s�c�a�l�e� �o�f� �0� �t�o� �1�0�0� �(�t�h�e� �m�o�r�e� �t�h�e�y� �l�i�k�e�d� �a� �s�l�i�d�e�,� �t�h�e� 

�h�i�g�h�e�r� �i�t� �w�a�s� �r�a�t�e�d�)�.� �T�h�e� �d�a�t�a� �f�o�r� �f�e�m�a�l�e�s� �s�h�o�w�e�d� �t�h�a�t� �s�i�n�c�e� �n�o� �e�f�f�e�c�t� 

�w�a�s� �f�o�u�n�d� �w�h�e�n� �t�o�t�a�l� �d�u�r�a�t�i�o�n� �o�r� �f�r�e�q�u�e�n�c�y� �w�a�s� �h�e�l�d� �c�o�n�s�t�a�n�t�,� �o�n�e� �o�f� 

�t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �o�r� �a�n� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�e� �t�w�o� �m�u�s�t� �b�e� �t�h�e� �c�r�u�c�i�a�l� 

�v�a�r�i�a�b�l�e�s�.� �T�h�e� �d�a�t�a� �f�o�r� �m�a�l�e�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �d�u�r�a�t�i�o�n� �o�f� �s�t�u�d�y� �t�r�i�a�l�.� 

�a�n�d�/�o�r� �t�o�t�a�l� �d�u�r�a�t�i�o�n� �a�r�e� �t�h�e� �f�a�c�t�o�r�s� �w�h�i�c�h� �l�e�a�d� �t�o� �c�h�a�n�g�e�s� �i�n� �r�a�t�i�n�g�s� 

�o�r� �a�t�t�r�a�c�t�i�v�e�n�e�s�s� �f�o�r� �s�l�i�d�e�s� �o�f� �f�e�m�a�l�e� �n�u�d�e�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� �c�o�n�c�l�u�d�e�d� 

�t�h�a�t� �t�h�e� �f�a�c�t�o�r� �o�f� �t�o�t�a�l� �d�u�r�a�t�i�o�n� �o�f� �e�x�p�o�s�u�r�e� �w�a�s� �c�o�m�m�o�n� �t�o� �b�o�t�h� �t�h�e�s�e� 

�f�i�n�d�i�n�g�s� �a�n�d� �t�h�a�t� �i�f� �t�o�t�a�l� �d�u�r�a�t�i�o�n� �i�s� �h�e�l�d� �c�o�n�s�t�a�n�t� �a�l�t�h�o�u�g�h� �d�u�r�a�t�i�o�n� 

�o�f� �s�t�u�d�y� �t�r�i�a�l� �a�n�d� �f�r�e�q�u�e�n�c�y� �v�a�r�y�,� �n�o� �c�h�a�n�g�e�s� �i�n� �a�t�t�r�a�c�t�i�v�e�n�e�s�s� �r�a�t�i�n�g�s� 

�o�c�c�u�r� �b�u�t� �i�f� �t�o�t�a�l� �d�u�r�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �s�t�u�d�y� �t�r�i�a�l� �o�r
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�f�r�e�q�u�e�n�c�y� �i�n�c�r�e�a�s�e�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y�,� �a� �m�e�r�e� �e�x�p�o�s�u�r�e� �e�f�f�e�c�t� �(�a�n� �e�n�h�a�n�c�e�-� 

�m�e�n�t� �o�f� �a�f�f�e�c�t�i�v�e� �j�u�d�g�m�e�n�t�s� �o�f� �f�o�r�m�e�r�l�y� �n�e�u�t�r�a�l� �o�r� �p�o�s�i�t�i�v�e� �s�t�i�m�u�l�i� �b�y� 

�v�i�r�t�u�e� �o�f� �m�e�r�e� �r�e�-�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �s�t�i�m�u�l�i�)� �w�i�l�l� �o�c�c�u�r�.� 

�M�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �r�e�l�a�t�i�v�e� �a�t�t�r�a�c�t�i�v�e�n�e�s�s� �o�f� �d�i�f�f�e�r�e�n�t� �l�a�n�d�s�c�a�p�e�s� 

�t�o� �r�e�c�r�e�a�t�i�o�n�i�s�t�s� �a�n�d� �t�h�e� �k�i�n�d�s� �o�f� �a�c�t�i�v�i�t�y� �o�r� �b�e�h�a�v�i�o�r� �t�h�e�y� �e�x�h�i�b�i�t�e�d� 

�w�i�t�h�i�n� �a� �g�i�v�e�n� �r�e�c�r�e�a�t�i�o�n� �e�n�v�i�r�o�n�m�e�n�t� �w�a�s� �a�t�t�e�m�p�t�e�d� �b�y� �B�u�h�y�o�f�f� �(�1�9�7�5�)�.� 

�V�i�e�w�i�n�g� �w�a�s� �t�h�e� �p�r�i�m�a�r�y� �a�c�t�i�v�i�t�y� �a�t� �t�h�e� �s�c�e�n�i�c� �s�i�t�e�s� �u�s�e�d� �i�n� �t�h�e� �s�t�u�d�y�.� 

�B�u�h�y�o�f�f� �e�v�a�l�u�a�t�e�d� �t�h�e� �a�t�t�r�a�c�t�i�v�e�n�e�s�s� �o�f� �s�i�m�i�l�a�r� �a�c�t�i�v�i�t�i�e�s� �i�n� �d�i�f�f�e�r�e�n�t� 

�e�n�v�i�r�o�n�m�e�n�t�s� �b�y� �o�b�s�e�r�v�i�n�g� �t�h�e� �o�n�-�s�i�t�e� �t�i�m�e� �p�e�o�p�l�e� �s�p�e�n�t� �e�n�g�a�g�i�n�g� �i�n� 

�t�h�e�m�.� �H�e� �f�o�u�n�d� �t�h�a�t� �l�a�n�d�s�c�a�p�e�s� �w�i�t�h� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �e�l�e�m�e�n�t�s� �w�e�r�e� 

�v�i�s�u�a�l�l�y� �m�o�r�e� �a�t�t�r�a�c�t�i�v�e� �a�s� �m�e�a�s�u�r�e�d� �b�y� �v�i�e�w�i�n�g� �t�i�m�e� �a�n�d� �t�h�a�t� �e�n�v�i�r�o�n�-� 

�m�e�n�t�s� �w�i�t�h� �a� �w�i�d�e�r� �a�s�s�o�r�t�m�e�n�t� �o�f� �a�l�t�e�r�n�a�t�i�v�e� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �c�o�m�p�l�e�x� 

�l�a�n�d�s�c�a�p�e� �p�a�t�t�e�r�n�s� �w�e�r�e� �p�r�e�f�e�r�r�e�d�.� �H�e� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �a�n� �a�s�s�e�s�s�m�e�n�t� �o�f� 

�v�i�s�u�a�l� �a�t�t�r�a�c�t�i�v�e�n�e�s�s� �a�l�o�n�e� �d�o�e�s� �n�o�t� �s�e�r�v�e� �a�s� �a�n� �e�f�f�i�c�i�e�n�t� �w�a�y� �o�f� 

�e�v�a�l�u�a�t�i�n�g� �t�h�e� �o�v�e�r�a�l�l� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �a� �l�a�n�d�s�c�a�p�e�.



�2�8� 

�S�U�M�M�A�R�Y� 

�W�i�t�h�i�n� �t�h�e� �p�a�s�t� �d�e�c�a�d�e� �a�n�d� �a� �h�a�l�f� �m�a�n�y� �m�e�t�h�o�d�s� �a�n�d� �t�e�c�h�n�i�q�u�e�s� �h�a�v�e� 

�b�e�e�n� �d�e�v�e�l�o�p�e�d� �w�h�i�c�h� �p�r�o�p�o�s�e� �t�o� �e�v�a�l�u�a�t�e� �o�r� �m�e�a�s�u�r�e� �l�a�n�d�s�c�a�p�e� �p�r�e�f�e�r�e�n�c�e� 

�o�r� �w�h�i�c�h� �h�a�v�e� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �l�a�n�d�s�c�a�p�e� �p�r�e�f�e�r�e�n�c�e�.� �T�h�e�s�e� �e�v�a�l�u�a�t�i�o�n�s� 

�a�n�d� �m�e�a�s�u�r�e�m�e�n�t�s� �r�a�n�g�e� �f�r�o�m� �s�i�m�p�l�e� �i�n�v�e�n�t�o�r�y� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� 

�o�f� �s�i�t�e�s� �t�o� �p�s�y�c�h�o�m�e�t�r�i�c� �s�c�a�l�i�n�g� �o�f� �l�a�n�d�s�c�a�p�e� �p�r�e�f�e�r�e�n�c�e�s� �o�r� �a�s�s�e�s�s�m�e�n�t�s�.� 

�H�o�w�e�v�e�r�,� �f�e�w� �m�e�t�h�o�d�o�l�o�g�i�e�s� �h�a�v�e� �b�e�e�n� �t�e�s�t�e�d� �f�o�r� �v�a�l�i�d�i�t�y� �a�n�d�/�o�r� 

�r�e�l�i�a�b�i�l�i�t�y� �(�H�a�r�v�e�y�,� �1�9�7�7�)�,� �a�n�d� �t�h�e� �r�e�v�i�e�w� �o�f� �l�i�t�e�r�a�t�u�r�e� �s�u�g�g�e�s�t�e�d� �t�h�a�t� 

�l�e�s�s� �h�a�v�e� �p�r�a�c�t�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n�,� �e�s�p�e�c�i�a�l�l�y� �o�n�e�s� �w�h�i�c�h� �c�a�n� �b�e� �u�t�i�l�i�z�e�d� 

�b�y� �l�a�y� �p�e�o�p�l�e� �o�r� �e�v�e�n� �n�o�n� �r�e�s�e�a�r�c�h�-�o�r�i�e�n�t�e�d� �p�r�o�f�e�s�s�i�o�n�a�l�s� �a�n�d� �o�n�e�s� 

�w�h�i�c�h� �a�r�e� �n�o�t� �s�o� �n�a�r�r�o�w� �i�n� �s�c�o�p�e�.� �T�h�e�r�e� �i�s� �a� �r�e�a�l� �n�e�e�d� �f�o�r� �a�n� �i�n�e�x�-� 

�p�e�n�s�i�v�e� �a�n�d� �p�r�a�c�t�i�c�a�l� �a�s� �w�e�l�l� �a�s� �a�n� �a�c�c�u�r�a�t�e� �a�n�d� �e�f�f�i�c�i�e�n�t� �m�e�t�h�o�d�o�l�o�g�y� 

�f�o�r� �a�s�s�e�s�s�i�n�g� �s�c�e�n�i�c� �l�a�n�d�s�c�a�p�e�s� �f�o�r� �p�a�r�k�,� �r�e�c�r�e�a�t�i�o�n�a�l�,� �o�r� �o�t�h�e�r� 

�p�u�r�p�o�s�e�s�.



�C�h�a�p�t�e�r� �3� 

�M�E�T�H�O�D�S� �A�N�D� �M�A�T�E�R�I�A�L�S� 

�T�h�i�s� �c�h�a�p�t�e�r� �c�o�n�t�a�i�n�s� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �a�n�d� �t�h�e� �t�e�r�m�s� �p�e�c�u�l�i�a�r� �t�o� 

�t�h�i�s� �s�t�u�d�y� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�e�t�h�o�d�s� �a�n�d� �m�a�t�e�r�i�a�l�s� �u�s�e�d� �f�o�r� �t�h�e� �s�e�l�e�c�t�i�o�n� 

�o�f� �n�a�t�u�r�a�l� �p�a�r�k� �a�n�d� �r�e�c�r�e�a�t�i�o�n� �l�a�n�d�s�c�a�p�e�s� �s�i�m�u�l�a�t�e�d� �b�y� �t�h�e� �3�5�m�m� �s�l�i�d�e�s� 

�p�r�e�s�e�n�t�e�d� �t�o� �t�h�e� �s�u�b�j�e�c�t�s� �a�s� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�i�m�u�l�i�.� �T�h�e� �u�s�e� �o�f� �p�h�o�t�o�-� 

�g�r�a�p�h�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �s�l�i�d�e�s� �i�s� �d�i�s�c�u�s�s�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�i�s� 

�c�h�a�p�t�e�r� �i�n�c�l�u�d�e�s� �t�h�e� �c�r�i�t�e�r�i�a� �f�o�r� �c�h�o�o�s�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�u�b�j�e�c�t�s� 

�a�n�d� �t�h�e� �s�t�e�p�s� �t�a�k�e�n� �t�o� �e�l�i�c�i�t� �r�e�s�p�o�n�s�e�s� �f�o�r� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �f�r�o�m� �a�l�l� 

�s�u�b�j�e�c�t�s� �i�n� �a�n� �O�r�i�g�i�n�a�l� �E�x�p�e�r�i�m�e�n�t� �(�O�E�)� �a�n�d� �f�r�o�m� �a� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� 

�s�a�m�p�l�e� �o�f� �o�r�i�g�i�n�a�l� �s�u�b�j�e�c�t�s� �i�n� �a� �F�o�l�l�o�w�-�u�p� �E�x�p�e�r�i�m�e�n�t� �(�F�E�)�.� �F�u�r�t�h�e�r�-� 

�m�o�r�e�,� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �a�n�d� �l�a�b�o�r�a�t�o�r�y� �u�s�e�d� �f�o�r� �t�h�e� 

�s�t�u�d�y� �a�r�e� �d�e�s�c�r�i�b�e�d�.� 

�P�r�o�c�e�d�u�r�e�s� �f�o�r� �t�h�e� �d�a�t�a� �a�n�a�l�y�s�i�s� �a�r�e� �s�t�a�t�e�d� �a�n�d� �i�n�c�l�u�d�e� �s�u�m�m�a�r�y� 

�s�t�a�t�i�s�t�i�c�s�,� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s�,� �a�n�d� �c�o�r�r�e�l�a�t�i�o�n�s� �f�o�r� �e�x�p�r�e�s�s�i�n�g� 

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �l�o�o�k�i�n�g� �t�i�m�e� �a�n�d� �p�r�e�f�e�r�e�n�c�e� �r�a�n�k� �i�n� �t�h�e� �O�E�.� 

�A�v�e�r�a�g�e� �l�o�o�k�i�n�g� �t�i�m�e�s� �f�o�r� �t�h�e� �s�l�i�d�e�s� �i�n� �t�h�e� �O�E� �w�e�r�e� �t�e�s�t�e�d� �t�o� �s�h�o�w� �t�h�e�i�r� 

�i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s�.� �A�l�s�o� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �a�r�e� �c�o�m�p�a�r�i�s�o�n�s� �o�f� 

�t�h�e� �p�r�e�f�e�r�e�n�c�e� �r�a�n�k�i�n�g�s� �b�y� �e�a�c�h� �s�a�m�p�l�e� �s�u�b�j�e�c�t� �i�n� �t�h�e� �O�F� �a�n�d� �F�E� �a�n�d� �o�f� 

�t�h�e� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�e�s�e� �r�a�n�k�i�n�g�s� �a�c�r�o�s�s� �a�l�l� �s�a�m�p�l�e� �s�u�b�j�e�c�t�s� 

�i�n� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s�.� �F�u�r�t�h�e�r�,� �t�h�e� �a�v�e�r�a�g�e� �p�r�e�f�e�r�e�n�c�e� �r�a�n�k�s� �f�o�r� �e�a�c�h� 

�s�l�i�d�e� �a�c�r�o�s�s� �a�l�l� �s�a�m�p�l�e� �s�u�b�j�e�c�t�s� �i�n� �t�h�e� �O�E� �a�n�d� �F�E� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d�.� 

�A� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�a�m�p�l�e� �s�u�b�j�e�c�t�s �� �p�r�e�f�e�r�e�n�c�e� 

�r�a�n�k�i�n�g�s� �i�n� �t�h�e� �t�w�o� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d�.� 

�2�9



�3�0� 

�L�I�M�I�T�A�T�I�O�N�S� 

�T�h�i�s� �s�t�u�d�y� �w�a�s� �l�i�m�i�t�e�d� �f�o�r� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �t�o� �a�n�y� �p�e�r�s�o�n� �w�h�o� �w�a�s� 

�a�n� �u�n�d�e�r�g�r�a�d�u�a�t�e� �o�r� �g�r�a�d�u�a�t�e� �s�t�u�d�e�n�t� �o�r� �a� �f�a�c�u�l�t�y� �o�r� �s�t�a�f�f� �m�e�m�b�e�r� �a�t� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �B�l�a�c�k�s�b�u�r�g�,� 

�V�i�r�g�i�n�i�a�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �h�i�s� �o�r� �h�e�r� �d�e�m�o�g�r�a�p�h�i�c� �v�a�r�i�a�b�l�e�s�.� �T�h�e�r�e� �w�e�r�e� 

�1�0�0� �s�u�b�j�e�c�t�s� �f�o�r� �t�h�e� �c�o�n�v�e�n�i�e�n�t� �s�a�m�p�l�e� �i�n� �t�h�e� �O�E� �a�n�d� �2�5� �s�u�b�j�e�c�t�s� �f�o�r� 

�t�h�e� �r�a�n�d�o�m�i�z�e�d� �s�a�m�p�l�e� �i�n� �t�h�e� �F�E�.� �T�h�e� �o�r�i�g�i�n�a�l� �d�a�t�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �o�v�e�r� 

�a� �2�-�w�e�e�k� �p�e�r�i�o�d�,� �w�h�i�l�e� �t�h�e� �f�o�l�l�o�w�-�u�p� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �t�o�o�k� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�1� �w�e�e�k�.� 

�T�h�e� �p�i�c�t�o�r�i�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �n�a�t�u�r�a�l� �l�a�n�d�s�c�a�p�e�s� �u�s�e�d� �i�n� 

�t�h�i�s� �s�t�u�d�y� �w�e�r�e� �3�5�m�m� �s�l�i�d�e�s�,� �t�h�e� �f�i�l�m� �f�o�r� �w�h�i�c�h� �w�a�s� �e�x�p�o�s�e�d� �d�u�r�i�n�g� �t�h�e� 

�f�a�l�l� �s�e�a�s�o�n� �o�f� �t�h�e� �y�e�a�r�.� �T�h�e� �s�l�i�d�e�s� �w�e�r�e� �t�a�k�e�n� �a�l�o�n�g� �t�h�e� �B�l�u�e� �R�i�d�g�e� 

�P�a�r�k�w�a�y� �w�i�t�h�i�n� �5�0� �m�i�l�e�s� �n�o�r�t�h� �a�n�d� �s�o�u�t�h� �o�f� �R�o�a�n�o�k�e�,� �V�i�r�g�i�n�i�a�;� �a�l�o�n�g� 

�R�t�.� �5�2� �i�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a�;� �a�l�o�n�g� �I�-�8�1� �a�p�p�r�o�x�i�m�a�t�e�l�y� �f�i�v�e� �m�i�l�e�s� �s�o�u�t�h� 

�o�f� �I�r�o�n�t�o�,� �V�i�r�g�i�n�i�a�;� �a�t� �V�a�l�l�e�y� �F�o�r�g�e� �P�a�r�k� �i�n� �V�a�l�l�e�y� �F�o�r�g�e�,� �P�e�n�n�s�y�l�v�a�n�i�a�;� 

�a�n�d� �a�l�o�n�g� �t�h�e� �N�o�r�t�h�e�a�s�t� �E�x�t�e�n�s�i�o�n� �o�f� �t�h�e� �P�e�n�n�s�y�l�v�a�n�i�a� �T�u�r�n�p�i�k�e� �n�e�a�r� 

�M�a�h�o�n�i�n�g� �V�a�l�l�e�y�.� �T�h�e� �p�h�o�t�o�g�r�a�p�h�e�d� �L�a�n�d�s�c�a�p�e� �s�c�e�n�e�s� �w�e�r�e� �n�a�t�u�r�a�l� �a�n�d� 

�h�a�d� �n�o� �m�a�n�-�m�a�d�e� �s�t�r�u�c�t�u�r�e�s� �t�h�e�r�e�i�n�.� �H�o�w�e�v�e�r�,� �s�o�m�e� �l�a�n�d�s�c�a�p�e�s� �h�a�d� �t�u�r�f� 

 ��c�o�n�s�i�s�t�i�n�g� �o�f� �m�o�w�e�d� �g�r�a�s�s�.� 

�D�E�F�I�N�I�T�I�O�N�S� 

�F�o�r� �t�h�e� �p�u�r�p�o�s�e�s� �o�f� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�e�r�e� �d�e�f�i�n�e�d� �b�y� �t�h�e� 

�i�n�v�e�s�t�i�g�a�t�o�r�:� 

�L�a�n�d�s�c�a�p�e�-�-�t�h�e� �n�a�t�u�r�a�l� �e�n�v�i�r�o�n�m�e�n�t�,� �e�x�c�l�u�d�i�n�g� �a�l�l� �m�a�n�-�m�a�d�e� 

�s�t�r�u�c�t�u�r�e�s�.



�3�1� 

�L�a�n�d�s�c�a�p�e� �p�r�e�f�e�r�e�n�c�e�-�-�t�h�e� �n�a�t�u�r�a�l� �e�n�v�i�r�o�n�m�e�n�t� �w�h�i�c�h� �i�s� �d�e�s�i�r�e�d� �b�y� 

�a� �p�e�r�s�o�n� �a�s� �a� �s�c�e�n�i�c� �v�i�s�t�a�.� 

�L�o�o�k�i�n�g� �t�i�m�e�-�-�t�h�e� �f�r�e�e� �t�i�m�e� �s�p�e�n�t� �v�i�e�w�i�n�g� �a� �p�h�o�t�o�g�r�a�p�h�i�c� �s�i�m�u�l�a�t�i�o�n� 

�o�f� �a� �l�a�n�d�s�c�a�p�e�.� 

�S�E�L�E�C�T�I�O�N� �O�F� �S�L�I�D�E�S� 

�S�l�i�d�e�s� �w�e�r�e� �t�a�k�e�n� �b�y� �t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �w�i�t�h� �a� �V�o�i�g�t�l�a�n�d�e�r� �P�r�o�m�i�n�e�n�t� 

�I�I�,� �2�4� �X� �3�6� �*� �3�5�m�m� �c�a�m�e�r�a�.� �S�e�v�e�n� �s�l�i�d�e�s� �w�e�r�e� �t�a�k�e�n� �o�f� �s�c�e�n�i�c� �l�a�n�d�s�c�a�p�e�s� 

�i�n� �V�a�l�l�e�y� �F�o�r�g�e� �P�a�r�k�,� �V�a�l�l�e�y� �F�o�r�g�e�,� �P�e�n�n�s�y�l�v�a�n�i�a�,� �a�n�d� �f�o�u�r� �o�f� �s�c�e�n�e�r�y� 

�a�l�o�n�g� �t�h�e� �N�o�r�t�h�e�a�s�t� �E�x�t�e�n�s�i�o�n� �o�f� �t�h�e� �P�e�n�n�s�y�l�v�a�n�i�a� �T�u�r�n�p�i�k�e� �n�e�a�r� �M�a�h�o�n�i�n�g� 

�V�a�l�l�e�y� �d�u�r�i�n�g� �m�i�d�-�S�e�p�t�e�m�b�e�r�,� �1�9�7�7�.� �S�l�i�d�e�s� �w�e�r�e� �t�a�k�e�n� �a�t� �t�w�o� �d�i�f�f�e�r�e�n�t� 

�t�i�m�e�s� �a�l�o�n�g� �t�h�e� �B�l�u�e� �R�i�d�g�e� �P�a�r�k�w�a�y� �i�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a�.� �D�u�r�i�n�g� �t�h�e� 

�f�i�r�s�t� �p�a�r�t� �o�f� �O�c�t�o�b�e�r�,� �1�9�7�7�,� �4�3� �s�l�i�d�e�s� �w�e�r�e� �t�a�k�e�n� �w�h�i�c�h� �p�i�c�t�u�r�e�d� �l�a�n�d�-� 

�s�c�a�p�e�s� �n�o�r�t�h� �o�f� �R�o�a�n�o�k�e�,� �V�i�r�g�i�n�i�a�,� �a�n�d� �o�n�e� �s�l�i�d�e�,� �o�f� �a�n� �a�r�e�a� �f�i�v�e� �m�i�l�e�s� 

�s�o�u�t�h� �o�f� �I�r�o�n�t�o�,� �V�i�r�g�i�n�i�a�.� �I�n� �m�i�d�-�O�c�t�o�b�e�r� �2�9� �s�l�i�d�e�s� �w�e�r�e� �t�a�k�e�n� �w�h�i�c�h� 

�c�a�p�t�u�r�e�d� �n�a�t�u�r�a�l� �s�c�e�n�e�r�y� �s�o�u�t�h� �o�f� �R�o�a�n�o�k�e�.� �I�n� �a�d�d�i�t�i�o�n�,� �i�n� �m�i�d�-�O�c�t�o�b�e�r� 

�t�w�o� �s�l�i�d�e�s� �w�e�r�e� �t�a�k�e�n� �o�f� �s�c�e�n�e�s� �a�l�o�n�g� �R�t�.� �5�2� �i�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a�.� 

�O�f� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �8�5� �s�l�i�d�e�s� �t�a�k�e�n�,� �a� �p�a�n�e�l� �o�f� �s�i�x�,� �f�i�v�e� 

�f�a�c�u�l�t�y� �m�e�m�b�e�r�s� �a�n�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �f�r�o�m� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� 

�a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �s�e�l�e�c�t�e�d� �1�3� �f�o�r� �t�h�e� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �p�h�a�s�e� �o�f� �t�h�i�s� 

�s�t�u�d�y�.� �T�e�n� �o�f� �t�h�e�m�,� �l�e�t�t�e�r�e�d� �A� �t�h�r�o�u�g�h� �J� �o�n� �t�h�e�i�r� �b�a�c�k�s�,� �w�e�r�e� �f�o�r� 

�a�c�t�u�a�l� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�,� �w�h�i�l�e� �t�h�r�e�e� �o�f� �t�h�e�m�-�-�n�u�m�b�e�r�e�d� �1�,� �2�,� �a�n�d� �3�-�-�w�e�r�e� 

�u�s�e�d� �f�o�r� �a� �w�a�r�m�-�u�p� �p�e�r�i�o�d� �t�o� �f�a�m�i�l�i�a�r�i�z�e� �t�h�e� �s�u�b�j�e�c�t�s� �w�i�t�h� �t�h�e� �e�n�s�u�i�n�g� 

�s�t�i�m�u�l�i� �a�s� �w�e�l�l� �a�s� �t�h�e� �p�r�o�c�e�d�u�r�e� �f�o�r� �v�i�e�w�i�n�g� �t�h�e�m�.� �T�h�e� �s�l�i�d�e�s� �w�e�r�e� 

�n�a�t�u�r�a�l� �s�c�e�n�i�c� �l�a�n�d�s�c�a�p�e�s� �w�i�t�h� �v�a�r�i�e�d� �c�o�m�p�o�s�i�t�i�o�n�:� �b�o�t�h� �e�v�e�r�g�r�e�e�n� �a�n�d� 

�d�e�c�i�d�u�o�u�s� �t�r�e�e�s� �a�n�d� �s�h�r�u�b�b�e�r�y�,� �m�o�u�n�t�a�i�n�s�,� �s�k�y�,� �r�o�c�k�s�,� �c�l�o�u�d�s�,� �w�a�t�e�r�,



�3�2� 

�a�n�d� �t�u�r�f�,� �w�h�i�c�h� �w�a�s� �m�o�s�t�l�y� �c�o�v�e�r�e�d� �b�y� �g�r�a�s�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �g�r�a�s�s� 

�w�a�s� �s�o�m�e�t�i�m�e�s� �m�o�w�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �p�a�n�e�l� �c�h�o�s�e� �t�h�e� �1�0� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�l�i�d�e�s� �w�h�i�c�h� �p�r�o�b�a�b�l�y� �w�o�u�l�d� �m�o�r�e� �r�e�a�d�i�l�y� �l�e�n�d� �t�h�e�m�s�e�l�v�e�s� �t�o� �t�h�e� �s�u�b�j�e�c�t�'�s� 

�d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �l�o�o�k�i�n�g� �t�i�m�e�s� �s�o� �t�h�a�t� �a� �m�o�r�e� �d�i�s�c�e�r�n�i�n�g� �a�n�a�l�y�s�i�s� �o�f� 

�t�h�e� �c�o�l�l�e�c�t�e�d� �d�a�t�a� �m�i�g�h�t� �b�e� �p�o�s�s�i�b�l�e�.� �T�h�e� �w�a�r�m�-�u�p� �s�l�i�d�e�s� �w�e�r�e� �c�h�o�s�e�n� 

�t�o� �r�e�f�l�e�c�t� �d�i�s�s�i�m�i�l�a�r�i�t�y� �b�u�t� �n�o�t� �i�n�c�o�n�g�r�u�i�t�y� �w�i�t�h� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�l�i�d�e�s�.� 

�P�H�O�T�O�G�R�A�P�H�S� 

�C�o�l�o�r� �5� �X� �7�-�i�n�c�h� �p�h�o�t�o�g�r�a�p�h�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �1�0� �s�l�i�d�e�s� 

�u�s�e�d� �i�n� �t�h�e� �l�o�o�k�i�n�g�-�t�i�m�e� �p�h�a�s�e� �o�f� �t�h�e� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �i�n� �t�h�e� �O�E� �w�e�r�e� 

�u�t�i�l�i�z�e�d� �f�o�r� �a� �r�a�n�k�-�o�r�d�e�r�i�n�g� �p�h�a�s�e� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g� �t�h�e� �c�o�m�p�l�e�t�i�o�n� 

�o�f� �t�h�e� �l�o�o�k�i�n�g�-�t�i�m�e� �p�h�a�s�e� �a�n�d� �f�o�r� �t�h�e� �r�a�n�k�-�o�r�d�e�r�i�n�g� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �i�n� 

�a� �l�a�t�e�r� �F�E�.� �T�h�e�s�e� �1�0� �p�h�o�t�o�g�r�a�p�h�s� �w�e�r�e� �g�l�u�e�d� �o�n�t�o� �p�o�s�t�e�r�b�o�a�r�d� �f�o�r� 

�s�u�p�p�o�r�t� �d�u�e� �t�o� �t�h�e� �a�n�t�i�c�i�p�a�t�e�d� �h�a�n�d�l�i�n�g� �a�n�d� �w�e�r�e� �l�e�t�t�e�r�e�d� �A� �t�h�r�o�u�g�h� �J� 

�o�n� �t�h�e�i�r� �b�a�c�k�s�;� �e�a�c�h� �l�e�t�t�e�r� �c�o�r�r�e�s�p�o�n�d�e�d� �w�i�t�h� �t�h�e� �o�n�e� �m�a�r�k�e�d� �o�n� �t�h�e� 

�s�l�i�d�e� �w�h�i�c�h� �i�t� �r�e�p�r�e�s�e�n�t�e�d�.� �T�h�e� �t�h�r�e�e� �s�l�i�d�e�s� �u�s�e�d� �f�o�r� �t�h�e� �w�a�r�m�-�u�p� 

�p�e�r�i�o�d� �a�s� �w�e�l�l� �a�s� �t�h�e� �1�0� �s�l�i�d�e�s� �w�h�i�c�h� �w�e�r�e� �u�s�e�d� �f�o�r� �a�c�t�u�a�l� �d�a�t�a� 

�c�o�l�l�e�c�t�i�o�n� �a�n�d� �w�h�i�c�h� �w�e�r�e� �r�e�p�r�o�d�u�c�e�d� �a�s� �c�o�l�o�r� �5� �X� �7�-�i�n�c�h� �p�h�o�t�o�g�r�a�p�h�s� 

�a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �1� �t�h�r�o�u�g�h� �1�3� �a�s� �3� �X� �5�-�i�n�c�h� �c�o�l�o�r� �p�h�o�t�o�g�r�a�p�h�s�.
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� � 
�F�i�g�u�r�e� �1� 

�P�h�o�t�o�g�r�a�p�h�i�c� �R�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �S�l�i�d�e� �a�E


