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ABSTRACT 

Perceptions of compatibility of residential structures in 
Tucson's natural landscape were evaluated. Designers and non-
designers, students from the architecture college and the 
psychology experiment pool, respectively, rated 25 digital 
images of houses. Computer image processing techniques were 
used to vary color on the houses to test for contrast effects. 
The two groups' perceptions of compatibility based on contrast 
were congruent while their judgments of compatibility of 
individual house styles differed. 
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Uninterrupted views of mountains and the surrounding 

desert are first priorities in surveys of the environmental 

values of Tucsonans. These valued features create the area's 

distinctive visual resources and define its unique sense of 

place (Pima County Urban Design Commission, 1986). Efforts 

which preserve this visual resource enhance Tucson's special 

character and sense of place. 

Lewis (1979) said that a sense of place is something that 

"comes with the territory". It is comprised of the tangible 

aspects of that place, such as the built and natural 

environments, as well as the intangible - people's feelings 

about that place. When people think of Tucson and its special 

character or sense of place, it is generally defined by its 

natural setting and distinctive desert vegetation. The Pima 

County Urban Design Commission (1986) reported that where 

Tucson lacks the architectural distinction of Santa Fe, Santa 

Barbara, or San Francisco, it draws its sense of place from 

its natural setting and landscapes. 

Where the built and natural environments combine 

harmoniously, the opportunity to develop a strong sense of 

place exists. If Tucson's natural settings and landscapes are 

highly valued, is there a mechanism, through careful use of 
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design attributes, to preserve these landscapes and to enhance 

the sense of place? Studies of urban and natural environments 

have been conducted to evaluate the quality of built forms in 

their surroundings. 

How has compatibility, or contextual fit, been evaluated 

in urban settings? "Contextual fit" refers to the perceived 

congruity of a new structure and the existing setting (Groat, 

1984). Some design elements essential to contextual 

compatibility are 1) using similar materials, massing, color, 

and building heights, 2) keeping the same proportions of 

windows and walls, 3) evoking the style of the older buildings 

in detail and ornamentation, 4) matching of facade design, and 

5) using a high degree of replication (Brolin, 1977; Groat, 

1984) . 

Have the attributes which contribute to a building*s 

appropriateness in a natural setting been determined? 

Different studies have provided criteria for creating a 

man-made environment which fits with the natural surroundings. 

Those criteria include use of indigenous natural materials, 

scale appropriate to the natural settings, as well as careful 

attention to color, design, size, and function (United States 

Department of Interior, 1935; Zube and Whittaker, 1987; 

Wohlwill, 1978). Although this research has provided a 

substantive base from which to begin to examine compatibility 
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of elements in natural landscapes, this question has yet to 

be investigated in Tucson. 

The primary goal of this thesis was to examine 

perceptions of compatibility of structures in Tucson's natural 

environment based on color. The objectives of this study are: 

1) to explore colors which are perceived as most appropriate 

in landscapes characteristic of Tucson, 2) to investigate 

which houses are considered compatible with their Tucson 

settings, 3) to examine the extent of agreement between 

designers and non-designers in their opinions about 

compatibility and 4) to identify how the findings could be 

applied to developing design guidelines. 

People's perceptions of natural environments vary 

according to their knowledge, expectations, past experiences, 

and socio-cultural context (Zube et al., 1982). Simulations 

of physical environments and simple rating tasks are two 

methods often used to ascertain opinions which are a function 

of these perceptions. This study combines these two methods 

to meet the objectives posed above. Webb et al. (1966) feel 

that the greatest validity comes from combining research 

methods. By combining methods, the study should not only be 

valid, but should have a high degree of reliability. 

Simulations of physical environments provide a convenient 

method for conducting research on environmental perception. 
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(Bechtel, Marans, and Michelson; 1987). perceptual 

simulations are used to create images of built and natural 

environment relationships to which people can respond. Past 

studies have used slides, photographs, films, videos, and 

models as surrogates for actual environments (Wohlwill and 

Harris, 1980; Groat, 1983; Wohlwill, 1978) and rating scales 

have been used by many researchers to attempt to assess 

people's landscape preferences (Wohlwill, 1978; Stewart et al, 

1984; Daniel and Boster, 1976). 

This research approach involved several steps. 

Initially, slides of residential structures representing a 

range of styles were taken to provide a spectrum of house 

types for respondents to judge. The slides were converted to 

digital format, entered into a computer database, and 

manipulated through image processing. The processed images 

were displayed on a video monitor for study subjects to judge. 

A simple rating task was used to determine the opinions of 

designers and non-designers. Subjects rated the images for 

overall. color, and stvle compatibility. 

The study determined the compatibility of certain houses 

in their natural settings in Tucson. It ascertained if 

designers and non-designers have a congruence of opinion about 

compatibility. This study has provided a framework for 

future work to evaluate built form quality in a natural 
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setting. For Tucson, the findings indicate whether or not 

designers' values are congruent with the values of the people 

for whom they build. Because the study considered colors and 

styles perceived as compatible with the Tucson landscape, the 

findings could contribute to design guidelines that protect 

the visual environment and enhance Tucson's sense of place. 

To examine the question of compatibility, this thesis 

begins with a literature review which considers the concept 

of sense of place, looks at research which has investigated 

compatibility, and reviews design guidelines from cities and 

developments which have used compatibility to maintain or 

enhance sense of place. The methods are explained. Results 

are provided followed by a discussion which considers the 

findings. The conclusion suggests what practical purpose the 

findings might serve. 
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LITERATURE REVIEW 

Sense of place 

Place is a multifaceted concept. Many have provided 

explanations of its complexities (Jakle, 1987; Lewis, 1979; 

Meinig, 1979; Relph, 1976; Steele, 1981; and Walter, 1988). 

When we consider it as a general term, place implies a 

definite physical location (Meinig, 1979). A place; however, 

is more than just its physical attributes: it is also a 

location of experience with a unique spirit (Steele, 1981). 

People experience the sense of a place through a transactional 

holistic experience with it; what they give to and take from 

it (Steele, 1981; Walter, 1988). The spirit of a place is a 

combination of its animate and inanimate attributes, imparting 

a unique character or "feel" to a specific location (Relph, 

1976; Jakle, 1987; and Steele, 1981). Steele (1981) would say 

that these two aspects - sense of place and spirit of place 

- combine to define a place. Others (Jakle, 1987; Lewis, 

1979; Meinig, 1979; Relph, 1976; Walter, 1988) suggest that 

these features combine to create the sense of a place. For 

the purposes of this thesis, sense of place is understood to 
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be a combination of experience and spirit. 

Sense of place is partly the result of interplay between 

a person and a setting (Steele, 1981). What we perceive and 

how we grasp its meaning contribute to how we experience a 

place (Steele, 1981; Walter, 1988). Perception is an 

information-receiving process by which signals are received 

from a setting and organized such that they provide meaning. 

This helps us to organize external information to better 

understand our surroundings as well as to filter the plethora 

of signals which we receive. How we interpret the many 

signals of a particular setting determines how we experience 

the setting (Steele, 1981). 

To more fully understand the sense of place, the viewer 

also associates meanings with the place. Meaning can be 

stimulated by specific features in a setting such as sights, 

smells, and sounds as well as by patterns and relationships 

among elements (Steele, 1981). The incoming raw material from 

the setting elicits thoughts and feelings. As a location of 

experience, a place lacks feelings apart from any human 

experience with it (Walter, 1988). 

An individual's characteristics based on past 

experiences, expectations, sociocultural context, intentions, 

and personal preferences also affect one's awareness of a 

setting (Steele, 1981; Walter, 1988; and Zube et al, 1982) and 
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contribute to a person's awareness of a sense of place. The 

setting itself provides the major aspect of the sense of a 

place. The spirit of place is imparted by its inanimate and 

animate features (Steele,1981; Walter, 1988). The ancient 

Romans believed in genius loci, living spirits which inhabited 

and protected specific places (Lewis, 1979). Although we may 

not universally accept that actual spirits occupy certain 

physical locations, we may indeed feel that there is an 

intangible force - 'a god within* - in places which gives 

them a distinctive, generative presence (Lewis, 1979; Relph, 

1976; and Walter, 1988). 

Although a place may possess intangible qualities, the 

physical quality of a place, determined by the totality of its 

material elements, is its most obvious attribute. It is 

palpable, definable (Jakle, 1988; Norberg-Schultz, 1975; 

Relph, 1976). Combined with the human experiences and the 

genius locus, the physical patterns of a place cultivate a 

sensitivity to the nuances of its physical relationships 

(Meining, 1979). The major contributor to the sense of a 

place results from the difference between its physical objects 

and their spatial sequences (Nairn, 1965). The physical 

elements are both man-made and natural. 

The man-built elements which contribute to a locality's 

sense of place are also major elements of the urban fabric 
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(Church, 1973). Buildings can create, maintain, or enhance 

the sense of place which in turn renders them unique and 

contributes to their character (Berezowsky, 1984). Built 

environment character also stimulates preferences for an 

area's appearance and its distinct character (Church, 1973). 

A strong sense of place is evident in man-built features of 

areas such as Santa Fe and Santa Barbara. The sense of 

place in Santa Fe is largely a product of a unique 

architectural form, derived from its history of Spanish and 

Pueblo Indian habitation. This style is generally known as 

"Pueblo Spanish" (City of Santa Fe, 1986). As early as the 

1920's, residents of Santa Fe recognized that the built 

environment was the primary source of the city's distinctive 

character. Citizens groups rallied to prevent a historic 

section of downtown from being razed in an effort to preserve 

the unique sense of place imparted by the buildings (New York 

Times, 10/21/1956). 

The City of Santa Barbara has an international reputation 

for its unique character. This character results in part from 

the natural beauty of the city's mountain backdrop, its ocean 

border, and its lush vegetation, indicative of a Mediterranean 

clime. This Mediterranean feel is carried over in its Spanish 

Colonial Revival architecture which has developed since the 

late 1800's (Community Development Department, 1986). 
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Residents of Santa Barbara also recognized the significant 

contribution of the architectural tradition to the city's 

sense of place. After a major earthquake in 1925, 

reconstruction followed that tradition and maintained the 

city's unique character (City of Santa Barbara, 1987). 

Combined with the man-made objects of a place are the 

natural elements. Relph (1976) comments that "..above all, 

place has a physical and visual form - a landscape.... the 

spirit of a place lies in its landscape" (p. 30) . Some 

landscapes have features that give them a special spirit that 

elicits similar reactions from different people. Landscapes 

with strong physical qualities are more likely than 

nondescript settings to stimulate the feeling of a strong 

sense of place. Steele (1981) identifies five powerful 

features that contribute to a strong spirit: 1) strong 

location, 2) boundaries, 3) geographic distinctiveness, 4) 

scale and proportion, and 5) rich identity and imagery. 

Location refers to a setting's placement in geographic 

space; where it is and how it relates to its surroundings. 

A particularly potent locational impact occurs when a key 

feature of the setting is in strong contrast to its immediate 

surroundings. Boundaries are understood as clear delineations 

between a setting and its surroundings. In architectural 

terms, boundary is often synonymous with enclosure or the 
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closing-in effect of physical features. Geographic 

distinctiveness indicates that the most distinctive feature 

or juxtaposition of features of a setting or region give it 

a particularly strong identity. As a result of this identity, 

such an area is usually referred to by name, underscoring the 

distinctiveness of its spirit. Size relationships can combine 

to create special effects, such as large elements which make 

small elements appear smaller. .The impact of scale can be 

created by bigness, by smallness, or by a combination of the 

two. The extent to which features associated with a 

/particular setting conjure up rich images in someone's mind 

is both a physical and social dimension. The relationship 

between a feature and the images it creates is a learned one, 

based on both personal experiences and enculturation. 

Landmarks or physical objects both recognizable and visible 

enough from different vantage points to be used for 

orientation create strong images (Lynch, 1960). 

Settings where features stimulate a noticeable sense of 

place generate expectations about appropriate use, fantasies 

that enhance the place experience, and stimulation of 

perceptions of new alternatives for activities in the setting 

(Steele, 1981). When considering such features, the desert 

is often thought of as evoking a strong character. It is 

recognized by its expansive sky, its bold angular shapes, and 
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its strong intense colors (Opie, 1979). Tucson, as a desert 

area, does evoke a strong character. 

If we use Steele's criteria to evaluate Tucson's 

character, we find that it possesses all of the strong 

distinct qualities that determine a recognizable sense of 

place. It has strong locational features with its low-lying 

basin area juxtaposed against the surrounding mountains. 

These valley-encircling mountains define the boundaries of the 

Tucson Basin. When we think of The Sonoran Desert, we often 

envision a tall columnar cactus with arms, the saguaro, found 

in the Tucson area, which contributes to Tucson's geographic 

distinctiveness. Tucson also has a strong identifying feature 

in its mountains which serve to orient residents and visitors 

alike. 

Two studies conducted in Tucson confirm that its unique 

landscape creates a strong sense of place. When people think 

of Tucson and its special character or sense of place, it is 

generally defined by its natural setting and distinctive 

desert vegetation. Jackovics and Saarinen (1986) surveyed 

students from the University of Arizona and Arizona State 

University to determine their impressions of Tucson's sense 

of place. They found that respondents felt that Tucson's 

unique character is provided by its close proximity to its 

scenic natural setting. The juxtaposition of the distinctive 
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desert landscape with the multiple surrounding mountain ranges 

creates a unique natural setting. 

In 1986, The Pima County Urban Design Commission was 

appointed to identify urban design issues and make 

recommendatins for urban design guidelines in the Tucson area. 

A definition of the uniqueness and character of the Tucson 

metropolitan basin was included in the report. The physical 

character of the natural environment was found to distinguish 

Tucson from other cities. The uninterrupted views of mountains 

and surrounding desert were noted as the valued features which 

define Tucson's sense of place. It is the visual character 

of the area which imparts its uniqueness. 

What make's it fit? 

Distinctive architecture and natural settings can be 

combined to create a strong, well-knit character for a place. 

Architecture can provide a clarifying image which creates for 

the observer not just an image of a building but of place 

(Moore, Allen, and Lyndon; 1974). This search for balance 

between construction and nature, or architecture and the land, 

is fundamental to a search for the good environment. It is 

predicated on the belief that "buildings do not exist 

independently of the land under them or the environmental 

spaces around them. They are linked inexorably with land and 
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environment...(Eckbo, 1987, p. 50). 

Assuming that the search for a balance between design and 

environment is desirable, are there mechanisms for developing 

a good balance? One relationship between architecture and 

land which is used to create balance is termed '•merger," where 

a building is made to appear an integral part of its cultural 

or natural landscape. Merger is emblematic of humanity's 

capacity for harmonious adjustment or design with nature 

(Rainey, 1987). Another concept, fitness or appropriateness 

explains a visual relationship in which details create a whole 

which is greater than its parts (Jakle, 1987). 

The use of various styles can contribute to an area' s 

sense of place. In the case where a place draws its character 

primarily from the natural environment, concepts of 

integration such as merger and fitness provide an opportunity 

for the building to contribute to the sense of place while 

maintaining the integrity of the distinctive landscape as in 

Santa Barbara. Where that natural environment is also 

perceived as valuable, the practical relevance of fitting the 

man-made elements into the natural landscape is in the 

opportunity to protect environmental quality (Wohlwill, 1979). 

Studies in urban and natural environments have been conducted 

to understand what facilitates the merging or compatibility 

of the built environment with its surroundings. 
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Extensive work on this topic has been conducted in the 

area of historic preservation. Compatibility in this case 

considers the inclusion of new buildings into or 

modifications to existing structures in the existing urban 

fabric. The primary concern is to make the buildings or 

changes appear as if they belong, as if they are in harmony 

with their surroundings. From these studies, the concept of 

contextual compatibility or contextual fit was developed. 

This term generally means perceived congruity of a new 

physical entity with the existing setting to which it is being 

added. In architecture, this generally indicates a new 

building fitting with the buildings of an established urban 

setting (Groat, 1984). 

It is not certain what architectural elements are the 

best indicators of contextural fit. Brolin (1977) asserted 

that the characteristics which must be considered to determine 

contextual compatibility are 1) using similar materials, 

massing, and building heights, 2) keeping the same proportions 

of windows and walls, and 3) evoking the style of the older 

buildings in detail and ornamentation. These determinations 

were based on observations of the work of specific architects. 

Groat's (1982, 1984) work examined people's perceptions of the 

compatability of new buildings added to existing urban 

settings. In 1984, she considered how non-designers 
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conceptualize contextual fit in architecture. She found that, 

as a design strategy, facade design features (such as 

materials, windows, and apparent age) were perceived as most 

important in defining compatibility. Considering this design 

strategy, a high degree of replication is critical to 

perceived compatibility. Berezowsky (1984) identified 

historic urban landscapes and people1s awareness of those 

landscapes in Tucson. Although no one architectural style of 

house seemed overwhelmingly typical of Tucson, his findings 

suggested that people felt Tucson's architectural style was 

best illustrated by houses of Spanish-Mexican influence. 

Compatibility in natural settings considers the harmony 

of development, such as locating a new roadway or powerline, 

or the determining of design attributes for structures which 

are congruent with their natural surroundings. As discussed 

below, several federal agencies developed methods to assess 

the visual impact of management activities in natural 

settings. Criteria were determined by another federal agency 

to create structures harmonious with their natural settings. 

Additionally, studies have been conducted to determine whether 

or not structures are compatible with the adjacent natural 

landscape and to identify criteria which contribute to the 

structures• fit. 
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The Bureau of Land Management (BLM) (1980) and the United 

States Forest Service (USFS) (1973-1980) visual quality 

management programs identify the quality of a natural setting 

and then determine what impact proposed management 

alternatives will have on that environment. An examination 

of the BLH's Visual Resource Management Program (1980) 

suggests that the perception of visual quality in a landscape 

is based on three principles: 

1) Landscape character: the four basic visual elements: 
form, line, color, and texture. 

2) Landscape interest: the stronger the influence 
exerted by these elements, the more interesting the 
landscape. 

3) Visual variety: variety without harmony is 
unattractive, especially in terms of alterations 
(ie: cultural modifications made without care.) 

With these principles in mind, an inventory to evaluate 

the quality of the visual resource is conducted. A proposed 

development's degree of contrast with the existing landscape 

is then measured and the appropriateness of that development 

evaluated. 

A scheme for identifying structures subordinate to their 

natural surroundings was developed by the National Park 

Service (NPS) (1935). The NPS developed a style manual which 

determined those design attributes which would make structures 

deferential to their park settings. In 1935, a set of 
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criteria was identified by a group of NPS and design 

professionals to create structures and facilities which were 

subordinate to; yet, harmonious with their natural 

surroundings. The term "rustic style" was loosely coined to 

encourage the use of a wide range of architectural styles 

appropriate to the varied settings of the parks. Illustrated 

by a large number and variety of photographs and diagrams, the 

criteria included using indigenous materials and appropriate 

scale, selecting materials and colors which blended into the 

background, and selecting roof textures and lines which 

related to the character of the structure. 

In 1987, a study conducted in the national parks, 

evaluated the built environment for its harmony with its 

natural settings (Zube and Whittaker, 1987). The primary 

focus of the study considered the specific settings of built 

environment features and the associated surrounding context. 

The study found that there is much variability in the quality 

of the built environment in the twelve parks studied. The 

importance of the study was to 

demonstrate that the built environment was frequently 

overlooked in assessing the overall quallity of national 

parks. 

The body of empirical research which considers the issue 

of congruity of man-made and natural elements is actually 
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quite limited. Wohlwill perhaps provided the greatest single 

source of such research. He and fellow researchers conducted 

several studies to evaluate people's perceptions of the 

congruity of structures or man-made features in natural 

settings. 

In one study (1978), subjects were asked to respond to 

slides developed in an experimental lab which simulated the 

appearance of buildings in landscape models of coastal areas. 

Congruity was evaluated by manipulating the color and size of 

the structures. It was found that appropriateness varied 

inversely with the level of contrast although moderate 

contrast was desirable. 

A further study conducted in 1979 (Wohlwill) compared 

people's ratings of preference of structures in natural 

coastal zone settings with ratings of fittingness replicated 

from the previous study. This study also evaluated the 

comparative appropriateness of structures in developed areas 

versus scenic natural areas and whether the character and 

meaning of the man-made elements in a natural scene affect its 

perceived congruity. The level of contrast between a building 

and its setting was the primary determinant of rated 

appropriateness. The ratings of preference followed those of 

appropriateness. A highly scenic setting seemed to positively 

affect the judgments of a building's attractiveness. The same 
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building had a lower rating in a more developed setting. The 

negative or positive perception of a structure's function 

determined its perceived appropriateness. 

In an additional study, Wohlwill and Harris (1980) 

evaluated people's responses to scenes of man-made structures 

in natural settings in urban and state parks in the Northeast. 

The results again substantiated the importance of congruity 

in determining the appropriateness of man-made elements in 

natural settings. 

Design guidelines and sense of place 

The studies discussed in the previous section are 

certainly of interest for general aesthetic theory which has 

stressed the importance of congruity. People tend to respond 

positively and to be drawn to environments characterized by 

harmony, unity, fittingness, balance, appropriateness, or 

congruity (attributes which are sometimes difficult to 

distinguish from each other) (Wohlwill and Harris, 1980). 

These are also attributes which afford strong aesthetic 

pleasure where there is a palpable sense of place. But what 

of the practical relevance of such work? A determination of 

the fittingness of buildings in a particular natural setting 

is important to the preservation of environmental quality 

(Wohlwill, 1979). How can the findings of harmony, unity, 
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fittingness, balance, appropriateness, or congruity be 

integrated into the toolboxes of planners, landscape 

architects, designers, and others directly concerned with the 

"juxtaposition of man-made and natural features" (Wohlwill and 

Harris, 1980). 

Design guidelines provide a means of bridging the gap 

between research and the design of physical environments. 

They are intended to provide a succinct, pragmatic statement 

about people's attitudes towards the physical environment, 

offering the basis for user-oriented design. They may be 

based on perceptual research. Most apply to specific 

locations and user groups. Generally, the more specific the 

setting, the more detailed the guidelines (Marcus, 1986). 

The purpose of design guidelines is to ensure the quality 

of the built environment. They provide a design framework at 

the district, street, or project scale. Many provide 

alternative forms or approaches for a specific design element. 

The style and organization of the guidelines should accomplish 

goals of the group which develops them (Shirvani, 1985). 

There are perhaps as many goals and purposes identified 

for design guidelines as there are guidelines which have been 

developed. For the purposes of this study, selected 

guidelines which have successfully accomplished their goals 

to enhance or to develop an area's sense of place as well as 
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to preserve the natural setting are considered. Santa Fe and 

Santa Barbara developed guidelines to maintain and enhance 

existing architectural conditions in urban settings. In 

contrast, The Sea Ranch and Desert Mountain developments 

created guidelines to facilitate the fitting of new 

developments into the natural environment. 

Architecture as a major element in the urban fabric may 

be the most pliable medium for enhancing the character of a 

place (Church, 1973). Both Santa Fe and Santa Barbara draw 

much of their specific characters from their architecture. 

As early as 1956, a group of conservationists recommended that 

the ancient landmarks and historical structures of old Santa 

Fe be preserved and maintained to preserve "that unique charm, 

born of age, tradition and environment which are the priceless 

assets and heritage of old Santa Fe" (LeViness, W. T., 1956). 

The first ordinance regulating design was passed in 1957 

("Santa Fe adopts law," 1957). In 1981, The City of Santa Fe 

developed an architectural design review ordinance for 

evaluating any proposed structural changes to its historic 

districts. 

Currently, architectural design in each of Santa Fe's 

five historic districts is governed by specific regulations. 

To assist adherence to the regulations, an illustrative and 

descriptive handbook provides a history of the city's 
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architectural styles with an identification of the districts 

and their individual styles. Procedures for erection, 

modification, and demolition are also included (City of Santa 

Fe, 1986) . An additional booklet (City of Santa Fe, 1981) 

contains narrative and photographic recommendations for ways, 

through use of specific design elements, to meet the spirit 

of the architectural design regulations. 

Concern for sensitive architectural design in Santa 

Barbara arose following the 1925 earthquake. Santa Barbara's 

reputation for its distinctive architectural character is 

enhanced by consistent review of new or remodeled buildings 

to assure the sensitive relationship between historic older 

structures and new buildings. The buildings of each decade 

express their times, but continuance of Santa Barbara's 

Hispanic architectural tradition creates an overall sense of 

place (City of Santa Barbara, 1987). Guidelines exist for the 

El Pueblo Viejo Landmark District, design review for new 

structures, and protection of visual resources. 

Specific guidelines for Santa Barbara's El Pueblo Viejo 

Landmark District are intended to preserve and enhance the 

unique heritage and architectural character of the central 

area of the city which developed in the late 1800' s. The area 

contains many of the city's important historic and 

architectural landmarks. In addition to preservation of these 
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landmarks, the cohesiveness of the area is achieved by 

regulation of architectural styles used in new construction 

as well as the exterior alteration of existing structures 

(City of Santa Barbara, 1987). 

In addition to concern for preservation of existing 

structures and enhancement of the architectural character, the 

goals of the design review guidelines consider the natural 

resources of the area. They identify as important the 

protection of the beauty and ecological balance of Santa 

Barbara's natural resources. They are also meant to improve 

the general quality of the environment and promote 

conservation of natural and man-made resources of the city. 

Perhaps most important to the concerns of this study, the 

guidelines are also intended to promote visual relief 

throughout the community by preservation of scenic ocean and 

mountain vistas, creation of open space, and variation of 

styles of architecture (Community Development Department, 

1986). 

The Sea Ranch, a development of retirement and vacation 

homes on the north coast of California, created design 

restrictions prior to construction to protect salient 

landscape features and to enhance the sense of place through 

careful design and siting of structures (Oceanic Properties, 

Inc., 1965). The property is characterized by long, rolling 



32 

fields on the coastal bluffs abutted by densely forested 

hillsides which are exposed to a typically cool, foggy 

climate. The architectural goals for the development were to 

create "organic" structures whose design captured the regional 

character in their compatibility with the natural environment 

and their low visual impact ("Ecological architecture," 1966) . 

To assist property owners create homes whose spirit 

adheres to the goals of the restrictions, illustrated design 

manuals were developed to provide suggestions to potential 

builders on how to achieve structural harmony with the 

landscape (The Sea Ranch Association, N. D. and 1985). A 

design review committee was also formed to aid owners and 

designers create structures which adhere to the spirit of the 

restrictions (Oceanic Properties, Inc., 1965). 

Desert Mountain, a northeast Phoenix-area community, used 

its guidelines to provide for development which enhanced and 

preserved the natural landscape by blending with the desert 

surroundings . Specific criteria were included in the 

guidelines to meet the goals of the community: preservation 

of the natural desert, selection of scale and color of 

buildings which blend with the desert, and creation of a 

design review committee to oversee the overall development of 

the community. Additionally, means for meeting the criteria 

were specified to assist designers, residents, and the design 
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committee meet the goals. The character and quality of the 

natural landscape being of utmost consideration, the 

appendices include a list of landscape plants approved for use 

in the community. All of the plants are low-water use and 

desert-adapted. Many are indigenous to the Desert Mountain 

area (Taliesin Associated Architects, N. 0.). 
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METHODS 

Peoples1 perceptions of natural environments vary 

according to their knowledge, expectations, past experiences, 

and socio-cultural context (Zube et al, 1982). Selection of 

appropriate methods to evaluate perceptions is critical for 

valid and reliable results. This study used two methods: image 

processing and a simple rating task. Image processing brings 

simulations of the environments to be judged to the evaluators 

and has been found to provide results that are valid and 

comparable to those obtained by other simulation media (Vining 

and Orland, 1988). Rating scales are particularly useful for 

and are frequently used to ascertain peoples' perceptions, 

attitudes, and values (Nunnally, 1967; Zeisel, 1981). 

Image processing is a means of altering and analyzing 

pictorial information. Digital image processing is image 

manipulation conducted on a computer. A digital image is 

represented by discrete points. Each point has a numeric 

brightness value which the computer can manipulate to modify 
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or enhance the qualities or appearance of an image (Baxes, 

1984) . Additionally, the image can be edited to create a new 

picture (Orland, 1988). An assessment of the comparability 

(perception that an image represents a landscape) and validity 

(the resemblance of an image to the landscape it represents) 

of video imaging revealed highly comparable and valid results 

(Zube and Simcox, 1988). For this study, all manipulations 

and edits were accomplished with image processing computer 

software packages. 

The initial images of houses in the desert landscape were 

generated by photography. Slides were taken of residences in 

the foothill areas of Tucson. As control measures, houses 

were selected that were clearly visible from the road, were 

south facing, and were relatively unobscured by human items. 

All of the photos were taken on virtually cloudless days 

between 10 a.m. and 2 p.m. so that shadows were minimal and 

nearly perpendicular to the structure. All photos were taken 

between January 1 and March 30, 1990. 

The slides were taken with an Olympus OM-1 camera mounted 

with a Tamron 28-70 mm lens using Ektachrome 100 ASA slide 

film. A grid screen was inserted in the camera to maintain 

a constant relationship between the size and location of the 

house to the landscape. Of 142 photos taken, 29 were selected 

for conversion to a digital format based on their clarity. 
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To convert the photographs to digital images, a video 

camera was used as a low resolution scanner to capture the 

slide images onto videotape. A video digitizer converted the 

video scenes to digital format which were read into the 

computer for editing and manipulation (Orland, 1988). "TIPS 

Imaging Software" (Truevision Inc., 1986) and "Toolbox" (Gupta 

and Orland, 1989) were used to edit and manipulate the images. 

Of the 29 slides converted, four were discarded because 

of lack of clarity. Three were selected for editing and color 

manipulation. The houses in these three slides were chosen 

as representative of three distinct styles of architecture in 

the Tucson area: historic Sonoran, 1950's Ranch, and current 

Mission. Each of the three target images was color 

manipulated twice. In addition to the existing color of the 

house, each image was manipulated to create a scene in which 

the house color matched colors found in the background as well 

as one in which the house color was in substantial contrast 

with the background. The contrasting colors were selected 

from colors of existing houses in the Tucson foothill 

landscape. The colors were ranked for contrast based on the 

investigator's judgement of obtrusiveness or lack of harmony 

with the settings. Neutral was considered least obtrusive as 

it tended to match a dominant background color. White was 

considered moderately obtrusive as it represents the sum of 
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all colors without matching any particular color. Peach was 

considered the most obtrusive as it did not match any of the 

background colors. The editing and manipulating provided a 

total of nine target processed images: three architectural 

styles each in three colors (Figures 1 through 6). 

Three random assortments of images were prepared. The 

nine target images were randomly assigned to assure that for 

each of the three house styles, only one color (contrast) was 

represented in each of the three groupings. The three target 

scenes in each set were then combined with the 22 non-target 

images. The resultant 25 images were randomly arranged to 

create the three discrete groupings. Once these groupings 

were established, three computer "slide shows" for viewing the 

scenes on a video monitor were prepared using another software 

package (Truevision, Inc., 1985). 

Subjects were selected from undergraduate students at the 

University of Arizona. The non-designer subjects were from 

the Psychology 101 subject pool while the designers were upper 

division students in the College of Architecture. Student 

subject pools are considered to represent the general 

population for evaluation of environments (Daniel and Boster, 

1976). Three groups of non-designers (ranging in size from 

10 to 12) and three groups of designers (ranging in size from 
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Figure 1 . House One in its original color 
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Figure 2. House One with color manipulations 
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Figure 3. House Two in its original color 
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Figure 4. House Two with color manipulations 
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Figure 5. House Three in its original color 
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Figure 6. House Three with color manipulations 
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11 to 19) responded to questions on each of the three image 

arrangements. 

Perceptual rating tasks are frequently used to evaluate 

perception of environment (Daniel and Boster, 1976; Wohlwill 

and Harris, 1980; Wohlwill, 1982). Subjects were read 

standardized instructions (Appendix A) which asked them to 

respond to three specific short questions posed about the 

images. First, respondents were asked to rate the degree of 

compatibility of residential structures in the desert 

landscape on a 10 point scale where one indicated very low 

compatibility and 10 indicated very high compatibility. 

Responses were recorded on a standardized answer sheet. Next, 

subjects rated color and stvle of the houses for compatibility 

also on a ten-point scale. This order prevented their 

assuming overall compatibility must be rated based on color 

and style alone. These ratings were also recorded on a 

standardized answer sheet with the answers about color marked 

on the top half of the form and those about style indicated 

on the bottom half. 
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RESULTS 

Two analyses of the data were run. RMRATE (Brown, Daniel, 

Schroeder, and Brink, 1990) was used to analyze the 

compatibility judgments. Compatibility ratings (overall, 

color, and style) were transformed to Scenic Beauty Estimate 

type scales (Brown and Daniel, 1990). This produced a 

standardized interval scale of perceived compatibility with 

the origin of the scale (the zero point) arbitrarily defined 

by the average response to the 22 "baseline" scenes that were 

common to all observer groups. Initial review of the data 

showed that two observers had failed to follow instructions 

each using less than half of the full 10-point range of the 

rating scale. As a result, their scores were removed from 

the analysis. The resulting group-to-group agreement in 

contrast ratings had an acceptable range of .773 to .943. 

This represents an "expected correlation between group mean 

ratings for two groups of observers of the same size as the 

one at issue sampled from the same population" (Brown et al, 

1990, p. 13) . High group-to-group agreement on the overall 

rating task provides a measure of reliability for the ratings 



46 

of the target stimuli. 

An analysis of variance was run to determine statistical 

significance. All statistical tests were based on alpha < 

.05. For the manipulated variable (contrast), the two groups 

were generally in agreement. Non-designers and designers 

ratings of overall compatibility generally indicated an 

inverse relationship between contrast and compatibility. This 

is illustrated in the overall compatibility ratings in the 

first panel of Figure 7. This finding was substantiated by 

the ANOVA showing no significant difference between the two 

groups as a main effect. The group by contrast interaction 

was also not significant. There was a significant effect of 

contrast (F(2/38=3.6l, MSe=6.77) with the neutral house color 

being rated the most compatible and the peach color the least 

compatible. 

In the color compatibilitv rating (second panel of Figure 

7), the ANOVA again showed no significant main effect of 

group and no group by contrast interaction. The effect of 

contrast was significant (F(2/38)=22.27, MSe=6.03) and 

followed the same pattern as the overall compat ib i1itv 

ratings. Compat ib i1itv of stvle judgments (panel three of 

Figure 7) also indicated no significant main effect or 

contrast interaction between the two groups. Unlike the other 



120 1 ' 1 ' '— 
Neutral White Peach 

CONTRAST 

- 2 0  

-40 

-00 

-80 

Neutral White Peach 
CONTRAST 

0 

-20 

-40 

-00  

-80 

100 

120 

EFFECTS OF CONTRAST 
COMPATIBILITY RATINGS 

Figure 7 

Neutral White 
CONTRAST 

Peach 

Designers Non-designers 



48 

two rating dimensions, ratings of stvle compatibility showed 

no significant effect of contrast. 

Although the styles of the houses were simply selected 

by the experimenter and not systematically manipulated, it was 

interesting to note differences in judgments on individual 

styles of houses between the two groups. The values for 

overall. color. and stvle compatibility were averaged 

respectively across the three colors for each of the three 

houses. As the three panels of Figure 8 depict, the two groups 

differed on their judgments of the compatibility of the three 

house styles. The non-designers consistently judged Houses 

One and Three more compatible than House Two in terms of 

overall and stvle compatibility. The architects rated House 

Two highest for both compatibility categories. ANOVA results 

confirm this apparent pattern, with the group by house 

interaction proving significant for overall (F(2/38)=3.29, 

MSe=9.42) and for stvle compatibility (F(2/38=3.26, MSe=7.68). 

For color compatibility ratings, the apparent interaction 

(panel 2 of Figure 8) was not significant. 

The ratings of overall. color, and stvle compatibility 

showed a strong linear relationship, with a few deviations. 

The compatibilitv/color relationship (panel one of Figure 9) 

shows a strong positive relationship, but some of the non-

designers' ratings are noticeably outside of the linear trend. 
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Given the value for color. House One had a very low overall 

compatibility rating when viewed in peach, as did the same 

house when seen in white. House Three in white was judged 

fairly high on color compatibility. yet still had a fairly low 

overall compatibilitv rating by the non-designers. 

The overall and style compatibi 1 ity comparison (panel two 

of Figure 9) shows that the two groups disagree about the 

compatibility of a specific house in a specific color. The 

non-designers gave House Three in peach a relatively high 

style compat ib i1itv rating in spite of its low overall 

compatibility rating. They judged House Two in neutral lower 

on overall compatibility than the general linear trend would 

predict. The designers again rated House Two in peach and 

neutral high for stvle compatibility. Additional deviations 

from the linear trend showed the psychologists rated House One 

in neutral and House Three in white higher for stvle 

compatibility than the rating trend for the other houses 

showed. 

The color/stvle relationship shows the two groups 

disagree about the compatibility of a specific house in a 

specific color (panel 3 of Figure 9). The non-designers found 

the stvle and color of House Two particularly incompatible in 

both the neutral and peach colors. The designers, on the 

other hand, judged House Two highly compatible for stvle and 
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color in either neutral or peach. The non-designers gave 

House Three a high style compatibility rating in spite of a 

very low color rating. 
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DISCUSSION 

The results of this research confirmed that there was no 

significant difference between the non-designers and the 

designers in their judgments of compatibility, taken as an 

overall main effect. A comparison of the two groups1 ratings 

did show variability in their judgments of specific houses in 

specific colors. The designers and non-designers also judged 

individual styles of houses differently. 

The relationships of the groups compatibility ratings 

showed specifically which houses in what colors each group 

found either compatible or incompatible. The style of House 

One is particularly prevalent and popular in new single family 

home developments in the Tucson area. This same style of 

house with slight changes in roofing materials and color is 

also very popular in other areas of the western United States 

(A. L. Bancroft, personal communication, January, 1990). In 

this case, the high rating by non-designers for overall. 

color, and stvle compatibility for this house in neutral color 

may have been based on familiarity. They may also have given 
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the house a high rating based on its design attributes. The 

house, with its multi-level roofline and strong vertical 

features, repeats the most striking features of its setting 

- the mountain backdrop and a large saguaro cactus. Another 

aspect of House One which may have contributed to a favorable 

rating by non-designers was its perceived higher value as 

compared to the other two houses. 

The non-designers rated House Two the lowest for overall. 

color, and stvle compatibility. As a low, flat-roofed 

building with only small windows and a door to interrupt the 

facade, it may have been perceived as lacking in variety and 

interest. Unlike its setting, which does have striking 

features (mountains and vegetation), the lack of interest in 

the house may explain the students' low ratings. 

The architecture students' ratings of House Two may be 

indicative of their training. They rated House Two highest on 

overall. color, and stvle compatibilitv. This particular 

house is a historic adobe representative of some of Tucson's 

early architecture. Based on its relative lack of appeal to 

the untrained eye, it would seem that familiarity with the 

vernacular architecture would be necessary for a high 

compatibility rating. Vernacular refers to a locally 

perceived regional identity (Norton, 1989). This house may 

have been perceived by the designers as more compatible than 
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the other two because it is representative of the region in 

which it is found. 

Such findings are congruent with those of others (Groat, 

1982; Whitfield and Wiltshire, 1982; Wohlwill, 1979) 

indicating that differences in perceptions may be associated 

with differences in training. Generally, architecture 

students, because of their training, might be expected to show 

greater sensitivity to design considerations or to have 

stronger opinions about specific styles than non-designers. 

Specifically, students in the architecture college at the 

University of Arizona have been exposed to design appropriate 

to arid regions because of their coursework and the regional 

focus of the college. Additionally, the architecture 

students, who were fourth and fifth year students, may be more 

familiar with the Tucson landscape and regional architecture 

because they have lived in the area longer than the non-

designers who were mostly first year students. 

The non-designers rated House Three higher than the other 

two houses for overall compatibility. They also gave House 

Three a high rating for compatibility of stvle regardless of 

color. This house, especially when seen in white, is 

representative of many of the houses found in Tucson - one 

story stucco with a tile roof. The peach color, next to the 

roof tiles of a similar color, may have been perceived as 
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compatible with the house's style. Such findings suggest that 

contrast is a less significant consideration when the style 

is perceived as particularly appropriate. 

The non-designers and designers generally showed 

different compatibility judgments for color. The non-design 

students seemed less concerned with contrast when judging 

compatibility than were the design students. The non-

designers judged white as compatible as neutral and more 

compatible than peach. This may have indicated a general 

preference for white houses. It may also be in response to 

the many white houses in the foothill areas of Tucson -

perhaps what is familiar is also acceptable. They may also 

prefer a moderate amount of contrast to very little contrast. 

This finding conforms with Wohlwill's (1979) report that 

compatibility is in inverse relationship to contrast but 

moderate contrast is desireable. Neutral, with minimal 

contrast, was considered compatible. White which represented 

some contrast was also perceived as compatible but peach, 

which provided great contrast, was not considered compatible. 

The design students1 color preferences seemed to 

indicate that less contrast is necessary for compatibility. 

They preferred neutral, the color which tends to cause a 

structure to blend into its setting, over white and peach. 

White, their second choice, was the color of moderate 
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contrast. Peach was their third choice perhaps because it 

showed such strong contrast to its*settings. 

The architects' ratings showed a direct relationship to 

perceived compatibility based on contrast. Their higher 

rating for low contrast may have represented a greater concern 

for compatibility based on replication where the man-built 

element seems to disappear because of its color. These 

findings would be similar to the recommendations of the design 

manual of the NPS (United States Department of the Interior, 

1935) developed by a panel of experts in the design fields. 

The findings of this study met the stated objectives. 

Limitations; however, may exist. In spite of the general 

reliability and validity of the methods used in this study, 

aspects of the methods may have affected the results. In 

image processing, the realism of the manipulated image is 

restricted by the operator's ability to impart realistic 

textures and shadings. As a result, the images created may 

not accurately depict precisely what is intended. Although 

the validity of measurements of attitudes based on self-report 

is usually quite high, it is limited to what people are 

willing to report (Nunnally, 1967). Also, lacking any real 

continuum, the study represents only the period in time when 

it was conducted. 
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Additionally, limitations in the study may exist in what 

it does not evaluate. High reliability between groups would 

be expected because the subjects were all drawn from the same 

population (i.e. college students) and the results may only 

allow inferences about that population. Lacking demographics 

information, it is difficult to determine whether or not 

differences could be attributed to childhood experiences, 

level of education, and/or regional familiarity. 

Although a significant effort was made to present 

structures in landscapes of similar character, some 

variability may have been attributable to differences in 

vegetation type, density, and distribution at the study sites. 

Along the same lines, this study does not account for possible 

perceptual differences based on the amount of site disturbance 

or the building's location on the site. 

With regard to the built environment, the study was 

limited to inhabitable structures and did not encompass the 

total built environment. Some of the variability in responses 

may have been attributable to a house's perceived value (i.e. 

the house perceived as being most expensive was judged as most 

compatible) which was not held constant. Also, in an effort 

to establish a reasonable scope for the study, only one design 

attribute was evaluated: color. Future studies might 

consider additional design elements such as roof line, 



59 

materials, scale, details, and facade. Inferences about the 

group's perceptions of compatibility for style can only be 

speculated because only three styles were selected and not 

systematically varied. Investigation into who designed the 

individual houses might also provide insight into respondents1 

perceptions. Any of the limitations indicated would provide 

an opportunity for further study. 

Besides contributing to the existing research on 

compatibility, the value of this type of environment 

perception research is in its opportunity to facilitate 

decision making with respect to the populations in question. 

The pratical relevance lies in its ability to assist managers 

responsible for evaluation of the design of man-made 

structures. To develop design guidelines responsive to 

varying segments of the local population, the findings suggest 

that people must be queried. The design guidelines presented 

earlier in this paper were developed largely by design 

professionals. This suggests that the limits on design are 

established without input from other sectors of the 

population. They are not representative of the perceptions 

and opinions of a local population as a whole. As congruity 

between the elements of a landscape is a major source of not 

only the sense of place but also the sense of aesthetic 

pleasure afforded by it, it would seem appropriate to include 
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a variety of perceptions of compatibility in decisions which 

affect the sense of a place. This study suggests that 

opinions of more than the design professionals must be 

represented in design guidelines whose express purpose is to 

enhance or maintain the sense of a place. 
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CONCLUSION 

The purpose of this study was to explore perceived 

compatibility of residential structures in Tucson's natural 

landscape based on contrast and congruence of opinion of 

designers and non-designers about compatibility. The results 

showed that although designers' and non-designers' perceptions 

of compatibility did not differ appreciably when evaluated by 

aggregated ratings of scenes, they did significantly differ 

when responses to compatibility of individual house styles 

were tested. The findings do confirm that contrast is an 

important determinant of people's assessments of 

compatibility. 

The findings do not suggest a universal color of house 

appropriate for Tucson because the ratings were not comparable 

as the research was limited to one population - college 

students. While the findings do suggest that a high level of 

contrast is undesireable, a moderate degree of contrast may 

be as desireable as a complete blending of the structure with 

its surroundings. The findings do suggest that perceptions 

of all affected groups must be considered when evaluating 
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proposed design intended to enhance the sense of a place. 

Further study would clearly be desireable. Extension of 

this research to other populations would provide a broader 

picture of the designer/non-designer relationship. Evaluation 

of additional design attributes could test for possible 

effects not included in this research. Use of a cut-and-paste 

processing method where the setting is held constant and only 

the structure varies would reduce the possibility of rating 

variability based on the landscape and would provide a 

mechanism for evaluating compatibility of individual styles 

of houses. 

This study should be of interest to those involved in 

designing homes in the Tucson area. Undoubtedly, both the 

style of the structure and the characteristics of the setting 

will be important determinants in formulating guidelines for 

the design of developments. The assumption cannot be made 

that the designer knows what the non-designer (i.e. client) 

prefers. Close evaluation of opinions is important to uncover 

what each feels is optimal in the human-built environment. 

Additionally, to develop design guidelines that would 

contribute to enhancement of the sense of a place, the 

characteristics specific to a setting as well as the 

preferences of a variety of individuals would need to be 

considered. A design approach which incorporates a diversity 
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of compatibility opinions would contribute to a place which 

provides broader sense-of-place appeal. 
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APPENDIX A 

SURVEY INSTRUCTIONS 

There is a wide variety of styles of houses. Some styles are 
more prevalent in some areas than in others. Some perhaps 
seem more appropriate in some areas than others. The purpose 
of this study is to determine what types of residential 
structures are perceived as compatible with certain 
landscapes. In this case, compatibility is used as a measure 
of the degree of harmony or fit between the house and its 
landscape. 

You will see scenes of houses in the foothills areas 
surrounding Tucson. These scenes were photographed. They 
are not professional photographs, so please try not to worry 
about the quality of the color image, just use the scene to 
get an impression of what the house would be like if you were 
to see it from the street. 

PREVIEW. Initially, you will see a set of preview scenes to 
get an idea of the types of senes you will be evaluating. 
Don't mark anything on your answer sheet for these, just use 
the preview scenes to imagine how you would rate the houses 
for compatibility on a ten point scale where one is low and 
10 is high compatibility. You will see a fairly broad 
spectrum of houses. Again, please evaluate them for their 
compatibility with surrounding landscape on a 10 point scale 
where one indicates low compatibility and 10 indicates high 
compatibility. 

Are there any questions? You will now see the preview scenes. 
Do not mark anything on your response sheet for these scenes. 

OVERALL COMPATIBILITY. You will now begin rating the scenes. 
Each scene will be shown for about 10 seconds. This is not 
very long, but it should be long enough for you to form an 
impression of the scene and record your opinion. Between 
scenes, you will see text which indicates which scene is next. 
The number of the scene corresponds to the number on your 
answer sheet. This will help you to keep your place on the 
rating sheet. For each scene., please completely fill in the 
circle with the number which corresponds to yor rating for 
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that scene. Please use the full range of the ten point scale 
to indicate how compatible you judge the houses to be with 
their settings. 

Are there any questions? You will now rate the following 
scenes for compatibility. 

COLOR AND STYLE COMPATIBILITY. For the next set of scenes, 
you will again rate each house for its compatibility with the 
landscape based specifically on its color and style. Style 
for this study indicates the design attributes specific to a 
particular house such as size, form, roof line, materials, 
etc. These ratings will also be on a ten point scale where 
one indicates low compatibility and 10 means high 
compatibility of color and style, respectively. 

For these scenes, your answer sheet is divided into two parts. 
On the top section of the answer sheet, you will rate the 
scenes for compatibility based on the color of the house. 
Your responses will be marked in the rows numbered 1 through 
25. 

On the bottom half of the answer sheet, you will rate the 
scenes for compatibility based on the style of the house. 
Your responses will be marked in the rows numbered 31 through 
55. 

Your responses about color will always be recorded on the top 
half of the answer sheet. The responses about style will 
always be recorded on the bottom half of the response sheet. 

Between each scene, you will again see text which indicates 
which row numbers to mark next on your answer sheet. Please 
use this text to locate rows in which to mark your responses. 

Are there any questions? You will now see the scenes which 
you will rate for compatibility based on color and style. 
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