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ABSTRACT 

Abstract and Keywords 

Local governments in Melbourne are rethinking the design of parks with the 

aim of increasing water efficiency.  In changing park design to achieve this 

objective, community landscape aesthetic expectations need also to be 

considered if these changes are to be socially acceptable.  Using a 

psychophysical approach of landscape assessment, this thesis examines the 

relationship between public perceptions of park environments in Melbourne 

and water consumption.  The thesis first develops a perceptual classification 

of a sample of landscapes found in Melbourne’s urban park system.  

Secondly, it investigates the meanings, perceptions and aesthetic and general 

preferences the public associate with these park landscapes.  Thirdly, it 

estimates the relative water-use of landscape plantings associated with these 

park landscapes.  Finally, it develops a systematic approach to balancing the 

public aesthetic expectations and water-use in urban parks.   

Landscape visual assessment methods, including multiple photo-sorting, 

Web-based surveys and verbal rating scale techniques were used in studying 

public perceptions and preferences for the various park environments.  

Hierarchical clustering, multidimensional scaling, optimal scaling and factor 

analysis were the main statistical techniques employed in analysing the data.  

In developing a perceptual classification, 11 perceptual landscape types and 

associated meanings were identified.   

Three dimensions underlying participants’ similarity judgments of park 

landscapes were revealed.  These dimensions are related to (a) vegetation type 

(i.e., native/indigenous vs. exotic) and degree of perceived naturalness, (b) 

vegetation density and spatial organisation and (c) presence of water.  Web-

based landscape assessment surveys were conducted to gather aesthetic and 

general preferences, affective and other evaluative responses for a set of 
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stimuli landscape selected with respect to the 11 perceptual landscape 

categories.  No subgroup differences in relation to age, gender, educational 

level, environmental background and residential experience were found.  

However, in examining individual preferences, two subgroups were identified.  

Subjects associated with the first preference group rated densely forested, 

natural looking landscapes that are dominated by native/indigenous 

vegetation highest in preference with “interesting” and “exciting” being the 

main affective qualities associated with these preferences.  In contrast, 

subjects associated with the second preference group rated more formal, 

picturesque style landscapes dominated by lush exotic types of vegetation 

highest in preference with “pleasant” and “relaxing” being the main affective 

qualities associated with these preferences.   

Three dimensions underlying subjects’ preference ratings of park landscapes 

were revealed and were identical to the dimensions obtained from MDS 

analysis of similarity judgements gathered from the photo sorting exercise.  

This finding implies that, in the context of urban parks, landscape aesthetic 

values may be more strongly associated with factors external (i.e., landscape) 

rather than internal (i.e., affect or cognition) to the observer.  The two 

affective dimensions of pleasure and arousal were found to be influential in 

affecting and predicting people’s preferences.   

Finally, in order to evaluate landscape water-use/needs a hybrid methodology 

that relies on expert evaluations was developed.  By plotting preference 

ratings against landscape water-use data four categories including “critical 

aesthetics” (i.e., high water-use/low preference), “undesirable aesthetics” (i.e., 

low water-use/low preference), “unsustainable aesthetics” (i.e., high water-

use/high preference) and “sustainable aesthetics” (i.e., low water-use/high 

preference) were identified.  These results show that a great amount of water 

saving can be achieved by modifying those landscape environments that fall 

under the first two categories.  Developing trade-off planning strategies can 
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also help achieve sustainable aesthetics with respect to water resources 

conservation.  The results of this research can inform decision-making about 

park planning and design with the aim of satisfying the dual-objective of 

water-use efficiency and meeting public aesthetic preferences. 

 

Keywords: Water conservation, Urban parks, Sustainable aesthetics, Urban 

landscape planning, Landscape visual assessment, Environmental perceptions. 
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DEFINITIONS 

 

Definitions 

Landscape 

The study of landscape involves a paradox.  Landscape is all embracing 

– it includes virtually everything around us – and has manifest 

significance for everyone….  It would be difficult to imagine a topic of 

greater importance than our relations with the world around us, in all its 

natural, altered and man-made variety.  (Penning-Rowsell & 

Lowenthal, 1986, pp. 1) 

Before one can launch into a review of various paradigms of landscape 

aesthetics, it is necessary to define the term “landscape” as it embraces a 

plurality of meanings.  Landscape is defined in The Macquarie dictionary as 

“the view or prospect of rural scenery, such as is comprehended within the 

scope or range of vision from a single point of view” (The Macquarie dictionary, 

2001).  Appleton (1980) defines the concept by proposing that landscape is 

not synonymous with environment but it is the environment “as visually 

perceived.”  Daniel and Vining (1983, pp. 41) also emphasize that “landscape” 

or “landscape quality” focus primarily on the visual properties of the 

environment, therefore, limiting any multifaceted interpretations which would 

potentially include environmental, ecological, socio-cultural or technological 

meanings.  Daniel (2001b, pp. 269) extends this view in saying that these 

processes clearly create landscapes but for the purpose of landscape aesthetic 

evaluation research they should not be included in the definition of  

landscape.  Similarly, Steiner (1991) defines the term landscape as all the 

natural features such as fields, hills, forests and water that separate one part of 

the earth from another.  In this sense, landscape becomes that portion of land 

or territory that the eye can comprehend in a single view including all its 
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natural characteristics.  The European Landscape Convention (2002) defines 

landscape as an area, as perceived by people, whose character is the result of 

the action and interaction of natural and/or human factors.  Gulinck et al. 

(2001) maintain that the term landscape has been a holistic concept from its 

early use in science and suggests that landscapes serve an information 

function as well and therefore cater to overall human and societal needs.  In 

current landscape studies and theories, this information function is often 

diversified in visual aspects, chorological aspects and landscape as an 

ecosystem (Gulinck et al., 2001).  Appleton (1975a) and Bourassa (1991) 

suggest that underlying all these holistic definitions is the notion of adaptation 

of humans to their environment at widely diverging time scales, from 

momentous experiences over individual life times and cultural phases to 

genetic adaptation over evolutionary time since the origin of the human 

species.  An historical review of the meanings associated with the word 

“landscape” can be also found in Jackson (1986). 

Landscape Scene 

Hull and Revell (1989b, pp. 324) define a landscape scene as “the subset of a 

landscape which is viewed from one location (vantage point) looking in one 

direction – it is the observer’s view or perspective.”  In the context of the 

present research, scenes were photographically sampled to represent particular 

subsets of a landscape, or “landscape types” with special characteristics or 

attributes that were presented as a series of landscape scenes for each type. 

Aesthetic Response 

An aesthetic response to the landscape is defined by Ulrich (1986, pp. 30) as 

“preference or like-dislike affect in association with pleasurable feelings and 

neurophysiological activity elicited by visual encounter with an environment” 

(see also Berlyne, 1971; Ulrich, 1983).  Heerwagen and Orians (1993) points 

out that the English word “aesthetic” derives from the adjectival form of the 
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Greek word Aisthanomai, which means, “to perceive.”  Thus, aesthetic 

pleasure means literally pleasure associated with, or deriving from, perception. 

Urban Park 

According to the National Trust of Australia (1993), an urban park is an area 

of ground, which has been developed according to a design with a particular 

recreational and/or aesthetic purpose in mind.  An urban park has defined 

boundaries and it is often included as an element in an overall urban plan.  

Parks are also components of larger cultural patterns of towns and cities, 

along with street patterns, location of public buildings and spatial qualities.  

Urban parks are subject to fashionable stylistic treatments and represent a 

particular spirit of an age or cultural expression overlaid on a geographic place 

(NTA., 1993).  The terms urban park environments and urban park 

landscapes will be used interchangeably throughout this thesis to limit 

redundancy of word use.   
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C h a p t e r  1  

INTRODUCTION 

 

Chapter 1:  Introduction 

World organisations such as the World Bank and the United Nations have 

established new water resource policy guidelines to help face a global water 

emergency that is affecting many developing and developed countries.  This 

problem is predicted to grow much more acute in coming years if 

governments do not give water high priority in their development and 

management plans (Ashraf, 2003).  These guidelines need to focus most 

importantly on the demand side rather than on generating new supplies.  This 

means there needs to be greater focus on achieving efficient use of water. 

Urban development in contemporary Australian cities is now approaching the 

limits of sustainability (Yencken & Wilkinson, 2000; White, 2001).  Yet as 

cities grow, there is increased demand to allocate more land for public green 

spaces, such as parks.  Pressure on the environment resulting from this need 

is manifest through increased use of water to maintain such open spaces.  

Unless integrated and systematic strategies to manage water-use in urban 

green spaces are adopted, and the total water available from all sources is 

wisely used, new green space development in Australian cities will soon 

become unsustainable. 

Yet parks clearly provide many benefits to the public.  Not only are parks 

important for city dwellers in terms of contact with nature and aesthetic 

satisfaction but they also may provide health and restorative effects (Ulrich, 

1983; Parsons, 1991; Frumkin, 2001; Kaplan & Kaplan, 2003).   
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Melbourne, known as the “Garden State,” and Australia’s second largest city, 

often experiences extended periods of drought.  As such, there is an 

imperative to use water efficiently and in a more sustainable manner.  The fact 

that there is a finite amount of water means that everyone needs to appreciate 

the environmental cost of squandering such a vital resource.  Yet the question 

of how public expectations, in terms of how the environment should look, 

and how water might be wisely used, has received little attention in terms of 

research.  

The design of many urban parks in Melbourne was historically influenced by 

the 18th century English landscape movement wherein nature was seen as 

something to be tamed, conquered and controlled, reflecting picturesque 

conventions.  The picturesque has been defined as being “like a picture; such 

as would make a striking picture, implying some measure of beauty together 

with quaintness or immediate effectiveness” (Chambers, 2001) or “a mode of 

composition that stands next to nature, but does not imagine it is natural” 

(Robinson, 1991, pp. 93).  The picturesque landscape is what many public 

park planners and designers have, for decades, tried to recreate and 

perpetuate.  These origins have left a legacy of urban parks consisting of 

mown grass, clumps of trees and individual specimens of exotic trees and 

flowerbeds designed for formal plantings.  Not only is this style of park highly 

consumptive of water but also requires a great deal of energy to maintain (i.e., 

thinning, mowing, fertilization, etc.).   

There is a need for the management and design of urban park landscapes in 

Melbourne to make them look good while still conserving natural resources 

(i.e., water).  As previously indicated, urban parks in Australia have been 

designed along the lines of their English counterparts, an approach which has 

inflicted major environmental damage not only on the fauna and flora of 

some of the world’s oldest ecosystems but also on the water resources of the 

driest continent on earth.  



 

3 

In Melbourne there have been several government campaigns asking people 

to be wise in the use of water.  Municipalities now offer incentives for 

residents and industries alike to save water at home, in their gardens and at 

work and encourage the use of indigenous and native plants and low moisture 

tolerant species (Millar, 2003a).  However, in watering literally thousands of 

hectares of manicured green open spaces and urban parks, water resources are 

squandered.  This results in unsustainable management practices with the aim 

of continuing to recreate and maintain European landscape settings in 

Australia.  This practice of using precious water resources to water public 

urban open space has been widely criticised (Pigram, 1986; Arthur, 1993; 

Szego, 2002; Water Resources Strategy Committee for the Melbourne Area, 

2002).  However, a large number of local and city governments continue to 

plan parks and streetscapes that require the use of large quantities of water 

and continue to use water indiscriminately to maintain existing lush urban 

landscapes, even during times of extreme water scarcity.  For a number of 

years park designers and managers have assumed that the public will only 

accept lush, green urban environments.  Yet is this assumption true?   

Conserving water in the maintenance of urban parks offers the potential to 

save large amounts of water for Melbourne.  There is, however, a tendency in 

the planning community to focus entirely on certain uses of water resources 

without considering the entire range of uses or on the basic nature of the 

element and the problems associated with its protection, development and 

allocation.  This lack of concern for water stems in large part from the 

perception that water is not really a scarce resource; after all, it rains a lot in 

Melbourne!  In addition, there is a frontier ethos of using water once, 

polluting it and then discarding it.   

While strategies to conserve water resources in park environments need 

public support to be successful, the onus is on designers and managers to 

understand public amenity values and balance these values with efficient use 
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of water in the design of urban parks.  This has led a number of 

municipalities, such as The City of Melbourne, to rethink design and 

management of their parks for water efficiency (Millar, 2003a).  This entails 

replacing existing water-hungry exotic trees, shrubs, flower beds and turf 

grasses with less water consumptive native and indigenous plants that are 

better suited to local soil and climatic conditions.  While this approach is a 

sensible step towards creation of more sustainable urban open spaces, some 

members of the public are concerned about the loss of various heritage, 

symbolic, aesthetic and socio-cultural values long associated with picturesque 

landscapes as represented in some of Melbourne’s most frequented urban 

parks (Millar, 2003b). See also Appendix G for further readings about this 

issue.   

One way to achieve optimum use of water resources in public parks and 

gardens is to determine a way of balancing the community’s aesthetic 

expectations with landscape water requirements in the planning, design and 

management of urban parks. 

Research Objectives 

Increasingly state and local authorities are considering public preferences and 

perceptions in environmental planning and design decisions (Naveh, 2000).  

In this context, the present research seeks to inform decision-making in terms 

of urban park design and planning based on public opinions and perceptions 

that can be used to help optimize both sustainable land-use decisions, with 

respect to water-use, and public aesthetic satisfaction of urban park 

environments.  This dual-objective focuses firstly on the assessment of public 

preferences and perceptions in reference to urban parks, and secondly on 

water-use requirements of the various landscape environments associated 

with Melbourne’s urban park system.  In order to attain this dual-objective 

this thesis: 
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1. Develops a perceptual classification of a sample of landscapes 

typical of Melbourne’s urban parks.  This classification establishes 

a basis on which public aesthetic responses to park landscapes can 

then be assessed.   

2. Investigates the diversity of meanings, perceptions and aesthetic 

and general preferences people associate with these park 

landscapes. 

3. Estimates the relative water needs of landscape plantings 

associated with these park landscapes. 

4. Determines how best to balance public aesthetic expectations and 

water-use in urban parks. 

Through this research process, the following research questions will be 

addressed: 

1. Can a typology based on public perceptions of various urban park 

environments be developed? 

2. What are the salient landscape features that contribute to the 

public’s mental image of urban parks? 

3. What are public preferences and aesthetic responses to these park 

landscapes?  

4. What are the meanings and affective responses that underlie 

public aesthetic preferences for these park landscapes? 

5. Can the water-use/needs of these park landscapes be 

systematically evaluated? 

6. What relationships (if any) exist between public aesthetic 

preferences for these park landscapes and their water 

requirements?   



 

6 

History and Role of Melbourne’s Urban Parks 

The history of Melbourne’s urban parks goes back to the early days of the 

British colony (Whitehead, 1997).  The first settlers pioneered the concept of 

municipal parks for reasons of improved public health and a better 

environment in response to creeping industrialisation of towns and cities.  

The establishment of Melbourne’s inner city began in 1839.  In the decades 

that followed, there were two phases of rapid residential development.  The 

first was in the 1850s, when the population of Melbourne increased 

enormously in a very short period due to gold rushes.  The second phase was 

during the land boom of the 1880s.  Between this early sprawl and the city 

centre several areas of bush and riverside land remained (Victoria Ministry for 

Planning and Environment, 1986).   

Reservation of land for parks was initially a result of the efforts of governor 

La Trobe and the surveyor Robert Hoddle.  One of La Trobe’s early actions 

was to reserve the site of the Royal Botanic Gardens in 1846.  In the early 

1850s, Royal Park (still Melbourne’s largest park) and Princes Park were 

reserved.  In 1855, Melbourne City Council was made responsible for Fitzroy 

Gardens and Carlton Gardens.  Fawkner Park and Albert Park were both 

temporarily reserved in 1862 and Yarra Park was reserved in 1864.  The 

Alexandra Gardens and Kings Domain were reserved from the earliest times 

and their proximity to the Botanical Gardens undoubtedly assisted their 

development.  Areas such as Edinburgh Gardens and St Vincent’s Gardens 

apparently developed as part of the local subdivision pattern, while the 

parklands on the St Kilda Esplanade were developed in the late 19th century in 

association with the attraction of the beach and amusement facilities (Bolwell, 

1970).   

The diversity of parks and gardens in Melbourne provide striking contrasts in 

approach to landscape design, from the carefully contrived spaces of the 

Botanic Gardens to the broad open plains and use of native trees of Royal 
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Park.  The distinct 19th century design, plantings and structure of parks such 

as Treasury Gardens, Fitzroy Gardens, Carton Gardens, Kings Domain and 

Alexandra Gardens is a vital component of Melbourne’s Victorian character 

consisting of mown grass, clumps of trees and individual specimens of exotic 

trees and flowerbeds formally designed.  The less formal areas of Yarra Park, 

Fawkner Park and Royal Park now support important public recreation 

facilities such as sports ovals (VMPE, 1986).  Except for St Kilda Esplanade 

and St Vincent’s Gardens, all of these parks and gardens were included as 

study sites in the research presented in this thesis (see Chapter 6, Table 1). 

Most of Australia’s urban parks and gardens have been developed along the 

lines of their English counterparts, emulations of the English ideals.  The 

concept and design of urban open space was transported from the “mother 

country” to the colonies (Wilson, 1979).  It has been suggested that in order for 

European colonisation and settlement of Australia to succeed, the Europeans 

had to extend their cultural memory to assimilate new and unfamiliar people 

and landscapes (Nolan, 1997).  This incorporation of nature to culture was 

only possible through a combination of techniques from science and the 

romantic imagination (Smith, 1989).  Smith (1989) suggests that this romantic 

vision (the picturesque) has played a considerable role in shaping perceptions 

of the Australian landscape either because the landscape could be moulded 

according to this form or because of its resistance to this style.  Nolan (1997) 

notes that in turning a colony into a nation, Australians devised a language 

from romantic vision by which nature could be further categorised, ordered 

and subdued.  The many reserves and parks that exist in Melbourne today 

clearly reflect this romantic view of nature and the conventions of the 

picturesque in framing scenery.  

For decades, Melbourne’s parks and gardens have contributed to the social, 

cultural and economic fabric of the city’s communities.  Local municipal 

authorities pioneered the provision, development and management of the 
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park system.  Such has been their success that almost every section of the city 

council has a public park or network of public green space that now accounts 

for about 460 square kilometres or 12 percent of the metropolitan Melbourne 

region. 

The Role of Urban Parks 

People need contact with trees and plants and water.  In some way, which 

is hard to express, people are able to be more whole in the presence of 

nature, are able to go deeper into themselves and are somehow able to 

draw sustaining energy from the life of plants and trees and water 

(Alexander, Ishikawa, & Silverstein, 1977, p. 806, cited in R. Kaplan 

(1983, pp. 127)). 

Public urban parks are an important aspect of the urban environment.  Urban 

parks are community assets in that they provide a convenient venue for active 

and passive recreations, as well as enhancing the image and perceived value of 

neighbourhoods  and residences alike (Solecki & Welch, 1995; Luttik, 2000).  

They serve the needs and interests of all kinds of people and subgroups of the 

population, including the young and old, wealthy and poor, male and female 

and all ethnic and cultural groups (Hayward, 1989;  see also Gobster, 1998).  

This wide appeal makes urban parks a valuable asset to the quality of urban 

life not only in a social and behavioral sense but also in a physical and 

ecological sense. 

Urban parks can play a major role in the conservation and restoration of 

urban ecology and constitute a vital element in the fabric of sustainable cities 

(Rowntree et al., 1994; Whitford et al., 2001; Ong, 2003).  Benefits in air 

quality, wildlife habitat, property values, shade and aesthetic appeal of urban 

parks are widely acknowledged (Dwyer et al., 1992).  There is also evidence 

that urban parks increase the perceived quality of life in residential areas 

(Sheets & Manzer, 1991) and may enhance feelings of safety (Grahn, 1991; 

Kuo et al., 1998) and health (Ulrich & Addoms, 1981; Kaplan, 1983; Kaplan, 
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1984; Ulrich, 1984; Ulrich et al., 1991b).  Likewise, parks are democratic places 

where everyone has access, and as Thompson (2002, pp. 60) suggests: 

What remains true for public open spaces and for urban parks in 

particular, is that they are the places where democracy is worked out, 

quite literally, on the ground, therefore, the way such spaces are designed, 

managed and used demonstrates the realities of political rhetoric….  The 

nineteenth century park, that quintessential expression of philanthropic 

but patronising urban planning, was designed as ‘a kind of democracy, 

where the poor, the rich, the mechanic, the merchant and the man of 

letters, mingle on a footing of perfect equality’. 

Mackenzie (1979, pp. 19) suggests the role and need of parks in Australian 

cities and towns in saying that green open spaces offer respite from modern 

reality of the stressful urban environment and the claustrophobic congestion 

and intensity.  He argues that these factors threaten the individual opportunity 

to find escape and shelter from the stress, the pace and demand of 

regimented city life.  

Thesis Structure 

In this chapter the topic of the research is introduced, the research approach 

is outlined and research questions are posed.  In Chapter 2 the importance of 

water as a vital resource, its impact on the environment and issues of 

managing Australia’s water resources are reviewed.  Theories and 

methodologies concerned with the classification, quantification and 

assessment of public landscape perceptions and preferences, for both large-

scale and small-scale environments, are reviewed in Chapters 3 and 4.  

Chapter 5 is an overview of the methods used in the present research.  Details 

about the three empirical studies, including the classification of park 

landscapes (Study 1), assessment of public aesthetic preferences (Study 2) and 

evaluation of landscape water-use (Study 3), and findings of these studies are 

presented in Chapter 6, 7 and 8 respectively.  In Chapter 9, results obtained 
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from these studies are put together, discussed and reviewed in relation to each 

other.  Finally, conclusions and recommendations for future research are 

suggested in Chapter 10 (see Figure 1). 

 

 

 

Figure 1.  Thesis structure. 
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C h a p t e r  2  

WATER AND THE AUSTRALIAN ENVIRONMENT 

 

Chapter 2:  Water and the Australian Environment 

Water in Nature 

Water has many natural functions.  Water is colourless yet it can take on all 

colours.  It is shapeless yet it can adapt to any form.  Water shapes landscapes 

and life forms through extreme scarcity or periodic excess.  Lack of water can 

spell death through floods or other natural diasters yet it gives birth to all life 

on earth (Ramos & Aguilo, 1988).   

Water is necessary for subsistence and a life-sustaining foodstuff (Burmil et al., 

1999).  Embryos live in, and emerge from, water.  The bodies of all terrestrial 

organisms consist primarily of water and their physiological processes require 

an aquatic milieu to function.  Organisms need a regular input of water due to 

inevitable water loss to the environment.  Thus, a lack or scarcity of water can 

mean loss of vital functions within a short space of time, which often means 

death to the organism.    

Water represents not only an essential foodstuff but also constitutes an 

important component of the habitat in which most organisms have evolved 

and now live.  This is true of not only organisms in the oceans, where life first 

emerged, but also those that have evolved in association with rivers, lakes, 

swamps and groundwater.  Indeed, aquatic habitats, which interact with both 

terrestrial ecosystems and the atmosphere, have been necessary for the 

evolution and survival of life on earth (German Advisory Council on Global 

Change., 1997).   
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Similarly, water plays a natural regulatory function through its different phases 

and related transition properties that make it a major and critical regulator of 

the earth’s energy and mass balances.  Energy consumed by thawing or 

evaporation of water, and the energy released when water condenses or 

freezes are fundamental driving forces of the earth’s weather and climatic 

systems.  Water vapour in the atmosphere is also the most important 

greenhouse gas, without which the annual mean temperature would be 

significantly below the present level.  Due to water’s properties as a solvent 

and as a transportation medium, it has a major role in shaping the planet, for 

example through erosion. 

Water as a Cultural Element 

Water in its numerous forms has had a significant influence on the cultural 

development of many societies and has shaped individual, as well as 

collective, patterns of perceptions, values and behaviours (Jellicoe & Jellicoe, 

1971).  Since primeval times the diverse manifestations of water have been the 

source of meanings reflected in the cultural expressions of various societies, 

that is, their values, attitudes, myths, religions and societal norms.  These 

values are expressed as pictures and symbols of water in paintings, literature 

and landscape design.  Powell (1989) suggests that the ubiquitous use of 

verbal expressions alluding to water in everyday language, poetry and 

literature, attests to its singular and historical importance in human affairs. 

The transition in humans from a nomadic to a sedentary existence, which was 

accompanied by the growing of foodstuffs and the raising of livestock, was 

first established along watercourses where water needed for drinking and 

irrigation could be found in adequate and reliable quantities.  In antiquity of 

many parts of the world, development of agriculture was characterized by the 

migration of entire populations to large river valleys, such as in Egypt (Nile), 

Mesopotamia (Euphrates and Tigris) and India (Ganges).  The growth of 

locally adapted irrigation technologies, which subsequently influenced the 
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creation of many other technical facilities and even shaped entire societies and 

social orders, began on great rivers (Moore & Lidz, 1994). 

Water is exploited by humans in various ways.  For instance, water is utilized 

as a production technique in irrigation, in mining and power generation.  It 

also provides a method of communication, facilitating trade and social and 

cultural exchange (Powell, 1989).  Water can server as a barrier, as in the 

designation of rivers and lakes as political boundaries.  It also offers a 

multitude of recreational experiences that are frequently exploited 

commercially, particularly in contemporary times (Smardon, 1988b).   

The presence of water in places where springs and rivers have been endowed 

with spiritual or healing powers are all symbolic expressions of water in the 

landscape (Lopez-Cuervo, 1988).  Great rivers such as the Ganges and Nile 

have accrued enormous religious and national significance over the centuries.  

For the Maori, the native people of New Zealand, water possesses a deep 

spiritual meaning in which their gods as well as their ancestors are believed to 

be present in water.  To the Maori rain means that the god of the sky 

“Ranginui” is crying; crying about the Mother of the Earth, while the sighs of 

“Papatuanuku” rise as fog.  Dead ancestors as well as many of their 

mythological gods are believed to live in the rivers.  For the Maori, the waters 

of their homeland are part of their identity and whatever happens to the water 

happens to them.  This applies both to outside influences and to personal 

actions (Taylor, 1987).   

The multi-faceted meanings attached to water in myths and religions across all 

historical periods illustrate the ambivalent nature of this substance for 

humanity.  In a religious context, there is both reverence and fear of water, 

since it stands for fertility and life and the perils provoked by uncontrollable 

powers (e.g., deluges, floods or heavy rains); and as previously mentioned, its 

complete absence in times of drought can signal death.  In the creation myths 

of most religions, water is viewed as the primal element of life, and associated 
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in this way with birth and fertility.  Rain, particularly in the religious traditions 

of desert peoples, is perceived and understood as a blessing sent from God in 

answer to their prayers.  Excessive rain, however, is interpreted as a sign of 

God’s wrath in response to unsuitable human behaviour (Moore & Lidz, 

1994).  Water is also associated with the removal of impurity, for instance by 

ritual cleansing or by ascribing healing powers to certain sources of water.  

This belief is closely connected to the conception of the waters of life, 

counteracting the passage of time.  In Christian baptism, for example, water 

becomes a sign of conversion, renewal and integration into the congregation 

of believers (Burmil et al., 1999). 

The Aesthetics of Water 

Apart from the religious context, water conveys a variety of symbolic and 

literal meanings.  Various forms of water have inspired innumerable artists to 

create great works of art, which in turn, have influenced the way we see and 

perceive water (Ramos & Aguilo, 1988; Moore & Lidz, 1994).  The aesthetic 

meaning and significance attached to water has been expressed, for instance, 

in the use of water as a design element, be it in landscapes, gardens and parks 

or in urbanised  areas in the form of artificial lakes, waterfalls, ponds, wetlands 

or artistically designed fountains (Jellicoe & Jellicoe, 1971; Whalley, 1988; 

Moore & Lidz, 1994).  What is common to water in all these various forms is 

that it is something people appreciate in the landscape (Burmil et al., 1999).   

The attractiveness of water in the environment far exceeds that of other 

materials or elements as demonstrated by the findings of numerous visual 

landscape assessment studies (Litton, 1972; Herzog, 1985; Pitt, 1989).  The 

sound of water can also be an important component of human experience of 

the landscape, either separately or in combination with visual experiences 

(Hetherington et al., 1993).  Few natural phenomena are as attractive to 

humans as the movement of water in its all its variety and continuity.  Motion 

of water in itself has been shown to provide an important contribution to 
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human perceptions and evaluation of the landscape (Hetherington et al., 

1993). 

Perceptually based landscape preference studies have consistently reported 

the presence of water as a strong positive contributor to perceived landscape 

attractiveness (Shafer, 1969; Zube et al., 1974; Ulrich, 1983).  In addition, 

some studies report that subjects cognitively discriminate between landscapes 

with and without water by placing them into separate typological categories 

(Palmer & Zube, 1976; Herzog, 1985; Amedeo et al., 1989).  Views of water 

have even been shown to produce beneficial psychophysiological effects, 

potentially contributing to restorative human health benefits such as aiding 

recovery from surgery, inducing positive states of mind and combating stress 

(Hartig et al., 1991; Parsons, 1991; Ulrich, 1993; Parsons et al., 1998).    

It would require a major interdisciplinary research effort to define a given 

society’s cultural associations and uses of water in all its dimensions, touching 

on science, technology, economy, law, administration, religion, symbolism 

and aesthetics, water resource management and other disciplines (GACGC, 

1997).  A worthwhile goal for environmental managers and policy makers, 

and for environmental and social scientists, might be to determine what 

dimensions of water, and water in the landscape, may affect the broader range 

of human environmental experiences, and how these experiences may affect 

individual values and social welfare (Burmil et al., 1999) and ecological 

sustainability. 

Water for Life, Water for People 

As mentioned, water fulfils a myriad of human needs from physical, to micro-

climatic, to symbolic to mythological.  Perhaps more than any other single 

factor water determines where cities grow and how nations develop.  This 

year, 2003, has been declared the year of water by the United Nations.  

Countries and development agencies around the world are rethinking the best 

way to manage water as this vital resource becomes increasingly scarce.   
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The amount of water available is diminishing due to the rapid growth of the 

world population and because it is being contaminated through pollution 

from wastes produced by domestic, industrial, agricultural and misguided 

land-use.  However, it is clear that the availability of clean, potable water is 

central to economic development, and to maintaining a natural environment 

that can sustain populations in the long term.  The fact is many countries are 

not managing their water resources in an efficient and sustainable manner.   

How Scarce Is Water? 

Seventy percent of our earth, the “Blue Planet,” is covered by water.  Yet only 

2.5 percent of the world’s water is fresh, while 97.5 percent occurs in the 

oceans.  Merely a third of one percent of this freshwater is in the form of 

rivers, lakes and reservoirs, 30 percent is in the form of groundwater, while 

the rest is stored in places that are hardly accessible, that is, distant glaciers, ice 

sheets and mountainous areas (UNESCO, 2003). 

According to the World Water Development Report (WWAP, 2003), 

published by the United Nations Educational, Scientific and Cultural 

Organization (UNESCO), the world population has tripled, and water-use has 

increased six-fold during the past century.  These changes have come at great 

environmental cost; land degradation, salinization and desertification.  Half of 

the world’s wetlands have disappeared during the 20th century and some 

rivers, such as the Colorado River in the U.S. and the Murray River in 

Australia, now barely reach the sea.  These environmental consequences have 

great social, economic and ecological costs.  While agriculture uses more and 

more water every year, to meet the food demands of a growing population, 

other users are also competing for the same water.  For example, 

industrialization, especially in the Western world, has had serious and negative 

impacts on water quality.   

Alarming statistics and forecasts of impending calamity proliferate (United 

Nations Environment Programme., 2002).  Assessment over the past two 
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decades, which has been undertaken to establish present and future water 

trends, reveals that a third of the world’s population lives in water stressed 

areas, where consumption outstrips supply.  It is estimated that by 2025 two 

thirds of the world population will be affected by this plight if the current 

trends continue uncontrolled.  Already, a fifth of the world’s population is 

without access to safe water supplies and almost 6000 people, mainly children 

in developing countries, die every day because of contaminated water (UNEP, 

2002).   

It has become an almost unchallenged assumption that in this century water 

wars will erupt as communities and countries become increasingly thirsty and 

desperate for the world’s most precious and most fundamental natural 

resource.  This quest to obtain the “White Gold” is predicted to be a major 

source of conflict (Clarke & Svenska röda korset., 1991; Swain, 2001).  

Indeed, in many countries inter-communal and international conflicts and 

disputes over finite water resources are, and will inevitably continue, to occur 

as the population climbs over eight billion by 2050 (as the U.S. Bureau of the 

Census predicts (1999)) and the spectre of global warming takes its toll in the 

form of more extreme weather events including droughts (Watson & 

Albritton, 2001; Healey, 2003). 

Water and the Australian Environment 

Australia, the driest continent on earth, is facing serious water issues now that 

are predicted to only get much worst in the future (Yencken & Wilkinson, 

2000).  The World Water Development Report (WWAP, 2003) ranks nations 

according to the quality of their water supplies.  Australia comes in the 

twentieth place behind heavily populated nations like the United Kingdom, 

Japan and the United States.  Even Russia, Korea and the Philippines are 

ranked as having better water quality than Australia. 

Australia today, with its current agricultural, urban and industrial management 

practices, is already functioning at the limit of its water resources.  All of 
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Australia’s water resources are fully committed, and hence at the limit of 

carrying capacity in terms of human numbers (White, 1997).    

Australia is frequently described as the “brown land” (White, 1994).  In fact, 

75 percent of the continent’s land is arid comprising 40 percent desert.  A 

further ten percent can be classified as arid for much of each year, becoming 

severely arid in droughts, while only 15 percent of the total land area is 

reasonably well watered (White, 2000).  Drought is a common occurrence, 

and for a country so recently and so sparsely settled, water quality and 

availability is a serious environmental challenge.  Almost every major study 

that has assessed Australia’s water resources, either nationally or in relation to 

particular aspects within defined regions, draws attention to the issues of ever-

increasing water scarcity, salinity and land degradation (Hannah, 1992 314).   

The latest Australian State of the Environment report states that about 5.7 million 

hectares, mostly in agricultural regions, are at risk of, or are affected by, 

salinity, and potentially increasing to 17 million hectares by 2050 (ASOTEC, 

2001).  Up to 20,000 km of inland waters could be affected by salinization; as 

a result, up to two million hectares of native vegetation could disappear by the 

year 2050.  Eighty important wetlands are already affected by salinity and this 

is posing a major threat to many aquatic ecosystems, particularly in western 

Victoria and southwest Western Australia.  About 26 percent of surface water 

areas are close to, or exceed, sustainable extraction limits and many river 

systems along the east coast of Australia are now overdeveloped or 

approaching full development status, which means that no further 

withdrawals can be made.  This indicates that many riverine ecosystems are 

under substantial pressure from water extraction, and the current level of 

extraction will not be sustainable over the long term.  In addition, it is 

predicted that at least 200 Australian rural towns could experience salt damage 

over the next 50 years (ASOTEC, 2001). 
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Australia contains some of the wettest areas on earth, in western Tasmania 

and on the northern Queensland coast, however most of the continent is 

relatively dry with approximately 40 percent of the continent too dry for 

agriculture.  Half of its area has an average annual rainfall of less than 300mm 

and only 20 percent has more than 600 mm (Australian Academy of 

Technological Sciences Engineering, 1999).  Rainfall in Australia is not only 

low and seasonal, but also irregular compared with other continents such as 

Europe and North America.  It has been estimated that even within the same 

general climatic zones, variation in Australian rainfall and runoff is two to 

four times that of North America and Europe (AATSE, 1999).  These rainfall 

patterns have had a major influence on the development of Australian society.  

Irrigation has allowed some areas of intensive settlement and farming on 

otherwise dry country and sparsely settled areas.  As most runoff occurs after 

large rainfall events, only 32 percent of the total runoff can realistically be 

pumped from rivers or stored in dams, and only seven percent of the total 

runoff from Australia’s catchments can actually be diverted with the current 

system of dams and other infrastructure.  After considering environmental 

water needs, it has been estimated that only about 20 percent of Australia’s 

total runoff can be sustainably diverted for human uses.   

As for Victoria, and Melbourne in particular, it is currently in its seventh year 

of drought and water storages have now reached the trigger point below 

which restrictions are introduced.  That is, the total storage system is at only 

forty percent capacity.  In fact, Melbourne is currently under Stage 2 water 

restrictions, which means limits on watering private lawns and gardens and 

washing cars.  The warning signs from the current drought are bleak.  

According to Victoria’s Department of Sustainability and Environment, as of 

August 2003, 273 of Victoria’s towns are currently on water restrictions.  

Reservoirs are at their lowest levels in more than a decade and many farmers 

are facing one of the worst seasons on record, exacerbated by bushfires in 

summer and poor international prices for produce (Thwaites, 2003).   
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Australia’s Water Resources: Uses and Trends 

Water is a vital commodity and a key resource in Australia.  Not only is 

Australia one of the driest of all vegetated continents, but it is also 

characterised as having high spatial and temporal variability in its climatic 

conditions (White, 2001).  This rainfall variability is predicated on two reverse 

climatic phenomena: El Niño and La Niña (Tropical Atmosphere Ocean 

Project., 2003).  The former is characterised by an extensive warming of the 

central and eastern Pacific Ocean that leads to a major shift in weather 

patterns across the Pacific that is often experienced as drought affecting large 

parts of eastern and northern Australia.  The latter, La Niña, is characterized 

by unusually cold ocean temperatures in equatorial Pacific regions. For 

instance, parts of Australia and Indonesia are prone to drought during El 

Niño, but are typically wetter than normal during La Niña (TAOP, 2003).  

Combined with high levels of evapotranspiration and a limited supply of 

water resources in major agricultural and urban areas, these conditions make 

the supply, use and management of Australia’s water resources a major 

challenge for water users, water managers and policy makers (Natural 

Heritage Trust., 1997).  

Much of Australia’s water resource needs are concentrated in eastern and 

southern Australia, where many rivers have been dammed to provide secure 

access to water for agriculture and for urban areas (Natural Heritage Trust., 

1997). In most Australian regions, and particularly in the southeast and 

southwest, the reservoir capacity required for a reliable water service is many 

times the annual demand.  This means that capital expenditure on water 

storage tends to be relatively high.   

Water-use across Australia has increased by 65 percent in the past 15 years.  

In terms of groundwater-use, there has been a 90 percent increase.  Generally, 

32 percent of groundwater extracted is for urban and industrial use, 51 

percent for irrigation and 17 percent for stock watering and rural use 
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(ASOTEC, 2001).  Up to four million people in Australia depend totally or 

partially on groundwater for domestic water supplies.  The total volume of 

drinking quality groundwater that can be sustainably extracted is estimated to 

be about 21,000 GL per year.  However, many undeveloped groundwater 

resources are in remote areas (AATSE, 1999).   

As it is the case with surface water resources, some groundwater resources are 

already overdeveloped, as the rate of extraction exceeds the rate of recharge.  

These include the Great Artesian Basin, many small aquifers in the Murray-

Darling Basin, the Perth Basin and aquifers along the east coast of Australia 

(AATSE, 1999).  

Although only 12 percent of water used in Australia is supplied to 

households, in economic terms the value of this water represents more than 

50 percent of all water used.  The major in-house uses of water are on average 

55 percent of total domestic use.  This demonstrates the high level of 

domestic water used to water gardens.  Estimates of water used for garden as 

a percentage of domestic use include Sydney at 31 percent, Melbourne at 36 

percent, Adelaide at 44 percent and Perth at 63 percent.  During summer, 

even greater amounts of water are used for watering gardens, lawns and open 

spaces.  It has been argued that much of the water applied to gardens and 

open spaces is wasted as most of this water could be used for drinking 

(Arthur, 1993; NCPA., 1993).  

A long-term water-resource planning model was developed for the Victorian 

State Government (Victoria Department of Conservation and Environment., 

1991).  Using a scenario-testing approach, two scenarios were examined.  In 

the first scenario, the model predicted what would happen if historic trends of 

water-use continued with public funding of more dams.  In the second, the 

model predicted what would happen if water development proceeded 

according to a real price of water and public willingness to pay this price.  For 

the former a conclusion was reached that if development continues at past 
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rates Victoria State would develop all of its available water resources in 35 

years.  Whereas for the latter results showed that development would only 

occur through either tapping of new water sources or trading of water rights 

amongst water authorities.  Similar conclusions were attained when possible 

future national water demands and allocations scenarios were tested again in a 

joint study of the Australian Academy of Technological Sciences and 

Engineering and the Institution of Engineers (AATSE, 1999). 

Water Myths and Eurocentric Attitudes 

The approach to water management in Australia has been based on 

acceptance of a number of myths about the nature of the resource on the one 

hand and human behaviour on the other (Sewell et al., 1985; Powell, 1989).   

Dr John Williams, Chief of CSIRO Land and Water, argues that the 

Australian psyche is dominated by dreams of water: 

Europeans {the first settlers} found the landscape harsh and arid, 

lacking the verdancy and park-like landscapes of Europe.  The rivers 

were untamed: vast floods that spread across the plains then, in weeks, 

became a chain of muddy pools.  Eight generations after settlement, we 

still have the greatest difficulty in grasping the role of water in our 

landscape and responding to it in an Australian, rather than a 

European or an Asian way.  (Williams, 2001, ¶ 1-2) 

He goes on to elaborate about what he sees as the three great myths that still 

dominate Australians’ way of thinking.  These are:  

1. Water allowed to run to the sea is wasted.   

2. The desert can be made to bloom.   

3. Australia must be drought-proof. 
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According to Williams (2001), the natural flow of water down a river to the 

sea is part of a healthy system.  It is when people prevent this by damming or 

extracting too much of the flow for other uses that the river’s health is 

jeopardized.  In relation to the second myth, he cynically argues that, “two 

centuries of development in Australia seem to have taught the Australians 

little about the risks of salinity, land and water degradation, loss of habitat and 

species.”  As for ‘drought-proofing’ Australia, he maintains that this is equally 

fraught with risk because it also involves bringing water to places where 

normally it is only an episodic event.  He holds that, “there is blindness about 

our planning that doesn’t seem to acknowledge where we actually live” 

(Williams, 2001, ¶10).  Finally, he concludes that, “if we are to become real 

Australians, not merely transplants, we need to re-think our fundamental 

values of water and landscape and our relationship to them” (Williams, 2001, 

¶12).  The persistence of these three myths indicates that Australians have yet 

to come to terms with the nature of their continent, and more particularly 

with respect to water and its use. 
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C h a p t e r  3  

LANDSCAPE PREFERENCE: THEORETICAL FRAMEWORKS 

 

Chapter 3:  Landscape Preference: Theoretical Frameworks 

Introduction 

The aim of this chapter is to provide an overview of the various theoretical 

views that underlie landscape preference research so that the results of the 

present study can be understood in an appropriate theoretical framework.  

The various positions and perspectives on landscape preference and 

environmental aesthetics are first reviewed, and factors affecting landscape 

preferences are then examined. 

A Theoretical Vacuum 

Several critical reviews have concluded that the study of landscape aesthetics 

is in need of a unifying theory (see Appleton, 1975a; Porteous, 1982; Zube et 

al., 1982; Zube, 1984b; Sancar, 1988; Carlson, 1993).  Such theory is needed to 

determine the contribution of the diverse approaches that have been 

developed for assessing landscape aesthetics to interpret the results and to set 

the ground for future research.   

In contrast to this view, Zube et al. (1982) describes the field as being built on 

diverse theories embedded in the research literature that reflect underlying 

differences merely inherent in the wide range of disciplines and professions 

involved in this field.  Appleton (1975b) maintains that techniques for 

evaluating landscape aesthetics are overwhelmingly dominated by empirical 

methodologies and describes the current state of research in the area as 

existing in a “theoretical vacuum.”  Similarly, Porteous (1982) suggests that 

much of the research carried out in the field of landscape aesthetic assessment 
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is “rampantly empirical” and that theories to explain research findings are still 

poorly developed.  

In Appleton’s (1975b) review, “Landscape Evaluation: the Theoretical 

Vacuum”, he draws attention to the issue of a lack of theory in landscape 

evaluation research by posing a series of questions: What do we expect of a 

theory?  How does the lack of theory affect the methodologies we use for 

landscape aesthetic evaluation?  How can we deal with this issue?  Making use 

of a medical analogy, he answers the first question by suggesting that a theory 

should provide fundamental principles necessary to identify a condition 

(diagnosis), prescribe an intervention for improving that condition 

(prescription) and for predicting the consequences of the intervention 

(prognosis).  He states, “what at the fundamental level leads people to prefer 

one landscape to another they are not able to tell us in terms of any theory 

which would receive such general acceptance as that which relates the signs 

and symptoms of a sick child to the condition known as measles” (pp. 121).  

Addressing the second question, Appleton asserts that, “there are many areas 

in which critical assumptions inevitably underlie the decisions we make in 

approaching an evaluation of landscape” (pp. 120), concluding that in the 

absence of a theory we must proceed empirically.  Lastly, he proposes a three-

step approach advising that: (a) we must firstly press on with empirical 

techniques, (b) be cautious in considering the constraints inherent in the 

methodologies and interpreting and generalizing our results and (c) dedicate 

time and effort in the “pursuit of the theoretical” (pp. 123).  This is the 

conclusion of several other researchers who explicitly recognize what they 

have termed “a conspicuous theoretical void” and argue that purely empirical 

research without a general explanatory theory is only fragmentary and will at 

best produce hit-and-miss results (see Appleton, 1975a; Porteous, 1982; Zube 

et al., 1982; Sancar, 1988; Carlson, 1993).  
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Zube et al. (1982) reiterates Appleton’s call and urges “all students of 

landscape quality” to contribute to development of a general theoretical 

framework for the field.  Moreover, in an effort to establish a basis for 

reviewing the various approaches to landscape evaluation Zube and his 

colleagues (1982)  developed a model in which landscape perception is 

considered as a function of the interactions between humans and their 

surrounding landscape.  This transactional model is largely based on the work 

of Ittelson (1973), an environmental psychologist who earlier addressed the 

nature of human-landscape interactions and their outcomes.  Zube et al. 

(1982) cited Ittelson’s work as providing a general theoretical structure by 

which three distinct paradigms of landscape perception research could be 

meshed into one system.  The reason for elucidating this framework was due 

to the fragmentary nature of the field where “some research concentrates on 

human qualities, some on landscape properties and some on outcomes,” thus 

highlighting salient areas for further investigations.   

Zube (1984b, pp. 105) notes that the two terms, “landscape” and “theory,” 

share a degree of ambiguity that is manifest in the many definitions found in 

both dictionaries and in the research literature.  However, he draws 

distinctions between the meaning of theory in social and behavioral sciences 

and design and planning disciplines, suggesting that the former see theory as 

an “explanatory” construct aimed at determining what and why a phenomena is 

whereas the latter is concerned with developing a normative model aimed at 

determining what ought to be (see also Carlson, 1993).  By attempting to bridge 

these apparent differences Zube (1984b) refers to Moore’s (Moore et al., 1982) 

four-level structure of theory which identifies theoretical orientations, 

organizational frameworks, conceptual models and explanatory hypotheses as 

the basic attributes of theory in landscape perception research.   

On what should be expected of a theory Zube (1984b) speculates that theory 

should (a) provide a framework for bridging the various paradigms, (b) 
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consider relationships between quantitative and qualitative information and 

(c) include interests in both urban and natural landscapes at both the site and 

regional scale.  Finally, outlining conceptual relationships of three recurrent 

themes in the research literature; the professional paradigm, the behavioural 

paradigm and the humanistic paradigm he emphasizes the importance of the 

transactional view and the model of human-environment relations as 

advanced by Ittelson (Ittelson et al., 1973).  He suggests the appropriateness of 

this model by arguing that, “it offers a way of conceptualizing landscape 

assessment broadly as multi-modal and multi-experiential” (pp. 108). 

Zube et al. (1982, pp. 22) adapted the theoretical framework of  Ittelson 

(1973) as set out his book “Environment and Cognition” to landscape 

perception by recognising the fact that:   

1. Landscapes surround as they permit movement and exploration of 

the situation and force the observer to become a participant.   

2. Landscapes are multimodal and provide information that is received 

and processed simultaneously through multiple senses.   

3. Landscapes provide both peripheral and central information that is 

received from behind the observer as well as from in front, and from 

outside the focus of attention as well as from within.   

4. Landscapes provide copious information that can be simultaneously 

redundant, inadequate, ambiguous, conflicting and contradictory.   

5. Landscapes cannot be passively observed as they provide 

opportunities for action, control and manipulation.   

6. Landscapes call forth actions and provide symbolic meanings and 

intriguing messages that can call forth purposeful actions.   
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7. Landscapes have an ambience as they are always encountered as part 

of a social activity and have a definite aesthetic and systemic quality. 

These considerations are set in a model of human-landscape interactions 

under which landscape evaluation research can be carried out in a manner that 

has a theoretical basis and in an integrated manner.  This model also offers a 

framework by which various professional models, landscape information and 

research findings can be further reviewed, summarized and integrated (Zube, 

1984b). 

Carlson (1993), in examining this theoretical vacuum, reviews two 

representative studies, one from the beginning and one from the end of the 

1980’s.  The first was a study presented in Zube’s (1984b) review article 

entitled “Themes in Landscape Assessment Theory” and the second was 

presented in Bourassa’s (1991) book “The Aesthetics of Landscape.”  Carlson 

(1993, pp. 51) argues that these two references explicitly acknowledge the 

theoretical vacuum, and each presented an attempt to deal with it.  Based on 

the four-level structure of theory previously noted (Moore et al., 1982), 

Carlson scrutinizes what has thus far been offered in terms of theory arguing 

that “although important theoretical work has been accomplished, much 

remains to be done,” concluding that the field still lacks an adequate theory of 

justification of findings and proposing by that that another level of theory. 

Perception of Landscape 

Bell (1999) explicates that visual perception of the landscape is mostly 

through the eyes.  The brain receives the image projected onto the retina as 

optical arrays and then processes it to recreate the view that we experience.  

This phenomenon is repeated as we shift our gaze and we see patterns 

defined by edges or light energy gradients.  He maintains that when we 

discuss landscape perceptions or landscape aesthetics, we are referring to 

three things: (1) the physical aspects of the visual stimuli, (2) the intuitive 

recognition of an aesthetic quality, and (3) the ability of the mind to connect 



 

29 

sensory information to other knowledge and develop opinions about what 

has been perceived, (i.e., meaning). 

Gestalt Psychology 

An important and well-established body of theory is that which is derived 

from Gestalt psychology.  This theory has made important contributions to 

the study of visual perception and provided a strong foundation for cognitive 

theory, which in turn has been extended to research in areas such as memory 

and the nature of aesthetics.  Gestalt theory can be summed up in the often-

quoted phrase, “the whole is more than the sum of its parts.”  The essence of 

this theory is that people perceive objects as wholes and emphasizes that we 

perceive objects as well-organized patterns rather than separate component 

parts.  For example, when we open our eyes we do not see fractional particles 

in disorder.  Instead, we notice larger areas with defined shapes and patterns.  

The “whole” that we see is something that is more structured and cohesive 

than a group of separate particles (Hoffman, 2003).   

An important concept in Gestalt theory is the idea of “grouping,” or how we 

tend to interpret a visual field in a certain way.  The main factors that 

determine groupings are proximity, similarity, closure and simplicity.  

Proximity reflects how elements tend to be grouped together depending on 

their spatial closeness.  The concept of similarity reflects how elements are 

grouped together conceptually.  Closure is concerned with how items are 

grouped together to complete a pattern.  Whereas, simplicity is concerned 

with how items are organized into figures according to symmetry, regularity 

and smoothness.  These factors form the “laws of grouping” as originally 

presented by Köhler (1947). 

Theory of Affordances 

Another theoretical premise that may contribute to understanding visual 

environment is the concept of optic flow which forms part of the “ecological 

theory of perception” as advanced by Gibson (1966; 1979).  Optic flow is 
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predicated on our moving in the landscape, that is, as we move through a 

landscape, information (or patterns) emanating from surrounding objects flow 

around and past us in a way that would enhance our spatial understanding of 

the surrounding environment (Bell, 2001).  An aspect of this ecological theory 

of perception is the idea that we do not perceive our environment neutrally, 

but rather view it in terms of what is afforded to us or what needs it might 

fulfil.  This theoretical model has been referred to as the “theory of 

affordances.”  Gibson (1979) explains that affordances are what the 

environment offers in terms of “what it provides or furnishes, either for good 

or ill” (pp. 127).  For example, a chair affords sitting, a cliff affords avoidance 

and a playground affords playing.  Kaplan and Kaplan (1989) offer a further 

interpretation of this idea in saying that “affordance is what an environment 

offers the perceiver or, in other words, what the perceiver would like to do in 

the setting.”  This interpretation fits with Gibson’s (1979) early views when he 

states that: 

The affordance of something does not change as the need of the observer 

changes.  The observer may or may not perceive or attend to the 

affordance, according to his needs, but the affordance, being invariant, is 

always there to be perceived ….  The basic affordances of the environment 

are perceivable and are usually perceivable directly, without an excessive 

amount of learning (pp. 138-143). 

Bell (2001) suggests that this theory adds a useful overlay for purposes of 

understanding landscape perception adding: 

It is a straightforward connection from the notion that we are pattern-

seeking organisms with a highly developed perceptual mechanism, to the 

idea that part of our natural response to what we perceive is aesthetic.  If 

we are able, through our perception, to comprehend strong patterns in the 

landscape that are meaningful to us, then we may well find them more 

aesthetically attractive.  (pp. 207) 
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Bio-Evolutionary Perspectives on Landscape Aesthetics 

It has long been argued that human aesthetic responses to landscapes may be 

partially inborn and derive from ancient biological requirements for survival 

(Kellert & Wilson, 1993).  The focus of various evolutionary theories 

proposed to explain aesthetic and preference responses to landscapes are 

based on the assumption that humans prefer certain types of landscapes more 

or less than other types because of some evolutionary predispositions 

(Appleton, 1975a; Orians, 2003). 

The origins of the human species necessitated  the ability to handle large 

quantities of visual information and has been essential to our long-term 

survival (Ulrich, 1977).  Thus, the survival and reproductive success of our 

ancestors depended on the ability to obtain and use environmental 

information wisely.  However, evaluating and responding to environmental 

information is difficult because the rich array of information that impinges 

upon us sometimes exceeds our capacity to assimilate and synthesize such 

information (Gibson, 1979).  Consequently, adaptive behaviour requires 

selective attention to certain components of the environment that in turn 

strongly influence our perception of the environment.  In effect, the complex 

behaviour of organisms would be impossible in the absence of “filters” that 

emphasise, de-emphasise or eliminate unnecessary information emanating 

from the environment.  Some empirical studies suggest that these filters may 

embody evolutionarily stored knowledge that enables us to effectively 

describe and understand the external world (Appleton, 1975a; Kaplan & 

Kaplan, 1989; Sommer & Summit, 1996; Orians, 2003). 
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Information Processing Theory 

When our ancestors came down from the trees to face the rigors of the 

African savanna, they were not some random, undifferentiated mammal.  

They came with a distinctive pattern of adaptations that reflected the 

requirements of the particular environment from which they emerged.  

(Kaplan & Kaplan, 1982b, pp. 7) 

This statement suggests that survival of early humans was dependent upon 

development of cognitive information processing skills that led to preferences 

for certain landscape types that make sense to the observer (Ulrich, 1977).  This 

evolutionary predisposition for landscape preferences is at the heart of the 

Kaplans information-processing theory (Kaplan & Kaplan, 1989).  This 

model postulates that humans, through environmental encounters, need to 

gather extensive environmental information that then needs to be processed 

and incorporated into mental models or “cognitive maps” of the external 

environment (Purcell, 1992).  These cognitive maps encourage “adaptive 

biases” that influence how one interprets present and future encounters or 

experiences of the landscape (Kaplan & Kaplan, 1989).  One result of this 

process is that preferred landscapes are those that can be comprehended and 

information can be acquired relatively easily in a non-threatening manner, 

provide opportunities for involvement and convey the prospect of additional 

information.  According to this theory, if a given scene has attributes that 

facilitate its comprehension, then an organism should favour the scene.  

Commenting on this model, Ulrich (1977) adds that, “to be preferred, a scene 

should not only present information, but it should also be identifiable and 

easily grasped.  Conversely, a scene that is ambiguous and resists 

identification, or which places very high processing demands on the observer, 

should be less preferred” (pp. 280). 

Drawing on their extensive research both in urban and natural landscapes the 

Kaplans propose that environmental preferences are made up of two basic 
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informational needs: “making-sense” and “involvement” (Kaplan & Kaplan, 

1982b, 1982a; Kaplan & Kaplan, 1989).  In order for humans to function and 

thrive in an environment they must be able to make sense of the environment 

and then become involved with it, and within it (Kaplan & Kaplan, 1982a).  

To do this the environment must be coherent and legible, that is, an 

individual must be able to characterise and comprehend the components of 

the environment.  According to this information-processing model, such 

comprehension is achieved by relating the perceived structure of a landscape 

to one’s cognitive map.  Such mental mapping enables an individual to predict 

and anticipate the information being presented.  On the other hand, an 

environment that is too easy to make sense of may quickly become boring or 

tiresome.  To avoid this situation the individual seeks more involvement in 

the environment.  Further involvement requires additional mental mapping to 

process the new information being presented, which in turn modifies how the 

environment is perceived and valued in future encounters. 

Furthermore, the Kaplans (1982a) suggest, and have the findings of numerous 

empirical studies to support the idea, that involvement in an environment 

necessitates that the landscape has the appropriate attributes of coherence, 

complexity, legibility and mystery.  Coherence refers to the extent to which a scene 

“hangs together” through repetition of elements, textures and structural 

elements that facilitate its comprehension.  Complexity refers to the amount 

of variety or diversity in a scene, that is, a scene that has enough information 

present to keep one interested and occupied.  Legibility refers to the sense 

that an environment looks as if one could explore it extensively without 

getting lost.  Environments that are high in legibility are those that look as if 

they would be easy to make sense of as one wandered farther and farther into 

them.  Mystery refers to the degree to which more information may be gained 

by proceeding further into the scene and that presents features that arouse 

curiosity or speculation (Kaplan & Kaplan, 1982a).  Together these four 

factors (i.e., coherence, complexity, legibility and mystery) constitute a 



 

34 

preference framework that is set in a temporal (i.e., immediate or prospect) 

and spatial (i.e., two-dimensional or three-dimensional) context.  Kaplan and 

Kaplan (1982a) emphasize the role of space in this model by stating that: 

A scene or landscape setting is not merely something to perceive, but 

something to enter into.  Implicitly at least, one must imagine oneself in 

the situation.  One must consider how one would function if one were to 

enter into the space and move around in it.  Thus, the longer-range, or 

more future, aspect of preference depends upon the analysis of the inferred 

three-dimensional space.  The more immediate aspect of preference seems 

to involve the two-dimensional qualities of the scene (pp. 82). 

They suggest that to make sense out of the environment is one of the most 

pervasive of human needs.  The motivation to make sense of an environment 

inclines people to form cognitive maps that can apply to the situation at hand.  

It also ensures that people will be most comfortable in those environments 

where previous cognitive maps can be useful.   

Given these perspectives, it seems reasonable that familiarity with a place or 

type of environment might play a significant role in environmental cognition 

and subsequent preference (Kaplan & Kaplan, 1982a).  Familiarity delineates 

the relationship between an individual and something (e.g., object or 

landscape) that he or she has had considerable prior experience with 

(Chambers, 2001).  Familiarity may increase one’s confidence and provide 

opportunities to use the cognitive maps that have already been developed and 

stored in one’s mind.  Familiarity affects both of the major components of the 

information-processing model; it seems to enhance the making-sense 

component as much as it simultaneously undermines involvement.  However, 

Kaplan and Kaplan (1982) suggest that the way familiarity affects preference 

is not straightforward. They use some cultural expressions to exemplify this 

relationship.  For example, if a scene evokes a sentiment that makes one say 

“that’s weird,” it would be expected to score low on both preference and 
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familiarity.  If one said, “I’ve never seen anything like that before” or 

exclaimed “wow” or “that’s neat” this would suggest high preference for an 

unfamiliar scene (i.e., low familiarity).  The expression “that same old stuff 

again,” describes a highly familiar environment that is unlikely to be preferred 

(i.e., low preference), however, a scene that evokes a response such as “no 

place like home” suggests a very familiar scene that would be highly preferred.  

In other words, a familiar environment is very easy to make sense of but it 

quickly becomes boring and less involving, particularly if no prospective 

information can be safely afforded.  Conversely, an unfamiliar environment 

may be thrilling and very involving but it quickly becomes too complex and 

threatening if the information afforded cannot by easily processed and 

matched with the cognitive maps one has previously acquired.  

Along the same lines, Berlyne’s (1960) theory of complexity posits that 

exploratory behaviour can be classified as either specific or diversive 

behaviour.  The former refers to in-depth exploration of a single stimulus 

because of its arousal quality, whereas the latter refers to non-directional 

behaviour due to boredom.  Moreover, Berlyne (1971) hypothesizes that 

visual aesthetic appeal depends partly on the level of arousal triggered by a 

stimulus or an environment.  As such, arousal is characterised in terms of the 

interrelated variables of novelty, complexity and interestingness and is measured by 

the degree of exploratory behavioural response when one is confronted with 

appropriate proportions of these “collative variables,” that is, the qualities 

based on which subjects compare one environment with another.  The 

perception of these stimulus qualities then leads to cognitive experiences, such 

as discrepancy, uncertainty and conflict, which in turn guide exploratory behaviour 

(see also Wohlwill, 1976).  As a result, people’s aesthetic judgements of 

various environments tend to be most positive for environments that contain 

moderate levels of these collative factors, with negative judgements being 

made with respect to extremely low or extremely high levels.  In other words, 
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collative properties of the environment produce different responses in the 

observer, which results in different levels of appreciation of an environment.  

Based on Berlyne’s theories, Wohlwill (1970; 1976) suggests a more complex 

pattern.  He proposes a butterfly curve hypothesis that relates the nature of an 

environment to changes in affect.  This hypothesis postulates that humans 

become accustomed to a certain level of environmental stimulation (or 

“adaptation level”) and that changes in stimulation away from this level cause 

changes in affect.  Particularly, a small increase or decrease in stimulation 

causes a positive change in affect, but larger changes produce a swing to 

negative affect.   

Russell (1980) and Russell and Pratt (1980) propose a two-dimensional 

bipolar model that aims to predict the likelihood that a person will be drawn 

to an environment depending on the information rate, or arousal, and amount 

of pleasure he/she derives from the environment.  Information rate is a 

measure of the total amount of information received by the senses at a given 

time and incorporates all of the factors of environmental stimulation 

proposed by authors such as the Kaplans and Berlyne (see also Russell, 1980).  

According to this model (see Figure 2), the information rate and affective 

response to this information will determine the likelihood that a person will 

approach or avoid an environment with varying levels of pleasure and when 

arousal (i.e., high information rate) is too high causing avoidance of or 

alteration to the environment.  At high levels of pleasure a person is likely to 

respond to both high arousing and tranquil environments, while the opposite 

is true for unpleasant environments. 
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Figure 2.  Russell’s (1980) circumplex model relating level of arousal and pleasure of an 
environment to approach/avoidance behaviour. 

Prospect-Refuge Theory 

Three concepts have guided much of the theory about the role of aesthetics in 

habitat selection; these are prospect, refuge and hazard (Appleton, 1975a).  

The need to see without being seen would have been a necessity during the 

hunter-gatherer stage of human evolution.  Such prospect-refuge situations 

are suggested to be an important basis for explaining landscape preference.  

Prospect refers to the ability of an individual to gather information about an 

environment with which to evaluate its characteristics and decide how to use 

it.  Environments high in prospect offer rich opportunities for evaluation 

while environments low in prospect offer fewer opportunities.  Refuge refers 

to the degree to which an environment provides security from negative agents 

while the individual is exploring and gathering information.  Hazard refers to 

the dangers to which an individual is exposed during information-gathering 

activities.  In short, this theory maintains that landscapes, which provide 

humans with an opportunity to see (or prospect), without being seen (or 

refuge), provide aesthetic pleasure because they contribute to the satisfaction 

of the observer’s evolutionarily ingrained biological needs (Appleton, 1975a).  

Savanna-like landscapes, as often seen in the design of urban parks, frequently 
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offer such prospect/refuge qualities where open grasslands offer unimpeded 

prospect and forest edges or groups of trees offer the opportunity to take 

refuge (Gobster, 1994).   

The Biophilia Hypothesis 

The term “biophilia” was first coined by Wilson (1984) who used it to 

describe what he believes is an innate human affinity for the natural world.  

This Biophilia Hypothesis suggests the existence of a biologically based, 

inherent human need to affiliate with life and lifelike processes (Wilson, 1984; 

Kellert & Wilson, 1993).  This theory posits that human identity and personal 

development depend, in one way or another, on peoples’ relationship to 

nature.  This relationship is suggested to go far beyond the need for 

sustenance and material exploitation of the environment but also includes 

human craving for aesthetic, intellectual, cognitive and even spiritual meaning 

derived from contact with the natural world.  Wilson (1984) suggests that this 

need has several levels asserting that biophilia is: 

1. innate, that is, biologically and genetically based,  

2. part of human evolutionary heritage,  

3. integral to human competitive advantage and genetic fitness,  

4. the basis for human ethics involved in conservation of nature, 

particularly in terms of bio-diversity of life (see also Kellert & Wilson, 

1993, pp. 20).  

Wilson (1992) maintains that there are numerous examples that illustrate the 

idea of biophilia and its converse, biophobia, and that these affiliations have a 

genetic component.  He suggests that one piece of evidence to support this 

idea is found in the fact that people crowd national parks to experience 

natural landscapes, and they ‘‘travel long distances to stroll along the seashore, 

for reasons they can’t put into words’’ (pp. 350).  As a further example, he 
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argues that people develop fear and phobias of snakes and spiders, while 

more threatening modern artefacts, such as knives, guns or cars rarely elicit 

similar responses.  In addition, he suggests, and certainly there is empirical 

evidence to support this suggestion, that people would rather look at natural 

environmental features such as water, green vegetation or flowers than built 

structures (Ulrich, 1981; Kellert & Wilson, 1993).  Conversely, in his book 

review S. Kaplan (1995) argues that this hypothesis might not be true as 

witnessed by the seeming disregard people have for the natural environment 

as witnessed by its continued degradation worldwide. 

Wilson (1984) suggests that because biophilia may be only partially genetically 

based, it must be nurtured, preferably from an early age, to express itself fully 

in the adult human (see also Kahn, 1997).  He suggests that the biophilic 

instinct is expressed, often unconsciously, in our emotions, art and ethics.  He 

maintains that it unfolds ‘‘in the predictable fantasies and responses of 

individuals from early childhood onward.  It cascades into repetitive patterns 

of culture across most or all societies’’ (pp. 85).  What makes the biophilia 

hypothesis particularly attractive is that it provides an overarching framework 

that can be used to bridge various environmental disciplines in order to 

develop a deeper understanding of human relationship with nature (Kahn, 

1997).   

Habitat Selection Theory 

Habitat selection theory has been used as a theoretical framework for a 

number of studies to explain human aesthetic responses to the landscape (see 

also Ulrich, 1977; Balling & Falk, 1982; Lyons, 1983; Heerwagen & Orians, 

1993).  Orians (2003) suggests that during most of our evolutionary history, 

habitats occupied by humans rarely provided reliable resources to support 

permanent occupation sites, thus frequent movement through the landscape 

was common even though special places were often revisited.  He adds that 

relatively few generations have passed since humans started to live in 
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mechanized and urban environments, therefore, evolutionarily based response 

patterns of humans to landscapes are unlikely to have been substantially 

modified (Orians, 2003).  Conversely, Daniel (2001a, pp. 18) challenges this 

assumption arguing that: 

It is not clear, for example, how natural selection could make the 30-

something human cycle particularly responsive to 1000-something 

ecological cycle.  The pre-history record suggests that when environmental 

conditions became significantly unfavourable to humans, the humans died, 

moved on or, within the limits of their technology, changed the 

environment. 

Orians (1986) argues that habitat selection is a vital decision in the lives of all 

organisms.  When selecting a habitat an organism responds as if it 

understands the significance of sounds and smells in terms of its future 

survival and reproductive success.  Initial responses are typically related to 

feelings that lead to rejection, exploration, or a certain use of the 

environment.  Because the strength of these responses is central to immediate 

decisions about where to settle and what to do in a place, the types of 

emotional states that environments evoke would be expected to be positively 

correlated with the expected survival and reproductive success of organisms 

that are in them.  In other words, good habitats should evoke strong positive 

responses and poor habitats should evoke weak or even negative responses 

(Appleton, 1975a; Kaplan & Kaplan, 1982a; Orians, 1986).   

Indicators of the presence of food, water, shelter and protection from 

predators would be expected to evoke positive responses, whereas potential 

hazards, such as inclement weather, fire, dangerous predators and barriers to 

movement, would typically evoke negative responses.  Although no direct 

evidence yet exists for genetic influences on these responses, a number of 

evolutionary hypotheses, including habitat selection theory, have been used to 

make predictions about landscape preferences, some of which have been 
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tested empirically (Ulrich, 1977, 1983; Orians, 1986). Responses to 

environmental cues may vary with a person’s age, social status and 

physiological state (Lyons, 1983).  However, there is still evidence to support 

the premise that what people like and dislike in the landscape is highly 

consistent across all population variables  (Newell, 1997). 

Preference for Savanna-type Landscapes 

Another aspect of habitat selection theory is that humanoids are thought to 

have evolved in African savannas and only recently, over the last 100,000 

years at most (Johanson & Edgar, 1996; Fleagle, 2000), have migrated to other 

continents and ecosystems.  The evolution of our human ancestors from tree 

dwelling to ground dwelling is believed to have occurred near sources of 

water in a zone between forest and grassland (Kaplan & Kaplan, 1982b).  

Such areas are described as savanna-like landscapes, which have formal 

similarities to contemporary parks and forest edge type of environments.  

Such places would have been rich in variety and quantity of species (Kaplan & 

Kaplan, 1982b).  Thus, landscape features, such as tree shapes, that are 

characteristic of high quality African savannas would be expected to be 

especially attractive to humans today (Heerwagen & Orians, 1993; Summit & 

Sommer, 1999).  

The shapes of trees that dominate savannas are good predictors of the 

resource-providing capacities of those environments.  Trees that grow in the 

highest quality African savannas have layered canopies that are broader than 

they are tall and trunks that bifurcate close to the ground.  Early humans 

would have been expected to evolve to find the shapes of these trees more 

pleasing than the shapes of those trees that dominate poor quality habitats.  

This hypothesis has been tested by determining responses of people to tree 

shapes and by examining the features of environments, such as parks and 

gardens that are designed with attractiveness in mind.  In one study, college 

students in Australia, Brazil, Canada, Israel, Japan and the United States were 
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found to prefer trees with broad spreading crowns over conical and columnar 

trees (Orians, 1986; Heerwagen & Orians, 1993).  In similar research, Summit 

and Sommer (1999) examined preference for tree shapes in relation to 

evolutionary theories of landscape preference.  This research was carried out 

in three studies.  The first study reported a preference for trees with acacia-

like (the type of tree typically found in African savanna lands) characteristics 

and showed that size preference was related to environmental context (i.e., 

city, suburban, rural or wilderness).  The next study found, using different 

stimulus figures, a preference for trees with large canopies and short trunks.  

The final study found that tree shapes that were more preferred in Study 1 

and 2, such as the spreading, globular and vase-shaped forms, were associated 

with different connotations than less preferred conical and columnar shapes 

and were rated higher in terms of value and strength. 

Restorative Responses 

Orians (2003) suggests that aesthetic emotions are a major component of how 

humans solve problems.  He argues that emotions determine how much and 

what kind of attention we pay to elements of our environments, the value we 

place on them and what we do when we perceive them.  Hence, aesthetic 

emotions are seen as major drivers of human problem-solving behaviour.  If 

aesthetic responses evolved because they enabled people to better solve life’s 

problems, thus reducing feelings of tension and stress, then exposure to high 

quality environments should be restorative.  In fact, stress reduction 

consistently emerges as one of the key benefits reported by users of 

wilderness areas (Parsons et al., 1998).  Restoration from stress is also often 

reported as a benefit of urban parks that display savanna-like vegetation and 

water, which are cited as being particularly important in inducing this effect 

(Schroeder, 1989).  Patients recovering from surgery in hospitals, with either 

views of natural vegetation or simulated views that depict natural scenes with 

water, recover more rapidly and have less post-operative anxiety than patients 

who have no access to natural views (Ulrich, 1984).  Many studies have shown 
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that even a brief exposure to nature, real or depicted by photographs, leads to 

positive emotions, reduction in stress and better performance on demanding 

tasks (see also Ulrich, 1995).   

The changes sometimes recommended by landscape architects to their 

prospective customers are another source of data that may support an 

evolutionary model to explain human responses to the landscape.  A good 

example is the prominent work of Humphrey Repton, an 18th century British 

landscape architect (Repton et al., 1907; Repton & Malins, 1976; Repton, 

1994).  Repton presented his clients with before and after drawings of their 

estates in which he would change existing landscapes to look more like 

savanna-like scenes by increasing visual access and penetrability of closed 

woods, opening up distant views to the horizon, or providing opportunities 

for prospect by adding places of refuge, cues signalling ease of movement and 

suggesting of resource availability, particularly for large mammals (Heerwagen 

& Orians, 1993). 

Frumkin (2001) recently build upon Wilson’s biophilia hypothesis by citing 

research evidence consistent with nature having beneficial physical and mental 

health benefits for people. 

What Is Landscape Beauty?  

Concepts of beauty may be fundamentally personal, idiosyncratic and 

determined primarily by the culture in which an individual lives and grows up 

(Balling & Falk, 1982; Gobster, 1999).  In this sense, it is quite often said that 

beauty is in the eye of the beholder, as it is widely recognised that culture and 

learning clearly exert strong influences on the way humans perceive and 

respond to environmental information or the importance they place on 

symbols and meanings associated with natural objects (Cosgrove, 1984; 

Schama, 1996).  For instance, Meinig (1979) describes how a varied group of 

people each might describe a different set of values and uses for the same 

landscape.  Nevertheless, these culturally influenced response norms are the 
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result of complex interactions between objects (or landscapes) and the minds 

of the beholders (Carlson, 1979; Kaplan & Herbert, 1987; Daniel, 2001b).   

A review of the pertinent literature suggests the presence of two philosophical 

positions that have been influential in understanding landscape aesthetics.  

These are the subjectivist position (beauty resides in the eye of the beholder) 

and the objectivist position (beauty resides in the properties of things).  These 

two positions are further elaborated upon and reviewed in Evernden (1981) 

and Lothian (1999).  

Landscapes, or particular landscape features, can have a symbolic value 

(Cosgrove, 1984; Smardon, 1988a; Nohl, 2001).  For example, a mountain 

scene might represent a challenge for one person or a mystical experience for 

another (Vining & Stevens, 1986).  Nevertheless, symbolic values may not be 

directly related to features of a specific landscape as symbolism can transcend 

the immediate experience of the landscape (Cosgrove, 1984).   

Dearden (1987) argues that in any given landscape evaluation there will be a 

mixture of factors internal (e.g., previous experiences, familiarity, etc.) and 

external (e.g., landscape features, water presence, vegetation density, etc.) to the 

observer where in some circumstances, the former may dominate the 

response and in others the latter may dominate.  In other words, in some 

instances beauty will reside more in landscape and in others more in the eye 

of the beholder in influencing landscape judgements.  He further suggests that 

if beauty is inherent in objects, then methodologies to study responses to 

landscapes should be directed toward measuring those objects (see for 

example Daniel & Boster, 1976; Shafer & Brush, 1977).  If beauty is in the eye 

of the beholder, than the perceptual, affective and cognitive processes of the 

individual would appear to be a more suitable methodological starting point 

(see for example Rolston, 1995).   
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Many advocates of evolutionary theories, however, argue that beauty is 

neither in the eye of the beholder nor an intrinsic property of objects.  Rather 

it is the joint product of interactions between characteristics of the objects 

and the human nervous system that evolved in a way such that the objects we 

consider beautiful have properties that result in improved performance in 

some aspect of our life, if we respond positively to them (Appleton, 1975a; 

Penning-Rowsell & Lowenthal, 1986; Kellert & Wilson, 1993; Daniel, 2001b).  

Objects that one might think should be avoided, modified or destroyed are 

often also regarded as being ugly.  Such evolutionary theories suggest that 

concepts such as beauty and ugliness should be viewed from a functional 

rather than a structural perspective (Orians, 2003).   

Daniel (2001b) argues from an evolutionary position asserting that, generally, 

perception-based landscape assessment research has always taken both 

objective and subjective perspectives into consideration.  He acknowledges 

the fact that the objective-subjective debate is still a matter of controversy in 

landscape perception studies and suggests that after decades of debate the 

subjective emphasis seems to be more popular in modern philosophical 

understanding. 

Ecological/Sustainable Aesthetics 

Over the past thirty years, there has been a growing awareness of the 

significance of the aesthetic quality of the environments we live, work and 

play in (Carlson, 2001).  As a result, a plethora of empirical methods has been 

developed for the quantification, assessment and valuation of landscape 

aesthetics, as well as theories to explain landscape aesthetic preferences.  A 

recurring theme throughout the literature reporting the results from this body 

of research has been the aesthetic preferences for certain types of natural 

landscapes, such as those with open ground cover, presence (or suggesting) of 

water, occasional clumps of trees and shrubs and the whole representing a 

coherent yet mysterious landscape scene (Parsons & Daniel, 2002). 
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Nassauer (1995b) suggests that nature in general has come to be identified 

with pictorial convention of the picturesque.  She shows that when an attitude 

of care is evident (“cues to care”) or a serious ecological intent is evident, 

aesthetic preferences for “messy ecosystems” increased significantly (see also 

Hands & Brown, 2002).  Both Nassauer (1988; 1995b; 1997a) and Thayer 

(1989) suggest that the appearance of natural habitats may run contrary to 

American cultural norms that favour neat appearance of landscapes.  

Observing the social “language” of landscape among Americans, Nassauer 

(1995b) suggests that through regular mowing of grassy areas and pruning of 

larger plants, landowners communicate their intention to care for their 

property in which neatness equates with good management or stewardship of 

land.  “Where plants or wildlife are perceived to be out of control, whether by 

virtue of a messy appearance or by real losses… nature is not wanted” 

(Nassauer, 1997a, pp. 70).  Thayer (1989) reinforces this conclusion in 

suggesting that natural ecosystems may be viewed as messy and untended, 

and hence not preferred over more manicured landscapes. Similarly, Nassauer 

(1995b; 1995a; 1997b) suggests that the picturesque, a cultural not an 

ecological concept, has informed popular taste rather than ecological reality, 

arguing that many mistake picturesque aesthetic convention, associated with 

“scenic landscapes,” for ecological quality when in fact it is often contrasting 

to ecological reality. 

Kimmins (1999) maintain that a belief has developed especially in Western 

societies, that if something looks nice, it must always be ecologically superior 

and better in terms of biodiversity than something that is visually undesirable. 

However, Nassauer (1995b, pp. 161) argues that “what is good may not look 

good, and what looks good may not be good.”  She cites examples where 

scenic landscapes that provide poor habitats and are low in biodiversity and 

do not protect or conserve nature are often preferred over more ecologically 

rich and healthy landscapes.  This creates a potential conflict between 

ecological sustainability and landscape aesthetics (Nassauer, 1995a).  She 
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considers that applied landscape ecology is essentially a design problem and 

urges landscape designers to promote a cultural norm that will underpin 

ecological health and sustainability across landscapes.  Along the same lines, 

Gobster (1999) suggests that landscape management guidelines often 

emphasize a visual and stylised design of an ideal natural setting rather than 

one where the dynamics of change are apparent. In this context, he has said 

that:  

By emphasizing the visual, dramatic, and picturesque attributes of 

nature; by treating the landscape as a static, formal composition; and by 

conceptualizing and measuring only the visual, perceptual, and affective 

aspects of human aesthetic response, we may be limiting the range and 

depth of aesthetic opportunities we afford our public.  This is unfortunate 

in itself, but the problem is compounded when we attempt to provide for 

sustainability and aesthetic values.  (pp. 56) 

He stresses that the scenic aesthetic that many have focused on, in practice 

and research, has helped perpetuate a preference for landscapes that are 

“superficial” and not ecologically sustainable.  Gobster (1999), like Nassauer 

(1997b) and Aldo Leopold before them (see Leopold et al., 1990), advocates a 

need for a cultural shift towards an expanded idea of landscape aesthetics, 

which embraces not only the structure, but also the functions of healthy 

ecological systems (see also Howett, 1998). 

Parsons and Daniel (2002) addressed this call for a new normative 

environmental aesthetic as an attack on landscapes that many consider 

inherently beautiful.  Daniel (2001b) argues that this “green philosophy” in 

which landscape aesthetic quality is defined by natural or ecological values, 

which are argued to be intrinsic to human wants and needs, is not new.  He 

points out that the ecological paradigm that he himself and Vining (1983) have 

previously identified as one of five conceptual models of landscape 

assessment is based on this position.  Moreover, Parsons and Daniel (2002) 
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suggest this call for an ecological aesthetic, stemming from what people such 

as Gobster have termed a “biocentric philosophy,” as being premature.  They 

maintain that, “while it is clear that maximizing the production of human 

benefits is not the primary goal of ecosystem management… it is less clear 

what the goals are.  What are the desired ecosystem conditions toward which 

environmental management should strive” (pp. 274).   

Interestingly, Parsons and Daniel (2002) refute the claims made by Gobster 

(1999) that scenic aesthetic preferences are intellectually shallow and 

motivated by momentary sensory pleasures. Parsons and Daniel (2002) 

provide ample historical, psychological and neurobiological evidence that 

suggest scenic beauty is neither a superficial concept nor a highly malleable, 

socio-cultural construct.  Their conclusion is that the best approach is one in 

which first experts in ecology and natural sciences assist policy makers in 

building a scientifically defensible consensus about what constitutes a healthy 

ecosystem.  Secondly, involve environmental psychologists and social 

scientists to help develop a better understanding of why and how people might 

adopt certain environmental concerns and then engage in ecologically 

responsible behaviours.  A thorough discussion of the idea of linking ecology, 

sustainability and aesthetics as it is applied in the context of forest 

management is also usefully elaborated in the work of Sheppard and Harshaw 

(2001). 

Do People Prefer Sustainable Landscapes? 

Regardless of the various positions, it seems clear from the above discussion 

that there is an evolving body of landscape perception research concerned 

with what has been termed “sustainable environments” or “sustainable 

landscapes.”  Abundant calls to align ecological values with scenic landscape 

aesthetics have been issued and concerns about conserving, managing and 

designing landscapes that are not only aesthetically appealing to the public but 

also ecologically sustainable, have been raised (e.g., Thayer, 1989; Parsons, 
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1995; Nassauer, 1997b; Kimmins, 1999; Daniel, 2001b; Gobster, 2001).  

However, some research findings suggest that what might be judged as 

sustainable and good stewardship by an ecologist may be perceived as ugly to 

the average citizen (Matsuoka, 2002).  Conversely, what may be considered 

beautiful to a person in the street may not be ecologically sustainable! 

The relationship between ecology and aesthetics is an ongoing debate in 

landscape perception research (Parsons, 1995; Gobster, 1999; Parsons & 

Daniel, 2002).  As previously mentioned, recent research findings show that 

people often perceive natural ecosystems as messy, less attractive and 

sometimes as scary as opposed to those that are more manicured, which they 

may consider more attractive (Nassauer, 1995b; Bixler & Floyd, 1997).  In 

addition, Gobster (1994) suggests that the spatial configurations of many 

landscapes that people find attractive are consistent with the visual 

characteristics of vegetation of poor ecological quality environments.  Yet 

other studies have shown that an informed and educated public may be keen 

to accept sustainable landscapes, albeit not necessarily on grounds of their 

scenic beauty, if they are aware of the importance of such landscapes from an 

ecological perspective (Thayer, 1982).  The question remains to be answered; 

do people visually prefer sustainable landscapes?  

To answer this question Daniel (2001a) suggests that one must proceed by (a) 

clarifying what is meant by a “sustainable landscape” and by (b) refining the 

meaning of “preference.”  The term “sustainability” is all embracing, as much 

as the concept landscape is.  One cannot discuss landscape sustainability 

without talking about sustainable management, sustainable design or even 

sustainable social/cultural attitudes.  Sustainability comes in at all levels.  In 

fact, various definitions have been offered for the term but the one adopted 

and refined by Thayer (1989) seems particularly appropriate in the context of 

the research presented in this thesis.  “Sustainable landscapes {are} those 

landscapes which tend toward ideal conditions by conserving resources (i.e., soil, 
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energy, water, air quality, wildlife, diversity, etc.), as well as those which actually 

achieve a long-term regenerative capacity” (Thayer, 1989, pp. 102).  However, 

given the breadth of this definition, and for the purpose of the present 

research, the focus will be mainly on those landscapes that are more likely to 

be the products of intentional design, namely constructed landscapes, in this 

case those located in urban settings, and in relation to water as a vital resource 

to be conserved. 

As for the concept of “preference,” it has been suggested, and there is some 

research to support this contention, that people’s general preferences are a 

blend of personal, social, moral and economic factors (Carlson, 2001).  

Hence, it is very important, particularly in the context of landscape visual 

assessment, to make a clear distinction between “preferences” in general and 

“aesthetic preferences” for the obvious reason that people’s preferences in 

general may diverge from, and overrule, their aesthetic preference judgments. 

Having refined the concepts sustainability and landscape preference, the 

answer to the question whether people aesthetically prefer sustainable 

landscapes can be explored empirically.  Daniel (2001a) suggests that one only 

needs to find a number of landscapes that do and do not exhibit visual 

attributes linked to the idea of sustainability, present them to people and 

empirically determine which landscape they prefer.  That is, to determine the 

relationship between biophysical features of landscapes (associated with the 

concept of sustainability) and human responses to these features (i.e., 

preference or choice).  This general approach has been included, by Daniel 

and Vining (1983), under the psychophysical model of landscape visual 

assessment research (see Chapter 4). 

While the discussion about “ecological aesthetics” is more relevant to the 

design and management of large-scale natural forest and agricultural 

landscapes, the current study seeks to apply the same questions and principles 

to small-scale urban park environments.  Nevertheless, given that the focus in 
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this thesis is on resource conservation rather than on ecosystems as such, the term 

“sustainable aesthetics” will be used instead of the term “ecological 

aesthetics” as the research is in the context of Melbourne’s urban park 

systems. 

Factors Affecting Landscape Preferences 

Several social and demographic factors have been shown to possibly influence 

the perception of landscape (Cosmides & Barkow, 1992; Van Den Berg et al., 

1998).  Strumse (1996) suggests that an examination of the role of 

demographics in visual landscape preferences may well elicit the general issue 

of the universality of human nature versus cultural variability. He explains that 

research on variations in visual landscape preferences can be generally 

classified into two theoretical positions: the constructivist position (see for 

example Moore, 1979; Lyons, 1983) and the functionalist-evolutionary 

position (see for example Appleton, 1975b; Kaplan & Kaplan, 1982a; Kaplan 

& Kaplan, 1989).  In the constructivist position, the assumption is that 

variability in landscape preferences is largely due to observers’ demographic 

characteristics and/or environmental history.  In contrast, and in the absence 

of individual or group differences, observed differences due to landscapes 

would indicate the difference in appropriateness of a functionalist–

evolutionary interpretation supporting the notion of cross-cultural universal 

patterns in visual preference (Strumse, 1996).   

Bourassa (1990) suggests a tripartite theory, making a distinction between 

biological, cultural and personal modes of aesthetic experience and suggesting 

that natural landscapes are experienced primarily through a biological mode, 

thus implying universal patterns of preference.  In contrast, he suggests that 

urban and modified landscapes are probably experienced through the cultural 

mode and hence subjected to more variability.  Strumse (1996) maintains that 

Bourassa’s framework may be very useful as it urges researchers (a) to make 

explicit distinctions between the three modes of aesthetic experience (i.e., 
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biological, cultural and personal) and (b) to clarify the way in which these 

three modes can be integrated in their own studies of landscape preference. 

Kaplan and Kaplan (1989) have summarize studies of group differences in 

landscape preferences according to three major themes: (1) familiarity, 

residential experience and effect of direct exposure to environment; (2) 

cultural, sub-cultural and ethnic factors and; (3) effects of formal knowledge 

and expertise. 

Familiarity and Previous Experiences 

Familiarity and previous experience of a landscape may influence human 

landscape perception and preference.  Similar to the Kaplans, Purcell (1992) 

suggests that people experience each new or previously encountered 

landscape within the context of mental models of previous landscape 

experiences.  Several studies have explored this hypothesis with mixed results 

(Kaplan & Kaplan, 1989).  For example, Balling and Falk (1982) examined 

observed landscape preference in reference to both innate landscape 

preference and environmental experience from an evolutionary perspective.  

They hypothesized that people with the same innate preference may have very 

different observed preferences if they have had different environmental 

experiences.  The argument made in this research was that younger children, 

with overall less environmental experience, are more likely to reveal an innate 

predisposition to favour some landscapes over others and that older persons 

are more likely to show the effects of past experiences and cultural conditions.  

A sample of subjects raging in age from eight to over 70 was employed in this 

research.  Subjects, divided by age group, were asked to rate their desirability 

to either live or visit a set of natural environments chosen to represent five 

different biomes, including tropical rain forest, desert, savanna, temperate 

deciduous forest and coniferous forest.  The results reinforced the hypothesis 

that there exists some innate preference for savanna-type environments and 

this was expressed most strongly by children below 11 years of age.  This 
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preference for savanna type landscapes, however, declined with increasing age 

and experience while preference for the environment type in which the 

subjects lived (deciduous temperate forests) increased with familiarity.  

Nevertheless, the more familiar environments were never found to be 

significantly more preferred than savanna landscapes (Balling & Falk, 1982).   

Conversely, a study by Lyons (1983) examined the landscape preferences of 

college students from different regional biomes (e.g., tropical rain forest, 

temperate deciduous forest, northern coniferous forest, savanna and desert) 

and found that preferences were highest for the most familiar biome.  For 

example, subjects from areas with coniferous forests showed a significantly 

higher preference for living in temperate forested landscapes than did the 

desert dwellers.  These findings support the hypothesis that a person’s 

landscape preference is strongly influenced by his or her residential experience 

in different biomes.  Similarly, Balling and Falk (1982) showed that foresters, 

who were the most familiar with the range of natural environments used as 

stimuli, had the highest preference among adult groups for each of the 

biomes. 

The suggestion that respondent familiarity with geographical regions, as 

depicted in landscape photos, would bias preferences for those landscape was 

examine in a study carried out by Wellman and Buhyoff (1980). Their analysis 

indicated that no regional familiarity effect exists.   

In an analysis of perceptual differences between residents of, and visitors to, a 

specific area, R. Kaplan (1977; 1985b) found that long-time residents 

exhibited greater differentiation of landscape features and that urban/rural 

experience, in most cases, did not influence landscape preferences. 

Schroeder (1989) suggests that suburban/rural residents have (a) more 

interest and better understanding of wildlife and the outdoors than city centre 

dwellers, (b) more liking for naturalistic designs, and (c) are less interested in 
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engaging in activities in parks rather than treating parks as scenery as city 

centre dwellers are. 

 Age 

Age-related differences in landscape preference is addressed in studies by 

Balling and Falk (1982), Zube et al. (1983), Lyons (1983) and Bernaldez et al. 

(1987).  For example as previously mentioned, Balling and Falk (1982) found 

significant age related differences in the preference for landscapes from 

different biomes and that preference can be modified by experiences across 

the life span.  In a study by Lyons (1983) preference ratings for vegetated 

biomes decreased for young children, then stabilised or rose for college-aged 

and adult subjects, dropping again for elderly subjects.  The coefficient of 

variation around the age group mean tended to decrease with age; young 

children as a group were more enthusiastic and less consistent in assessing 

landscapes than were older subjects.  However, the noted differences in 

preference could have resulted from the way that the different age groups 

used the rating scale. 

In another study by Bernaldez et al. (1987), multi-variate analysis of preference 

responses of children to landscape photographs identified three independent 

preference dimensions: the first (illuminated versus shadowed) and third 

dimension (rough, harsh versus bland, smooth texture or relief) were 

considered as forms of a more general risk-uncertainty factor.  Younger 

children (11 years old) showed less preference for both shadowed, less 

illuminated scenes and harsh, rough scenes with aggressive forms than did 

older children (16 year olds).  There were no significant differences between 

ages for the second dimension, which seemed to involve landscape diversity. 

Gender 

Gender may also affect landscape preference and be an important social 

differentiator of people’s attitudes toward the natural world (Marcia, 1979; 

Lyons, 1983; Dearden, 1984).  Evidence for this effect is ambiguous.  For 
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example, Hull and Stewart (1995) found that men and women look at 

different objects while walking, with men more likely to view the ground, 

topography and ephemeral objects than do women.  

In a review of the literature on gender and environmental concern, Stern et al. 

(1993) found that while some studies reported women to have more concern 

for the environment, others reported the opposite findings (Strumse, 1996).  

When differences were found, women seem to be more negative towards 

intrusions into natural environment than are men (Levin, 1977).  There also 

seems to be some support for gender differences along evolutionary lines 

with a tendency for males to prefer more challenging environments 

(Bernaldez et al., 1989) and a greater facility by females to remember spatial 

configurations of objects (Silverman & Eals, 1992). 

Education 

Another important social differentiator in terms of landscape preference may 

be education.  College education is associated with more interest and concern 

with nature.  In the comprehensive study conducted by Balling and Falk 

(1982) college students had more favourable attitudes towards wilderness than 

did secondary school students.  Field of study also seems to matter.  For 

example, the open space preferences of landscape architecture students and 

environmental professionals diverge from those of the public (Schroeder, 

1989; Grove et al., 1993; Raffetto, 1993; Ryan, 2000).   

Education also may affect the perception of open space with environmental 

professionals, and restoration volunteers, having significantly difference views 

to the public (Kaplan & Kaplan, 1989; Ryan, 2000).  Even within 

environmental professions there seem to be differences.  For example, studies 

have examined how arboretum staff preferred higher tree density to the staff 

of suburban park districts (Schroeder & Green, 1985).  Education has also 

been linked to the perception of crowding in recreational landscapes which 
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may suggest differences in landscape preference (Kongjian, 1995; Van Den 

Berg et al., 1998). 

Environmental Background 

It has been suggested that there is an environmentally aware public and an 

environmentally unaware public who possess quite different perceptions.  The 

former are often members of environmental organisations, a factor that has 

been shown to indicate variation in attitude towards natural landscapes 

(Dearden, 1981).  Membership in environmental groups has been shown to 

influence landscape preferences, with members favouring wilderness scenes 

(Dearden, 1984) and showing lower preferences for manipulated landscapes 

and higher preferences for nature scenes than non-members (Kaplan & 

Herbert, 1987). 

A distinction between expert evaluations and the preferences of the public 

has commonly been made in studies of visual preference.  The results of a 

number of studies by Kaplan and Kaplan (1989) note that experts seem to 

weigh the role of informational aspects of a given setting, such as spatial 

arrangement, differently from lay public.  Moreover, some studies suggest that 

expert judgements do not correspond well with public judgements and that 

experts tend to be unaware of such differences (see also Buhyoff et al., 1978; 

1989).   

Cross-Cultural Differences 

The question of cultural variations in landscape preference has also been 

investigated (e.g., Tips & Savasdisara, 1986a, 1986b; Hull & Revell, 1989a; 

Yang & Kaplan, 1990; Yang & Brown, 1992; Kongjian, 1995; Kaltenborn & 

Bjerke, 2002).  For example, Zube and Pitt (1981) looked at cross-cultural 

differences among Yugoslavians, West Indians and Americans of several 

ethnic backgrounds.  They found that many native and non-native groups 

showed preferences for landscapes similar to their home environments.  The 

difference between native and non-native groups was larger than that between 
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American and British subject groups.  However, it would appear that 

similarities across cultures in terms of perception and cognition are much 

more impressive than are the differences (Ulrich, 1977; Hull & Revell, 1989a).  

By reviewing the major research on cross-cultural variability in preferences for 

natural/naturalistic landscapes, Daniel (2004, personal communication) points 

out that most of the significant cultural effects reported reflect main effects 

between cultural groups (based on mean ratings over the landscape instances 

evaluated) and not the culture-by-landscape interactions required to support 

claims of cultural differences in landscape perception/evaluation.  On this 

basis, he questions claims of culturally determined differences in the pattern 

of visual landscape preferences. 
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C h a p t e r  4  

LANDSCAPE AESTHETIC ASSESSMENT: PARADIGMS AND 
METHODOLOGICAL ISSUES  

 

Chapter 4:  Methodological Issues and Paradigms 

Introduction 

In the previous chapter various theories in landscape aesthetics and factors 

affecting landscape preferences were reviewed.  These theoretical perspectives 

help set an analytical framework with which public aesthetic preferences for 

urban parks in Melbourne can be examined.  In this chapter, various 

paradigms in landscape evaluation research and associated methodological 

issues will be examined. 

Various empirical approaches have been applied to the assessment of 

landscape aesthetic values, however, these approaches differ in scope, 

purpose and utility (Vining & Stevens, 1986).  Different reviews concerning 

landscape evaluation have been published, such as those by Daniel and Vining 

(1983), Vining and Stevens (1986), Niemann (1986), Penning-Rowsell and 

Lowenthal (1986),  Taylor et al. (1987), and Muir (1999).  These reviews refer 

to approaches that rely on analytical and interventional aspects of landscape 

research. 

Aspects of Landscape Research 

Vining and Stevens (1986) suggest that landscapes are generally managed, 

planned and designed for two basic resources: tangible resources and 

intangible resources.  In fact, much of the research concerned with the 

landscape is largely concerned with these two aspects.  As the term implies, 

tangible resources include elements like water and timber whereas intangible 

resources relate to symbolic and aesthetic elements of the landscape. 
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Makhzoumi and Pungetti (1999) identify five main aspects of landscape 

studies with each subdivided into one or more sub-categories.  These aspects 

are referred to as the natural, cultural, analytical, political and interventional 

aspect.  The natural aspect consists of the landscape sciences, which in turn 

can be subdivided into biology and landscape ecology.  The cultural aspect 

includes the artistic, philosophical and historical dimensions of landscapes.  

Landscape classification, description, evaluation and computer analysis are all 

grouped under the analytical aspect, whereas the political aspect encompasses 

the legislative and strategic types of landscape research.  Finally, the 

interventional aspect deals with planning, design and management 

consideration of landscape research.   

Many researchers agree that the aesthetic value of a landscape is mostly 

embodied in its visual merit (Daniel & Boster, 1976).  In addition, Vining and 

Stevens (1986) assert that there is considerable overlap between symbolic and 

aesthetic values. Symbolic values may interact with the assessment of the 

visual quality of a scene, or conversely, aesthetic quality may enhance the 

symbolic image a landscape (Lothian, 1999).  Aesthetic values are linked to 

experience of a particular landscape at a specific time and, therefore, they 

involve direct interaction between a person and particular landscape features 

(Hull & Harvey, 1989; Kaplan & Kaplan, 1989; Hull & Stewart, 1995).   

Dearden (1985) and many others (e.g. Daniel and Boster (1976) and Zube et al. 

(1975a)) argues that landscape aesthetics should be recognised as a resource 

and given due consideration in decision-making.  Land-use management 

practices of landscape intangible resources are frequently guided by some type 

of visual assessment studies.  Unwin (1975) describes three phases of 

landscape evaluation.  First, there is an inventory of what actually exists in the 

landscape.  Secondly, landscape aesthetic value is measured through 

investigation and measurement of judgments or preferences in respect to the 

visual landscape.  Finally, there is an assessment of the quality of the visual 
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landscape in terms of individual or societal preferences for different landscape 

types.  Thus, a structured method of landscape assessment linking description, 

classification, analysis and evaluation is suggested to provide an integrated 

framework within which landscape management and decision-making can be 

based (Cooper & Murray, 1992).   

The Need for Landscape Assessment  

Dunn (1974) suggests that an earliest attempt at landscape visual quality 

evaluation was published in the Addison Report (1929), which produced a list 

of areas of high scenic beauty suitable for national parks in England.  This 

means that research into landscape aesthetics spans across more than seven 

decades.  More contemporary landscape visual assessment methods evolved 

originally in North America and England as a response to legislative initiatives 

that directed attention to the identification, management and conservation of 

scenic resources by means of systematic analyses of landscape quality 

(Blacksell & Gilg, 1975; Taylor et al., 1987).  Major impetus in this area 

occurred during the decade of the 1960’s and early 1970’s (Zube et al., 1982), 

particularly with the introduction in the U.S. of the National Environmental 

Policy Act of 1969 (NEPA).   

In Australia, landscape evaluation gained considerable ground in the last two 

decades.  Landscape visual quality is now recognized by some government 

groups as a valuable commodity and a unique natural resource and included 

as a prerequisite in many environmental planning studies and landscape 

conservation acts (Ovington et al., 1974; Wright, 1974; Fabos & McGregor, 

1979; Williamson & Calder, 1979; Arnot & Grant, 1981; Mendel & 

Kirkpatrick, 1999). 

Parallel to the development of landscape policy and legislation, there was a 

proliferation of research into development of methods for assessing 

landscape visual quality.  The contribution of many researchers from an array 

of various disciplines, such as forestry, geography, landscape architecture, 
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psychology, environmental studies and recreation, has spawned numerous 

approaches for assessing landscape aesthetics, both perceptually based and 

expert based approaches.   

There have been several important publications, which have sought to 

classify, and provide an overall perspective of the multiplicity and breadth of 

contributions to the field of landscape assessment (Zube et al., 1982; Daniel & 

Vining, 1983).  This literature outlines analytical approaches used in assessing 

landscape qualities and theories underlying these approaches.  For example, 

Arthur et al. (1977) sorted various landscape assessment techniques into 

descriptive inventories and public preference models, both categories further 

split into non-quantitative and quantitative approaches.  Crofts (1975) 

similarly described two models of landscape evaluation techniques in what he 

termed the preference model and the surrogate component model.  Briggs 

and France (1980) talked about direct and indirect methods noting that direct 

methods had been scantly used, while indirect methods were further 

categorised into classificatory and non-classificatory methods.  Dearden 

(1980) classified the major methodological developments in landscape 

evaluation from 1968 to 1980 into three major “nodes of agreement.”  These 

nodes are defined as the field-based, the surrogate and measurement methods, 

with each node further subdivided.  Punter (1982) recognised three paradigms 

of landscape aesthetic evaluation: landscape perception, landscape visual 

quality and landscape interpretation.  Porteous (1982) synthesised the various 

empirical works in environmental aesthetics research into those that address 

methodological rigour and social relevance issues, identifying four major types 

of approaches to landscape aesthetics; the humanist, the activist, the 

experimentalist and the planner approach.  Arthur’s et al. (1977) classification 

divide methods into five categories ranging from group consensus, landscape-

oriented approaches through to the individual, person-oriented approaches.  

These methodological categories are defined by Daniel and Vining (1983) as 

the ecological and formal aesthetic model (or expert descriptive inventories), 
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the psychophysical model, the psychological and phenomenological models.  

Another review by Zube et al. (1982) led to a similar classification, wherein the 

“ecological” and “formal aesthetic” models are combined into a 

“professional” judgement category and the “psychological” model is labelled 

as “cognitive.”   

Uzzell (1991) proposed a classification that includes four approaches; 

semiotics, social representation, functional use and action based research.  

These overlapping classification systems were later synthesized by Zube 

(1986) into three interdisciplinary perspectives or paradigms within which 

scientific theories are constructed.  These paradigms are defined as the 

professional, behavioural and humanistic.  Zube delineated this categorisation 

based on his human-landscape-interaction model, wherein the human 

component represents experience, knowledge, expectations and the socio-

cultural milieu of observers, and the landscape component represents the 

physical environment composed of either separate landscape elements or one 

landscape entity (Zube et al., 1982).  The classifications devised by Zube’s et al. 

(1982) and Daniel and Vining (1983) are among the most widely cited and are 

used as a basis for further discussion in this thesis. 

The Professional Paradigm 

Methods based in the professional paradigm, sometimes called the expert 

paradigm, include those techniques that involve evaluation of landscape 

quality by skilled and trained observers or by experts, such as landscape 

architects, planners and resource managers.  Carlson (1977) suggests that 

through their vocation and training these professionals become more 

sensitised to landscape beauty and ugliness, than do ordinary people, and that 

this increased sensitivity qualifies them to be better judges of landscape 

aesthetic quality than the public or other non-experts.   

Taylor et al. (1987) suggest that expert evaluation of landscape quality derives 

from two main themes; the formal principles of fine arts and design and the 
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relationship between aesthetics and resource management and ecological 

quality (see also Leopold, 1969; Gobster, 1995a).  These two professional 

approaches, as mentioned above, are defined by Daniel and Vining (1983) as 

the “formal aesthetic model” and the “ecological model.” 

Formal Aesthetic Paradigm 

The basic assumption in the formal aesthetic model is that aesthetic values are 

inherent in the abstract features or formal properties of the landscape.  These 

properties include criteria often used by architects and landscape architects 

such as forms, lines, colours, textures and their combinations which have 

been derived from formal fine arts traditions.  In this model, landscapes are 

first analysed by their formal abstract properties.  Relationships between these 

elements are then examined to classify each landscape scene or area in terms 

of variety, unity, integrity or other complex formal characteristics associated 

with these design attributes (Daniel & Vining, 1983).  Due to the training 

required for such formal analyses to be carried out, methods typically applied 

by experts make use of photography, maps of landform, vegetation and water 

features, or through direct visual inspection of the landscapes to make their 

judgements. 

A good example of a formal aesthetic model is the Visual Management 

System (VMS) developed by Litton (1968) for the USDA Forest Service as a 

method for evaluating scenic resources within a land-management framework.  

The VMS assumes that scenic quality is directly related to landscape diversity 

or variety and uses three different landscape classification schemes.  These 

classification schemes are based on (a) land character, thus distinguishing 

between various visual characteristics of the land (e.g., gorges, mountains, and 

foothills), (b) visual variety, which in turn is based on the assessment of the 

diversity of form, line, colour and texture; and (c) sensitivity level, 

incorporating the distance from, and context in which, the landscape will be 

viewed.   
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Ecological Paradigm 

The ecological model is based on an implied assumption that natural, 

unmodified ecosystems have high intrinsic aesthetic value (Taylor et al., 1987).  

In this model, the aesthetic quality of the landscape is defined in bio-

ecological terms (i.e., diversity, biomass production, habitat classification, 

successional stage, etc.) and the evidence of human presence is treated as a 

negative aesthetic factor (Daniel & Vining, 1983, pp. 44).  This model can 

only be applied by experts with backgrounds in ecology and biological 

sciences.  Their judgments about landscape aesthetic value are frequently 

based on such criteria as ecological diversity and the degree of naturalness, as 

assessed by the presence of human disturbance in the landscape. 

A good illustration of the ecological model can be found in the eminent work 

of Bob Leopold on the aesthetic evaluation of river corridors (Leopold, 

1969).  The underlying assumption in this work is that a strong positive 

correlation exists between the degree of naturalness and landscape visual 

interest (Taylor et al., 1987).  This has led to the development of the 

“uniqueness ratio,” a rating system by which the scenic beauty of a river 

landscape and the degree to which a site is unique, in terms of ecological 

characteristics, can be calculated (Leopold, 1969).  This system is constructed 

from individual uniqueness ratio values on 46 component dimensions, which 

are broadly grouped into three areas; stream geomorphology, ecology and 

human use and interest (Leopold, 1969; Daniel & Vining, 1983; Taylor et al., 

1987).  For each uniqueness ratio, a number from one to five is assigned for 

each site with one being the best rating.  The overall uniqueness index for a 

specific site is then constructed by adding up the uniqueness ratios of all 46 

dimensions.  It has been suggested, however, that a high uniqueness does not 

necessarily mean high aesthetic value but it does suggest a high ecological 

value (Daniel & Vining, 1983). 
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Behavioural Paradigm 

The emphasis in this paradigm is on the use of observers, usually drawn from 

non-experts or lay public populations, to measure their responses to 

landscape with the aim of investigating and learning about landscape 

perceptions and preferences (Zube, 1986).  This approach utilizes non-expert 

judgments derived from the stimulus-response common to experimental 

psychology, especially behaviourism, which views the environment as a source 

of stimulus to which individuals merely respond.  The behavioural paradigm 

has been labelled by Arthur et al. (1977) and Daniel and Boster (1976) as the 

“public preference model.”  The conceptual basis for this user-based or public 

preference model was later outlined and diagrammed by Vining and Stephens 

(1986) (see Figure 3).  In this model, the assessment process is viewed as a 

function of the characteristics of the environment, the actions of designers 

and managers as well as the needs, demands and perceptions of the observing 

public.  Two primary research directions have been identified under this 

paradigm: (a) perceptions of beauty as the perceptual response and (b) 

affective connotative meanings attached to landscapes.  This paradigm 

encompasses both the psychophysical and cognitive models.  In the 

psychophysical model, the value of the landscape is assumed part of its 

stimulus property, external to the individual and invariant (Daniel & Boster, 

1976).  In the second, the psychological or cognitive model (Zube et al., 1982; 

Daniel & Vining, 1983; Taylor et al., 1987), the focus is on the meaning of the 

landscape, such as viewing scenery as a construct, which is built up in the 

mind over time through gathering of visual information (Kaplan & Kaplan, 

1989).  This model is more concerned with the psychological aspects of the 

respondents whereas the psychophysical model is more focused on the 

measurable aspects of the landscape and its attributes. 
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Figure 3.  Vining’s and Stevens’s (1986) public preference model of landscape quality 
assessment. 

The Psychophysical Model 

As previously mentioned, much of the psychophysical landscape perception 

research has been in response to specific government agency needs to 

evaluate landscape quality (Taylor et al., 1987).  Researchers in this paradigm 

have tended to concentrate on landscape properties that can be manipulated 

or changed by resource managers and designers.  Psychophysical methods 

seek to determine mathematical relationships between the physical 

characteristics of the landscape (e.g., topography, vegetation, water, etc.) and 

the perceptual judgements of human observers, typically judgements of 

preference, aesthetic value or scenic beauty (Uzzell, 1991).  As previously 

mentioned, the evaluation of landscape quality under the psychophysical 

model is often done by the public or by special interest groups, rather than 

experts.  The assumption is that if one wishes to identify or design landscapes 

of aesthetic appeal for the public, the most direct way is to test samples of the 

lay public to learn what they find appealing (Taylor et al., 1987).  The 

outcomes of psychophysical studies are frequently statistical measurements of 

public perceptions of landscape quality, along with identification of discrete 

environmental elements that can be manipulated by resource managers that 

relate to perceptual responses.  Multiple regression analyses are the statistical 



 

67 

techniques most commonly used to determine these relationships (Buhyoff et 

al., 1994).   

Various techniques used to evaluate landscape scenes quantitatively have been 

devised.  Typically in these techniques, participants indicate their preferences 

for environmental visual stimuli by assigning numerical ratings.  For example, 

a 10-point rating scale with 1 equalling ‘low scenic value’ and 10 equalling 

‘high scenic value’ (Daniel & Boster, 1976), or by selecting the preferred 

stimulus from a pair or group of stimuli (Buhyoff et al., 1978) are some 

techniques that have been used.  Other techniques such as Q-sorts (Dearden, 

1984) and rank order sorting (Shafer & Brush, 1977) have also been used.   

Daniel and Vining (1983) note that measurement of perceptual responses has 

usually been limited to a single dimension, with scenic quality, scenic beauty, 

or landscape preference the most often employed.  Nevertheless, other 

dimensions such as perceived naturalness (Daniel et al., 1973) or the 

fittingness of development to its surroundings (Wohlwill, 1979; Wohlwill & 

Harris, 1980; Green, 1999) have also been used. 

The use of photographs as stimuli or surrogates for real environments is 

central to many psychophysical and cognitive/psychological studies.  

However, recently researchers have also been interested in many alternative 

methods of simulating or depicting landscapes.  These methods extend 

beyond comparisons of photos, sketches, wireframe or site visits to more 

sophisticated computer simulation techniques (Nassauer, 1983; Zube et al., 

1987a; Bishop & Leahy, 1989).   

Research using the psychophysical model has largely focused on forest 

landscape planning and management (Daniel & Boster, 1976; Shafer & Brush, 

1977) but some have looked at rural and urban landscapes (Schroeder & 

Daniel, 1981; Schroeder, 1991), outdoor recreation settings (Kaplan, 1974; 
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Ulrich et al., 1991a) and comparison of natural and man-made landscapes 

(Wohlwill, 1979).  

Among the considerable number of studies conducted so far under the 

psychophysical paradigm, the work of Shafer and Brush (1977) and Daniel 

and Boster (1976) are important in terms of the present research.  Shafer and 

Brush (1977) measured areas and perimeters and tones of differentiated 

landscape zones of photographs and related these measurements to 

preference rankings (see also Shafer, 1969; Brush & Shafer, 1975) .  Shafer’s 

early studies illustrated that a systematic approach to relating physical 

components of landscapes to preferences could be accomplished (Arthur et 

al., 1977).  The Scenic Beauty Estimation (SBE) method developed by Daniel 

and Boster (Daniel & Boster, 1976) requires landscapes to be judged by 

panels representative of targeted populations such as the general population 

or special interest groups.  The conceptualization of scenic beauty is based on 

the premise that beauty is an interactive concept inferred from judgments 

made by a human observer in response to his perception of a landscape.  In 

this regard, scenic beauty is neither entirely in the eye of the beholder nor is it 

solely a property of the landscape (Daniel & Boster, 1976 354).  Applying the 

SBE model necessitates that various landscapes are assessed and their physical 

characteristics are evaluated.  This is typically done by using colour 

photographs or slides (Arthur et al., 1977) or on-site evaluations (Schroeder & 

Daniel, 1981).  At the heart of the SBE method is standardization and scaling 

techniques that scale observer ratings in order to remove response bias and 

criterion differences (see Daniel & Boster, 1976; Brown & Daniel, 1990).  

As an example of a psychophysical model, a study by Eleftheriadis and 

Tsalikidis (1990) evaluated coastal landscape quality expressed in terms of 

scenic beauty preferences.  Preferences were related to quantitative measures 

of land use designations and site characteristics such as forest stand 

characteristics. 
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Psychological or Cognitive Model 

Uzzell (1991, pp. 5) suggests that this model should be termed the “cognitive 

model” since it merely focuses on the cognitive and affective reactions evoked 

by various landscapes and the behavioural consequences of such reactions 

and not so much on the landscape itself.  The psychological model lays 

primary emphasis on the meanings associated with landscapes.  The central 

concept underlying this model is that humans are thinking creatures who do 

not merely respond passively to environmental stimuli (Taylor et al., 1987).  

The information received by the observer is thought to be processed in 

parallel to his/her previous experiences, future expectations and socio-cultural 

background.  These individual factors then translate into landscape meanings 

(Zube et al., 1982).  Researchers using this model tend to be concerned more 

with why landscapes are so valued rather on what landscapes are valued (Taylor 

et al., 1987).  In this regard, the cognitive model is different from both expert 

and psychophysical models in that it seeks to provide a theoretical foundation 

for landscape aesthetics by bridging the gap between subjectivity and 

objectivity (Kroh & Gimblett, 1992). 

Psychological landscape evaluation methods are often based upon personality 

theory, attitude measurement and clinical and humanistic psychology.  They 

have been used in many studies where analyses of the underlying perceptual 

dimension of people’s preferences for different landscapes are performed 

(Schroeder, 1987; Kaplan & Kaplan, 1989; Real et al., 2000).  Typically, 

reactions to various landscapes are assessed by having observers rate settings 

or scenes on a range of perceptual, cognitive and affective scales (Daniel & 

Vining, 1983).  In analysing the data, researchers seek to identify the 

relationships, which may exist between perceptual, cognitive and affective 

responses and the stimuli landscape scenes (Uzzell, 1991). 

The prolific work of the Kaplans constitutes a typical illustration of the 

cognitive model (Kaplan et al., 1972; Kaplan, 1975; Kaplan, 1991).  In a series 
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of studies, the Kaplans have demonstrated that various psychological 

constructs, namely complexity, mystery, legibility and coherence, are 

important predictors of human landscape preferences (a good summary of 

their findings can be found in Kaplan and Kaplan(1989)). 

Another example of the cognitive model can be found in Mehrabian and 

Russell’s (1974) work.  They have identified a three-dimensional model to 

explain individual affective responses to the landscape.  These dimensions 

were found to be related to pleasure, arousal and dominance.  Mehrabian and 

Russell further assessed the ‘information rate’ of environments in their ability 

to simulate approach or avoidance responses. 

A study conducted by Ulrich (1977) on roadside scenes is particularly 

interesting as it combines elements from both the psychophysical and 

psychological models.  Using three independent panels of observers, a series 

of photographs of rural roadsides were evaluated; first on the dimensions of 

complexity, coherence and depth; second on the dimensions of focality, 

ground texture and mystery; and third on preference.  By subjecting 

observers’ ratings to correlation analysis he was able to confirm his hypothesis 

that preference is positively related to focality, homogeneous ground texture, 

depth and mystery.  Complexity was not found to be related.  Further, he 

factor analysed the preference ratings revealing five dimensions, three of 

which related to the properties of ground texture, depth and complexity.  He 

concluded that these three factors are components of the legibility of a scene, 

which combined with the other dimensions (i.e., mystery and complexity) 

forms a complex of salient psychological variables that may have had adaptive 

significance for human in the ancient past (Daniel & Vining, 1983). 

An extensive overview of the trends in the study of the psychological 

evaluation of landscape, from the late 1960s to mid 1990s, can be found in a 

recent publication by Aoki (1999). 
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Experiential Paradigm 

This paradigm draws on the disciplines of anthropology, cultural geography, 

history and phenomenology and lays considerable emphasis on individual 

human experiences, subjective feelings, expectations and interpretations of 

every day landscapes (Tuan, 1995; Ohta, 2001).  Studies in this paradigm are 

often phenomenological (Daniel & Vining, 1983) or experiential in nature 

(Taylor et al., 1987).  

The humanistic paradigm views landscape values to be based on the 

experience of the human-landscape interaction (Taylor et al., 1987).  Zube et 

al. (1982) maintain that researchers in this paradigm are less concerned with 

the identification of ‘universals’ or general aesthetic attributes common to all 

humans but rather are more concerned with the examination of individual 

values as they grow out of certain situations, hence the emphasis on ‘uniquely 

valued’ landscapes (Lowenthal, 1978; Cosgrove, 1984).  The focus of this 

paradigm is on understanding unstructured personal experiences of a 

situation.  The primary method used in this approach is to elicit descriptions 

of experiences, sometimes as they happen, avoiding preconceived definitions 

that may distort the basic experience and interpretation of results (Taylor et al., 

1987).  Zube et al. (1982) suggest that the theoretical position of the 

humanistic paradigm forces an emphasis on methodologies that are not 

passive or judgmental, but involve an active process of interacting between 

humans and landscape.   

The principal methods for gathering information for purpose of experiential 

type studies are the personal interview, content analysis of textual and 

pictorial data or verbal questionnaire.  Data derived from these methods are 

content-analysed to identify common experiences (Daniel & Vining, 1983).  

Literary and artistic expressions of landscapes have also been used as 

important sources of information, which are likewise content-analysed to 

identify underlying aesthetic dimensions (Uzzell, 1991).  Examples of research 
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based on the experiential model include the work of David Lowenthal, which 

focuses on a rationale for the study of exceptional or valued landscapes 

(Lowenthal, 1972, 1978) and the work of Meinig (1979), which concentrates 

on interpreting ordinary landscapes.  Lowenthal (1978) criticises expert 

judgment approaches and public opinion surveys and instead favours 

examination of “pleasurable” landscapes, tourists’ accounts of visits to 

favoured localities and written and painted delineations of scenery.   

A study conducted by Schroeder (1991) is noteworthy in that it blends 

elements from both psychophysical and experiential models to study public 

preference for landscape scenes of an arboretum.  In this study 29 members 

and volunteers at an arboretum were asked to rate their preferences for 

photographs for various arboretum landscapes.  Open-ended mail-out 

questionnaires were then used in which subjects were asked to write about 

their favourite arboretum settings and describe the thoughts, feelings and 

memories they associate with those settings.  Content analysis of the open-

ended descriptions revealed a variety of significant meanings and experiences, 

some of which could be statistically associated with specific kinds of 

environments.  Schroeder concluded that the combination of quantitative and 

qualitative research methods yields a more complete understanding of how 

people experience arboretum landscapes than would either method used 

alone. 

The work of Bishop and his colleagues (Bishop, 2001; Bishop et al., 2001) and 

Ohta (2001) also employ the experiential approach in some of their landscape 

preference research of virtual environments.  For example, Bishop and 

Karadaglis (2001) showed that human behaviour in the landscape can be 

effectively observed, manipulated and analysed in a computer generated world 

at reasonable cost and with a high degree of control of variables.  They assert 

that, “developments in the construction and presentation of virtual 

environments suggest that it is time to reconsider experiential approaches to 
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preference research rejected as too complex in the 1980’s” (pp.117).  Ohta 

(2001) used a phenomenological approach to study natural landscape 

cognition.  Using a small sample of 16 participants, predominantly females, he 

conducted in-depth, one-to-one interviews and showed the subjects nine 

photographs displayed on a computer screen.  Semi-structured interviews 

with open-ended questions were used to elicit responses about the landscape 

scenes.  Questions used in the interviews were constructed to cover five 

primary categories; experience/behaviour, opinion/value, feelings, knowledge 

and sensory experience.  Content analysis of the responses indicated that each 

person had idiosyncrasies that affected each particular transaction between 

the person and the test landscapes. 

Criteria for Evaluating Landscape Assessment Models 

Each of the three paradigms formerly discussed (i.e., professional, behavioural 

and experiential) have their advantages and drawbacks and offer a unique 

contribution to landscape perception research.  Zube et al. (1982) asserts that 

no individual paradigm, per se, is sufficient to meet all the needs of landscape 

assessment.  He does, however, point to a lack of a conceptual framework, or 

unifying theory, that can link the three paradigms together and provide a 

means of assessing the cumulative contribution of applying these approaches 

by researchers from various disciplines (Zube, 1984a).  Daniel and Vining 

(1983) suggest four criteria for the evaluation of landscape assessment 

techniques; reliability, sensitivity, validity and utility.  These criteria have been 

conventionally applied to measurement systems of all kinds and can be 

defined as follows: 

 Reliability refers to the repeatability or replicability of findings and 

denotes the agreement or consistency in measures obtained from one 

application of a method to another.  If a procedure or a test carried 

out under similar conditions and applied to similar people on a 
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second occasion did not yield similar results, it is deemed unreliable 

(Taylor et al., 1987, pp. 362). 

 Sensitivity refers to the ability of a technique to measure actual 

differences.  If a test is not able to measure a difference we know to 

exist between two similar objects, it would be considered to have low 

sensitivity (Taylor et al., 1987). 

 Validity represents the degree to which a test produces genuine and 

credible information.  For example, within the framework of 

landscape perception, it is assumed a valid relationship between 

photographs and real environments should exist (Taylor et al., 1987).   

 Utility refers to the ability of a method to provide simple, accurate 

and reliable measures that can be implemented at affordable cost and 

the degree to which the method can be generalized to a broad range 

of landscape assessment problems (Daniel & Vining, 1983). 

A further discussion of various techniques for measuring responses to 

landscapes and their methodological considerations is provided in Appendix 

B. 

Expert versus Public Preferences and Judgements 

A number of empirical studies have found significant perceptual differences 

between experts and non-experts.  Kaplan (1988) noted that, “although 

experts are invaluable when used appropriately, they are a dubious source of 

‘objective’ judgements about what people care about in the landscape” (pp. 

54). 

The question of whether the assessment of scenic quality should rely on lay-

public or design expert judgements has been the topic of hot debate (see for 

example, Buhyoff et al., 1978; Kaplan & Kaplan, 1982a; Kaplan, 1988; Kontic, 

2000).  According to Craik and Zube (1975) (and many other researchers), 
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landscape quality can be effectively assessed by means of preferences or 

judgements.  However, many researchers signalled that it is essential to 

recognise the difference between preference and judgement and to decide 

which type of opinion is to be used as the criterion for assessing visual quality 

(e.g., Daniel & Vining, 1983; Kaplan, 1988).  To elucidate this point, 

judgement may be defined as a critical opinion based on an assessment of 

merit or based against a standard of comparison, whereas preference is an 

opinion, which specifically relates to a liking or disliking based on one’s 

personal experience. 

In practice, the lay-public’s visual reactions are quite often ignored by experts 

during visual assessment studies and in the subsequent decision-making 

processes.  In these expert based approaches decisions on visual impact are 

made based largely on their own professional judgements (Sheppard, 1989).  

Some experts as mentioned before believe that only those trained in design 

and experienced in visual impact assessment can express judgements of scenic 

quality and interpret the aesthetic values of the society (Carlson, 1977; 

Jacques, 1980). 

Others maintain that members of the lay-public can only express aesthetic 

preferences, which are deemed idiosyncratic, arbitrary and not free from 

emotive and associational influences (Kaplan, 1988).  Experts, on the other 

hand, can achieve high levels of consensus because they are all using 

essentially the same cognitive frameworks formed during their early training 

(Kaplan & Kaplan, 1982a).  It has long been argued that the public lacks the 

experience and knowledge required to be fully sensitive to aesthetic quality of 

landscapes and, therefore, can only be analysed by experts from an aesthetic 

viewpoint based on normative design standard (Carlson, 1981).  However, 

Arthur (1977) has argued that the implied relationship between professional 

and public standards of scenic quality must be demonstrated and not 

assumed.   



 

76 

Previous Research on Urban Parks 

While the role of urban parks and green open spaces has been extensively 

investigated in North America and Europe with respect to social, economical 

and environmental concerns, there is a paucity of research on environmental 

preference research of urban parks and gardens, particularly in Australia.  

Research to date has been limited by a number of factors, foremost is the lack 

of study of the history of park design and management, relatively low urban 

density, and hence a low environmental pressure on urban Australia.  There is 

an assumption in Australia, that what has been researched elsewhere is valid 

and applicable to the Australian environment (Wilson, 1979).  However, 

recent expansion of urban areas and the increasing role of urban parks and 

gardens as recreational and cultural venues have indicated that original and 

sustainable approaches to urban parks design within Australia need to be 

researched.  Such research is needed to (a) determine public preferences for 

various park landscapes, (b) assess the relevance of present-day park designs 

and management to the spirit of a modern age, and (c) evaluate the 

effectiveness of present urban park systems in meeting the cultural and social 

expectations of an ever-changing population. 

The majority of environmental perception and preference studies, mostly 

conducted outside of Australia, have mainly focused on large-scale rural and 

natural environments (Shafer, 1969; Daniel & Boster, 1976; Zube, 1976; 

Schroeder & Daniel, 1980).  However, a substantial literature on small-scale 

urban environments does exist (Anderson & Schroeder, 1983).  This literature 

takes many forms, contributes directly or indirectly to the development of a 

conceptual framework for environmental perception and preference research 

on urban park landscapes, and other types of green open spaces and falls 

mainly under the psychophysical and/or cognitive paradigm. 
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Park Studies 

Aesthetic preferences for urban versus natural scenes, the role of vegetation in 

the urban context and the psychological benefits of residential parks have 

long been investigated by Ulrich (1981; 1981; 1984; 1986; 1991b), Smardon 

(1988a) and Rachel and Stephen  Kaplan (1974; 1982b; 1983; 1985b).  Their 

findings provide ample evidence for discrimination of natural versus culturally 

modified properties are central in terms of perception and categorisation of 

outdoor environments with culturally modified elements in natural settings 

generally having negative effects on preference of natural scenes.  Conversely, 

urban vegetation and water in scenes has been found to have strong positive 

effects on preference and on perceived relaxation, economic benefits as well 

as having likely positive health effects.   

Anderson and Schroeder (1983) have explored the feasibility of studying the 

urban landscape using procedures adapted from large-scale wildland scenic 

quality assessment.  The scope of their research was to ascertain the influence 

of physical characteristics of urban landscapes on public aesthetic evaluations.  

Diverse groups of respondents, members of a men’s civic club and a group of 

minority high school students rated the scenic quality of 240 photographs of 

landscapes found in a small Georgia city.  The photographs were scored for 

physical features using both objective measurements of the area of each image 

covered by different elements (i.e., pavement, structures and vegetation) and 

subjective ratings of physical characteristics such as lawn and shrub 

maintenance.  The results indicated a high degree of agreement among 

observers in their evaluations of the city scenes.  Linear regression analysis of 

scenic quality ratings on physical features accounted for about 50 percent of 

the variance, with development intensity detracting from scenic quality and 

the amount of vegetation in the scene enhancing it.  Landscape maintenance 

also emerged as an important factor increasing preferences.   
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Burgess et al. (1988) studied popular meanings and values people associate 

with green open spaces in the city of Greenwich, England, using qualitative 

research techniques, including in-depth discussion groups.  Results of these 

focus groups were then used to design a questionnaire survey for households 

in the study area.  The results showed that the most valued open spaces are 

those that enhance the positive qualities of urban life by providing a variety of 

opportunities, physical settings, sociability and cultural diversity.   

A doctoral dissertation by Weitzer’s (1981) focused on “images” of urban 

parks in the New England area of the United States.  The scope of his 

research was to refine the concept of “image,” to evaluate the utility of the 

concept in environmental psychological research and to develop planning and 

design guidelines based on this concept.  Two urban parks were investigated 

in this study.  Face-to-face interviews were conducted with a random sample 

of people who lived near and used Forest Park, in Springfield, Massachusetts 

and Elizabeth Park in Hartford, Connecticut in the United States.  Several 

types of information were collected from respondents: their images of the 

parks, recreational activities and interests, demographic characteristics and 

their pattern of use of outdoor recreational areas associated with these parks.  

Three aspects of image were identified and used in the survey instrument: (a) 

descriptive, or the knowledge of places and spaces held by the individual, (b) 

evaluative, or interpretive-general, general attitudes about places, (c) and 

interpretive-specific, opinions about specific features of places.  The results 

showed a moderate relationship between information about individuals and 

their perceptual images.  More particularly, correlations between demographic 

characteristics and image indicated that the respondent’s sex, number of 

children they had, income and distance from the park was related to their park 

images.  In addition, higher interests in recreational activities were linked to 

more informed and positive images of the parks.  Finally, the influence of 

urban park images on the patterns of park use was examined and the link 
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between park image and use was clearly established (see also Hayward & 

Weitzer, 1984). 

Using a combined quantitative and qualitative methodology, Schroeder (1991) 

evaluated public preferences and meanings associated with one arboretum’s 

landscapes.  Twenty-nine volunteers were employed in the study.  They were 

asked to rate their preferences for photographs of landscapes in the Morton 

Arboretum, near Chicago.  They were also asked to write open-ended 

descriptions of their favourite arboretum settings and describe their thoughts, 

feelings and memories associated with those settings.  The quantitative 

preference ratings showed that most subjects rated densely forested, natural 

landscapes highest in preference, however, some also liked either open and 

natural fields or more maintained and formal landscapes.  On average, natural 

deciduous woods were the most preferred, whereas the least preferred scenes 

were formal landscapes with pruned shrubs and mowed lawns.  Moreover, 

there was variation among subjects in their preferences for open meadows 

and fields.  Probit analysis of the open-ended descriptions supplemented the 

preference ratings analysis and revealed a variety of significant meanings and 

experiences, some of which appeared to be associated with specific kinds of 

environments.  Forests figured prominently in the qualitative descriptions of 

preferred landscapes, along with lakes and ponds, large trees and the colour of 

leaves and flowers.  Serenity, beauty and contact with nature were also among 

the most frequently mentioned experiential aspects of the most highly rated 

settings.  Schroeder concluded that quantitative and qualitative approaches 

need not to be mutually exclusive and by combining qualitative and 

quantitative results a more complete understanding of how people experience 

landscapes can be obtained than would by either method used separately. 

Another study by Schroeder looked at public preferences of urban parks 

using a more purely psychophysical approach.  In this study, subjective 

perceptions were correlated with objective physical attributes of the park 
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environments (Schroeder, 1987).  Three observer panels viewed and rated 40 

scenes depicted in colour slides of urban parks and forested recreation sites in 

or near Chicago.  With the use of a multidimensional analysis method, two 

dimensions underlying ratings of the park landscapes were revealed.  These 

dimensions were related to the vegetation density and development intensity 

of the parks.  However, it was suggested that aggregating responses could 

conceal variations in preferences among individual members within observer 

panels. 

Jorgensen (2002) examined the interaction between spatial arrangement and 

vegetation structure in the context of an urban park in Sheffield, England.  

Local residents rated both safety and preference of the park landscapes 

depicted in digitally manipulated photographs showing different spatial 

arrangements of mature trees and edge treatments.  Spatial arrangement was 

found to be the most important factor in determining sense of safety but not 

preference.  Perception of edge treatment varied significantly according to 

variation in spatial arrangement in ratings for both safety and preference.  

Results of this study suggest that vegetation that looks naturalistic could be 

introduced into parks and green spaces without necessarily making the parks 

appear unsafe but can increase preference. 

Schroeder and Green (1985) investigated public perception of optimum tree 

density in two suburban community parks in west Chicago.  They determined 

that the optimum density was 60 to 65 mature trees per acre against an open 

background but the number dropped to 40 and 50 when the background was 

denser.  In another study, Schroeder and Orland (1994) used video-imaging 

technology to look at visual preference in relation to different tree 

configurations.  The highest preference ratings were for scenes with the most 

trees and the largest clump diameters and the lowest ratings were associated 

with scenes that had fewest trees yet many clumps.   
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The interaction between tree density, thickness of undergrowth and the 

existence or absence of a path in park scenes was considered in one 

Australian study (Hull & Harvey, 1989).  In this study, conducted in 

Melbourne, pleasure was found to increase with tree density although the 

most pleasurable scenes were those with relatively low tree density and thin 

undergrowth.  These findings tended to confirm earlier studies, such as those 

by Kaplan and Kaplan (1989), in which dense understorey vegetation was 

consistently found to negatively correlate with preference. 

In a study by Anderson and Stokes (1989), well-maintained vegetation that 

appears to have been designed was found to enhance the perceived security 

and attractiveness of urban parking lots.  Similarly, Parsons (1995) found that 

naturalistic more densely planted woodlands may be perceived as being less 

attractive and more unsafe in an urban setting than less wooded urban 

parkland landscapes.  He suggests the crucial factor to be the visual 

impermeability of naturalistic woodlands generated by their multi-layered 

structure and dense edge treatment of woodland shrubs. 

Drawing on his extensive research on environmental preferences and 

cognition in the urban context, Stephan Kaplan (1992) concludes that, from 

an evolutionary perspective, environments abundant with trees and water 

would have been those that support human survival in the ancient past. He 

therefore suggests that it should not be surprising if natural selection 

pressures acted to enhance preferences for these features in humans.  He 

maintains that these landscape predilections may be inheritable as the 

appropriate environment for humans and it is likely to be relatively similar for 

different generations (Kaplan, 1987).  These evolutionary predispositions may 

be seen in the enduring popularity of the urban park, a mini savanna 

landscape with stretches of lawn interrupted only by widely spaced trees and 

clumps of trees on which one can safely play (Fox et al., 2000).  It has been 

suggested that the popularity of such savanna landscape type parks can be 



 

82 

widely seen in 18th century British landscape design (Heerwagen & Orians, 

1993), modern Japanese gardens (Kaplan, 1992) and even in the 19th century 

landscape painting (Appleton, 1975a).  

In observing apparent preference for modified savanna environments, 

Gobster (1994; 1995a) suggests that the psychological processes that underpin 

preference for nature may promote attitudes that are less consistent with 

protection of biological diversity.  His conclusion was that landscapes, 

whether in a more natural or culturally modified configuration (e.g., urban 

parks), that look like savanna scenes, will be aesthetically preferred over 

coniferous forest, deciduous forest, tropical forest and desert landscapes.  

Gobster (1994) observed that the spatial configurations of open space scenes 

that humans prefer most are consistent with the visual characteristics of 

vegetation of poor ecological quality.   

In one study, Gobster (1983) examined preferences for such modified 

landscapes among North American children.  He showed children 

photographs of five savanna landscapes in the Chicago district and found 

children’s preference for savanna decreased as naturalness increased; children 

actually preferred the more degraded environments.  These findings, however, 

are not consistent with other research findings.  For example, Kaplan et al. 

(1989) reported a non-significant but positive relationship between 

naturalness and landscape preferences, whereas other research (Van Den Berg 

et al., 1998) suggests that increasing biodiversity may have a positive 

relationship with beauty ratings but that perceived degree of biodiversity 

differs with educational and occupational background of respondents. 

Gobster (1995b) suggests that preference for parklike landscapes may be 

related to learned responses.  He maintains that 18th century fashions in 

landscape design have led to familiarity with, and preference for, traditional 

English style parkscapes in nations that were originally British colonies.   
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In a cross-cultural context, Yang and Kaplan (1990) investigated the 

perception of various landscape styles (e.g., Korean, Japanese and Western) 

among Korean and various Western participants.  Landscape style was 

defined as the typical mode of aesthetic organisation, which characterizes the 

different kinds of landscape design.  Four categories of landscape types 

emerged for both the Korean and Western participants, with both groups 

having strong similarities.  These categories reflected a combination of 

landscape style and content.  Generally, landscapes based on natural forms 

were preferred over the more formal, linear ones by all groups.  In terms of 

landscape elements, water, rock, vegetation density and its distribution were 

found to be important perceptual components of the four landscape style 

categories.  The arrangement of space and the choice of forms used in the 

layout seemed to have the greatest impact on perceptual distinctions.  A 

striking finding was the particularly low preference ratings for their own 

cultural style on the part of the Korean sample.  For the Koreans, Western 

landscape styles were more preferred than their own Korean landscape styles 

whereas Korean landscape styles were more preferred by Western tourists.  

These results point to both landscape style and environmental elements and 

their configuration as the influencing factors on landscape preference, 

regardless of cultural differences.  Some differences and similarities in 

preferences between Korean and Western groups were, however, identified 

(Yang & Brown, 1992).   

Talbot and Kaplan (1986) explored the relationship between perceived size of 

different urban nature areas and participants’ preference ratings.  Their results 

showed that participants could judge the relative sizes of areas accurately but 

that neither perceived nor actual sizes were correlated with their preference 

ratings for the same areas.  In addition, it was shown that, in some cases, 

frequency of use affected these perceptions (Talbot et al., 1987). 
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A similar study conducted by Syme et al. (2001) in Perth, Western Australia, 

found a relationship between lot size, quality of life or gardening satisfaction 

and use of local parks.  Supporting Kaplan’s (1989) findings, it was found that 

the size of parks did not affect interest and recreation value nor did they 

affect visitation to the parks.  Increased visitation to open spaces areas with 

wetlands was reported for households on smaller lots, particularly where there 

were no children under the age of 14 years.  Perceived environmental control 

appeared to be a significant factor in governing wetland visitations and had a 

small correlation with park visitation.  

Work from Europe emphasizes that many people value social, cultural, and 

historical activities in “smaller, neatly cultivated parks where people can see 

and encounter the cultural expressions and values of society and where they 

can see and meet people” (Van Herzele & Wiedemann, 2003, pp. 114). 

Another Australian study aimed at investigating relationships between 

environmental aesthetics, convenience and walking companions and walking 

for exercise or recreation found that people in the sample (N = 3,392) who 

thought that their local area or neighbourhood was friendly, attractive and 

pleasant were more likely to walk for exercise (Ball et al., 2001). 

Surveys on park use show that urban parks are largely used for passive 

activities, such as relaxation, resting, passing through, sight seeing and 

aesthetic appreciation (de Castro Maqueda et al., 1997; Zhang & Gobster, 

1998).  Craik (1973) and later Schroeder (1989, pp. 90), for example, noted 

that appreciation of scenery is a primary component of many forms of 

outdoor recreation.  Likewise, Ulrich and Addoms (1981) and Hayward and 

Weitzer (1984) suggest that most urban dwellers may derive greater 

enjoyment from viewing natural scenery and passively enjoying other natural 

amenities of parks than from active recreation experiences.   
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A park satisfaction survey (N = 1,316) of 10 urban parks and gardens 

managed by the City of Melbourne showed that, on average, one third of park 

visitors, or 32 percent, reported relaxation as their main reason for visiting 

parks.  The other highly rated reasons for park visitation included eating lunch 

(12%), walking (11%) and just passing through (11%).  Forty-two percent of 

the visitors rated variety of plants and trees as the best thing about the parks, 

whereas peace and quiet, and size and space were rated as most important 

aspects of parks by 15 percent (YCHW, 1999). 

Landscape Representation: Methods and Considerations 

Simulation or Surrogate? 

Aesthetic landscape assessments involve the inventory and evaluation of 

visible attributes of the landscape for purposes of planning, design and 

management (Palmer & Hoffman, 2001).  When direct on-site experience of 

an environment is practically impossible, it is usually replaced by some visual 

representation assumed to include the relevant elements and characteristics of 

that environment (Hetherington, 1991).  This approach follows a long 

tradition in environmental psychology and experimental aesthetics of using 

stimulus substitutes for real environments (Shuttleworth, 1980; Daniel & 

Vining, 1983; Zube et al., 1987a).   

Often in the literature, this representation is referred to as an environmental 

“simulation” (Hetherington, 1991).  However, Daniel and Ittelson (1981) 

suggest that this term is better labelled “surrogate,” arguing that while 

simulation assumes the appearance of the environment, a surrogate serves in place 

of an environment, yet is recognised as being different from the actual 

environment.  Hetherington (1991) subscribes to this view reinforcing that 

while the distinction between simulation and surrogate is merely semantic, the 

difference between the concepts have serious implications for the underlying 

goals of environmental representation.  He maintains that, “surrogates are 

representation that can be substituted for direct experience.  Therefore, the 
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goal of surrogates is to preserve the characteristics or elements of a landscape 

that are of importance to the investigation.  Conversely, simulations are 

representations whose ultimate goal is to be indistinguishable from ‘reality’ or 

the direct experience of environment” (pp. 247). 

Representational Validity 

Photographs and Slides 

Techniques for the visual simulation of the environment can be categorized 

into static and dynamic simulations (McKechnie, 1977).  Static simulations 

show a landscape, or an environment, as seen by a static observer with no 

information about movement being preserved (Zube et al., 1987a), whereas 

dynamic simulations show a particular environment as seen by a moving 

observer, where movement is preserved over time (Lange, 2001).  Static 

simulations are typically photographs, perspective drawings or 

photomontages, whereas dynamic simulations include animations, motion 

pictures, video screening and computer modelling. 

More particularly, the use of photographs as environmental surrogates in 

landscape visual assessment research has been commonplace (Zube et al., 

1987a).  This approach has gained ground because photographs can be used 

with greater economy and speed (it is possible for a given subject to 

simultaneously compare several photographs), provide extensive sampling of 

both environments and persons and permit better control by the researcher 

of the conditions under which landscapes are evaluated (Hull & Stewart, 

1992).   

Nevertheless, the use of photographs as environmental stimuli has often 

raised concerns particularly among those who argue that photographs are less 

complex, less multi-dimensional and offer less interaction than are real 

landscapes (Abello et al., 1986).  However, Hetherington et al. (1993) suggest 

that, “the more closely experimental conditions represent real-life experiences, 

the more accurately the results will reflect real-life responses to the studied 



 

87 

environment” (pp. 283) but argues that this is an assumption that is prevalent 

but not often explicitly stated throughout research in landscape visual 

assessment.   

Innumerable empirical studies  have investigated the validity of using 

photographs as surrogates for real environments (e.g., Dunn, 1976; 

Shuttleworth, 1980; Coeterier, 1983; Nassauer, 1983; Feimer, 1984; Stewart et 

al., 1984; Bosselmann & Craik, 1987; Trent et al., 1987; Zube et al., 1987a; 

Brown & Daniel, 1988; Hull & Stewart, 1992; Kroh & Gimblett, 1992; 

Stamps, 1993; Scott & Canter, 1997; Palmer & Hoffman, 2001).  Stamps 

(1990) conducted a meta-analysis of some of these studies discussing 

preferences obtained both on-site and through photographs of the 

environments.  A high correlation was constantly reported and respondents 

were found to react essentially the same way to both real scenes and 

photographs of those scenes (see also, Shafer & Brush, 1977; Stewart et al., 

1984; Hetherington et al., 1993).  The conclusion is that photographs or slides 

can be accurately and validly used to represent landscapes for visual 

assessment study.   

In another review by Shuttleworth (1980), the conclusion was that 

photographic simulation may prove most reliable in dealing with the overall 

perception of the landscape, but less reliable when dealing with perception of 

detail elements and characteristics in the landscape.  To this extent, the results 

of some studies do not overly concur with the above conclusions.  For 

example, Kroh and Gimblett (1992) found that people do not respond 

similarly to on-site landscape experience and landscape simulations and that 

classifications drawn from field experience differ from laboratory ones due to 

the impact of the multi-sensory stimuli gathered during field experiences.  The 

discrepancy in some results may be due to the fragmentary nature of some 

studies and the lack of theoretical background in investigating the validity of 

the perception of real and simulated environments (Appleyard, 1977; Zonn, 
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1984; Hetherington, 1991; Daniel & Meitner, 2001; Mahdjoubi & Wiltshire, 

2001).  

Digital Images and Computer Visualisations 

Zube et al. (1987a) reviewed available simulation techniques and underlined 

the very high potential of computer graphics for use in landscape simulation 

emphasizing that a major transformation in graphic communications in all of 

the environmental design fields is very likely to occur (see also, Bishop & 

Leahy, 1989).  A range of computer graphical techniques have been used to 

represent landscape scenes, including simple perspective line drawings, 

perspective block diagrams and highly realistic representations.   

Killeen and Buhyoff (1983) compared preference for very rudimentary 

sketches, computer graphics and photographs.  Their results indicated that 

preference ratings for both slides and computer line drawings were 

significantly correlated with ratings for artist renditions.  No association, 

however, was found between ratings of slides and computer-generated 

drawings.  Research conducted by Tips and Savasdisara (1986c) concentrated 

on different levels of abstraction by using computer-generated line drawings.  

It was found that level of abstraction had a significant influence on ranking of 

landscape representations.  Based on similar research Tips and Savasdisara 

(1986c) concluded that there is a definite limit in using abstractions as a basis 

for measuring preferences.   

A study by Daniel and Meitner (2001) examined the representational validity 

of computer visualizations by comparing subjects ratings of perceived scenic 

beauty of 48 colour slides depicting forest landscapes, scanned and rendered 

at four different levels of realism-abstraction.  The results showed that 

correlations between ratings of the same scenes in different visualization 

conditions were very low raising serious questions about the validity of 

computer-generated landscape visualizations.  Daniel and Meitner (2001) then 

concluded that only those data visualization systems that can provide 
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photographically realistic displays could, within limits, provide precise and 

valid indications of human observer responses to environments represented. 

Substituting images scanned from a video source of high resolution and 

colour depth for real landscapes has been also validated and found to produce 

perceptual judgements that closely correspond with those produced by colour 

slides or photographs for the same sites (Bishop & Leahy, 1989; Vining & 

Orland, 1989).  In addition, Bishop (1997) found that simple colour contrast 

perceptions can be adequately supported by relatively low-resolution digital 

images.  Watzek and Ellsworth (1994) could even prove that respondents 

were unable to recognize geometric differences of up to 15 percent artificially 

made through digital photomontage techniques.   

Bell (2001) suggests that the use of visualisation as a tool for engaging the 

active participation of communities is a rich area for development, noting that 

the democratisation of planning may mean that access to information via the 

Internet may become the way forward.  Daniel and Meitner (2001, pp. 64) 

further explain that electronic communications and computer networks can 

enable efficient and economic distribution of visualizations to rapidly 

expanding audiences, suggesting that as data visualization technologies 

become more familiar, available and less expensive their use in landscape 

assessment research and practice will increase.  In fact, a growing number of 

studies in landscape perception research have recently employed the Internet 

to conduct survey research.  These studies have used scanned images as part 

of Web-based landscape assessment surveys (e.g., Bishop, 1997; Honjo & 

Takeuchi, 1997; Wherrett, 1999).  The results reported by Bishop (1997) and 

Wherrett (1999) showed that correlations of .72 and .76 respectively exist 

between scenic beauty judgements given to images viewed on a computer 

screen and corresponding paper-based photographs.  In addition, Wherrett 

(1999) examined the effect of different monitor sizes and found no significant 

differences, concluding that it is valid to gather preference scores using a 
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visual display monitor in place of a photograph and that scores given to 

monitor viewed landscape images can be reliability substituted for scores 

given to actual landscapes. 

Sampling Landscape Scenes 

Hull and Revell (1989b, pp. 324) state that, “sampling anything well is a 

difficult and exacting task; sampling a three-dimensional, ever changing 

environment in a manner which reflects how persons see it, use it and react it 

is yet more difficult.”  Defining a scene as the subset of a landscape, which is 

viewed from one vantage point looking in one direction, they suggest that 

there can be an infinitude of vantage points or perspectives from which a 

landscape may be viewed.  Hull and Revell (1989b) argue that a systematic 

method of sampling this infinitude of views is essential if one wants to 

generalize sampled scenes and associated assessments to the whole (see also, 

Daniel & Boster, 1976).  In their study, they review various landscape-

sampling methods and identify four categories according to how scenes are 

selected: 

1. Points located randomly within a given spatial space. 

2. Points located randomly along a commonly used access. 

3. Points thought to be representative of landscapes types (e.g., 

ecological or topological characteristics).  

4. Points that are appropriate for testing specific, prespecified 

research hypothesis and/or to build statistical models. 

Moreover, Hull and Revell (1989b) argue that the scenes visitors look at and 

interact with while they are in a landscape should be the basis of their 

impressions of landscape visual quality and hence it is indispensable during 

the sampling stage to identify and select from the used or seen landscape 

rather than just the ecological or topological landscape.  A further discussion 
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of photographic considerations in sampling landscape scenes is also given in 

Appendix B. 

Summary 

Approaches used to assess and evaluate landscape aesthetics can be divided 

into two main groups; one based on ‘expert’ judgement and the other on 

‘non-expert’ judgement.  The expert approach is based on the assumption 

that skilled professionals are able to analyse ‘scenery’ objectively and translate 

identified qualities into planning or design decisions.  The expert approach 

follows either ecological or formal aesthetic paradigms (Daniel & Vining, 

1983).  This approach has met empirically grounded criticisms, especially 

when it is based on artistic or aesthetic design principles, such as the 

approached used by Litton (1968) and the Forest Service Visual Management 

System (United States Forest Service., 1977).  By contrast, studies based on 

responses of groups of laypersons (the psychophysical and cognitive 

approach) constitute an important form of public participation in decision-

making in various landscape settings and have proven to be reliable and valid 

(Ulrich, 1986).  Penning-Rowsell (1979) suggest that landscape evaluation 

based on observers’ preferences can often produce good and correct results.   

The source of the ‘non-expert’ approach is the stimulus-reaction relationship 

derived from experimental psychology, which views the environment as the 

sum total of the stimuli to which an individual reacts (Daniel & Boster, 1976).  

For this approach, psychophysical, cognitive and experiential paradigms were 

developed (Zube et al., 1982).  To a great extent, the expert and 

psychophysical paradigms focus on the development of perception models 

which can be applied directly to environmental management, whereas the 

cognitive and experiential paradigms are more concerned with developing 

theoretical understanding of the various meanings landscapes hold for 

humans (Pitt & Zube, 1984).  The psychophysical model is primarily based in 

the stimulus-response tradition of classical psychophysics.  It attempts to 
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determine the mathematical relationships between physical characteristics of 

landscape and perceptual judgements of human observers (Daniel & Vining, 

1983).  Comparative landscape ratings from observers are associated with 

specific quantified physical characteristics of the environment (Daniel & 

Boster, 1976).  Physical characteristics of landscapes, such as type and amount 

of vegetation cover, are regressed on aesthetic judgement with the objective 

of producing predictive models (Shafer & Brush, 1977).  These models yield 

numerical data with specified confidence levels and can be used by 

environmental managers in making management decisions (Pitt & Zube, 

1984). 
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C h a p t e r  5  

RESEARCH DESIGN 

 

Chapter 5:  Research Design 

Introduction 

The present research seeks to determine the relationship between the public’s 

aesthetic preferences and water-use in urban parks in Melbourne.  Using a 

research design based primarily in the psychophysical approach to landscape 

assessment, public preferences for park environments, which do and do not 

exhibit attributes of sustainable water-use (i.e., landscapes dominated by 

indigenous plant species versus manicured landscapes dominated by exotic 

plant species), were investigated and water needs of these environments were 

examined. 

Methodology 

As stated, the research presented in this thesis is concerned with exploring 

relationships between water-use and public aesthetic preferences for urban 

park environments using a sample of parks in Melbourne, Australia.  The 

ultimate goal of this research is to suggest ways that community aesthetic 

expectations and water resources might be balanced to achieve more 

sustainable outcomes.  This chapter outlines the general research design and 

associated methods used to carry out each of three interrelated empirical 

studies aimed at exploring this topic by addressing the general research 

questions as posed in Chapter 1.  Specifically, the research entailed the 

following steps: 

1. Establishing a perceptual classification of a sample of Melbourne 

park landscapes by  environment type; 

2. Assessing public aesthetic values for these environment types; 
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3. Assessing water-use of these environment types;  

4. Exploring relationships between public aesthetic preferences and 

water-use for these environment types. 

In order to classify park landscape environments into similar types according 

to public perceptions, a photo-sorting data collection technique and 

multidimensional scaling analysis was first used (Study 1).  Next, 

representative examples of the various park environment types, presented in 

digital format as photographic images, were used as stimuli in two Internet 

surveys aimed at determining the relative aesthetic value the public places on 

the various park environment types (Study 2).  Next, each park environment 

type was assessed with respect to water consumption.  This was accomplished 

using a combination of two methods; estimation of likely water needs through 

application of a modified water-use prediction model (Costello & Jones, 1999) 

and through an internet survey in which quantitative estimates were made by 

a panel of irrigation experts with respect to the likely water needs of the 

different environment types (Study 3).  Finally, data concerning public 

aesthetic values was compared with water consumption data to determine 

relationships that might suggest strategies for optimally balancing water-use 

with public aesthetic satisfaction. 

Survey methods derived from past landscape perception research (e.g., Daniel 

& Vining, 1983; Zube et al., 1983; Zube, 1990) were used in carrying out Study 

1 and 2, while Study 3 explored a hybrid method to  assess irrigation water 

needs for the various urban park environments under investigation.  The 

flowchart given in Figure 4 outlines this research process. 
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Figure 4.  Flowchart outlining the objectives of each of the research studies. 

Landscape Classification  

The aim of Study 1 was to classify urban park environments through 

understanding the ways in which the public perceptually conceptualises these 

environments based upon visual information.  This study sets the framework 

for the subsequent studies (i.e., Study 2 and 3) by selecting a range of 

representative park environments and identifying salient perceptual qualities 

for use as assessment criteria in Study 2.   

In this study, 25 urban parks were photographically sampled.  These parks 

ranged from those dominated by exotic vegetation species through those with 

a mix of vegetation type to those containing solely native/indigenous species.  

Formal to naturalistic park designs were also sampled.  A sampling strategy 

was developed to cover the variations of park types found in Melbourne as 

will later be explained.  This strategy resulted in over 280 colour photographs 

being taken.  From this initial sample, 70 photographs depicting various urban 

park environments were systematically selected for use as stimuli in this study 

and other subsequent studies (i.e., Study 2 and 3).  In this first study, 40 
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respondents participated in a multiple photo-sorting task (Groat, 1982; Scott 

& Canter, 1997).  Respondents were presented with the 70 photographs and 

were verbally instructed to sort them into groups in such a way that 

photographs in any group were similar to each other in some way and 

different from those in other groups.  There were no restrictions stipulating 

how many groups could be formed.  In this way, perceived similarity of 

landscapes was identified.  The co-occurrence data derived from this 

procedure was subjected to hierarchical clustering and multidimensional 

scaling analyses.  From this analysis, 11 perceptual landscape classes were 

identified.  Open-ended responses collected during the sorting task were also 

content-analysed to help determine the qualities people frequently associate 

with the stimuli park environments.  This data was subjected to Categorical 

Principal Component analysis. 

Landscape Visual Assessment 

While the approach to visual assessment of landscape which relies on the use 

of verbal rating scales has been extensively applied to large-scale, forest and 

rural landscapes (Arthur & Boster, 1976), the purpose of Study 2 was to use 

this approach to determine community aesthetic values for smaller scale 

urban park landscapes.   

Results from the landscape classification exercise (Study 1), as previously 

discussed, identified 55 photographs representing each of the 11 landscape 

categories and were used in a Web-based survey (N = 148), which sought to 

measure public response to the different park environments on several salient 

perceptual dimensions.   

This survey was carried out in two phases.  In both phases participants 

indicated their responses for the landscapes as depicted in the 55 colour 

photographic images.  Eleven 10-point and 5-point bi-polar and uni-polar 

rating scales were used to assess responses to the depicted landscapes and 

included scenic beauty, general preference, perceived naturalness, perceived 
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nativeness, perceived appropriateness, familiarity, perceived landscape water-

use and affective dimensions including interest, pleasure, excitement, and 

relaxation.  

Landscape Water Use  

While substantial information exists on the water needs of agricultural species 

and turf grasses, there is limited information available on the use of water for 

ornamental landscape plant species in open-space settings.  Study 3 was 

undertaken to determine the actual landscape planting water requirements for 

all 11 types of park settings as identified in Study 1. 

A landscape water-use estimation model developed by Costello and Jones 

(1999), largely based on an irrigation engineering formula used to calculate 

crop water requirements, was first adapted for use in estimating landscape 

water-use in the present study.  In this model, Costello and Jones (1999) 

propose a new coefficient, “the landscape coefficient” or K(landscape), which is 

simply the product of three factors; species factor (Ks), density factor (Kd) and 

microclimatic factor (Kmc).  A guideline to assign numeric values for each of 

these three factors was given so that the relative irrigation water-use of each 

landscape environment under examination can be evaluated.   

A Web-based survey, in which quantitative estimates were made by a panel of 

irrigation experts (N = 10) in respect of the likely water needs of the 55 

landscape environments was also conducted.  Results from this survey were 

then aggregated to predict water needs and to also assign an ordinal value for 

each of the factors making up the landscape coefficient K(landscape) as needed 

to apply the landscape coefficient model.   

Statistical Analysis Techniques 

Analysis of the data gathered in this research depended extensively on 

techniques of statistical analysis.  It is, therefore, useful to review the statistical 

procedures that were used so that the reader can be better equipped to 
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comprehend the analyses and focus more on the results rather on these 

techniques as such. 

Scaling of Observer Ratings 

This technique was carried out in order to scale responses gathered in Study 2.  

Scaling procedures are essentially intended to deal with the possibility that 

people will use a rating scale differently from one to another in the process of 

recording their responses to the stimuli presented.   

Brown and Daniel (1990) reviewed concepts and methods for applying rating 

scales and offered a model to scale observers’ ratings of natural environments.  

This psychometric model is based on the original work of Daniel and Boster 

(1976), which they termed as the scenic beauty estimation (SBE) model, 

which in turn was founded on Thurstone’s law of categorical judgment (Hull 

& Buhyoff, 1981).  The first step in this dual-procedure consists of asking 

subjects to express their perceptions about a stimulus by assigning a numerical 

value of one object relative to another on a specific dimension.  In this way, 

observers presented with stimuli produce discrete ratings on a particular scale 

(e.g., scenic beauty, preference, naturalness, etc.).  In the second step, the 

collected ratings are subjected to standardization in order to preclude the 

likelihood that observers have used the rating scale differently in the process 

of recording their perceptions. 

Daniel and Boster (1976) stress that great attention should be given to the 

selection of transformation procedures since inappropriate scaling procedures 

can indicate differences in observer reactions or perceptions where there are 

only idiosyncrasies in rating scale use.  Moreover, they assert that 

transformations that fail to distinguish between systematic variations in 

ratings within one setting and systematic variations between settings can 

obscure true differences in observer reactions.  Conversely, Schroeder (1984) 

argues that responses obtained from various environmental rating scales can 

be examined using more simple methods of analysis.  He demonstrates that 
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simple mean rating can produce results that are almost identical to more 

complex scaling procedures stating that “simple methods have significant 

advantages by minimizing costs of data collection and analysis, as well as by 

minimizing complexity in communicating research results to managers and 

other non-technical audiences” (pp. 591).  Schroeder (1987) does, however, 

suggest that by aggregating rating, investigators may tend to obscure 

variations in ratings that exist among individual members within the same 

group.  He presents (Schroeder, 1987) a method for examining and 

interpreting individual differences and illustrates a model of analysis using a 

set of data for urban parks and forest recreation sites. The data for his study 

were obtained in a similar context and manner to data used in parts of the 

research described in this thesis. 

Given these considerations, ratings collected for this research (mainly in Study 

2) were, in some instances, scaled using the statistical program “RMRATE” 

(Brown & Daniel, 1988; Meitner, 1999).  RMRATE or RMWIN scales 

observer ratings using a battery of scaling techniques such as Median and 

simple Mean, Z-scores and the SBE (Scenic Beauty Estimation).  This 

program made comparison and selection of an appropriate scaling mode 

possible.  RMRATE also computes reliability statistics and analyses the ratings 

using principal component analysis techniques to assess variation among 

observers in a similar way to that proposed by Schroeder (1987).   

Content Analysis 

Content analysis is broadly defined as a technique for making inferences by 

systematically and analytically identifying particular characteristics of the 

content of written, spoken or pictorial material (Holsti, 1969).  Sommer and 

Sommer (1997) explain that, “the basis of a content analysis is quantification 

(i.e., expressing data in numbers).  Instead of impressions about trends and 

biases, the investigator comes up with precise figures.”  (pp. 170).  Content 

analyse can, however, take both quantitative and qualitative forms (Holsti, 
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1969; Sommer & Sommer, 1997).  This technique is extensively used in social 

research and has been widely applied to various source materials including 

visual media, verbal prints, visual prints, personal documents, open-ended 

questionnaire and interview responses.  

Quantitative content analysis seeks to identify a structure or pattern of 

regularities in content through repetition (Berg, 1995).  In other words, it is a 

technique with which the frequencies of occurrence of certain words or 

constructs in text (or any other material) are used as a means of showing the 

characteristics of the content (May, 1997).  On the other hand, qualitative 

content analysis is accomplished through understanding and interpreting of 

the themes embodied in the text.  It is usually carried out by the researcher 

who starts by picking out what he/she considers relevant for analysis (content 

codes) (Ericson et al., 1991). A critical phase in conducting quantitative 

content analysis is setting explicit rules (or selection criteria) with which 

messages within a text are first scanned and then content categories are 

identified and coded.  Berg (1995) explains that the criteria for selection of 

codes must be exhaustive to account for all variation of text content and must 

also be mutually exclusive so that other people, looking at the same data, 

would get the same or comparable results.  He maintains that the categories, 

which emerge in the course of developing these codes, should reflect all 

relevant aspects of the content and retain, as much as possible, the exact 

wording used in the statements (Berg, 1995).  Furthermore, Sommer and 

Sommer (1997) suggest that the best way to select categories for classification 

is to first skim over the material to identify major themes.  These themes are 

then listed and whenever categories begin to repeat, overlap or duplicate one 

another, are combined into categories.  The resulting categories are then tried 

on new textural material to see how well they fit the content categories. 

In the present research, this analysis was used to analyse open-ended data 

collected in Study 1, to identify the constructs subjects (N = 40) used to 
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describe the 70 park landscape environments, to help in their classification 

and evaluation.  Content analysis was also used to help select descriptors used 

in constructing evaluation scales for subsequent studies (Study 2). 

Hierarchical Clustering Analysis 

A general question that investigators face in many areas of research is how to 

organize data into meaningful structures and develop taxonomies of similar 

objects.  Whenever one needs to summarise and classify a large amount of 

information into manageable and meaningful categories, cluster analysis can 

be of great utility.  Many numerical clustering techniques have been developed 

to help examine relationships within sets of objects in order to summarize the 

information into a small number of classes (or clusters) of similar objects 

(Gordon, 1999).  Numerical classification methods have been applied to a 

wide variety of research problems including landscape classification (Palmer & 

Zube, 1976; Palmer, 1978).  Hartigan (1975) provides an excellent summary 

of the many published studies reporting the use of cluster analysis techniques. 

One of the many classification methods frequently used is hierarchical 

clustering (Gordon, 1999; Cox & Cox, 2001).  Hierarchical classification can 

be achieved using a wide range of clustering algorithms.  Perhaps the most 

common algorithms are those recognised as agglomerative ‘stepwise optimal’ 

algorithms, such as Ward’s method, between-groups linkage, within-groups 

linkage, nearest neighbour, furthest neighbour, centroid clustering and median 

clustering (SPSS Inc., 2001).  Each clustering procedure has its own 

properties, functionality, advantages and pitfalls.  Selecting an appropriate 

clustering algorithm, identifying interpretable clustering solutions and 

validating these solutions are reviewed in Appendix C (for a full review see 

also  Sneath & Sokal, 1973; Clifford & Stephenson, 1975;  and Gordon, 

1999). 

In the present research, hierarchical cluster analysis was carried out using 

response data gathered in Study 1, in which a multiple-sorting exercise was 
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conducted in an attempt to develop a perceptual classification of park 

landscape environments.  In Study 2, in which subjects evaluated these park 

landscape scenes on various dimensions, hierarchical clustering analysis was 

used to identify patterns of similar responses and examine the likelihood of 

group, and sub-group, differences. 

Multidimensional Scaling 

As defined by Young (1985, pp. 650), multidimensional scaling (or MDS) is “a 

set of data analysis techniques that display the structure of distance-like data 

as a geometrical picture” or according to Golledge (1976, pp. 5) is “a method 

for the spatial representation of structure in a data set.” 

MDS has its origins in psychometrics where it was first proposed by 

Torgerson (1952) to help understand people’s judgments of the similarity of 

members within a set of objects.  MDS is a general data analysis technique 

used in many research areas such as marketing research, social and 

behavioural sciences, environmental psychology and landscape research 

(Golledge, 1976; Schiffman et al., 1981; Fenton, 1985; Gobster & Chenoweth, 

1989).  The technique permits the relationships among a set of objects (or 

stimuli) to be graphically presented as distances in a perceptual space and 

attempts to find a structure in the set of proximity measures between the 

objects (Young, 1985).  Data used as input for MDS is referred to as 

similarity, dissimilarity, distance or proximity data.  In this thesis, the term 

(dis)similarity will be used to refer to this type of data.   

An MDS solution is represented in an n-dimensional space reflecting the 

attributes of the objects under examination where distances between objects 

(or stimuli) correspond to the original (dis)similarities contained in the raw 

data.  Each object (or stimulus) is represented by a point in a plot of 

multidimensional space.  Points are arranged in this space such that two 

similar objects are represented by two points that are close together and two 
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dissimilar objects are represented by two points that are far apart in perceptual 

space (Golledge, 1976).   

There are numerous types of MDS which have been classified as nonmetric 

or metric according to whether the (dis)similarities are qualitative (e.g., 

nominal data) or quantitative (e.g., interval, categorical, or co-occurrence data) 

(Cox & Cox, 2001).  These two broad categories can be further sub-classified 

into ‘unweighted MDS’ and ‘weighted MDS’.  The number of (dis)similarity 

matrices used in conducting MDS analysis can also play a role in this 

classification.  An aggregated classification of peoples’ responses would yield a 

classical MDS solution (with only one matrix and using an unweighted 

model), while a replicated MDS (with several matrices and using an 

unweighted model) and weighted MDS (with several matrices and using a 

weighted model) are used in procedures where individual differences can be 

assessed such as in the INDSCAL procedure (Carroll & Chang, 1970).  

Classical unweighted MDS analysis seems to be the most commonly used in 

environmental psychology and landscape studies with ALSCAL being the 

most frequently reported MDS analysis (e.g., Fenton and Pearce (1988) and 

Green (1999)).  Guidelines for selecting an appropriate number of 

dimensions, interpreting and validating MDS solutions are given in Kruskal 

and Wish (1978) and discussed further in Appendix C.  

In this research, MDS was used to analyse two types of data gathered 

independently in Studies 1 and 2.  Similarity data was collected in Study 1 

whereas preference data was gathered by means of the surveys in Study 2.  In 

Study 1, MDS was used to explore similarity patterns in respect to how 

subjects had formed their photo-sorting piles and to reveal the dimensions, 

and salient elements, they employed in their mental images of urban park 

scenes.  In Study 2, MDS was similarly used to uncover and interpret the 

perceptual dimensions and associated physical attributes that contributed to, 
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or detracted from, subjects’ perceptual landscape aesthetic preferences and 

other responses.  

Factor Analysis 

Factor analysis was developed by Spearman in 1904 (SAS Institute, 1988) and 

can be defined as an analysis of interdependence that attempts to identify 

underlying variables which explain the pattern of correlations within a set of 

observed variables (Jackson, 1991; Stevens, 1996a; Sommer & Sommer, 

1997).  Put more abstractly, factor analysis takes a set of p variables and n 

cases (R-mode) or p cases and n variables (Q-mode) and tries to define new 

dimensions (or factors) to explain the largest amount of variance within the 

data set.  One expects that most of the variance will be accounted for by 

fewer factors than the original number of variables.   

Factor analysis is frequently used for two main purposes, data reduction and 

substantive interpretation.  For data reduction, the emphasis is on identifying 

a small number of factors that explain most of the variance observed in a 

much larger number of original variables.  The second purpose concerns the 

identification of the dimensions (or factors) that underlie the observed 

variables.  Factor analysis encompasses two forms; exploratory factor analysis 

and confirmatory factor analysis (Lewis-Beck, 1994).  Exploratory factor 

analysis is the most common form of factor analysis and was the only form 

used in the present research.  Exploratory factor analysis seeks to uncover the 

underlying structure of a relatively large set of variables.  Here, an assumption 

can be made that any indicator may be associated with any factor.  There is no 

prior theory and one uses factor loadings to understand the factor structure of 

the data.  In this technique, there are three basic steps: (a) factors extraction, 

(b) factors rotation (only if needed) and (c) interpretation of factors.  These 

steps, as well as a comparison between factor analysis and MDS, are further 

elaborated on in Appendix C. 
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In this research, factor analysis was employed with respect to both purposes 

of data reduction and substantive interpretation.  It was also used to test and 

validate the MDS solutions obtained in both Study 1 and 2.  In Study 1 factor 

analysis was mainly used for data reduction and subjective interpretation of 

the many similarity matrices gathered from the multiple-sorting task.  While in 

Study 2 it was used to help interpret the dimensions found to be underlying 

evaluations of the park environments. 

Categorical Principal Component Analysis 

Categorical principal component analysis (CATPCA) is a one of a set of 

optimal scaling techniques commonly used to graphically visualize 

multivariate categorical data.  The name of this technique is often a source of 

confusion.  It is sometimes interchangeably called Categorical PCA, multiple 

correspondence analyses (MCA) and homogeneity test (Gifi, 1990).  A short 

history of these techniques and a selection of important references can be 

found in Meulman (1998).   Gifi (1990) explains that categorical PCA is that 

particular form of nonlinear PCA that is based on a categorical coding of 

variables in indicator matrices.  This technique is somewhat similar to what is 

commonly known as vector fitting.  It simultaneously quantifies categorical 

variables while reducing the dimensionality of the data.  While standard 

principal components analysis assumes linear relationships between numeric 

variables, CATPCA generalises principal component analysis to accommodate 

variables of mixed measurement levels.  This is only possible, however, 

through an optimal scaling approach that allow variables to be scaled at 

different levels (i.e., nominal, ordinal, interval).   

The optimal scaling method, also known as MCA, is an exploratory technique 

for examining patterns in a 3-way data matrix (objects × variables × 

categories).  MCA summarises the response patterns in both the rows and the 

columns of a data matrix simultaneously.  It defines a typically low 

dimensional space in which a graphical representation (biplot) is produced to 
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illustrate both rows (objects) and columns (variables) together.  The space is 

defined in such a way that the axes represent the greatest amount of explained 

variance between both columns and rows.  MCA was originally used to 

analyse categorical data, however, it has been applied to contingency tables, 

sorting and multiple-choice data, paired comparisons data, ranking tasks and 

associative data (for a review see Lebart et al., 1984). 

As previously mentioned, the result of a CATPAC is a graphical 

representation or biplot of the relationship between objects (or stimuli) and 

categorical variables in a multidimensional space.  A biplot is a plot in two or 

more dimensions that illustrate observations (e.g., subjects, objects or stimuli) 

and variables of a data matrix simultaneously.  Cox and Cox (2001) explain 

that biplots can be constructed for a variety of MDS techniques where data 

involves both categorical and continuous variables and dissimilarity measures. 

For categorical variables the framework is a set of axes, each axis representing 

one of the variables.  Continuous variables are represented by a simplex of 

points in the space with one point for each category or object.   

Categorical PCA was used in the present research to graphically display 

categorical variables in a two-dimensional space based on judgments obtained 

in Study 1 and evaluation data gathered in Study 2.  CATPCA was used to 

explore relationships between the two sets of data and interpret the solutions 

obtained from both MDS and factor analysis. 
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C h a p t e r  6  

DEVELOPING A LANDSCAPE CLASSIFCATION FOR 
MELBOURNE’S URBAN PARKS 

 

Chapter 6:  Developing a Landscape Classification  

Background 

The way in which people conceptualise landscapes based on visual 

information has been of interest to many researchers in the field of landscape 

perception.  Various classification systems have been developed using both 

expert judgment and public perceptual data for this purpose (Amedeo et al., 

1989; Parsons & Daniel, 2002). 

It is necessary at this point to clarify the concept of a classification system or 

typology.  Hetherington (1991) maintains that the aim of a conceptual 

typology or classification scheme is to establish order in things (i.e., 

landscapes) and in thought.  Fabos (1979) and Kocher (1990) maintain that 

developing a classification system is a first step after data collection in many 

landscape preference studies.  It is the process by which descriptive 

information (e.g., function, property or character) about an object (e.g., scenes, 

people, or any stimuli in general) can be sorted in such a way to identify an 

array of somewhat homogenous types or similar objects. 

In expert based approaches to classification of landscapes quality assessment 

purposes, decisions are typically made based on the judgements of highly 

trained and experienced professionals.  Sometimes such assessments are seen, 

by some researchers, as valid approximations of the lay public’s 

perceptions/preference (Daniel & Vining, 1983; Amedeo et al., 1989).   These 

expert approaches generally rely on classification of physical attributes such as 

landform, land cover and other biophysical variables used to objectively 
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describe landscapes (Cooper, 1995).  The attributes selected for use in 

landscape classification systems are often those useful for land management 

practices.  Attributes used by planning authorities to delineate land use types 

or by landscape ecologists to categorise different types of urban vegetation 

(Mori, 1977) and land covers (Hendrix et al., 1988; Bastian, 2000) are examples 

of such application.   

In reference to present research, it can be argued that because urban parks are 

managed for the public’s benefit, it would be more useful to understand how 

the public generalizes and conceptualises different park environments.  Such a 

perceptually based classification relies upon human responses rather than 

expert identification of biophysical attributes of landscapes (Palmer, 1978).  

Zube (1976) asserts that the lay public’s judgements can be used as sensitive 

and sophisticated measuring devices for such purposes.  Moreover, some 

studies in the area of landscape perception suggest that professionals may 

conceptualise landscapes in ways that are different to the lay public (Palmer & 

Zube, 1976; Palmer, 1978; Amedeo et al., 1989). 

Several landscape classification systems based on public perceptions have 

been developed to help organise information about various landscapes 

environments such as farms, forests, waterscapes and wetlands (Litton et al., 

1974; Palmer & Zube, 1976; Amedeo et al., 1989; Real et al., 2000).  However, 

a comprehensive review of the literature suggests that such classifications (or 

taxonomies) for urban landscapes, particularly urban parks, are much less 

common (Francis, 1987; Garling & Evans, 1991).  

Study Objectives and Research Questions 

The aim of the current study (Study 1) is to define a landscape typology by 

which Melbourne’s urban park landscapes can be classified in order to 

understand the ways in which the public conceptualises urban park 

environments and how they construe a mental image of these environments 

based on visual information.  This classification then sets a framework for a 
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further study, described in the subsequent chapter (Chapter 7), which focuses 

on appraising the visual quality of these landscapes.  This study will answer 

the following questions: 

1. Can a typology based on public perceptions of various urban park 

environments be developed? 

2. What are the salient landscape features and human perceptual 

responses to these features that contribute to the public’s mental 

image of Melbourne’s urban parks? 

 

Methods 

Selection of Sites 

A strategy for park site selection was designed that selected example of parks 

along a transect from the inner city to the urban fringe.  A local map listing all 

recreational reserves, parks and public gardens was used as a basis for the 

initial inventory.  Local planners, landscape architects and park managers were 

also consulted as to which parks they felt were most representative of the 

range of urban parks in the city.  A final selection of 25 parks was then made 

in accordance to the following criteria: geographical location, type of 

vegetation cover, scale of the park and types of landscapes found at each park 

(see Table 1).  Scenes representative of these parks were then photographed 

on repetitive visits during the summer of 1999, from 1st of October until 15th 

of November. 
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Table 1.  List of the sites considered in the study 

Park Name Area Type Location 
Alexandra Gardens Melbourne Gardens IS 
Barkly Gardens Burnley Gardens OS 
Batman Park Yarra River Park/Riverside MRS 
Carlton Gardens Carlton Gardens IS 
Como Park South Yarra Park/Riverside OS 
Darebin Park Darebin Park MRS 
Edinburgh Gardens Fitzroy Gardens IS 
Entreprize Park Melbourne Park IS 
Fawkner Park South Yarra Park MRS 
Fitzroy Gardens Melbourne Gardens IS 
Flagstaff Gardens West Melbourne Gardens IS 
Gasworks Park Albert Park Park OS 
Herring Island Park Toorak Park OS 
Jells Park Wheelers Hill Park OS 
Kings Domain Melbourne Park IS 
Koonung Creek  East Melbourne Park OS 
Newells Paddock  Footscray Park OS 
Princes Park Carlton Park IS 
Queen Victoria Gardens Melbourne Gardens IS 
Royal Botanic Gardens Melbourne Gardens IS 
Royal Park South Parkville Park MRS 
Studley Park Kew Park MRS 
Treasury Gardens East Melbourne Gardens IS 
Wattle Park Surrey Hills Park OS 
Wellington Park East Melbourne Park IS 
Note.  IS = inner suburb, MRS = middle-ring suburb, OS = outer suburb.  
 

Stimulus Material 

As previously discussed, the use of photographs in environmental aesthetic 

and preference research has been commonplace.  Since the development of 

perceptually based landscape assessment techniques, there has been a 

substantial number of researches investigating the validity of using 

photographs as surrogates for real environments (Zube et al., 1975b; 

Coeterier, 1983; Brown et al., 1989; Hull & Stewart, 1992; Hetherington et al., 

1993).  A strong relationship has been found between responses to 

photographs and responses to the same places in situ (Zube et al., 1975b; 

Stewart et al., 1984; Stamps, 1990).  In addition, the use of photographs has 

many practical advantages.  For example, photographs can be used with 
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greater economy, speed and control in conducting research, than can real-

world situations.  Photographs permit better control by the researcher of the 

conditions under which the landscapes will be perceived or evaluated (e.g., 

atmospheric and light conditions, number and type of elements present and 

other factors); and it is possible for a given subject to simultaneously compare 

several photographs at one time, such as needed for multiple sorting tasks.  

Hence, photographs were selected to present the park environments as 

depicted in the photographs for use as stimuli in the present study. 

Selection of Landscape Photographs 

R. Kaplan (1985a, pp. 105) suggests that only through conscientious sampling 

of the environment can one begin to discern the categorisations underlying 

perceptual processes.  Since the objective of this study is to probe public 

perceptions of urban park landscapes and develop a visual classification, 

which can be used as framework for subsequent studies, a purposeful 

sampling strategy, as opposed to random sampling, was employed.  A set of 

landscape environments were selected to be as representative as possible of 

the range of urban park environments that can be found in Melbourne.  

Random sampling methods may be very appropriate for environments with 

more or less homogenous landscapes.  However, when the environment type 

in question is made up of a number of diverse sub-environments, such as that 

occurs in the range of urban parks in Melbourne, a random sampling may 

have resulted in some landscapes or sub-environments being misrepresented.  

In this case, a purposeful sampling was deemed most useful and effective.  

Nevertheless, it must be acknowledged that the lack of randomness has 

statistical shortcomings.  Hence, the representativeness of the sample and 

generalisability of the results need to be carefully considered.   

The number of sample points was determined by the size and the 

characteristics of each park.  All photographs were taken in such a way as to 

capture prospective environments identified by the landscape professionals 
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based on both design and content (see Table 2).  An exhaustive sampling of 

the 25 selected urban parks made it possible to cover the variation of 

landscape environments found in Melbourne’s park system.  This sampling 

process resulted in a pool of over 320 photographs.  However, by omitting 

duplicates and slides containing people, animals, weather effects, buildings or 

landmarks and other dominant man-made objects, that have been found to 

have strong and specific effect on people’s perceptions and preference 

judgments in past studies (Herzog et al., 1976; Ulrich, 1983; Kaplan & Kaplan, 

1989), the number of photographs was then reduced to 218. 

 

Table 2.  Landscape environments types and associated attributes used as 
selection criteria (table continues) 

Landscape Category Associated Environments 
Meadow  Savannah-type scene with long grass and openly 

spaced tress 
 Natural meadow with grass and trees in background 
 Natural meadow with green grass and trees in mid-

ground 
 

Bushland and wetland  Dense natural forest with large trees 
 Dense natural forest with hills 
 Footpath through dense natural forest 
 River lined with trees and dense vegetation 
 Wetlands 

 
Formal  Geometrically pruned formal hedge garden 

 Large mowed lawn surrounded by shrubs and trees 
 Large mowed lawn surrounded by flowering shrubs 

and trees 
 Flower beds with water ponds in the background 

Tree and lawn  Mowed grass, formal shrubs and tall trees, with 
monument in background 

 Mowed grass area bordered with tall trees 
 Mowed grass and footpath next to ground-cover 

bed, overhanging trees 
 Mowed grass, shrubs and display beds with tall trees 

in background 
 Parklike scene with widely spaced trees, mowed grass 

and denser vegetation in background 
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Landscape Category Associated Environments 
Tree and lawn  Mowed grass, formal shrubs and tall trees, with 

monument in background 
 Mowed grass area bordered with tall trees 
 Mowed grass and footpath next to ground-cover 

bed, overhanging trees 
 Mowed grass, shrubs and display beds with tall trees 

in background 
 Parklike scene with widely spaced trees, mowed grass 

and denser vegetation in background 
Informal  Sloping lawn in front of a lake with natural shoreline, 

trees in background 
 Single tree in bloom in an open grassy area with 

flowers 
 Un-mowed grass area in openly spaced conifers 
 Several very large trees in a mowed grass area with 

dense vegetation behind 
 Footpath through opening with un-mowed grass and 

scattered trees surrounded by denser forest 

 

Photographic Sampling and Considerations 

In photographically documenting the study landscapes, the quality of the 

photographs with regard to format, focus, aspect, scale, lighting, contrast, 

colour, vividness, texture, balance and compositional variation were kept as 

constant as possible.  Colour film of a constant speed (Kodak 400 ISO) was 

used with a 35 mm camera (Canon 500 EOS).  Photographs were taken at 

eye-level and caution was taken to avoid obvious foreground enframent.  A 

standard lens (50 mm) was used for all photographs and no filters were 

applied (Nassauer, 1983).  Photographs were presented in a regular 

‘landscape’ horizontal, rectangular shaped format (15 x 10 cm).  All 

photographs were taken between 10 am and 4 pm on clear days in the 

summer when the foliage of deciduous plants has reached their full seasonal 

maturity.  This was intended to control seasonality effects (Buhyoff & 

Wellman, 1980).  For identification purposes, a number was subsequently 

assigned to each photograph. 
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Selection of the Final Stimuli Set 

An initial classification of all 218 photographs was made for two reasons.  

Firstly, to make sure that the photographs adequately represented the range of 

urban park landscapes that can be found throughout Melbourne.  Secondly, 

to reduce the original sample size to a manageable number of photographs.  

For this purpose, two panels of assessors were used; 10 landscape 

professionals and 10 lay public who participated in a multiple photo-sorting 

exercise.  Participants were asked to categorise the initial set of photographs 

(N = 218) into groups.  They were instructed to sort the photographs into 

piles in such a way that the photographs in any pile were similar to each other 

in some way and different from those in other piles.  On average, the expert 

panel used 14 piles to categorise the 218 photographs in comparison with 11 

piles for the public panel.  In addition, the participants were asked to select 

five photographs that they felt best represented every category they made.  

The most representative photographs (as indicated by raw frequency) were 

then aggregated across the two panels.  In this way, 60 photographs were 

identified as the most representatives of the variety of the landscape 

environments depicted in the entire photo set.  Finally, 10 supplementary 

photographs were opportunistically added for experimental purposes (i.e., to 

test the effect of specific attributes).  This resulted in 70 scenes being retained 

for use as stimuli in this study.  See Figure 5 for a flow chart illustrating the 

process used in selecting the final stimuli sample. 
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Figure 5.  Flowchart of the selection procedure for identifying stimulus material. 

Administration 

A method by which people’s own perceptual concepts can be revealed is the 

multiple sorting tasks (Scott & Canter, 1997).  This method and data 

collection technique was used in this study.  Participants were presented with 

70 photographs and verbally instructed to look at the photographs and sort 

them into groups in such a way that photographs in any group were similar to 

each other in some way and different from those in other groups.  

Photographs were mounted on a board so that all photographs were in view.  

After each interview, photographs were thoroughly reshuffled.  There were 

no restrictions stipulated concerning how many groups could be formed, 

however, it was stipulated that each group of photographs had to contain at 

least two photos and that each photograph could only be in one group.  After 
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participants sorted all photographs, using an average number of 10.5 piles, 

they were asked to select the three most representative photographs out of 

each group formed.  They were also asked to label the groups and give the 

criteria or reasons why they had sorted the landscape environments as 

depicted in the photographs.  Moreover, participants were asked to give a 

preference judgment for each group by rank ordering the piles they made; the 

first pile being “most preferred” and the last being “least preferred.”  In order 

to investigate the meanings behind the participants’ judgements, they were 

additionally asked to imagine themselves being in the landscape environments 

they had judged as most or least preferred and to describe their feelings 

relative to those environments.  Each photograph was given a unique number 

that was noted on a coding sheet.  Open-ended responses were recorded and 

demographic information, such as age, gender, educational level, employment 

status and residential experience were also solicited. 

Setting and Participants 

The surveys took place at the Royal Botanic Gardens of Melbourne, which 

are located in South Yarra on the southern bank of the Yarra River, a few 

minutes from Melbourne’s city centre.  This place was chosen for its optimal 

locality and the diversity of landscape experiences it offers that attract not 

only city residents but also visitors from surroundings suburbs as well as 

tourists.  Visitors to the gardens were approached by the researcher and 

interviewed at different times of the day on different days of the week over an 

interval of two weeks.  Forty participants (60% female and 40% male) were 

included in the sample.  Age group distribution of the sample is given in 

Figure 6. 
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Figure 6.  Participants’ age group distribution. 

Analysis and Results 

Constructing Similarity Matrices 

Groupings made by each of the 40 subject who participated in the photo-

sorting exercise were coded into a square (70 × 70) binary matrix that 

recorded the co-occurrence of photographs.  For instance, if photograph i 

was put together with photographs j, then Xij was recorded as unity or 1 and 

zero for no occurrence.  Forty individual similarity matrices were thus 

constructed.  A similarity matrix is a symmetric n × n matrix whose Xij 

element provides a measure of similarity between the ith and jth objects (e.g., 

stimuli or landscape scenes).  All forty matrices were then combined into one 

aggregate matrix.  Each element Xij of the aggregate matrix represents the 

perceived similarity between two given landscape scenes, with the similarity 

measure being the proportion of subjects that grouped photographs i and j 

together (i.e., co-occurrence).  This aggregate matrix was used as input for two 

analyses; hierarchical cluster analysis (Gordon, 1981; Jambu & Lebeaux, 1983; 

Arabie et al., 1996; Gordon, 1999) and multidimensional scaling analysis 

(Kruskal & Wish, 1978; Golledge & Rayner, 1982; Cox & Cox, 2001).  The 

descriptions given by subjects of each landscape group formed during the 
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multiple sorting tasks, along with the open-ended responses were content-

analysed and subjected to hierarchical clustering, factor and categorical 

principal component analysis. 

Content Analysis 

Descriptions obtained from subjects about their landscape categories were 

content-analysed to supplement the hierarchical cluster analysis and 

multidimensional scaling results and determine the salient elements or features 

that the subjects judged to be characteristic of each identified category.  These 

descriptions were obtained in the form of short labels, which were at first 

reviewed to identify major themes and then sorted into finer categories that 

expressed similar concepts or sub-themes.  Overlapping categories with 

repeated meanings were combined so the number of categories was reduced 

to a manageable number of 40 content categories.  The number of times each 

photograph was included under each of the main categories was counted and 

a contingency matrix (photographs × content codes) was then constructed 

and used as input for both factor analysis and categorical principal 

components analysis (see Appendix D, Table D2).   

Initial review of the descriptions identified two general themes that related 

directly to the nature of the two questions that had been asked.  The first 

question was concerned with objective descriptions of the stimuli landscapes 

and the second focused on subjective descriptions of experiences that 

respondents associated with these landscapes.  Objective content categories 

were grouped under ‘environmental features’ and were used to help interpret 

the clustering solution.  Subjective categories were grouped under ‘subjective 

qualities and values’ and were used along with the environmental features as 

input for the factor and categorical principal component analysis.  Recurring 

words used to express subjective qualities were also used to construct rating 

scales for the subsequent landscape assessment study (see Study 2, Chapter 8).  

In total, 295 labels were collected which were subsequently sub-grouped 
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under 50 more general categories.  The two themes and their related 

subcategories are listed in Appendix D, Table D1.   

Hierarchical Cluster Analysis 

When asked to group the photographs of the urban park scenes, each subject 

had to form a unique classification in his/her mind.  Hierarchical cluster 

analysis was used to explore the grouping structures people had employed and 

to compute an “average” classification that would reflect the common aspects 

of perceived landscape similarity as an aggregate of all subjects.  This similarity 

matrix, or aggregate matrix, was used as input for hierarchical cluster analysis 

using SPSS (v10, 2001) computing package.  Since individual similarity 

matrices were aggregated to form frequency of co-occurrence data, a Chi-

square measure was used to create distances from the data.  Neither a 

standardization of the variables nor a transformation of the similarities 

measure was made.  In this case, the Chi-square measure is based on the Chi-

square test of equality for two sets of frequencies or counts, thus the 

magnitude of this measure depends on the total frequencies of the two items 

whose distance is computed (SPSS Inc., 2001). 

Three different methods for combining clusters were compared to test the 

consistency of the clustering structure, including Ward’s method, the Average 

Between-Groups Linkage method and the Median Clustering method (Jambu 

& Lebeaux, 1983; Gordon, 1999).  The hierarchical solutions obtained for the 

three different clustering methods were highly similar but Ward’s method was 

used to provide a final solution.  Additionally, to test the reliability of the 

clustering method, the original similarity matrix was split into two random 

sub-samples (n = N/2).  These sub-samples were then analysed, also using 

Ward’s clustering method.  Two similar hierarchical structures were obtained 

demonstrating a high degree of consistency within the clustering structure (see 

Appendix D, Figure D1). 
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To explore the conceptualization represented by the dendogram and 

demonstrate which traits participants judged to be characteristic of each class, 

the landscape categories were labelled using the words that respondents 

frequently used to describe their groupings of similar landscapes.  Using the 

general categories obtained by content analysis, the number of times each 

category was associated with each landscape cluster was counted and a label 

was given accordingly (see Appendix D, Table D2). 

Hierarchical Clustering Results   

The dendogram presented in Figure 7 illustrates the clustering of the 70 

photographs and the degree of association.  Most of the clusters were formed 

at a rescaled distance between 1 and 5; this was therefore seen as the optimal 

distance to dissect the dendogram.  In order to select the appropriate number 

of clusters, however, only those clusters formed at a rescaled distance of 2.5 

were selected.  Looking at the dendogram it is apparent that an agglomeration 

formed at a rescaled distance of 10 or over splits the hierarchical structure 

into two general classes CI and CII.  Visual inspection of the photographs 

associated with each of these two general classes reveals that landscapes 

grouped under CI contain park environments dominated by 

native/indigenous vegetation, whereas cluster CII comprises landscapes 

composed mainly of exotic plant materials.  In a second step, CI was divided 

into 5 sub-classes or clusters (C1-C5) while CII was divided into 6 clusters 

(C6-C11).  Scenes included under each cluster and identification of 

representative scenes and a full list of description words associated with the 

scene clusters is given in Appendix D, Table D2.  Eleven clusters (or 

landscape types) were identified in the final hierarchical clustering structure.  

Based on the content analysis results .landscape scenes related to these 

clusters can be described as: 

 C1 “farmland scenes”: This cluster consist of scenes depicting 

landscapes that have been described by subjects as dry native 
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farmland characterised by open views and scattered native trees, 

mainly eucalyptus species resembling a typical Australian rural 

outback landscape. 

 C2 “grassland scenes”:  This cluster included landscape scenes 

that were described as indigenous grasslands characterised by 

open vistas with native/indigenous trees and shrubs scattered 

around rough turf grass.   

 C3 “natural water scenes”:  This cluster comprises scenes of 

natural watercourses or water bodies surrounded by indigenous 

riparian vegetation.   

 C4 “wetland scenes”:  This cluster includes scenes depicting 

natural wetlands with associated vegetation.  

 C5 “bushland scenes”:  This cluster comprises scenes depicting 

dense native/indigenous bushland and urban forest landscapes.  

These landscapes have been described most frequently as being 

“natural,” “dry” and “serene.”   

 C6 “flower garden scenes”:   This cluster was described as formal 

flower gardens containing a variety of colourful exotic flowering 

plant species. 

 C7 “parkland scenes”:   This cluster contains scenes depicting 

park like landscapes (or savannas like lands) with extended 

patches of lush green grass surrounded by scattered groups of 

mature trees (native and exotic).   

 C8 “pathway scenes”:  This cluster groups common culturally 

modified landscapes with big trees (i.e., elms) lining a path.  

 C9 “trees and grass scenes”:  This cluster comprises scenes of 

landscapes composed of large flat stretches of green grass with 

scattered mature large elm trees. 
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 C10 “artificial water scenes”:  This cluster contains scenes of 

artificial ponds surrounded by a variety of exotic plant species.   

 C11 “formal garden scenes”:   This cluster is composed of 

environments that were described as being very “formal” and 

“botanical” and were characterised by the presence of a variety of 

exotic plant species, including deciduous trees, evergreen trees, 

flowering shrubs, various groundcovers and cacti.  See Appendix 

D, Table D4 for a list of plant species identified in each scene 

type.   

As previously mentioned, the labelling of these landscape types was made 

with respect to the open-ended descriptions (see Appendix D, Table D1 and 

D2).  When individual photographs were examined in view of the clustering 

solution, three factors seemed to underlie the hierarchical structure.  The first 

factor appears to be related to vegetation type (i.e., native/indigenous or 

exotic) and initially was responsible for the initial split.  The second factor 

seems to be related to the degree of naturalness while the third factor seemed 

to be associated with the spatial characteristics of the landscapes (i.e., open or 

enclosed).  These underlying characteristics are also suggested by the 

descriptions of these environments as given by respondents during the photo-

sorting exercise (see Appendix D, Table D2).  
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Figure 7.  Dendogram showing the clustering solution with various landscape clusters 
illustrated by photos representative scenes.  Enlarged views of the scenes are given 
in Appendix A 
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Multidimensional Scaling Analysis 

MDS was used to reveal the perceptual dimensions underlying the landscape 

similarity judgments.  The same aggregate matrix used for hierarchical cluster 

analysis was used to perform the multidimensional scaling analysis.  The 

ALSCAL (Young et al., 1980) non-metric MDS model of was used in this 

analysis. This model takes only similarities data measured at the ordinal level 

and attempts to directly fit the rank order of these similarities to the distances 

in the stimulus space.  This differs from the classical metric MDS which 

attempts to fit the similarities to the distances (Schiffman et al., 1981).  MDS 

uses (dis)similarity data to create a scaling solution.  Therefore, to perform a 

non-metric scaling, some transformation of the data was necessary to allow 

the application of some arithmetic operations.  Moreover, because co-

occurrence data (counts) was used it was also necessary to first transform the 

data into proximities.  This was done using the Chi-square statistics.  Classical 

MDS was conducted using weighted Euclidean distance as a scaling model 

along with ordinal, matrix conditional and untied data.  With respect to 

Kruskal’s (1964) recommendations, initial analyses were performed to identify 

five dimensions.  To determine the appropriate number of dimensions stress 

values were plotted against dimensions.  Based on this plot and both stress 

and R2 values, three dimensions, with a stress value of 0.578 described by 

Kruskal (1964) as being a “good” goodness-of-fit, were selected as the most 

appropriate solution (see Table 3).   

 

Table 3.  Dimensions over stress values (Kruskal’s stress formula 1) and R2 

Dimension Stress value1 R2 Goodness-of-fit 
2 
3 
4 
5 

.090 

.042 

.057 

.032 

.966 

.983 

.993 

.990 

fair 
good 

excellent 
excellent 

Note.  Goodness-of-fit is reported here using Kruskal original verbal labels (Kruskal, 1964). 
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Multidimensional Scaling Results  

The multidimensional scaling results for the first three dimensions were 

plotted in pairs on orthogonal axes (Dimension 1-2 and Dimension 1-3).  In 

interpreting these dimensions, the photographs were distributed by 

corresponding spatial patterns as represented by the stimulus configuration 

and a visual interpretation of the axes was made (as illustrated in Figure 9).  

Next, a three-dimensional space representation of the location of stimuli 

points in relation to scene similarity was generated to further help in 

interpreting the dimensions (see Figure 8).   

To test the reliability of the MDS solution, the original similarity matrix was 

split in two random sub-samples (n = N/2).  The same analyses were repeated 

on both sub-samples resulting in solutions that are visually very similar.  

Subsequent analysis consisted of subjecting the stimuli coordinates of the 

three-dimensional space for each of the two sub-samples and the original 

sample to a Pearson product-moment correlation coefficient.  Results 

illustrated in Figure D2 (Appendix D) show that all of the MDS solutions (i.e., 

split and original) are highly inter-correlated suggesting that the solution 

obtained using the original sample is quite consistent and reliable. 

The three-dimensional MDS solution, along with identification of the 

clustering of the 11 landscape types as obtained by cluster analysis is shown in 

Figure 9.  In order to facilitate the interpretation of MDS solution, typical 

scenes depicting the 11 perceptual landscape types were used to illustrate the 

end points of the three dimensions.  Figure 10 illustrates dimensions 1 and 2 

and dimensions 1 and 3 simultaneously.  Three characteristics underlying 

Dimension 1 can be observed.  The first characteristic seems to involve the 

vegetation type (i.e., native/indigenous vs. exotic), the second seems to be 

related to landscape style (i.e., formal vs. informal), while the third seems to be 

associated with the degree of naturalness (i.e., natural vs. artificial).  A visual 

inspection of all scenes associated with Dimension 2 reveals that the spatial 
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organisation of the landscapes (i.e., open vs. enclosed) also plays a major role 

in discriminating between scenes along this dimension.  In line with this 

interpretation, it was observed that Dimension 2 also varies along the 

“sparse–dense” or “simple–complex” continuum (see Figure 10).  Dimension 

3, as illustrated in Figure 10, is clearly associated with the presence or absence 

of water in the scenes.   

These results show that cluster analysis and MDS solutions are quite similar.  

Looking at the hierarchical clustering dendogram (Figure 7) one can see that 

clusters C1 to C5 group scenes, which show natural native/indigenous plant 

dominate landscapes, and C6 to C11 group scenes, depicting formal exotic 

plant dominated parklands are also apparent in the MDS solution.  Clusters of 

landscapes containing water are also present at each end of the dendogram.  

Moreover, Figure 9 shows that scenes cluster in an identical manner in both 

hierarchical clustering structure and MDS space.  

  

Figure 8.  Three-dimensional space representation of the (dis)similarity judgments.  
Dimension 1: native-natural-informal vs. exotic-artificial-formal, Dimension 2:  
open-sparse-simple vs. enclosed-dense-complex, Dimension 3: presence vs. 
absence of water.  Note.  Numbered points represent scene ID and their positions 
in the three-dimensional MDS space.  P denotes photograph or scene.  
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Figure 9.  Representation of Dimensions 1 and 2 and Dimension 1 and 3 of the MDS three-dimensional solution showing the 11 perceptual classes obtained through cluster 
analysis. 
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Figure 10.  Photographic representation of Dimension 1 (native-natural-informal vs. exotic-artificial-formal), Dimension 2 (open-sparse-simple vs. enclosed-dense-complex) and 
Dimension 3 (presence vs. absence of water). 

Dimension 1 

D
im

en
sio

n 
2 

Dimension 1

D
im

ension
3



 

129 

Factor Analysis 

Factor analysis can be expected to give similar results as the MDS analysis.  

Hence, factor analysis was carried out merely to examine the consistency of 

the multidimensional solution.  The categorical data obtained through content 

analysis was reconstructed into a correlation matrix (i.e., stimuli as cases × 

labels as variables) and used as input for an R-mode factor analysis using the 

data reduction procedure in SPSS.  Principal components analysis was the 

extraction method used and an unrotated factor solution with an eigenvalue of 1 

or greater was used as the cut-off.  By extracting components whose eigenvalue 

exceeded 1, principal components analysis yielded nine factors.  However, 

only three factors accounted for most of the common variance in the data 

(69%) and where retained (see Table 4).   

In order to examine the consistency of both MDS and factor solutions, 

coordinates of the photographs in the three-dimensional space obtained from 

MDS and their loadings on the components obtained from the R-mode 

factoring were subjected to a two-tailed test of significance using Pearson 

product-moment correlation coefficient.  Results given in Table 5 show that 

both MDS and factor analysis solutions are significantly inter-correlated 

confirming the reliability and consistency of both solutions. 

 

Table 4.  Extraction sums of squared loadings or eigenvalues  

Component Total Percent variance Cumulative percent 
1 23.36 33.38 33.38 
2 14.68 20.98 54.36 
3 10.29 14.71 69.07 
4 4.96 7.08  
5 3.81 5.44  
6 2.97 4.25  
7 2.65 3.78  
8 1.64 2.34  
9 1.26 1.80  
Note.  Common variance in the data expressed in cumulative percent. 
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Table 5.  MDS solution versus factor analysis solution 

 Pearson Correlation 
 Dimension 1 Dimension 2 Dimension 3 
Factor 1 .951** .14 -.18 
Factor 2 -.78** .46** -.38** 
Factor 3 -.25* -.91** .26* 
** p < .01. 
* p < .05. 
 

Factor Analysis Results 

A loading equal to or greater than .74 was used to interpret the factors (Hair, 

1995; Stevens, 1996a).  All scenes that had loadings matching this criterion 

were collectively examined for commonality and differences.  In this way the 

factors were easy to identify and did not exhibit any multiple or split loadings.  

Descriptions given by subjects in relation to the 11 landscape categories were 

again used in interpreting the factors.  As can be seen in Table 6, 22 scenes 

were associated with Factor 1.  When collectively examined these scenes 

reflect landscape environments that are highly manicured, or landscaped, and 

rich in colour and exotic plant materials.  With regard to the size of factor 

loadings, scene numbers S55, S60 and S65 had the largest loadings and are 

thus most representative of this Factor.  Nine scenes depicting natural looking 

native bushlands and riparian landscapes were associated with Factor 2.  

Scene numbers S31, S47 and S52 loaded highest on this factor.  Finally, 

natural, dry, open landscapes with surrounding native/indigenous trees are 

dominant in scenes associated with Factor 3.  Scene numbers S20, S66 and 

S69 loaded highest on this factor (see Table 6).
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Table 6.  Factor analysis: factors loading and representative photographs 

Photo ID Factor 1 Factor 2 Factor 3 Representative Scene 
S60 

S65 

S55 

S16 
S21 
S24 
S10 
S11 
S1 
S40 
S54 
S56 
S22 
S64 
S61 
S2 
S53 
S41 
S8 
S63 
S68 
S50 
 
S47 

S31 

S52 

S18 
S58 
S57 
S46 
S44 
S12 
 
S20 
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Categorical Principal Components Analysis 

The usefulness of CATPCA lies in the way objects (or scenes) and variables 

(descriptors) are graphically displayed in the same spatial configuration.  Such 

representation can be used to help interpret relationships not only between 

objects and variables but also between variables as such.   

The top 28 descriptors were chosen from the content analysis results to 

represent both environmental features and subjective qualities (see Appendix 

D, Table D1).  These descriptors were used to construct a 70-by-28 (stimuli-

by-descriptors) contingency matrix, which in turn was used as input for 

CATPCA.  The analysis was performed using the optimal scaling procedure 

available in SPSS.  The optimal scaling level was set to numeric implying that 

the order of categories and equal distances between categories of observed 

variables (or descriptors) are preserved.  Variable weight was set to 1 and a 

symmetrical normalization method was selected.  Although a more complex 

n-dimensional solution was possible, the interpretability of the results became 

more difficult as the number of dimensions grew.  Hence, a two-dimensional 

solution was selected wherein variables were quantified using a ranking 

method.  This two-dimensional solution accounted for 75.5 percent of the 

total variance in the data in which dimension 1 and 2 accounted for 51 and 24 

percent of the variance respectively.  The reliability of the model as a whole 

was very high with a Cronbach’s Alpha coefficient value of .96 (see Table 7). 

 

Table 7.  Categorical PCA model summary 

   Variance Accounted For 
Dimension Cronbach’s Alpha Total Eigenvalue % Variance 
1 .90 5.63 51.17 
2 .69 2.69 24.44 
Total .97a 8.32 75.62 
a Total Cronbach's Alpha is based on total eigenvalue. 
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CATPCA Results 

The results obtained from the CATPCA analysis are quite self-explanatory 

and are illustrated in the biplot given in Figure 11.  This biplot demonstrates 

the relationships between scenes and descriptors in a two-dimensional space 

wherein the scenes are represented by simplex points spanned by the 

categorical variables (or descriptors) which are represented by vectors.  Note 

that this solution is not only coincident with that provided by the MDS 

analysis, but also with that of the cluster analysis of the similarity matrix and 

the same characteristics found to underlie both the MDS and factor analysis 

solutions can be observed here.  For example, Dimension 1 seems to be 

closely associated with descriptions of native/indigenous plant materials, 

naturalness and formality, while Dimension 2 is associated with attributes 

such as openness, barrenness, density and variety (see Figure 11).  

Interestingly, it can be also observed that scenes clustered in a very similar, if 

not identical, manner to the hierarchical clustering structure derived from the 

quantitative data (compare Figure 7 and Figure 11).  Given that the 

contingency matrix used for CATPCA was derived from qualitative 

categorical data, these results confirm that the classification system and 

multidimensional/factorial solutions obtained in this study are quite 

consistent and reliable.  This further proves that none of these solutions is 

just an artefact of one analytical/statistical procedure or another. 

Moreover, the way the various variables (or descriptors) relate to each other is 

also noteworthy.  Figure 11 shows that dense, natural looking landscapes 

containing water were described as being interesting and lush landscapes 

containing a variety of different plants were described as beautiful.  Conversely, 

open, barren and dry landscapes were perceived as boring, distressing and ugly.  

As one would expect, most of the preferred landscapes were those perceived 

as interesting and beautiful whereas the open, barren and dry landscapes were 

least preferred (see Appendix D, Table D5). 



 

 

 

Figure 11.  Biplot of scenes and description in dimension 1 and 2 of the CATPCA solution showing clustering of scenes in relation to hierarchical clustering solution. 
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Discussion 

Given the above-discussed results, it seems clear that a shared classification 

criterion for Melbourne’s urban park landscapes does exist.  In this 

classification, the initial sample of 70 different types of landscape scenes that 

were taken as a starting point was reduced to 11 more generic landscape 

classes.  This classification was identified using both quantitative and 

qualitative/categorical data.  Additionally, the main discriminating 

characteristics of landscapes that underlie the classification consisted of: (1) 

vegetation type, artificiality and degree of the perceived modification of the 

landscape, (2) degree of complexity and spatial organisation of landscape, and 

(3) presence/absence of water.  

Multidimensional scaling and factor analysis gave similar results to the 

clustering analysis results and were further confirmed by the categorical 

principal component analysis.  Solutions obtained from all analyses were 

highly inter-correlated reinforcing the consistency of the different models.   

These results are consistent with some previous research on landscape 

perception.  For example, Real et al. (2000), among many others (see also 

Daniel & Boster, 1976; Palmer, 1978; Amedeo et al., 1989; Burmil et al., 1999), 

reported naturalness and presence of water as major indicators of landscape 

preference.  In their study of neighbourhood parks, Hull and Harvey (1989) 

reported that tree density significantly influenced perception of the scale and 

spaciousness of a park and consequently preferences.  In a similar context to 

the current research, Schroeder (1983; 1987; 1991) identified two dimensions 

underlying evaluations of park landscapes, vegetation density and the 

development intensity of the park.  Similarly, spatial organisation of the 

landscape has been repeatedly shown to affect people’s cognitive processes 

and, as a result, their preferences (Kaplan & Kaplan, 1989). 

Nevertheless, the native/indigenous-exotic plant continuum could not be 

found in the literature on landscape perceptions, however, it strongly emerged 
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as a dimension evident in the MDS, hierarchical clustering and CATPCA 

analyses.  This suggests that degree of nativeness/indigenousness may play a 

significant role in predicting preferences for urban parks in Melbourne.  In 

addition, analysis of the categorical data shows that this dimension is closely 

associated with the degree of “naturalness.”  Given the distinctiveness and 

uniqueness of Australian trees (i.e., silhouette, foliage colour and texture), this 

dimension may be interpreted in view of the information processing model, 

and even Berlyne’s (1960) collative variables of novelty and oddity in 

encouraging visual attention.    Novelty refers to the improbability of an event 

or the presence of an odd element.  The information rate of such is typically 

greater than more expected or common elements.  For example, Berlyne 

(1958) showed that people will fixate on stimuli more readily and for a longer 

time the more irregular their shape and the more heterogeneous their 

elements are.  Expectations also play an important role, as suggested by the 

observations that stimuli can be identified more easily if they appear in a new 

colour (Berlyne & Ditkofsky, 1976).  Similarly,  Hommel (2002) suggests that 

stimuli can attract our visual attention due to visual structure alone,  

independent of their oddity.  Hence, it can be expected that enthusiasts of 

landscapes that feature native/indigenous plantings will find those landscapes, 

which are dominated by exotic plants somewhat “odd” or in contrast to their 

surroundings, and these landscapes will stand out.  The opposite may also be 

true.   

Another interpretation may be found in the iconic or symbolic value of 

exotically versus natively planted landscapes (Wohlwill, 1983; Cosgrove, 1984). 

As previously mentioned, much of Melbourne’s urban parks were designed 

along the lines of their English counterparts in the picturesque landscape 

tradition that, in the eyes of many Australians, are seen as symbol of the 

historical and cultural association with mother England.  On the other end, 

there are those landscapes dominated with native/indigenous plantings that 

have distinctive characteristics.  Over the generations, some Australians may 
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have learned to adapt to the reality of the place they are living in and 

appreciate the aboriginality of the landscape finding it an icon of a newer 

cultural identity (Wilson, 1979; Woldendorp & Winton, 1999).  This split in 

public perceptions of Melbourne’s urban park landscapes (i.e., native vs. 

exotic) may also be attributed to public awareness of a long-standing debate 

about the use of native/indigenous versus exotic plant materials in public 

open-spaces.  Freestone (2001, pp. 182) suggests that this debate clearly 

reflects a struggle to come to terms with a cultural dualism (i.e., Anglo vs. 

Australian attitudes), which may well date back to the early days of federation. 

Summary 

This study looked at how the public conceptualises urban park landscapes in 

Melbourne.  Forty visitors to the Melbourne Royal Botanical Gardens 

participated in the study.  Seventy photographs of park environments were 

taken in 25 urban parks and used as stimuli.  Response data were collected 

using two photo-sorting techniques, multiple sorting and rank order sorting 

and open-ended questions yielded open-ended data.  Both cluster and 

multidimensional scaling analyses were used to initially analyse the photo 

sorting data.  Eleven landscape categories and associated characteristics were 

defined.  Categorical principal component analysis showed how densely 

forested, typical natural Australian landscapes containing water were 

conceptualised as “interesting” and open, flat, dry landscapes with few trees 

were seen as “boring.”  In addition, there were three dimensions found to 

underlie the response pattern: (1) native/indigenous-natural-informal versus 

exotic-artificial-formal, (2) open-sparse-simple versus enclosed-dense-complex 

and (3) presence of water versus absence of water.  The open-ended 

descriptions also revealed a variety of associated meanings and supplemented 

the MDS and factor analysis results.   

The study reported in this chapter allowed a range of landscapes associated 

with Melbourne’s urban park systems to be classified.  However, from a park 
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design and managerial point of view, knowing which of the urban park 

landscapes with the different classes the public most (and least) prefer would 

be useful.  The perceptual classification developed and presented in this 

chapter sets a framework to explore this question, which is addressed in 

Chapter 7. 
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C h a p t e r  7  

ASSESSING PUBLIC AESTHETIC PREFERENCES 

 

Chapter 7:  Assessing Public Aesthetic Preferences 

Background 

Assessment and evaluation of the visual quality of landscapes should be 

integral to the planning and management of public lands (Zube et al., 1974).  

Approaches to landscape visual quality assessment are numerous, divergent 

and well established in the literature (Daniel & Boster, 1976; Zube et al., 1983; 

Abello et al., 1986).  As previously discussed (Chapter 4), several approaches 

for measuring the visual and experiential quality of landscapes have been 

developed over the last few decades.  A common technique for gathering data 

about public landscape preferences/perceptions relies on the use of various 

verbal ratings scales.  This procedure requires observers to assign numeric 

values to landscapes, often depicted as scenes  in colour photographs that 

reflect their attitudes or perceptions of the landscapes presented (Brown & 

Daniel, 1990).  Daniel and Meitner (2001, pp. 61) suggest that in both practice 

and research, landscape quality is often indicated by expressions of preference 

(e.g., choice, like-dislike) or ratings of visual aesthetic quality.  This approach 

stems from the psychophysical tradition in psychology in which human 

perceptual responses are used to measure properties of objects (Daniel, 1990).  

This approach has proven to be reliable in many landscape aesthetic 

evaluation studies (Zube et al., 1974; Daniel & Boster, 1976; Shafer & Brush, 

1977).  In addition, as mentioned in Chapter 4, the use of photographs as 

surrogates for real environments is frequently employed and has also been 

validated (Arthur & Boster, 1976; Zube et al., 1983; Zube et al., 1987b; Daniel, 

1990). 
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Study Objectives and Research Questions 

In the previous chapter, a classification of park landscapes was developed in 

which landscapes associated with 25 urban parks were related to 11 park 

environment types.  The aim of the current study (Study 2) is to use a 

psychophysical approach to determine and explore public aesthetic 

preferences and perceptions for these park landscape environments.  In doing 

so, the study will addresses the questions set out in Chapter 1:  

1. How does the public value these different parks environments? 

2. What are the underlying perceptual dimensions and meanings 

associated with these values/preferences? 

Methods 

This study is structured around two surveys, which employed the Internet as a 

research tool to gather information on public aesthetic preferences.  In the 

first survey (Survey 1) a sample of the lay public (n = 86) was used to assess 

33 park scenes, associated with the 11 environment types as previously 

identified (Chapter 6), and as depicted in colour photographs.  Ten different 

rating scales were used to collect the response data.  In the second survey 

(Survey 2), the number of rating scales was decreased to four scales to allow 

more landscape scenes (55 scenes) to be evaluated. 

Selection of Stimulus Material  

The stimuli material consisted of two subsets of 33 (Survey 1) and 55 (Survey 

2) scenes of park landscapes that were systematically chosen from a pool of 

70 scenes which were previously classified into 11 perceptual categories (see 

Chapter 7).  These stimuli were selected based on two criteria, landscape type 

and representativeness.  The three scenes rated most representative of each 

landscape type were selected for inclusion in Survey 1 based on their degree 

of representativeness of each perceived landscape type as indicated by 

subjects participating in Study 1 (N = 40) (see Table D3, Appendix D for 
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more detail).  One of the 33 stimuli was duplicated and displayed twice during 

Survey 1 and severed as a test-photo to examine rating consistency.  This 

resulted in one of the 11 landscape categories (C5 = bushlands) being 

represented by only two scenes resulting in a total of 32 scenes being assessed.  

Similarly, two additional scenes from each landscape category were added in 

Survey 2 chosen with respect to representativeness to better reflect the full 

range of landscape spatial/design compositions associated with each 

perceived landscape type.  In this way the final stimuli set used in Survey 2 

consisted of 55 scenes. 

Selection of Rating Scales 

As previously discussed, rating scales have been extensively used in landscape 

perception research as a means of recording judgments about environmental 

settings (Wohlwill & Harris, 1980; Schroeder, 1983; Spotts & Stynes, 1985; 

Brown & Daniel, 1986, 1987).  In order to evaluate landscape settings by 

measuring how people respond to such settings, environmental scales need to 

first be devised (Daniel & Boster, 1976; Kaplan, 1991).  Green (1999) suggests 

that one way of constructing rating scales for environmental assessment 

purposes is to first generate a large number of adjectives (or constructs) that 

reflect qualities and attributes of the environments under investigation, which 

are expected to influence people’s response to those environments.  From 

this large pool of descriptions the most salient are selected for constructing 

scales. 

Therefore, in order to identify scales to be used in the present study a 

comparative analysis of descriptors given by participants in the classification 

study (Chapter 6) was carried out.  From this analysis constructs most 

frequently associated with the urban park environments were identified.  As 

previously discussed, constructs were identified from a sample of 40 people 

whose responses to an open-ended questions in the photo-sorting task were 

content-analysed.  The most frequently mentioned environmental descriptors 



 

142 

were used to formulate the scales.  The entire range of descriptors collected 

from the content analysis exercise and associated raw frequencies are given in 

Table 8. 

From the results of the content analysis, seven rating scales representing 

dimensions of meaning that subjects most frequently associated with the 

stimuli park landscapes were formulated.  These scales reflected attributes of 

several conceptual themes related to four criteria, including degree of 

perceived naturalness, scenic beauty, degree of perceived nativeness (or 

degree to which landscape scenes are perceived to be native as opposed to 

exotic) and affective meanings including pleasantness, interest and arousal 

(measured as excitement and relaxation).  Moreover, four additional scales 

were included to measure overall preferences, familiarity with the study 

landscapes, the degree to which each landscape environment was felt to be 

consumptive of water and the degree to which each landscape environment 

was felt to be appropriate for a Melbourne park.  The latter criterion was 

drawn from theory about perceived fittingness of elements into landscapes as 

advanced by Wohlwill and Harris (1980).  These rating scales took three 

different forms; 10-point uni-dimensional scales, 5-point unipolar likert scales 

and 10-point bipolar scales (see Table 9).  Such rating scales require the rater, 

presented with a set of landscape scenes to be evaluated, to assign a numerical 

value to each scene being rated along a continuum of an ordered series of 

ordinal points.  
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Table 8.  Environmental descriptors from content analysis of the multiple 
photo-sorting exercise used to construct rating scales 

Descriptors Counts Descriptors Counts 
Natural 
Formal 
Native 
Artificial 
Serene 
Dry 
Boring 
Exotic 
Beautiful 

69 
66 
56 
48 
48 
45 
40 
32 
29 

Pleasant 
Botanical 
Barren 

Interesting 

Comfortable 
Ugly 

Unpleasant 
Uncomfortable 

Distressing 

24 
17 
14 
13 
12 
10 
8 
7 
7 

 

 

Table 9.  Rating scales used in Surveys 1 and 2 and their properties 

Rating scale Type Category Anchors 
 
Survey 1 
Scenic beauty 
Naturalness 
Interest 
Pleasantness 
Excitement 
Preference1 
Familiarity 
Appropriateness 
Water Use2 

Uni-dimensional 
Uni-dimensional 
Uni-dimensional 
Uni-dimensional 
Uni-dimensional 
Uni-dimensional 

Likert 
Likert 
Likert 

10-point 
10-point 
10-point 
10-point 
10-point 
10-point 
5-point 
5-point 
5-point 

low (1) : high (10) 
low (1) : high (10) 
low (1) : high (10) 
low (1) : high (10) 
low (1) : high (10) 
low (1) : high (10) 

not at all (1) : very (5) 
not at all (1) : very (5) 
not at all (1) : very (5) 

 
Survey 2 
Appropriateness 
Naturalness 
Nativeness 
Preference 

Bipolar 
Bipolar 
Bipolar 

Uni-dimensional

10-point 
10-point 
10-point 
10-point

appropriate (1) : inappropriate (10) 
natural (1) : artificial (10) 

exotic (1) : native (10) 
low (1) : high (10) 

Note.  Three scales were common to Survey 1 and 2: preference, naturalness and appropriateness.  
1 Participants were instructed to rate their “overall preference” for a scene. 
2 Perceived landscape water-use. 
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Presentation Medium  

As mentioned, the surveys were conducted, and stimuli presented to 

participants, via the Internet.  The Internet is a computer based 

communication technology that has been increasingly used as a tool for 

exchanging data and gathering information.  In recent years, the use of the 

Internet has been expanding at a fast pace and its application has been 

embraced by many researchers in areas such as marketing, behavioural 

sciences, environmental psychology and many other fields (Azar, 2000; Miller 

et al., 2002).  Recent studies in landscape assessment suggest that this 

technology can be effectively used to undertake visual preference surveys and 

conduct experiments in landscape studies (Bishop, 1997; Wherrett, 1999; 

Honjo & Lim, 2001).  

Preparing the Images 

When using the Internet as a representational tool, the viewer’s own 

computer screens become the display medium.  This type of stimulus 

representation has been found to produce perceptual judgments that are 

essentially identical to judgements based on hard-copy colour photographs, 

and thus would be expected to produce judgements that correspond very 

closely to those based on direct observation of the represented park landscape 

scenes (Bishop & Leahy, 1989; Oh, 1994; Daniel & Meitner, 2001).  However, 

the validity of using such a presentation medium was also tested as part of this 

study. 

The research presented in this thesis utilised both hard-copy photographic 

prints (Study 1) and digitized images (Study 2) to collect response data.  In 

order to be confident of the comparability of the data obtained from these 

two stimuli presentation approaches a preliminary study to test the validity 

and reliability of using these two means of presenting landscape stimuli was 

undertaken.  A strong two-tailed correlation coefficient (r = .83), significant at 

the .01 level, was found between preference ratings given to hard-copy 
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photographs and digitized images projected on subjects computer screen.  

The internal reliability of each data set was also high with a Cronbach’s Alpha 

of .95 and .92 for ratings of hard-copy photographs and digital images 

respectively.  These results are consistent with findings by Wherrett (1999) 

where a high correlation (r = .72, p < .01) was found between photographic 

slides and printed photographs and scanned images viewed on a computer 

monitor.  This suggests that it is valid to substitute digital images for hard-

copy photographs and that the Internet can be effectively used to gather 

landscape evaluation data using a visual display monitor in place of a 

photograph provided that certain levels of photo realism are maintained 

(Daniel & Meitner, 2001).  See Appendix F for details on this Internet 

representational validity test. 

According to various researchers, when using a digital medium for stimuli 

representation two factors appear to be crucial in determining good image 

simulation.  These are the resolution of the screen image and the number of 

colours that can be displayed simultaneously on the computer screen (Orland, 

1987; Bishop & Leahy, 1989; Bishop, 1997).  These factors, along with other 

factors related to advances in computers technology (e.g., Internet connection 

speed, processor speed, screen size and resolution, etc.) were taken into 

consideration in determining the lowest common denominator, in terms of 

image quality, that should be used in such electronic surveys.  Accordingly, all 

the images were optimised to suit an 8-bit colour monitor with a minimum 

screen resolution of 800-by-600 pixels.   

The 55 hard-copy photographs (size 10 × 15 cm) selected for this study were 

digitised and scanned at an initial resolution of 200 (dpi) using an IBM-

compatible scanner.  These images were then rescaled at 100% and resized to 

a 72 dpi (or 482 × 313 pixels) resolution suited to the display capability of 

most home computer screens.  The ratio of height to width was kept constant 

across all images.  This has ensured that the images are the same size on the 
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screen as they are in a hard copy and that they are neither distorted when 

viewed on participants’ monitor, nor extended beyond the edge of smaller 

monitors.  The colour representation was converted to RGB and saved as 24-

bit low compression JPEG file using a bitmap web graphics editing software 

(Macromedia, 2000).  Image size was optimised in order to keep webpage 

loading time to a minimum without compromising the integrity of the visual 

quality of the images.  The average image size was 43 kilobytes.  Details about 

the procedures and key concepts used in constructing the Web survey are 

given in Appendix E. 

Setting up the Website 

A Website was built and hosted on a UNIX server based in the Faculty of 

Architecture, Building and Planning at the University of Melbourne.  The two 

electronic surveys, Survey 1 and Survey 2, containing 33 and 55 questionnaire 

webpages respectively, were hosted on the Website.  Figure 12 illustrates the 

structure and composition of these surveys.  Each survey was organised in the 

following manner:  

1. An introductory page including an explanation of the objective of the 

study along with instructions advising participants on how to respond 

to the electronic survey(s), the time commitment needed to complete 

the survey(s) and the minimal hardware and software required for 

smooth running of the survey (see Appendix E, Figure E1). 

2. A preview-page where a sample of 20 scenes, similar to those to be 

evaluated, is shown to respondents in order to give them an 

impression of the range of images to be rated before they start scoring 

(see Figure 13). 
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3. An input-page where participants are first advised about the 

anonymity and confidentiality of their responses and then they are 

requested to provide socio-demographic information and details 

about their backgrounds (see Appendix E, Figure E2). 

4. A set of 33 (Survey 1) and 55 (Survey 2) webpages integrating the 

images to be evaluated along with scoring buttons from 1-to-5 or 1-

to-10 according to the rating scale type being used (see Figure 14 and 

Figure 15).   

5. Finally, a thank-you-page marking the end of the survey and including 

a place to give a feedback and leave an e-mail address for those 

interested in obtaining future information about the results. 

The webpages were all designed, pre-tested then uploaded to the server using 

Dreamweaver, a software developed by Macromedia Inc. (2001).  

Dreamweaver has the capability of integrating different Internet formatting 

tags, namely HTML and JavaScript, and transferring and managing webpages 

directly on and off the server.  Recognising that many participants will have 

neither the best performing computers nor the most up to date versions of 

Internet browsers, the webpages were encoded to be compatible with most 

computers and the Internet browsers Netscape 2 and Microsoft Internet 

Explorer 3 considered the minimum standard necessary without 

compromising the integrity of the Website.   

Survey 1 and Survey 2 shared the same basic content and structure with 

respect to both the instructions and preview pages, however, some variations 

were introduced to regulate these pages.  After increasing the number of 

images to be rated in Survey 2, it was necessary to keep the loading time to a 

minimum.  That was possible only by asking participants to preload the 

images to be rated, that is, to temporarily download them onto their 

computers.  In so doing, evaluation webpages could be run faster and images 



 

148 

called up more rapidly from the participant’s local hard disk rather than being 

downloaded through the Internet.  After completing the surveys, all stored 

images were deleted from the participant’s computer.  A JavaScript program 

was written and implemented for this purpose.  Thus, upon each visit to the 

Survey 2 Website, a window would pop-up prompting users to preload the 

images while reading the instructions.  This was an optional procedure and 

participants had the choice to either download images and operate the survey 

from their machines or continue at a slower pace with the images being 

downloaded from the server.   

In a similar way, another JavaScript program was developed to turn thumbnail 

photos presented in the preview-pages into interactive links that, when clicked 

over, open a pop-up window wherein enlarged images of the thumbnails are 

displayed.  When all images are previewed, the pop-up window automatically 

closes down and the next page is loaded.  The preview-page was designed to 

give participants an impression of the range of urban park scenes to be rated 

before scoring.  Information about each participant was gathered from the 

demographic background page.  Participants entered their response using a 

form that employs different types of input fields, such as text-area-input, 

scoring buttons and drop-down-menus (see Appendix E, Figure E2).  After 

filling out the form, if subjects wished to reset the form to correct data 

entries, they could do so by clicking on the reset button provided at the end 

of each webpage or otherwise they could submit the data and continue to the 

next page by clicking on the continue button.   

Socio-demographic data included information about gender, age, educational 

level, employment level, past employment involvement in designing or 

managing natural environments, environmental background (i.e., ‘where they 

grew up till age 10’), childhood residential experience (urban or rural/small 

town), length of residency in Melbourne, postal code of where they lived and 

how often they visit a public park in Melbourne.  After the socio-
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demographic data were gathered participants launched into the rest of the 

survey.  Each evaluation webpage had an area where images could be 

displayed, point-and-click scoring buttons for every rating scale, a link to the 

instructions, a submit button for use once subjects finished scoring the images 

and a reset button for when subjects had made an inappropriate scoring and 

wished to reconsider their responses.  Some extended instructions were given 

(without introducing any bias) in the form of a pop-up window that appears 

once participants submit their socio-demographic data and are ready to start 

scoring the images.  The purpose of these instructions was to reiterate the 

general instructions and give further explanations and examples of how to use 

each rating scale.  The webpage window could be closed down and re-opened 

at any time during the survey (see Figure 15).   

The layout of the questionnaire on the webpages was designed in such a way 

that respondents could simultaneously view, consider and then score images 

without having to scroll up and down the pages.  Nevertheless, due to the 

number of rating scales used in Survey 1 (10 rating scales) it was not possible 

to display images and scales in the same viewing screen.  Therefore, 

bookmark links were added to each page in order to enable subjects to move 

promptly up to the image and down to the next rating scale without having to 

use the scrolling bar in the Internet browser (see Figure 14).  The Websites 

used in administering the surveys can be reviewed at the following URLs: 

 Survey 1: http://www.arbld.unimelb.edu.au/~hbit/index-s1.htm 

 Survey 2: http://www.arbld.unimelb.edu.au/~hbit/serie/index.htm 

http://www.arbld.unimelb.edu.au/~hbit/index-s1.htm
http://www.arbld.unimelb.edu.au/~hbit/serie/index.htm


 

 

 

Figure 12.  Composition of survey Websites showing the order by which questionnaire Web pages were presented to participants.
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Figure 13.  A preview page showing thumbnails of a range of the urban park landscapes to 
be evaluated.  Note, using JavaScript program, thumbnails were coded to behave 
as active links that, when clicked over, would open a pop-up window wherein full 
size images are displayed.  The window closes itself when all images are previewed 
and the next page is then loaded. 
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Figure 14.  Example of the questionnaire webpage used in Survey 1. 
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Figure 15.  Example of the electronic questionnaire used in Survey 2.  Note, upon 
presentation of the first page of each survey, a pop-up window, similar to the one 
shown above, appears and displays extended instructions and examples on how to 
rate the images using each of the provided scale.   
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Administration  

As discussed, the survey questionnaires were administered on-line.  Survey 1 

was conducted from March to May 2001 and Survey 2 was between June and 

September 2001.  The Internet was the sole medium used to communicate 

with subjects whose own computer screens became the representation and 

response medium.  In using the Internet, the survey questionnaire was self-

administered by respondents who set their own pace for image consideration, 

evaluation and review.  The findings of the previous research suggest that no 

relationship can be expected between viewing time and evaluation of 

landscape scenes (Herzog et al., 1982; Herzog, 1986).  Instructions given to 

participants emphasized that: 

1. they should not ponder over individual images,  

2. they should not attend to the graphic qualities of the images,  

3. only their first impression or immediate feelings about the 

environments are of interest to the study (see Appendix E).   

When a person undertakes to do the survey, an introductory page is shown 

first.  A set of images representing a range of images similar to those to be 

rated is then previewed.  Next, participants are asked to fill in a socio-

demographic questionnaire after which they are launched into scoring the 

images associated with each survey.  Once the last image (or form) has been 

scored, a default thank-you-page is sent to their browser wherein participants 

are given an opportunity to comment on the survey and leave an e-mail 

address if they were interested in the results, or otherwise they can close out.  

A button to forward the survey to other interested colleagues was also 

provided on the thank-you-page.  In this way, a participant fills out an 

evaluation webpage, or the electronic form, and then clicks on the button to 

submit the data.  If everything has been filled in adequately, the next 

questionnaire page is presented; otherwise, a warning is displayed alerting the 

user of whatever error was found.  Typical errors include missing a field or 
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question or entering letters entered where a number was requested (see Figure 

16).   

Both electronic surveys were administered in the same manner, however, the 

order by which evaluation webpages were presented to participants and the 

number of images varied.  The general structure for each survey is outlined in 

Table 10.  In Survey 1, two arrays of 33 evaluation image webpages were 

presented.  In the first array, webpages, including the images to be scored, 

were arranged in such a way that scenes were shown sequentially from page-1 

through to page-33 (Order 1).  In the second array, webpages were shown 

sequentially in the reverse order from the first array, from page-33 through to 

page-1 (Order 2).  This procedure was intended to assess the effect of 

ordering on the respondents’ judgments.  With use of a JavaScript, 

participants in Survey 1 were randomly assigned to one of the two arrays 

(Order 1 or Order 2).  However, in Survey 2, the order of the 55 evaluation 

webpages/images was randomised for each participant.  The process by 

which participants were randomly directed to either one of the two arrays 

(Survey 1), and the order in which individual images were randomly presented 

to subjects (Survey 2), was achieved by means of a Common Gateway 

Interface (CGI) script that was written in Perl, a server programming 

language.   

Finally, after pre-testing the survey Websites using various platforms, mainly 

Macintosh and Microsoft Windows, Internet browsers, such as Netscape and 

Microsoft Internet Explorer, and different Internet connection speeds, the 

Web questionnaires were judged ready for launching. 
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Table 10.  Electronic surveys structure and composition 

 Survey 1 Survey 2 
Presentation order Sequential/Reversed Random 
Number of stimuli images 33a 55b 
Number of rating scales 10 4c 

Participants 86 62 
a Common stimuli. 
b N = 33 + 22. 
c Three of these scales were common to both surveys.   
 

 

 

Figure 16.  Diagram showing the process by which questionnaire Web pages were 
administered and illustrating the interaction between users and server. 

Participant Selection 

Although the Internet presents researchers with a unique tool for mediating 

surveys and collecting data, it does not allow easily probability sampling of 

users nor can it define the population in question as well as other survey 

methods.  Hence, in line with many environmental perception studies, a non-

probabilistic convenience sampling procedure was used to collect an adequate 

sample of respondents for the study.  The aim was to obtain a sample large 
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enough to hopefully achieve high levels of inter-group reliability (Schroeder, 

1984).  Participants were recruited from the following groups: 

 interested members of “friends of parks” groups and other 

environmental groups;  

 E-mail announcements to student clubs, including research 

postgraduate students at the four major universities in Melbourne; 

 Students enrolled in on-line subjects in various courses offered in 

different faculties at the University of Melbourne; 

 Other referrals. 

Consequently, subjects were all self-selected and participation was voluntary.  

The call for participation was sent out largely through e-mail, which included 

a brief explanation of the objectives of the study and a point-and-click link to 

the survey. 

Respondents 

In total, for both surveys, the number of people who visited the Website was 

271.  However, only 148 people were ultimately used in the study.  Valid cases 

were extracted by screening incomplete forms and data entries from subjects 

who failed to finish the survey and respond to the entire set of questions.  

The targeted population for this study was Australian citizens living in 

Melbourne.  Hence, entries from unsolicited participants, casual World Wide 

Internet users and overseas students studying in Melbourne were also 

excluded.  As a result, 86 valid questionnaires were completed for Survey 1 

and 62 for Survey 2.  Participants’ socio-demographic profile can be 

summarized as follows. 
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Survey 1   

Fifty-eight percent of the 86 participants were female (n = 50) and 42 percent 

were male (n = 36).  Fifty-one percent of the respondents were aged between 

20 and 29 while other age groups were represented less (see Table 11).  In 

terms of highest level of education completed, 20 percent completed year 12, 

while 44 percent had a tertiary degree and 36 percent described themselves as 

having a post-graduate degree.  In terms of employment, over 40 percent 

described themselves as students and 37 percent as full time employees while 

over 13 percent were part time workers (3 largest categories).  When asked 

wether their current occupation involves managing or designing the natural 

environment in some way, which would bring them in direct contact with 

nature, more than 51 percent responded affirmatively and over 49 percent 

responded that it did not.  More than 68 percent of the respondents grew up 

(until the age of 10) in Australia, while 31 percent grew up abroad.  Over 70 

percent of respondents lived for at least 5 years in Melbourne, while 9 percent 

lived in Melbourne for 1 to 5 years and 21 percent lived interstate.  

Demographic information also indicates that over 76 percent of the 

respondents were city dwellers (major or regional city), while 24 percent of 

them lived (in the past) in a small town or rural area.  Finally, over 39 percent 

were regular parks visitors (e.g., daily, 2-3 times a week, once a week, or every 

fortnight), while 49 percent visited parks less frequently (e.g., once a month, 

less than once a month, less than once every 6 months) and 12 percent never 

visited a park.  This information is summarised in Table 11. 
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Table 11.  Survey 1 participant demographic background (N = 86) 

Variable  Percent Variable Percent 
Age group 
15-19 
20-29 
30-39 
40-49 
50-59 
+56 
 
Gender 
Female 
Male 
 
Educational level 
Completed year 12 
Tertiary degree 
Postgraduate degree 
 
Employment level 
Student 
Full time employee 
Part time employee 
Others 

 
10 
51 
14 
12 
12 
1 
 
 

58 
42 
 
 

20 
44 
36 
 
 

40 
37 
13 
10 

Environmental background 
Yes 
No 
 
Grew up till age 10 
Australia 
Over seas 
 
Residential experience 
Major or regional city 
Small town or rural area 
 
Park visit 
Regular 
Less frequently 
Never 
 

 
51 
49 
 
 

68 
31 
 
 

76 
24 
 
 

39 
49 
12 

 

Survey 2 

The sample of respondents to Survey 2 (N = 62) were comprised of 64 

percent female (n = 40) and 36 percent male (n = 22).  The majority (or 45%) 

of the participants were aged between 20 and 29.  In terms of highest level of 

education completed, over 47 percent completed year 12, 33 percent had a 

tertiary degree while 13 percent described themselves as having a postgraduate 

degree and 5 percent as holding a trade qualification.  In terms of 

employment, over 54 percent were students, while 23 percent described 

themselves as full time employees.  When asked wether their occupation 

involved them in managing or designing the natural environment, 69 percent 

answered it did not and 31 percent responded affirmatively.  In response to 

the question asking them if their job brings them in direct contact in any way 

with nature, more than 57 percent answered yes and over 42 percent replied 

no.  Over 79 percent of the respondents grew up (until age of 10) in Australia, 

while 21 percent grew up overseas.  Fifty-seven percent lived for at least 5 
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years in Melbourne, 36 percent lived in Melbourne for a period between one 

and five years and over 6 percent never lived in Melbourne.  Sixty-seven 

percent of the respondents were city dwellers (major or regional city) while 

over 32 percent lived (in the past) in a small town or rural area.  Finally, 67 

percent of the sample were regular parks visitors (daily, 2-3 times a week, 

once a week or every fortnight) while 31 percent visited parks less frequently 

(once a month, less than one a month, or less than once every 6 months) and 

2 percent hardly ever visited a park.  This information is summarized in Table 

12. 

 

Table 12.  Survey 2 participant demographic background (N = 62) 

Variable  Percent Variable Percent 
Age group 
15-19 
20-29 
30-39 
40-49 
50-59 
+56 
 

 
23 
45 
8 
10 
11 
3 

Gender 
Female 
Male 
 

 
64 
36 

Educational level 
Completed year 12 
Tertiary degree 
Postgraduate degree 
Trade qualifications 
Others 
 

 
47 
33 
13 
5 
2 

Employment 
Student 
Full time employee 
Others 

 
54 
23 
23 

Environmental background 
Yes 
No 
 
Grew up till age 10 
Australia 
Over seas 
 
Residential experience 
Major or regional city 
Small town or rural area 
 
Park visit 
Regular 
Less frequently 
Never 

 
69 
31 
 
 

79 
21 
 
 

67 
33 
 
 

67 
31 
2 
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Analysis 

Data from the survey Websites was gathered in log files on the main server.  

These files were exported into spreadsheets and a matrix of ratings 

(observers-by-stimuli) was produced for each of the 11 rating scales used in 

both surveys.  These matrices were then used as input for RMRATE 

(Meitner, 1999) to: (1) scale the ratings and compute an internal reliability for 

each scale and SPSS, (2) test the ordering effect on the observers judgments, 

(3) examine group and subgroup differences and (4) compute aggregate 

scores.  Multidimensional scaling (MDS), cluster analysis, factor analysis and 

categorical principal component analysis (CATPCA) were all performed on 

the data using SPSS.  Mean ratings, standard deviation and internal reliability 

values were also computed for each scale.  However, given that examination 

of group and subgroup differences generally requires a larger sample of 

responses, these tests were carried out using only preference scores, as the 

preference scale was common to both Survey 1 and 2, thus resulting in the 

largest sample (N =148).  MDS and CATPCA were performed to identify and 

characterise the perceptual dimensions underlying the raters’ judgments.  

Moreover, MDS was performed on ratings of scenic beauty, while naturalness 

and appropriateness ratings were subjected to principal component analysis in 

order to search for relationships between the observers’ ratings and landscape 

attributes.  Pearson test of significance was computed to test the influence of 

familiarity with the scenes on landscape evaluations.  Finally, relationships 

between the observers’ preferences and their affective responses (i.e., interest, 

pleasure, excitement and relaxation) were examined by means of stepwise 

regression analysis, which was carried out using preference scores as the 

independent variable. 
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Results and Discussion 

Scaling Of Observer Ratings 

In order to deal with the possibility that observers will use the rating scales 

differently in the process of recording their responses to the stimuli presented 

(Brown & Daniel, 1990), four scaling or standardization methods were tested 

and cross-compared using the RMRATE program with data obtained for 

three evaluation scales; preference, scenic beauty and naturalness.  The scaling 

methods used were mean ratings, Z-scores, least squares ratings (LSR) and 

by-stimulus scenic beauty estimates (SBE) (see Appendix E for a description 

of each of these scaling methods). 

Pearson product-moment correlation coefficients were computed to examine 

relationships between the scale values for each pair of scaling methods.  

Results show that all correlation coefficients are above .98, implying that the 

four scaling methods are highly correlated (see Appendix E, Table E1).  In 

addition, the correlation coefficients between mean ratings and standardized 

values were all above .90, suggesting that mean Z-scores are almost a precise 

linear transformation of mean ratings.  These results correspond with 

Schroeder’s (1984) conclusion that the way ratings are scaled does not 

seriously affect the reliability of the results and that simple mean ratings 

often produce result in nearly identical results to more complex scaling 

methods.  Hence, in order to simplify communication of the results, simple 

mean ratings will be reported and Z-score transformation used only when 

standardization of the ratings is required. 

Testing For Ordering Effect 

Having shown the images to participants in three different orders it was 

possible to examine the effect of image ordering on the observers’ judgments.  

In Survey 1, images were presented sequentially and participants viewed 32 

images shown in two orders: image numbers 1 through 32 (Order 1) and 

image numbers 32 through 1 (Order 2).  The third order, as used in Survey 2, 
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had image presentation individually randomised for each participant.  Only 32 

images were common to both Survey 1 and 2.  Thus, 32 stimuli images 

instead of 55 were used to test the ordering effect on participants’ preference 

scores.  The number of responses received for each of the three treatments 

(i.e., Order 1, Order 2 and random) was 47, 41 and 62 respectively.  These 

data was aggregated and averaged over each treatment and thereafter 

subjected to one-way analysis of variance (ANOVA).  The results of this 

analysis show that the order in which landscape images were viewed did not 

significantly affect observers’ preference ratings (F = 2.36, df = 2/93, p = .10), 

suggesting that scores obtained from Survey 1 and Survey 2 could be safely 

combined and aggregated. 

This same procedure (ANOVA) was carried out on data obtained for the 

naturalness scale, which was common to both surveys, yielding even less 

significant results (F = 1.46, df = 2/93, p = .23).  These results corroborate 

previous findings by Daniel (2001b) suggesting that the order by which 

landscape images are presented to observers does not have any serious effect 

on ratings.  The order effect on other ratings scales used in Survey 1 was also 

tested.  Ratings gathered for each order were averaged for each scale and 

differences between means were analysed independent samples t-tests.  

Except for scenic beauty ratings, no significant differences between the means 

of Orders 1 and 2 were found; hence, ratings were combined and aggregated 

(see Table 13).  The order effect on scenic beauty ratings was unexpected, 

inconsistent with findings from past studies (e.g., Daniel and Boster (1976)) 

and could not be systematically explained.  Nevertheless, scenic beauty ratings 

were combined and aggregated as a strong correlation was found between the 

ratings of the two reversed orders (r = .86, p < .01). 
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Table 13.  Pearson correlation coefficients and t-test of ordering effect on 
observers’ judgements in Survey 1 

Rating scale Order M SD t p r 
Scenic Beauty 1 

2 
6.48 
6.00 

.93 

.85 
2.13 .04* .86** 

Appropriateness 1 
2 

3.19 
3.17 

.53 

.54 
.21 .83 .82** 

Pleasantness 1 
2 

6.34 
6.11 

.92 

.99 
.93 .35 .86** 

Relaxing 1 
2 

6.33 
6.09 

1.02 
1.00 

.98 .33 .87** 

Exciting 1 
2 

5.04 
4.89 

1.16 
1.27 

.49 .62 .85** 

Familiarity 1 
2 

3.87 
3.77 

.43 

.36 
.96 .34 .84** 

Watera 1 
2 

3.24 
3.28 

.92 

.86 
-.20 .84 .97** 

Note.  M = simple mean, SD = standard deviation, t = computed t value, p = probability of obtaining 
results as extreme as the one observed (p < .05), r = Pearson correlation coefficient. 

* Significant at the .05 level. 
** Significant at the .01 level (two-tailed). 
a Perceived landscape water-use. 
 

General Preference 

Two groups of participants, Survey 1 (n = 86) and Survey 2 (n = 62), 

evaluated two sets of 32 and 55 urban park scenes respectively using a 10-

point uni-dimensional preference scale (with 1 = low and 10 = high).  

Examination of the equality of group means of common scenes revealed no 

significant difference (t = -1.68, df = 30, p = .09).  Moreover, a strong positive 

correlation was found between the two sets of data obtained independently 

from both surveys (r = .95, p <.01).  Reliability of the ratings was also 

computed on each set giving a Cronbach’s Alpha coefficient value of .91 

(Survey 1) and .92 (Survey 2) respectively.  Based on these results, scores from 

both surveys were aggregated and averaged for all common scenes to give an 

aggregate respondent sample size of 148 (N stimuli = 32). 

To examine the consistency of the observers ratings and test the hypothesis 

that ratings of the stimuli do not differ significantly, a two-way analysis of 
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variance was computed on the aggregate sample (N cases = 148; N stimuli = 

32).  Results given in Table 14 show that variation in responses come from 

two sources; observers and stimuli.  The lack of correspondence between 

observers can be explained by the common fact that different observers may 

employ different ratings styles (i.e., use the scale differently) (Daniel & Boster, 

1976).  Nevertheless, this can be dealt with by standardizing the scores as 

previously discussed.  In fact, results obtained from conducting a two-way 

analysis of variance using standardized scores show that the stimuli become 

the only source of variation suggesting that variations are only due to 

perceived landscape preferences not individual rating styles (see Appendix E, 

Table E2).   

Moreover, ANOVA results were further used to compute the internal 

reliability of the standardized ratings at the observer-to-observer and group-

to-group levels, yielding a coefficient value of .18 and .97 respectively.  This 

suggests that observers were consistent in using the judgment criteria when 

evaluating the scenes.  

 
Table 14.  ANOVA results of preference ratings from Survey 1 and 2 
explained by differences among observers and stimuli 

Source of variation df SS MS F p % Variance
Mean 1 161871.90     
Observers 147 6133.46 41.72 9.70 .00 14 
Stimuli 31 4068.71 131.24 30.53 .00 21 
Observers × stimuli 4557 19587.90 4.29   65 
Total 4736 191662.00    100 
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Socio-Demographic Effects 

Examination of subgroup differences was carried out using only the 

preference ratings scores.  Responses were categorised according to socio-

demographic characteristics of the respondents and subjected to t-test and 

simple analysis of variance (ANOVA) procedures to search for possible 

subgroup differences. 

Age, Gender and Residential Experience 

To investigate if variation in preference ratings is due to age effect, analysis of 

variance was undertaken on the preference rating means of the different age 

groups (see Appendix E, Table E3).  ANOVA results did not suggest any 

subgroup differences based on age (F = 1.88, df = 4/255, p = .11).  Testing 

for equality of means between males (n = 58) and females (n = 90) also 

showed that gender does not have a direct influence on the respondents’ 

perceptual judgements (t = 1.33, df = 108, p = .18).  In addition, to test the 

possible influence of residential experiences on the respondents’ evaluation of 

stimuli landscapes, analysis of variance was carried out on the means of the 

different residential groups (i.e., major city, regional city, small town and rural 

area) (see also Appendix E, Table E4).  The ANOVA results show that 

residential experience does not seem to effect observer judgments (F = 2.23, 

df = 3/216, p = .08).  These results are consistent with those obtained by 

Lyons’ (1983) who also found no significant difference in landscape 

preference in relation to gender, age or residential experience.   

Environmental and Design Background 

When inspecting preference ratings for the different subgroups, no significant 

difference was found between participants with (n = 64) or without (n = 84) 

an environmental design background (t = .18, df = 108, p = .85).  Similarly, no 

significant preference differences (t = -.23, df = 108, p = .81) were found 

between observers who were (n = 79) or were not (n = 69) employed in jobs 

that brought them into direct contact with nature in the course of their work. 
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Park Visits 

Preference ratings were also examined in relation to how often the 

participants visited a park or public garden in Melbourne.  The aggregate 

sample of 148 responses was grouped according to eight park visit categories: 

every day (n = 11), 2-3 times a week (n = 29), once a week (n = 36), once a 

fortnight (n = 11), once a month (n = 16), less than once a month (n = 16), 

less than once every 6 months (n = 13) and never (n = 12).  A simple analysis 

of variance was then carried to test if group means differed.  ANOVA test 

revealed significant preference differences between the eight groups (F = 

30.44, df = 7/432, p = .00) (see also Appendix E, Table E5).  Nevertheless, 

post hoc tests showed that only those who never visited a park (n = 12) were 

significantly different from the rest of the sample (N = 148) in their overall 

preference judgements and with such a small cell size (n = 12) it is difficult to 

be confident in this finding (see Appendix E, Figure E3). 

Group Differences 

Brown et al. (1990) suggest that different observers may naturally disagree to 

some extent in their ratings of a set of landscape stimuli and that these 

differences can be attributed to two principal sources of variation;  random 

variations in perception, preference or use of the rating scale, and systematic 

differences in preference or use of the rating scale.  Results from the analyses of 

variance obtained in the present study only allow the assumption that 

variation attributable to systematic differences in preference does not exist.  A 

closer examination of the consensus among observers would be needed to 

further explore the possibility of random variations.   

One of the several approaches used to examine individual differences in 

environmental preferences is hierarchical clustering analysis.  Other methods 

such a factor analysis and multidimensional scaling can be also used 

(Schroeder, 1987; Amedeo, 1999).  Nevertheless, cluster analysis is embraced 

here for its ability to summarise results in a simple graphical display allowing 
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easy interpretation of preference patterns.  Using the hierarchical clustering 

procedure Purcell and Lamb (1984) were able to demonstrate how the 

patterns of clustering of observer ratings could reveal if group differences in 

the response data are due to random variation in perceptions or differences 

that are more systematic.  They suggest inspection of the variances of means 

to explore within-landscapes variability.  Built on the argument that for certain 

landscapes, particularly these that are highly liked or preferred, there will be 

consensus across respondents, they took a new approach to inspecting 

observer ratings.  This approach entails taking the landscapes with lowest and 

highest variance as the basis for assessing between-subjects variability by 

subjecting the respondents’ means to cluster analysis.  Using the same 

approach, preference data (N = 148) obtained for the 32 common scenes 

gathered in the present study were used to cluster responses into homogenous 

preference groups.  The complete linkage clustering method was used and 

group average clustering of the subjects were performed for the 16 landscapes 

with the highest variances and the 16 landscapes with the lowest variances 

separately to identify possible patterns of similar, or different, responses (see 

Appendix E, Table E7).   

The cluster analysis of low and high variance landscapes does not suggest 

group differences but suggests within-landscape variability.  As can be seen in 

Figure 17, the dendogram for the 16 landscapes with the lowest variance 

values does not reveal a pattern where one overall group is formed quickly in 

the fusion sequence, nor does the dendogram for the 16 landscapes with 

highest variance values.  These results are consistent with the findings attained 

by Hagerhall (2001) who studied the consensus in preference judgments for 

farm grasslands associated with Swedish traditional cultural landscapes.  His 

results suggest that a strong commonly shared mental representation exists 

for these landscape types resulting in quick and holistic judgements and high 

consensus for scenes judged as good examples of these landscapes.  No effect 
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of group differences in responses, accounting for the variability, was found in 

that study.   

Looking at the two dendograms (Dendogram 1 and 2), as illustrated in Figure 

17, it seems clear that the clustering of responses follows some pattern.  The 

earlier part of the fusion sequence is characterized by many small groups 

forming at different distances in the dendogram and large clusters are only 

formed later in the sequence.  According to Purcell and Lamb (1984) this 

pattern indicates random responding rather than increasing differences 

between groups of respondents accounting for the high variance of ratings for 

these scenes.   

The ANOVA results of preference ratings showed that the proportion of 

variation in preference caused by variation among observers was only 14 

percent and the variation attributable to landscape scenes was 21 percent (see 

Table 14).  Therefore, there exists a significant amount of unexplained 

variance (65%) not accounted for by neither variation among landscape 

scenes nor variation among observers.  This reinforces the conclusion that 

within-landscape variability is not due to any accountable systematic change in 

the variance size as a function of different landscape types and that those 

differences among individuals are only due to random, momentary variation.  

Given these results, it was deemed appropriate to aggregate observer ratings 

into a single scale as suggested by  Brown and Daniel (1990). 
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Figure 17.  Hierarchical clustering of observers based on 16 scenes with the lowest variance 
and 16 scenes with the highest variance.  Complete linkage method with 
Euclidean distance data was used as the clustering method. 

 

      

Dendogram 1
(lowest variance)

Dendogram 2 
(highest variance) 
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Mean Ratings and Underlying Dimensions 

Mean preference ratings and standard deviations of all 55 scenes evaluated in 

both Survey 1 (32) and 2 (all 55) are given in Appendix E, Table E6.  Mean 

preference ratings ranged from 8.27 to 4.24, while standard deviation values 

varied from 2.73 to 1.88.  Given that a 10-point rating scale was used it would 

be fair to say that the difference in standard deviation is not large, indicating a 

high consensus among raters.  As can be seen in Appendix E, Table E6, 

scenes of native/indigenous natural forest type park landscapes with water 

bodies, and some formal landscapes with dense vegetation and leading views, 

were largely preferred over open, rough landscapes with sparse vegetation.  

These results are consistent with those obtained by Schroeder (1991) in a 

similar research context.   

Moreover, to explore the perceptual dimensions along which the respondents 

based their preference judgments, a multidimensional scaling analysis was 

undertaken on the preference scores gathered for the 55 scenes.  The SPSS 

version of Alternating Least Square Algorithm (ALSCAL) was used to 

perform a non-metric multidimensional scaling on the rating data (Young et 

al., 1980).  A matrix of cross products of preference ratings, 148 observers-by-

55 scenes, was used as input for this analysis.  Because multidimensional 

scaling uses dissimilarity data to create a scaling solution, some transformation 

of the data was necessary to perform a non-metric scaling procedure.  

Euclidean distances were therefore computed from the rating data, which in 

turn was standardized across observers using the Z-score transformation.  As 

previously explained, this standardization was intended to account for the 

random variations that were previously found to exist between observers.  

Next, standardized scores were subjected to MDS using weighted Euclidean 

distance as a scaling model, along with matrix conditional and interval data.   

A readily interpretable three-dimensional solution with an “excellent” stress 

value of .09 (Kruskal, 1964) and high goodness-of-fit value (R2 = .93) was 
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obtained in the MDS analysis.  Visual inspection of the stimuli and their 

spatial locations in the three-dimensional space suggest Dimension 1 to be 

associated with vegetation type (i.e., native/indigenous vs. exotic) and degree 

of perceived naturalness of landscape (i.e., natural vs. artificial), Dimension 2 

to involve three attributes, including spatial configuration (i.e., open vs. 

enclosed), vegetation density (i.e., sparse vs. dense) and degree of verdancy of 

landscape (i.e., dry vs. lush) and Dimension 3 is closely associated with 

presence or absence of water (see Figure 18). 

Interpreting the dimensions was not just based on informal visual 

examination of the scenes and the stimulus configuration but also relied on 

results obtained from principal component analysis (CATPCA) conducted 

using results of content analysis obtained in Study 1 (see Chapter 6).  To avoid 

cluttering of the biplot, only those descriptions related to physical attributes of 

landscapes were used.  This resulted in 17 descriptive variables being included 

in the analysis.  The CATPCA technique is similar to a procedure suggested 

by Kruskal (1978) for interpreting multidimensional solutions and later 

adopted by Schroeder (1987) for naming factors underlying preference ratings 

of urban park scenes.  Using an optimal-scaling model each of the 55 scenes 

and associated descriptive variables were regressed on the coordinates of the 

first two dimensions of the MDS solution.  Firstly, a principal component 

solution is computed for the categorical variables (e.g., attributes or 

descriptions of the scenes) derived from content analysis of open-end 

response from the multiple-sorting task (Study 1).  Secondly, relationships 

between scenes and associated features are graphically displayed by plotting 

the factor scores of the two-component solution as vectors (or arrows) in the 

two-dimensional perceptual space obtained for preference rating of the 

scenes.  The higher the correlation between two objects, the closer together 

spatially their plotted vectors will lie and the closer the relationship between 

the scenes (or simplex points) and vectors the greater degree of association of 

descriptors is to scenes.   
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The relationship among scenes and associated descriptions is illustrated in 

Figure 20.  By looking at the vectors and scene positions in the two-

dimensional model, one can conclude that Dimension 1 is strongly related to 

the type of vegetation and degree of naturalness of the landscape while 

Dimension 2 is associated with vegetation density and spatial organisation of 

elements in the scenes.  The presence of water also figures prominently in this 

two-dimensional model.  Examples of scenes associated with each dimension 

are also illustrated in Figure 19. 

 

 

Figure 18.  Stimulus configuration in three-dimensional solution of MDS model derived 
from preference ratings.  D denotes dimension; Numbered points represent 
stimuli photos/scenes.  D1: native-natural vs. exotic-artificial, D2: sparse-open-dry 
vs. dense-enclosed-lush, D3: presence vs. absence of water.
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Figure 19.  Representative scenes illustrating the three perceptual dimensions of MDS model derived from preference ratings.  Dimension 1: native-natural vs. exotic-artificial, 
Dimension 2: sparse-open-dry vs. dense-enclosed-lush, Dimension 3: presence vs. absence of water.
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Figure 20.  Biplot showing relationships between scenes and associated descriptors in the 
two-dimensional MDS stimulus configuration.   

Scenic Beauty 

It can, and has been, argued that scenic beauty judgements differ from general 

preferences and that when observers are asked to indicate their preferences 

for various landscape types they tend to apply criteria that are more or less 

related to the use rather than to the intrinsic beauty of the landscapes (Arthur, 

1977).  Additionally, Arthur et al. (1977) showed that although ratings of 

preference and beauty may be highly correlated, beauty ratings typically 

produce higher scores and smaller variances than preference ratings.  

However, the results obtained by Daniel and Boster (1976) did not reveal any 

substantial differences between ratings of scenic beauty and ratings of overall 

preference for scenic areas.  Nevertheless, these positions are largely based on 

analysis of ratings of large-scale scenic environments.  A review of the 

literature suggests that the argument that preference and scenic beauty ratings 
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may be different with respect to evaluation of small-scale scenic 

environments, such as urban park environments.  Hence, the following 

analysis will focus on examining the relationship between preferences in 

general and scenic beauty in this context (i.e., with respect to the urban park 

landscapes used as stimuli). 

The scenic beauty scale was only used in Survey 1.  In that survey, observers 

(n = 86) viewed and scored 32 scenes of urban park environments presented 

to them in two reversed orders.  As previously reported (see Table 13), no 

significant differences were found between the means of the two orders (t = 

2.13, p = .03), hence responses were aggregated then averaged for each scene 

over observers.  Using the RMRATE program, a two-way analysis of variance 

(stimuli-by-observers) of observers’ standardized (Z-scores) ratings was 

computed to test the consistency of the scenic beauty measurement and to 

further determine the internal reliability of the data.  An internal reliability 

coefficient (Cronbach’s Alpha) value of .20 and .95 was obtained for 

observer-to-observer and group-to-group respectively suggesting a high 

consistency in the ratings among respondents.  Results of the analysis of 

variance are presented in Table 15.   

Furthermore, a Pearson product-moment correlation coefficient was 

calculated to examine the relationship between mean preference ratings and 

mean scenic beauty ratings of the 32 common images.  A two-tailed positive 

correlation, significant at the .01 level was found (r = .92).  This correlation 

was not significantly lower than the internal reliability for the preference 

ratings (α = .97) and scenic beauty ratings (α = .95).  This suggests that a 

strong relationship between judgments based on preference of the scenes and 

evaluations of the scene beauty of the same scenes does exist and implies that 

the criteria observers used to rate the scenes may be the same in both 

evaluation processes. 
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In effect, two almost identical three-dimensional solutions were attained when 

standardized scores of both preference (N = 148) and scenic beauty (n = 86) 

scales were subjected to MDS analysis.  Stress values for scenic beauty and 

preference ratings were equal to .15 (R2 = .88) and .14 (R2 = .90) respectively.  

Examination of the stimulus configuration in the two-dimensional space built 

on the axes of the first two dimensions (see Figure E4 and E5) reveals quite 

similar patterns reinforcing the conclusion that in the case of scenic landscapes, 

be it large-scale forest environments or small-scale urban park environments, 

the landscape’s intrinsic beauty is apparently the major factor behind 

preference judgements. 

Mean and standard deviation values of both scenic beauty and preference 

ratings are given in Table 9 for comparison.  Note that for the same scenes, 

scenic beauty produces higher means and lower variance than does 

preference.  This corroborates Arthur’s et al. (1977) findings and suggests that 

for future studies on urban parks, scenic beauty can be used solely and safely 

as the primary measurement criterion for public aesthetic preferences as it 

carries a more concise definition and hence may be better understood by 

raters or judges. 

 

Table 15.  ANOVA of standardized scenic beauty ratings explained by 
differences among observers and stimuli 

Source of variation df SS MS F p 
Mean 1 .00    
Observersa 85 .00 .00 .00 1.00 
Stimulib 31 560.55 18.08 22.63 .00 
Observers × Stimuli 2635 2105.44 .79   
Total 2752 2666.00    
a Observers (n = 86). 
b Stimuli (n = 32). 
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Table 16.  Scenic beauty and preferences ratings sorted by decreasing mean 
scores 

Scenic Beauty Preference 

Photo ID M SD Photo ID M SD 
S47 7.97 1.87 S47 7.73 2.06 
S52 7.63 2.05 S52 7.32 2.27 
S10 7.57 1.96 S10 7.30 1.93 
S70 7.48 1.98 S54 6.93 2.11 
S54 7.43 1.90 S70 6.82 2.16 
S67 7.08 2.18 S67 6.81 2.13 
S50 7.07 1.89 S50 6.69 2.16 
S1 6.85 2.23 S42 6.63 2.72 
S35 6.71 2.36 S34 6.61 2.48 
S23 6.71 2.41 S25 6.33 2.04 
S9 6.65 2.19 S35 6.26 2.58 
S34 6.56 2.25 S1 6.25 2.48 
S25 6.51 2.16 S9 6.23 2.44 
S62 6.36 2.31 S12 6.16 1.95 
S42 6.35 2.42 S38 6.14 2.34 
S3 6.35 2.44 S68 6.11 2.28 
S53 6.21 2.14 S15 5.87 2.43 
S12 6.20 1.96 S30 5.65 2.44 
S38 6.19 2.42 S61 5.60 2.46 
S68 6.08 1.94 S53 5.41 2.42 
S15 6.02 2.25 S62 5.39 2.60 
S61 5.99 2.45 S3 5.34 2.46 
S30 5.94 2.36 S23 5.26 2.64 
S65 5.53 2.04 S36 5.03 2.08 
S48 5.44 1.98 S43 5.00 2.32 
S27 5.37 2.46 S48 4.95 2.13 
S7 5.31 2.42 S27 4.74 2.48 
S33 5.29 2.37 S7 4.72 2.42 
S36 5.22 2.06 S65 4.68 2.22 
S43 5.17 2.49 S28 4.53 2.26 
S14 4.84 2.31 S14 4.34 2.39 
S28 4.50 2.26 S33 4.24 2.51 
Note.  Participants were instructed to indicate their overall preference when using the preference scale. 
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Naturalness 

Perceived naturalness was rated in both surveys.  In Survey 1 naturalness was 

rated on a uni-dimensional, 10-point scale (1 = low; 10 = high), while in Survey 

2 it was scored using a 10-point bipolar scale (1 = natural; 10 = artificial).  

Therefore, the 148 responses gathered for the 32 common scenes had to be 

recoded in order to match up the poles on the two scales.  For example, a 

score of 10 in Survey 2 was recoded as 1 = artificial = low naturalness and a 

score of 1 was recoded as 10 = natural = high naturalness and so forth.  A two-

way analysis of variance (stimuli-by-observers) was performed yielding a 

reliability coefficient of .48 and .99 for observer-to-observer and group-to-

group respectively.  These values suggest a very high consistency in ratings 

between observers.  Since no effect of ordering on observers judgements 

could be found (F = .64, df = 2/93, p = .52), the ratings were aggregated and 

averaged across both samples for the 32 common scenes. 

 It was expected that residential experience would influence perceptions of 

the degree of naturalness portrayed in the landscape scenes and that those 

with a predominantly urban background would, to some extent, perceive 

more formal landscapes relatively more natural than would those with rural 

area backgrounds (Schroeder, 1989, pp. 104-105).  However, no systematic 

significant differences were revealed when mean ratings of observers with 

different residential experiences were subjected to ANOVA (see Appendix E, 

Table E8).  In addition, no difference was found between observers who were 

(n = 79) or were not (n = 69) employed in jobs that brought them into direct 

contact with nature in the course of their work (t = 1.28, df = 62, p = .20).  

Moreover, to examine the hypothesis that judgements of naturalness are 

closely related to preference (Wohlwill, 1976; Herzog, 1989; Lamb & Purcell, 

1990), aggregate ratings of common scenes for both preference and 

naturalness, were subjected to Pearson’s correlation test.  The results show 

that only a moderate correlation exists (r = .47, p < .01), implying that more 

natural scenes would be expected to have only somewhat higher preference 
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ratings.  Conversely, no significant correlation was found between ratings of 

naturalness and scenic beauty ratings (r = .23, p = .2). 

Mean and standard deviation values of the naturalness ratings were also 

computed for the 55 scenes (see Table 17).  Landscapes that displayed 

native/indigenous forest type settings were perceived to be highly natural, 

while scenes of formal, well-tended landscapes, many with floral displays, 

were perceived as having a low degree of naturalness.  While these results are 

not surprisingly, it was interesting to note that in some instances, particularly 

when artificial structures or human interventions were hardly evident, the 

observers may have interpreted “perceived naturalness” to mean “ecological 

naturalness” as a basis for their evaluations of the scenes (Lamb & Purcell, 

1990).  Evidence of this is found in scenes that depict somewhat similar 

landscape settings in scene numbers S2 (M = 5.81, SD = 2.58) and S12 (M = 

5.41, SD = 2.38) which were both rated higher than scene numbers S50 (M = 

4.99, SD = 2.51) and S70 (M = 4.48, SD = 2.47) on the naturalness scale (see 

Figure 21).  Visual inspection of these scenes suggests that these differences 

may be related to vegetation type.  S2 and S12 depict environments that are 

entirely composed of native/indigenous vegetation, while the environments 

depicted in S50 and S70 display exotic vegetation.  These findings corroborate 

Lamb and Purcell’s (1990) remark that judgements of landscape naturalness 

may, with Australians, be related to ecological naturalness but are not 

equivalent.  This conclusion is also supported by a highly positive two-tailed 

correlation between ratings of naturalness and ratings of perceived nativeness 

(r = .91, p <.01), reinforcing the idea that a strong relationship exists between 

perceived naturalness and perceived nativeness exists, which might be thus 

considered as an index of ecological naturalness. 
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Table 17.  Mean and standard deviation values of perceived naturalness 
ratings for the 55 scenes sorted by ascending means 

Photo ID M SD Photo ID M SD 
S13a 9.15 1.05 S10 5.05 2.62 
S32a 9.02 1.12 S50 4.99 2.51 
S47 8.91 1.27 S67 4.82 2.26 
S42 8.89 1.61 S22a 4.68 2.53 
S31 8.82 1.37 S48 4.60 2.12 
S34 8.56 1.87 S70 4.48 2.47 
S52 7.97 1.86 S54 4.42 2.36 
S44a 7.94 1.73 S59a 4.26 2.24 
S29a 7.92 2.44 S4a 4.19 2.40 
S38 7.55 2.13 S1 4.17 2.72 
S15 7.40 2.17 S28 4.16 2.30 
S58a 7.02 2.30 S41a 3.85 2.19 
S43 6.93 2.40 S65 3.83 2.29 
S46a 6.52 2.17 S5a 3.66 2.04 
S27 6.44 2.75 S30 3.65 2.35 
S3 6.22 2.64 S8a 3.58 2.26 
S57a 6.19 2.55 S9 3.55 2.38 
S66a 5.85 2.66 S61 3.51 2.35 
S2a 5.81 2.58 S35 3.50 2.61 
S21a 5.76 2.49 S55a 3.47 2.31 
S69a 5.73 2.54 S14 3.32 2.24 
S7 5.71 2.68 S53 3.12 2.27 
S25 5.55 2.33 S39a 3.00 2.08 
S68 5.41 2.31 S23 2.94 2.18 
S12 5.41 2.37 S62 2.72 2.17 
S40a 5.40 2.49 S56a 2.68 1.82 
S36 5.21 2.33 S33 2.41 1.98 
S11a 5.18 2.47    
Note.  All scenes (N = 148).  Common scenes (n = 62). 
a Common scenes. 
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Figure 21.  Sample scenes illustrating evaluation shift from perceived naturalness (S2 and 
S50) to ecological naturalness (S12 and S70). 

Nativeness 

Related to perceived naturalness of the scenes is nativeness.  Analysis of the 

internal reliability of perceived nativeness ratings yielded an Alpha coefficient 

of .53 and .98 for observer-to-observer and group-to-group respectively.  

These values indicate a high level of agreement between observers with 

respect to perceived nativeness of landscape environments, which was found 

to discriminate between indigenous/native vegetated scenes and landscape 

environments planted with exotics.  Given the uniqueness and distinctiveness 

of Australian indigenous plants in terms of foliage colour, shape and texture, 

it was not surprising to see that an intra-rater (observer-to-observer) reliability 

as high as .53 could be attained.  This finding suggests that regardless of the 

educational or demographic background of respondents, many people may 

exhibit a basic ecological or environmental awareness in terms of 

exotic/native plants in the landscape.  Nativeness was evaluated only in the 

second survey in which participants were instructed to rate, using a 10-point 

bipolar scale, how much in their opinion the depicted landscape environments 
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look exotic or native (1 = exotic; 10 = native).  Mean and standard deviation 

values of the ratings of perceived landscape nativeness are presented in Table 

18.  Standard deviation ranged from 1.34 to 2.96 with a mean of 1.97 

indicating a relatively high consistency.  It was suspected that the high 

agreement in the perceived nativeness ratings of the scenes might be related 

to the familiarity of participants with the environments.  However, no 

relationship was found between observers ratings of familiarity and their 

ratings of perceived nativeness (r = -.23, p = .20).   

 

Table 18.  Mean and standard deviation values for perceived nativeness sorted 
by ascending means 

Photo ID M SD Photo ID M SD 
S13 9.11 1.68 S48 5.26 2.30 
S34 9.06 1.34 S11 4.97 2.28 
S32 9.02 1.55 S54 4.60 1.93 
S42 9.00 1.98 S10 4.44 2.02 
S31 8.92 1.54 S4 4.39 2.30 
S47 8.47 1.81 S21 4.35 2.14 
S52 8.05 1.87 S61 4.23 2.07 
S44 8.00 1.43 S50 4.13 2.20 
S58 7.95 1.65 S70 4.08 1.88 
S3 7.95 1.85 S59 3.92 1.99 
S38 7.85 1.88 S8 3.85 1.93 
S7 7.81 1.88 S65 3.84 1.91 
S15 7.76 1.79 S1 3.79 2.27 
S27 7.61 2.13 S9 3.76 2.55 
S66 7.60 1.76 S30 3.66 2.07 
S57 7.53 1.80 S55 3.63 1.95 
S43 7.40 1.88 S22 3.61 1.86 
S67 7.37 1.68 S41 3.60 2.04 
S68 7.32 1.93 S35 3.35 2.45 
S46 7.27 1.73 S5 3.34 1.68 
S12 7.18 1.93 S56 3.32 1.98 
S25 7.16 1.96 S53 3.19 1.93 
S69 6.85 1.99 S33 3.18 1.68 
S29 6.84 2.96 S39 3.13 2.00 
S28 6.50 2.11 S14 2.90 1.98 
S36 6.40 2.25 S23 2.89 1.67 
S2 6.39 2.55 S62 2.87 1.93 
S40 6.08 2.29    
Note.  Perceived nativeness was rated only in Survey 2 (N = 62). 
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Familiarity  

The argument that familiar places might be expected to have higher 

preference than unfamiliar places has found support in past research (Kaplan 

& Kaplan, 1982b; Hammitt, 1987; Kaplan & Herbert, 1988; DeLucio & 

Mugica, 1994; Purcell et al., 2001).  However, a review by Kaplan and Kaplan 

(1989) of studies investigating the proposition that former direct experience 

and knowledge of a place has an influence on preferences concluded that a 

relationship between familiarity and preference is not obvious.  They explain 

that, “though familiarity is a major factor in understanding these variations, 

familiarity is by no means a simple predictor of preference” (pp. 73).  A recent 

study by Purcell et al. (2001) examined the relationship between perceived 

restorative response, familiarity and preference for a series of landscape 

scenes and a low correlation was found (r = .31), suggesting that familiarity 

does not play a major role in affecting preference.  Moreover, a cross-cultural 

study conducted by Kaplan and Herbert (1988) concluded that a 

straightforward relationship between preference and familiarity does not exist.  

Conversely, in a study involving a pre and post on-site visual preference 

evaluation of bog landscapes, a reasonably positive relationship (r = .53) 

between familiarity and preference ratings was found (Hammitt, 1979). 

Familiarity and Preference   

An examination of the relationship between familiarity and preference with 

respect to urban park landscapes was made in the present study.  Participants 

in the first survey (N = 86) indicated their familiarity for 32 scenes.  A 5-point 

likert scale with end-points of “not at all familiar” and “very familiar” was 

used.  The reliability of the measurement was high with an Alpha value of .95 

indicating a high agreement between observers.  When preference and 

familiarity scores were ranked and compared, no relationship was found (r = 

.17, p = .34).  Comparison of both familiarity and preference scores shows 

that the most familiar scenes do not correspond with the most preferred ones 

(see Appendix E, Table E9).  Moreover, the most familiar scenes (M ≥ 4) 
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were quite distinct and characterised by presence of water bodies, specimen 

trees, floral displays and pathways.  These results can be interpreted with 

respect to Lynch’s (1960) observation that major components in people’s 

cognitive maps of city dwellers are ‘landmarks’, in this case, specimen trees, 

floral display, water bodies and ‘paths’ or tree lined pathways.  Based on his 

study of bog environments, Hammitt (1979, pp. 223) suggest that: 

While high preference for a scene tends to be associated with a high degree 

of familiarity for that scene, one is reminded that the opposite situation, of 

high familiarity being associated with low preference, can also occur.  

Familiarity can lead to increased preference, but familiarity, per se, is 

insufficient basis for appreciation.  One can be very familiar with non-

preferred aspects of an environment. 

Similarly,  Kaplan and Kaplan (1989, pp. 74) argue that length of residency 

may provide a poor indication of familiarity with other kinds of settings as 

one may not live in the kind of setting one would choose if one had such 

luxury.   

Perceived Appropriateness 

One of the salient constructs identified by content-analysing the open-ended 

responses from the photo-sorting exercise in relation to the landscape 

classification study was appropriateness.  The concept of appropriateness may be 

understood with respect to Wohlwill’s notions of “congruity” and 

“fittingness” (Wohlwill, 1979; Wohlwill & Harris, 1980).  Here the question is 

concerned with seeking to answer the question, does a scene fit an observer’s 

mental image of an ideal urban park?  And what are the elements that 

constitute those mental images?  Can preferences be explained based on such 

a conceptual model?  These questions were examined by exploring ratings of 

perceived landscape appropriateness and their relationship to preferences.   
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Perceived appropriateness was measured in both surveys (Survey 1 and 

Survey 2), wherein respondents were instructed to rate how much, in their 

opinion, the displayed environments appeared to be appropriate for a 

Melbourne urban park.  A 5-point likert scale, with 1 = not at all appropriate and 

5 = very appropriate, was used in Survey 1, whereas a 10-point bipolar scale, 

with 1 = appropriate and 10 = inappropriate, was used in Survey 2.  Given the 

disparity in both structure and properties of the scales, resultant data could 

not be safely aggregated.  The internal reliability of the ratings was calculated 

for each data set independently.  Cronbach’s Alpha test yielded a coefficient 

value of .86 for Survey 1 (n cases = 86, n stimuli = 32) and .92 for Survey 2 (n 

cases = 62, n stimuli = 55).  Hence, based on a higher internal reliability, 

analyses were undertaking using only the data gathered from Survey 2. 

An R-mode principal component analysis was performed on the 

appropriateness data matrix of the 62 observers × 55 scenes.  An un-rotated 

factor solution yielding three components with eigenvalues of 14.83, 11.18 and 

2.69 respectively was initially selected.  However, given the sharp decline in 

the scree plot at the third component, a two-factor solution accounting for 47 

percent of the variance was adopted.  Scenes with factor loadings higher than 

or equal to .50 on a given component were retained.  In this way 24 scenes 

(44%) were associated with Factor 1 and 23 scenes (42%) were associated 

with Factor 2.  Visual inspection of the scenes associated with each 

component suggested that Factor 1 environments are formal, highly 

maintained and manicured, whereas scenes included under Factor 2 depict 

native bushland vegetation and natural looking landscapes with natural water 

bodies (see Appendix E, Table E10).  Note that the concept of 

appropriateness was neither explicitly defined nor explained to participants 

beforehand.  Instead, it was up to the respondents to interpret this criterion 

for themselves.  Given that, it seemed probable that a natural-artificial 

component may be strongly related, and embedded in, perceptions of 

appropriateness.  Moreover, considering the likelihood that a landscape type 
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can be preferred but not considered appropriate for a particular use, it was 

interesting to find that a strong relationship exists between appropriateness 

and preference ratings.  When both ratings were reversed (given the opposite 

scales), then ranked and compared, a strong correlation was obtained (r = .87, 

p = .01), implying that perceived appropriateness is linearly related to 

preference, suggesting that appropriateness may play a significant role in 

deriving or affecting people’s  preference judgements. 

Mean scores and standard deviations of perceived appropriateness ratings are 

presented in Appendix E, Table E11.  Visual inspection of the scenes with 

high and low perceived appropriateness means should suggest an aggregate 

conceptual model of ideal urban park environments by revealing salient 

elements associated with those scenes rated as the most appropriate park 

environments.  Along the lines of the conceptual model drawn by Ulrich 

(1983; 1986) for high and low preference for unspectacular natural scenes, a 

visual inspection of the results suggests that the most appropriate park 

environments may be characterised by the following attributes: 

1. moderate to high level of complexity, 

2. presence of water, focal points and ordered patterns (or 

coherence), 

3. high to moderate level of depth of view, 

4. homogenous ground surface texture, 

5. presence of deflected vistas and high sense of enclosure (see 

Figure 22).   

In contrast, the landscapes that were rated the least appropriate as illustrated 

in Figure 23 have: 

1. low complexity,  

2. openness, 
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3. absence of water features and lack of focal points, 

4. restricted depth of view, 

5. rough ground surface texture, 

6. absence of deflected vistas, high sense of boredom, loneliness and 

perceived threat.   

The results tend to validate Ulrich’s model, reflected in the attributes listed 

above,  in the context of small-scale urban park environments used as stimuli 

in the present study. 
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Figure 22.  Most appropriate landscapes sorted by decreasing appropriateness ratings from 
top-left to bottom-right. 
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Figure 23.  Most inappropriate landscapes sorted by decreasing appropriateness ratings 
from top-left to bottom-right. 

Various Affective Dimensions 

Affective responses were gathered solely in Survey 1 in which the hypothesis 

that environmental preferences are intimately related to positive emotional 

experiences was tested (see Chapter 3).  Using uni-dimensional, 10-point 

scales participants rated 32 urban park scenes on how interesting, pleasant, 

exciting and relaxing they felt the landscapes depicted in the scenes were.  A list 

of affective descriptors identified from content analysis of open-ended data 

from the landscape classification study shows how these constructs were the 

most appropriate for measuring affective responses to the scenes (see 

Appendix D, Table D1).  These scales also reflect the circumplex model of 

affect developed by Russell and Pratt (1980; 1988), which is constructed 

around two major dimensions; arousal and pleasure.  Participants evaluated the 

arousal qualities of the landscape scenes using two scales; exciting and relaxing 
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(10-point, uni-dimensional) while pleasure was evaluated using a 10-point, 

uni-dimensional ‘pleasant’ scale (1 = low; 10 = high).  Interest was also tested 

using a 10-point, uni-dimensional ‘interesting’ scale (1 = low; 10 = high).  The 

internal reliability of the ratings from these scales was equally high with a 

Cronbach’s Alpha value of .92.  To test whether a significant relationship 

exists between these affective ratings and the preference judgements, 

Pearson’s correlation test was performed on each pair of preference and 

affective scales individually.  As can be seen in Table 19, the four affective 

scales significantly and positively correlated with the preference ratings 

suggesting that preference increases linearly along both pleasure and arousal 

dimensions as would be predicted by Russell and Pratt’s (1980) affect model.  

Note that the affective scale ratings are also positively inter-correlated.  

Therefore, in order to examine how much influence each of the four 

dimensions exercised on the respondents’ preferences, a stepwise regression 

analysis was carried out with the following stepwise criteria: a probability-of-

F-to-enter equal to or less than .05 and a probability-of-F-to-remove equal to, 

or less, than .1.  The different affective ratings were entered as independent 

variables while the preference ratings were used as the dependent variable.  

Table 20 shows that all independent variables, except for the ‘interesting’ 

scale, were admitted for the stepwise regression analysis.  The ‘interesting’ 

scale was excluded due to its strong co-linearity with at least one of the other 

independent variables (i.e., pleasant, exciting and relaxing).  As a result, four 

models each accounting for a majority of variance in the preference were 

obtained (see Table 20).  Nevertheless, based on inspection of the predictor’s 

variables Beta coefficient (β) and t values, Model 2 (preference-pleasant-

exciting) was adopted largely because it includes the two major components 

that correspond to the main axes of Russell’s and Pratt’s (1980) affect model.  

In this solution, the exciting scale represents the arousal dimension and 

pleasantness ratings represent the pleasure dimension. 
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Looking at the components of the preference-pleasant-exciting model it 

appears that pleasure is the most important predictor of preference ratings.  

Pleasure and arousal together explain 99 percent of the variance in preference 

ratings, suggesting that preferences for urban park landscapes are highly 

dependent upon people’s affective reactions to the park landscapes.  The 

positive coefficients obtained for both pleasure and arousal imply that 

preferences can be expected to increase linearly with increases in pleasure and 

arousal elicited by the landscapes.  Previous research suggests that arousal is 

closely associated with the complexity of scenes (Berlyne, 1958; Mehrabian & 

Russell, 1974), which in turn is in nonmonotic relationship with preference.  

In other words, preference increases as a function of scene complexity up to a 

perceived threshold after which it declines.  Such a non monotonic 

relationship did not materialize in the present study, perhaps because 

complexity of the scenes, and consequently arousal, may not have varied 

enough for this phenomenon to occur.  Nevertheless, it was expected that 

relaxation might play some role in predicting preference as it was 

hypothesized that relaxing environments should be preferred over those that 

are very arousing (i.e., hectic).  This is the case in Model 3 and 4 (see Table 

20).  However, overall pleasure and arousal were more influential in predicting 

preference.  These results correspond with findings obtained by Mehrabian 

and Russell (1974) and Hull and Harvey (1989), corroborating that affective 

responses, particularly arousal (or excitement) and pleasure (or pleasantness), 

are intimately associated with public environmental preferences for park 

environments.   

Mean and standard deviation values of each of the four affective scales are 

given in Appendix E (Table E12, E13, E14 and E15).  Visual inspection of 

the scenes in relation to their associated mean affective ratings reveals that 

most of the scenes that rated high in terms of pleasantness are landscapes 

with high levels of complexity and field depth that offer deflected vistas and 

those that depict views of water.  Similarly, the most relaxing landscapes seem 
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to be associated with the presence of water, whereas the most exciting 

landscapes are characterized by a high degree of complexity and field depth 

(see Chapter 9 for further details). 

 

Table 19.  Inter-correlations between preference and affective ratings 

 Preference Pleasant Interesting Exciting 
Pleasant .88    
Interesting .85 .66   
Exciting .84 .63 .98  
Relaxing .83 .97 .54 .50 

Note.  All correlation coefficients are significant at the .01 level (two-tailed). 
 

Table 20.  Stepwise regression analyses of the four affective scales using 
preference scores as the independent variable 

Predictor β SE Sβ t p 
Model 1a  
Pleasant .91 .01 .99 72.28 .00 
  
Model 2b 

Pleasant .59 .04 .65 13.37 .00 
Exciting .39 .05 .34 7.11 .00 
  
Model 3c  
Pleasant -.27 .27 -.29 -.99 .32 
Exciting .51 .06 .45 8.43 .00 
Relaxing .77 .23 .84 3.23 .00 
  
Model 4d 

Exciting .47 .04 .41 11.12 .00 
Relaxing .53 .03 .58 15.65 .00 
Note.  No intercept since regression goes through the origin.  β = beta coefficient, SE = standard error, 

Sβ = standardized beta coefficient. 
a Statistics: R2 = .99, F = 5224, df = 1, 31, p < .01. 
b Statistics: R2 = .99, F = 6822, df = 2, 30, p < .01. 
c Statistics:  R2 = .99, F = 353, df = 3, 29, p < .01. 
d Statistics:  R2 = .99, F = 8987, df = 2, 30, p < .01. 
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Summary 

Technically, the Internet is a proven tool to undertake landscape perception 

research and to gather environmental evaluation ratings.  Analyses of the 

ratings showed that the order in which the stimuli were presented to on-line 

participants had no effects on their judgments.  Different scaling methods 

were compared and the reliability of the ratings was examined.  Regardless of 

respondents’ social, professional and environmental backgrounds, a high 

consistency in judgments for the stimuli scenes using the various rating scales 

between participants was attained.  Analysis of variance did not reveal any 

substantial group differences or within-landscape variability.  When 

differences were noted, they were most likely due to insignificantly random 

variations.   

In addition, ratings on the preference scale were examined for subgroup 

differences and no significant difference in landscape preference in relation to 

gender, age or residential experience was found.  Given these results, 

respondents’ ratings were aggregated and the findings were generalised to the 

entire sample (N =148). 

While relatively few studies have investigated public perceptions of urban 

green open spaces, the results obtained in this study show that, when 

evaluating urban park landscapes, people tend to have similar perceptual 

responses and judgment criteria as found in studies that have evaluated large-

scale natural environments.   

Scenic beauty and preference ratings were found to be highly inter-correlated 

suggesting that scenic beauty can be solely used to measure public aesthetic 

preferences for urban park landscapes as it carries a more concise definition 

and might be better understood by participants.  Three dimensions underlying 

the observers’ scenic beauty and preference judgments were revealed.  These 

dimensions were related to: 
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1. vegetation type and development intensity or degree of 

modification/artificiality,  

2. vegetation density, spatial definition and view extent, 

3. presence of water.   

All of these landscape attributes, except for vegetation type (i.e., 

native/indigenous versus exotic), are perceptual criteria that have been 

repeatedly found to be at the basis of public ratings for natural environments  

(Daniel & Boster, 1976; Palmer, 1978; Schroeder, 1983, 1987; Amedeo et al., 

1989; Kaplan & Kaplan, 1989; Schroeder, 1991; Burmil et al., 1999). 

Results obtained from comparing observers’ ratings for scenic beauty and 

overall preference against naturalness scores add reserved support to Daniel’s 

and Boster (1976, pp. 8) proposition that observers frequently justify their 

preference for a carefully designed park, or intensively managed forest, based 

on greater naturalness, since a moderate correlation was found between 

preference and naturalness ratings.  Conversely, no relationship was found 

between naturalness and scenic beauty ratings.  These findings suggest that 

observers may conceptualize naturalness in small urban park landscapes 

differently than they would for large-scale natural landscapes.  Moreover, it 

was found that the respondents’ residential experience did not seem to 

influence their perceptions of naturalness.   

Similar results were obtained when ratings were analysed in terms of 

familiarity with the landscapes being presented for evaluation.  No significant 

relationship was found between familiarity and ratings for scenic beauty, 

preference, naturalness and appropriateness.  Perceived appropriateness 

ratings were, however, found to be strongly correlated with preference ratings.  

Close examination of the preference ratings suggested that the criteria 

respondents used to differentiate between the scenes were related to one of 
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the following psychological concepts as proposed by the findings of various 

prior studies:  

 Content and the degree the scene seems to make sense and evoke 

a sense of involvement (Kaplan & Kaplan, 1982a), 

 Prospect (Appleton, 1975a) and affordance (Gibson, 1979), 

 Legibility and mystery (Kaplan, 1975), 

 Naturalness and presence of water (Zube et al., 1975b).   

Finally, affective pleasure and arousal responses were correlated with for park 

landscape preference.  A strong positive relationship was found between all 

the affective ratings; interest, pleasantness, excitement and relaxation and 

preference scores.  Moreover, stepwise regression analyses of the affective 

variables, showed that pleasure (as pleasantness) and arousal (as excitement), 

together plays an important role in predicting preferences for urban park 

environments.   

Now that the park landscapes have been classified into homogenous 

landscape types and preferences, and a range of other perceptual values for 

these landscapes have been identified, it is time to explore the relative water-

use of the different landscapes so that perceptual responses can be compared 

with actual water consumption. 
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C h a p t e r  8  

ESTIMATING PARK LANDSCAPE WATER USE 

 

Chapter 8:  Estimating Landscapes Water Use 

Introduction 

In the previous chapter, public response to park environments was evaluated 

in terms of public visual aesthetic considerations and preferences.  In this 

chapter, the water requirements of meeting these community aesthetic 

expectations are evaluated through direct examination of plant-water 

needs/use for the different park landscape types as identified in Study 1.  

Background 

Methods to calculate irrigation water needs for agricultural crops are well 

established.  Agricultural scientists and irrigation engineers have studied the 

water requirements for a countless number of agricultural crops, plants and 

trees and several techniques to increase both crop production and water-use 

efficiency have been proposed based on these estimates (Benami & Offen, 

1984; Kramer & Boyer, 1995).  While farmers are reaping the benefits of 

these advances, urban parks managers still lack effective methods to estimate 

landscape water-use/needs of landscape plantings.  Moreover, while farmers 

are paying heavy prices for water, water-uses for maintaining public open 

spaces (at least in Melbourne), are essentially unmonitored and generally not 

questioned.  Undoubtedly, agricultural areas take the biggest share of 

Australia’s water resources.  However, in places like Melbourne where up to 

12 percent of the metropolitan region, or 460 square kilometres, is protected 

within public parks and conservation reserves, the cost of keeping urban open 

spaces green can be substantial and greatly impinges on the city’s water 

resources.  



 

197 

For many years water used for Melbourne’s urban parks and gardens has been 

taken for granted.  As the city continues to grow and water supplies continue 

to dwindle, squandering water puts future generations at serious economic, 

social and ecological risks.  As governments start to realize the environmental 

cost of such an approach, some new water policies aimed at optimising water 

resources for future needs have been put in place.  Water conservation is now 

starting to become a critical consideration in terms of the design and 

management of Melbourne’s urban park landscapes (Connelly, 1992).  

However, many parks in Melbourne still contain large areas of turf grass and 

other exotic plant materials that are highly consumptive of water.  With water 

resources state-wide being depleted at an alarming rate, managers and 

planners of public open spaces are now under mounting pressure to achieve 

both high amenity values and efficient use of water (Arthur, 1993).  Hence, 

there is an imperative for sustainable use of water resources and a need to 

carry out research to assess the benefits of water sensitive urban open space 

planning and design.  One strategy to achieve optimum use of water resources 

for public open spaces, including urban parks, is through balancing public 

experiential and aesthetic expectations with water requirement needed to fulfil 

these expectations.   

Study Objectives and Research Questions 

While methods to examine plant-water relationships, and for determining 

water requirements for many agricultural crops have been established, 

evaluating water needs of landscape plantings (such as represented in urban 

parks) is less clear-cut and a practical method by which landscape water needs 

can be effectively measured needs further development.  As previously 

mentioned, water used in Melbourne’s urban parks is delivered without much 

concern for cost, so systems to monitor water consumption are not 

developed.  No records of irrigation water used to maintain park landscapes 

are available.   



 

198 

Therefore, this study had the objective of: 

1. developing a methodology by which water-use of urban park 

environments can be systematically evaluated,  

2. assessing the relative water needs of the 55 park environments 

used as stimuli in the previously discussed classification and 

perception/preference studies (Chapter 6 and 7). 

 

Plant-Water Relationships 

The amount of water plants need is directly related to the amount of water 

they lose through evapotranspiration.  Evapotranspiration (ET) is the process 

by which water returns to the atmosphere as vapour through evaporation 

from soil, water bodies and transpiration from plants, largely through their 

roots and foliage.  Measuring the total amount of water lost during the growth 

period of any planted area gives an estimation of the amount of water that 

needs to be replaced through irrigation.  With the knowledge of measurable 

factors, such as local soil moisture, estimated evapotranspiration rate and 

irrigation system efficiency, an effective irrigation schedule can be then 

designed. 

Given the formula ET(crop) = K(crop) × ETo, evapotranspiration rate of a 

specific crop can be calculated when the two factors, crop coefficient K(crop) 

and reference evapotranspiration ETo, are known (Doorenbos et al., 1977).  

K(crop) is a coefficient representing the effect of the crop characteristics on 

water requirements.  It also represents the relationship between reference 

(ETo) and crop evapotranspiration (ET(crop)).  If K(crop) is not known, it can 

be calculated from ET(crop) and ETo.  ET(crop) can be measured by 

monitoring water inputs and losses from irrigated test plants in well-

controlled field plots.  ETo values can be acquired from local bureaus of 

meteorology or otherwise computed if daily data for average air temperature, 
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relative humidity, wind speed and net solar radiation are available (Snyder et 

al., 1987).  Once K(crop) has been established for a particular plant, ETo can 

then be used to calculate crop irrigation water needs or ET(crop).   

Landscape Water Requirements  

If evapotranspiration rates for landscape plants have not been measured, it is 

impossible to establish landscape coefficients.  In fact, it is very difficult, if not 

impossible, to determine evapotranspiration values for landscape plants by 

means of empirical measurements for the following reasons.  Unlike 

agricultural crops, a landscape is composed of many plant species and a 

mixture of vegetation types such as trees, shrubs and groundcovers.  

Considering the number of possible species and the inexhaustible 

combinations of species that can occur in a landscape planting, establishing 

coefficients for landscape plantings based on field measurements is virtually 

impossible.  While agricultural crops have uniform canopies and consistent 

vegetation densities, landscape plantings vary considerably in planting density.  

For instance, a newly planted park landscape would have much less 

evaporative leaf surface area than a mature planting and densely planted 

landscapes are likely to have higher total transpiration water losses than would 

sparsely planted areas.  A park landscape site with less shrubs and 

groundcovers needs more water than an equivalent site with groundcover 

alone.  These variations in vegetation density can not be accounted for by use 

of conventional measurements or the crop coefficient K(crop).   

Planted in open fields, crops will be exposed to the same climatic conditions, 

whereas park landscapes will include a variety of microclimates such as cool 

shaded protected areas, hot sunny or windy areas.  Since evapotranspiration 

(ETo) values are indicative of water loss from a large and fully exposed site, 

increases in evapotranspiration demand, resulting from the presence of 

reflective surfaces or pavement-generated heat, and decreases resulting from 
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shading, can not be easily accounted for.  These microclimatic variations can 

significantly affect the evapotranspiration process.   

For these reasons, it is impractical to determine water requirements for park 

landscape plantings by measuring evapotranspiration rates and calculating 

landscape coefficients, hence landscape coefficients have to be determined 

using some other methods. 

Landscape Coefficients 

By taking into account the above considerations, Costello and Jones (1994) 

established an approach by which landscape coefficients can be empirically 

assigned for landscape plantings based on field evaluation of landscape 

species, vegetation density and microclimates of the landscape environments 

in question.  This approach, labelled the landscape coefficient method (LCM), 

is based on the same model used in calculating crop water requirements, 

however, it accounts for all the variations that affect the water-use of 

landscapes.  In concept, LCM measures the amount of water lost via 

evapotranspiration from a landscape planting as a function of the planted 

species, the density of vegetation and the microclimatic condition of the 

landscape environment.  By evaluating each of these factors, and assigning 

numeric values, it becomes possible to estimate how much water is lost 

relative to evapotranspiration. 

The landscape coefficient method can be outlined by the formula 

ET(landscape) = K(landscape) × ETo,  where K(landscape) is the landscape 

coefficient and ETo is the reference evapotranspiration as previously 

discussed.  In line with the above, the landscape coefficient represents the 

global effect of the species characteristics K(s), vegetation density K(d) and 

microclimatic conditions K(mc) on landscape water needs and can vary 

considerably between and within individual landscapes.  K(landscape) = K(s) × 

K(d) × K(mc), this formula uses an evaluation of each of these three factors to 

produce a single value for K(landscape).  
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The landscape coefficient K(landscape) can be used somewhat like the crop 

coefficient but it is technically not a crop coefficient.  While K(crop) is 

calculated from field measurements of reference evapotranspiration, 

K(landscape) is not.  Moreover, the crop coefficient does not account for 

variability in species composition, vegetation density and site microclimates, 

as does the landscape coefficient.  While K(crop) approximates water loss from 

a crop plant under well-watered conditions, K(landscape) approximates the 

amount of water needed just to maintain the aesthetic or functional 

acceptability of a landscape.  As a result, rather than being a measure of how 

much water would be lost from a planting K(landscape) is an estimate of how 

much water is needed to maintain a certain landscape quality standard. 

Methods 

The landscape coefficient method (LCM) was used in this study in order to 

determine the relative water-use for each of the 55 landscape environments 

(as depicted in the stimuli photos) that had been previously assessed on 

landscape visual aesthetic values and preference as discussed previous 

chapters.  A methodology to assign numeric values for each of the three 

factors constituting the landscape coefficient K(landscape) is provided by 

Costello and Jones (1999) as part of their guide to estimating landscape water-

use.  With slight adaptations, these values were assigned for each landscape 

environment used as stimuli in the previous perception/preference studies. 

Assigning a Species Factor 

In established landscapes, certain species are known to require a substantial 

amount of water to maintain aesthetic acceptability while others are known to 

require little water.  The species factor K(s) is used to account for differences 

in water needs of various species.  Based on field observations and input from 

a panel of plant and water experts, Costello and Jones (1999) identified four 

categories of landscape plant water needs and assigned each category a 

numeric value accordingly.  All 55 landscape environments used as stimuli in 
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the previous perception studies in this thesis fit into one of the following 

water-need/water-use categories: high, moderate, low and very low.  Numeric 

values were assigned in the following manner.  For single-species plantings, a 

value ranging from .7 to .9 is assigned for species identified as being highly 

consumptive of water.  Plants with moderate water-use are given a species 

factor of .4 to .6, while plants with low water-use are assigned a value between 

.1 and .3.  Species that can be self-sustained, especially after they become 

established, are classified under the very low category and assigned a species 

factor of .1 or less.  Most Australian native/indigenous (non-tropical) plants 

fit into this latter category.  For multiple species plantings, when species have 

similar water needs, the selection of a K(s) value is similar to what has been 

described above.  However, when species with different water requirements 

occur within the same landscape unit, the species in the highest water need 

category must be used to determine the K(s) value. 

Assigning Density and Microclimate Factors 

The stimuli landscape environments used in this research vary considerably in 

vegetation density and site microclimate conditions.  Both density and 

microclimate influence the collective water loss in plantings.  For example, 

low-density and shaded plantings use less water than high-density, full-sun 

plantings of the same species.  To account for these variations, density and 

microclimate factors are given in the form of percentage multipliers of the 

species factor K(s).  The average value for each factor is 1.0, so increases in the 

species factor resulting from density or microclimate are made by increasing 

those values up to 1.4 and decreases are made by decreasing these values 

down to .5.  For instance, using a value of 1.3 for either K(d) or K(mc) would 

adjust the species factor upward by 30 percent.  Similarly, the species factor 

can be reduced by 50 percent by using .5 for K(d) or K(mc).  These adjustments 

generate a K(landscape) that is specific to the conditions present in each 

landscape setting. 
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Assigning a Density Factor 

As previously discussed, the density factor is used in the landscape coefficient 

formula to account for variations in vegetation density among plantings.  

Vegetation density refers to the collective leaf area of all plants in the 

landscape setting.  Naturally, differences in vegetation density or canopy cover 

lead to differences in water loss.  To account for these differences, the density 

factor is assigned a value between .5 and 1.3.  Additionally, for the benefit of 

simplifying the assignment process, this range is divided into three categories 

of vegetation density in a similar manner to the species factor K(s); average, 

high and low density. 

Immature and sparsely planted landscapes typically have less leaf area than 

mature or densely planted landscapes and therefore lose less water.  Such 

plantings are assigned a K(d) in the low category.  Plantings containing 

mixtures of trees, shrubs and groundcovers typically have greater collective 

leaf areas than plantings with a single vegetation type and lose more water.  

Such plantings are assigned a density factor value in the high category.  

Plantings that are full or mature but are predominantly of one vegetation type 

are assigned to the average category.   

Canopy cover is defined here as the percentage of ground area covered by 

vegetation.  It is very important to note that canopy cover simply gives an 

estimate of the vegetation density on an area or plan basis.  However, as 

landscapes are often composed of plants of various heights, such as tall trees, 

low groundcovers and mid-height shrubs, tiers of vegetation occur.  Thus in 

Costello and Jones’ (1999) method a vertical dimension variable is added and 

accounted for when evaluating vegetation density (see Figure 26).  Given the 

practical impossibility of accounting for every variation in the vegetation 

density that may occur in any landscape planting, the following assignments 

were used as a reference for making consistent assessments.  Low-density 

plantings are assigned a density factor between .5 and .9.  Low-density trees 
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are characterized by a canopy cover less than 70 percent, while low-density 

shrubs or groundcovers are characterized by a canopy cover less than 90 

percent (see Figure 24).  The precise value assigned between .5 and .9 is based 

on the canopy cover assessment.  A low .5 K(d) value is assigned for thin 

canopy covers, while mixed vegetation types are assigned a value of .8 or .9.  

It should be noted that, in most cases, the presence of all vegetation tiers in a 

given landscape constitutes a high-density condition.  Plantings with multiple 

tiers that do not have a complete canopy cover, however, may not constitute a 

high-density condition.  Such plantings are grouped in the low-density 

category and given a K(d) value of .6 or .7. 

For single vegetation types, trees with a canopy cover of 70 to 90 percent are 

grouped under the average-density category and assigned a K(d) value of one.  

Shrubs or groundcovers with a canopy cover of 90 to 100 percent are 

similarly grouped under the average-density and given a K(d) value of one.  

For mixed vegetation types, an average density condition occurs when one 

vegetation type is predominant while another type occurs occasionally in the 

planting and canopy cover for the predominant vegetation type is within the 

average density (see Figure 25). 

Finally, high-density plantings are assigned a density factor between 1.1 and 

1.3.  High-density plantings are characterized by a full canopy cover.  The 

precise value assigned between 1.1 and 1.3 is based on the vegetation tiering.  

When all three vegetation types occur in the same irrigation zone a K(d) value 

of 1.3 is given, otherwise a value of 1.1 or 1.2 is appropriate for single or 2-

tiered planting.  Figure 26 illustrates a high-density landscape with three tiers 

vegetation. 
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Figure 24.  Low-density mixed plantings, .5 ≤ K(d) ≥ .9.  

 

 

Figure 25.  Average density of plantings, K(d) = 1. 
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Figure 26.  High-density mixed plantings, 1.1 ≤ K(d) ≥ 1.3. 

Assigning a Microclimatic Factor 

Environmental conditions can vary significantly within a landscape.  

Structures and paving typical of urban landscapes can strongly influence foliar 

and air temperatures, wind speed and humidity.  Areas with different 

environmental conditions inside a climatic zone are called microclimates.  

Microclimates occur in every urban landscape and they need to be considered 

in estimating water needs.  The microclimate factor K(mc) is integrated in the 

LCM to allow for such microclimatic differences.  In a high-microclimate 

condition, site features increase the evaporative conditions in the landscape 

environment.  Landscaped areas surrounded by heat-absorbing surfaces, or 

those exposed to particularly windy conditions, would be assigned high K(mc) 

values.  Such areas have K(mc) values between 1 and 1.4.  Low-microclimate 

conditions are as common as high microclimate conditions.  Plantings that are 

shaded part or most of the day or are protected from winds typical to the area 

would be assigned low K(mc) values between .5 and 1.  An average-
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microclimate condition is one in which buildings, pavements and reflective 

surfaces do not influence the site a microclimate.  A K(mc) value of one is 

assigned to such a microclimate.  Essentially, this condition is similar to ETo 

evapotranspiration measurement conditions wherein reference 

evapotranspiration is measured in an open-field setting, which is not exposed 

to unusual winds or heat inputs from nearby buildings, structures, or vehicles.  

Plantings in similar conditions are considered to be in an average 

microclimate, which is the case of most plantings in the urban park settings 

investigated in this research.   

Special Considerations 

The water needs of most tree species planted in turf are generally met by the 

relatively high water needs of the turf.  Turf crop coefficients range from .6 

for warm season species turf to .8 for cool season species.  This range is 

sufficient to satisfy the needs of all trees in the moderate, low and very low 

species water-need categories.  Trees in the high category, however, need 

supplemental water, particularly if they are planted in warm season turf grass.  

Trees in cool season turf are not likely to need supplemental water.  As for 

annuals, generally the water requirements of annual plants are relatively high 

and a K(s) range of .4 to .8 is assigned for most species.  Factors affecting 

landscape water-use and associated numeric values for the various vegetation 

types are summarised in Table 21. 

 

Table 21.  Species, density and microclimate coefficients for various 
vegetation types 

K(s) K(d) K(mc)  
High Average Low High Average Low High Average Low

Trees .9 .5 .2 1.3 1.0 .5 1.4 1.0 .5 
Shrubs .7 .5 .2 1.1 1.0 .5 1.3 1.0 .5 
Groundcovers .7 .5 .2 1.1 1.0 .5 1.2 1.0 .5 
Mixed veg. .9 .5 .2 1.3 1.1 .6 1.4 1.0 .5 
Turf grass .8 .7 .6 1.0 1.0 .6 1.2 1.0 .8 
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Analysis

Species Factor K(s) 

Central to LCM is the assignment of species values K(s).  Ideally, to assign a 

value to a species factor K(s) one would first identify the landscape plantings, 

second sort them into one of four water-use categories and finally follow the 

above discussed guides to assign species values for any particular landscape 

setting.  Although this process seems very straightforward, two issues 

presented themselves when this approach was attempted to be applied in this 

study. 

The first issue was related to the initial stage of the assignment process where 

identification and categorization of plants are required.  In this research little 

information about landscape plantings, such as growth pattern, botanical 

characteristics or irrigation requirement, were readily available.  Costello and 

Jones (1999) put together an evaluation list for over 1900 landscape species as 

part of the LCM.  However, this list can only be used with much reservation 

because the species included were evaluated under specific soil and climatic 

conditions typical of California.   

The second issue arose from the large number of landscape environments 

that needed to be evaluated in terms of water requirements.  This presented 

great difficulties in attempting to evaluate each plant that occurred in each 

landscape planting in each of the 55 park environments used as stimuli in this 

research.  Hence, a hybrid methodology was developed by the researcher in 

order to surmount these issues.  Instead of being assessed on a plant-by-plant 

basis, landscape plantings were collectively assessed for irrigation water 

requirements by a panel of 10 irrigation and plant experts.  The panel was 

composed of two lecturers in water management and horticultural 

engineering in the Department of Food and Land Resources (ILFR) at the 

University of Melbourne and eight certified irrigation designers who were 

accredited members of Irrigation Association of Australia.  The same 55 
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environments used in the landscape assessment study (Chapter 8) were 

evaluated for water needs.  The experts assessed and rated every landscape 

environment based on how much water they thought the plant materials 

visible in the stimuli scenes used to maintain adequate health and appearance.  

The survey was conducted on-line and carried out in a similar manner to the 

landscape assessment survey (see Chapter 7).  A 10-point uni-dimensional 

scale, with end-points of 1 = very low water and 10 = very high water, was used as 

the criterion to rate the scenes.  

A list of landscape plant species is provided in Appendix D, Table D4.  The 

landscape water-use on-line survey can be reviewed at the following address: 

http://www.arbld.unimelb.edu.au/~hbit/water/index.htm.   

After gathering the expert ratings of water-use/needs of the different 

landscape scenes, Kendall’s coefficient of concordance was computed for 

their ratings.  A moderate agreement between experts was attained (W = .49, 

p = .00) and therefore the ratings were aggregated.  Aggregate ratings were 

then classified into four ordinal categories in conjunction with Costello and 

Jones’ (1999) four categories of water-use, that is, high, moderate, low and 

very low.  This classification was based on percentile groups, with each group 

containing approximately the same number of cases.  In this way, a value of 1 

= “very low” was assigned to cases below the 25th percentile, 2 = “low” to 

cases between the 25th and 50th percentile, 3 = “moderate” to cases between 

the 50th and 75th percentile and 4 = “high” to cases above the 75th percentile.  

Finally, for every category of water-use and associated landscape 

environment, a numeric value for K(s) was assigned following the guidelines 

previously discussed.   

Density Factor K(d) 

Two methods useful to estimating landscape vegetation density were 

considered for assigning density factors K(d), the conventional method and 

the grid method.  In the conventional method, vegetation density is calculated 

http://www.arbld.unimelb.edu.au/~hbit/water/index.htm
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by measuring the percentage of area covered by trees on a plan or areal 

photograph.  In the grid technique, landscape scenes as taken from terrestrial 

positions are divided into three grounds (i.e., foreground, midground and 

background).  By laying a grid over the photographs, areas occupied by each 

landscape element are measured (see Shafer, 1969).  A good example of this 

technique is found in the work of Hull and Harvey (1989) who were able to 

model the effect of vegetation density on people’s affective experience in 

urban parks.   

The grid technique would appear to be more appropriate for measuring 

vegetation density than the one proposed in the LCM, particularly because 

scenes are used as the unit of analysis.  However, preliminary examination of 

both techniques revealed two negative aspects inherent to both approaches.  

First, measuring vegetation density by means of conventional areal 

photographs will neglect to identify horizontal tiers not visible under the 

canopy.  Consequently, a collective leaf area will be underestimated because 

the areal photographs are not multi-layered and vegetation cover shown in a 

plan view will conceal any tiers of vegetation that may occur under the canopy 

of mature trees.  Second, using the grid technique is complicated since one 

first needs to calculate the viewshed area, or the area depicted in the image, 

for each landscape environment.  Then one must differentiate between 

vegetation densities measured for each view bearing in mind that aggregating 

the densities will result in the leaf area being overestimated.  For these 

reasons, the approach provided with the LCM for estimating the effect of the 

density factor (i.e., assigning a K(d))  was deemed appropriate and was used 

merely as guide to make consistent evaluations.  This approach entails 

dividing the vegetation density into three categories of high, moderate and 

low density according to the vegetation tiers.   
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Results  

Results are presented in Table 22.  Twelve landscape scenes were assigned to 

the high water-use category.  These scenes depict highly manicured 

landscapes characterised by extensive use of well-maintained green turf grass, 

dense planting of exotic plant materials.  They were all judged by the experts 

as highly consumptive of water.  The high water needs estimated for these 

landscapes are primarily dictated by the presence of a warm season turf grass, 

mainly Kikuyu grass and multiple tiers of vegetation, as reflected by the high 

coefficient values for K(s) and K(d). 

Landscapes judged to be moderately consumptive of water were assigned a 

species factor K(s) ranging from .40 to .60 with an average of .56 (SD = .07), a 

density factor K(d) ranging from 1 to 1.2 with an average of 1.03 (SD = .07) 

and a constant microclimatic factor K(mc) of 1.  K(landscape) mean value of  this 

group was equal to .58 (SD = .09).  This means that water loss from these 

types of landscapes is at 58 percent of the reference evapotranspiration (ETo).  

The main characteristic of these environments is a low vegetation density 

resulting from the absence of all vegetation tiers and the presence of some 

native plant species, which are less water demanding.  It should be noted that 

some of the landscape environments included in this category contained 

ponds and artificial water bodies.  The LCM does not account for the extra 

water required to keep these ponds at their best amenity level, thus, estimates 

generated for such landscape environments reflect merely the water 

requirement of the landscape plantings. 

The low and very low water-use categories included environments composed 

of natural bushlands, wetlands and grasslands.  These environments are 

exclusively covered with native or indigenous trees, mainly Eucalyptus sp., and 

various groundcovers.  Plants in the low water-use category were assigned a 

species factor ranging from .1 to .3 with an average of .13 (SD = .10).  Plants 

in the very low water-use category were assigned a species factor of less than 
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.1.  Water need for these landscapes as reflected by the landscape coefficient 

K(landscape) was estimated to be on average of 1.3 percent and .5 percent of 

the reference evapotranspiration respectively.  These values suggest that, once 

established, these landscapes can maintain health and attractive appearance 

with little or no irrigation.  The 1.3 percent of ETo may only be needed during 

those dry years when rainfall is abnormally low.  There were 13 scenes in the 

low water-use category and 13 scenes in the very-low water-use category, 

depicting a range of self-sustained landscape environments that can be rain 

fed and need very little irrigation if any at all. 

 

Table 22.  Landscape coefficients of the 55 landscape environments (table 
continues) 

Photo ID Rating1 Category2 K(s) K(d) K(mc) K(landscape) 
S23 8.00 H .90 1.3 .90 1.05 
S33 7.71 H .80 1.0 1.1 .88 
S62 7.71 H .80 1.1 .90 .79 
S67a 7.29 H .70 1.0 1.0 .70 
S10 7.14 H .80 1.3 1.0 1.04 
S8 7.14 H .80 1.0 1.0 .80 
S54a 7.00 H .70 1.1 1.0 .77 
S55a 7.00 H .70 1.0 1.0 .70 
S53 6.86 H .70 1.0 1.0 .70 
S22 6.71 H .70 1.2 1.0 .84 
S35 6.71 H .70 1.0 1.1 .77 
S41 6.71 H .70 1.0 1.0 .70 
S61 6.71 H .70 1.0 1.0 .70 
S1 6.57 M .60 1.0 1.0 .60 
S29 6.57 M .60 1.1 1.0 .66 
S5a 6.57 M .60 1.0 1.0 .60 
S59a 6.43 M .60 1.0 1.0 .60 
S70a 6.43 M .60 1.0 1.0 .60 
S9 6.43 M .60 1.0 1.0 .60 
S21 6.29 M .60 1.2 1.0 .72 
S25 6.29 M .60 1.0 1.0 .60 
S4 6.29 M .60 1.0 1.0 .60 
S50 6.29 M .60 1.2 1.0 .72 
S11 6.00 M .60 1.0 1.0 .60 
S65 6.00 M .60 1.0 1.0 .60 
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Photo ID Rating1 Category2 K(s) K(d) K(mc) K(landscape) 
S56 5.86 M .60 1.0 1.0 .60 
S28 5.71 M .50 1.0 1.0 .50 
S36 5.71 M .40 1.0 1.0 .40 
S48 5.71 M .40 1.0 1.0 .40 
S68 5.57 M .40 1.0 1.1 .44 
S15b,c 5.29 L .10 1.0 1.0 .10 
S12a 5.14 L .10 1.0 1.0 .10 
S43c 5.00 L .10 1.0 1.0 .10 
S2 4.86 L .30 1.0 1.0 .30 
S44b 4.86 L .10 1.0 1.0 .10 
S52b,c 4.86 L .10 1.0 1.0 .10 
S58a 4.57 L .10 1.0 1.0 .10 
S38b,c 4.43 L .10 1.0 1.0 .10 
S46b 4.43 L .10 1.0 1.0 .10 
S66 4.43 L .05 1.0 1.0 .05 
S32c 4.29 L .05 1.0 1.0 .05 
S40 4.14 L .10 1.0 1.0 .10 
S47b,c 4.00 VL .05 1.0 1.0 .05 
S13c 3.86 VL .05 1.0 1.0 .05 
S31c 3.86 VL .05 1.0 1.0 .05 
S3c 3.71 VL .05 1.0 1.0 .05 
S30d 3.57 VL .00 1.0 1.1 .00 
S42c 3.57 VL .05 1.0 1.0 .05 
S57a,c 3.57 VL .05 1.0 1.0 .05 
S69c 3.57 VL .05 1.0 1.0 .05 
S7c 3.57 VL .05 1.0 1.0 .05 
S14d 3.29 VL .00 1.0 1.1 .00 
S34c 3.29 VL .05 1.0 1.0 .05 
S39d 3.29 VL .00 1.0 1.1 .00 
S27c 3.00 VL .05 1.0 1.0 .05 
Note.  H = high, M = moderate, L = low, VL = very low. 
1 Experts’ ratings of landscape plantings water need. 
2 Species categories of water-use derived from experts’ rating.   
a Includes artificial ponds.  Water needed to maintain this ponds is not accounted for in K(landscape). 
b Includes natural water courses. 
c These landscape environments include wetlands, grasslands and forest ecosystems, which once 

established can be self sustained.  Occasional irrigation may be required only if winter rainfall is 
abnormally low. 

d Desert or xeriscape plants.  No irrigation required. 
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Discussion 

Fifty-five park landscape environments were examined for water 

requirements.  Using the LCM, numeric values were assigned for each of the 

three factors affecting landscape water-use; the species factor K(s), the density 

factor K(d) and the microclimate factor K(mc).  Thereafter, a landscape 

coefficient K(landscape) was calculated for each of the landscape environments.  

Mean ratings from the expert panel estimates for each landscape environment 

and associated water-use categories are reported in Table 22.  Landscapes 

with similar water requirements were grouped together.  Mean K(landscape) and 

standard deviation were then computed for each group.   

Landscapes grouped under high water-use category were assigned a species 

factor K(s) ranging from .70 to .90 with an average of .75 (SD = .07), a density 

factor K(d) ranging from 1.0 to 1.30 with an average of 1.08 (SD = .12) and a 

microclimatic factor K(mc) ranging from .90 to 1.10 with an average of 1.00 

(SD = .06).  The mean landscape coefficient K(landscape) for this group was 

computed and was equal to .80 (SD = .12).  This number suggests that water 

loss from these landscape environments is at 81 percent of the reference 

evapotranspiration (ETo) and that an equivalent amount of water is needed to 

keep landscape plantings healthy and looking aesthetically pleasing.   

How can these figures be used or interpreted?  For example, consider the 

landscape water requirements for the study environments in relation to the 

average evaporation rate for January, the hottest and driest month of the year 

in Melbourne.  Meteorological records for Melbourne show that the 

evaporation rate in January can reach as high as 6 mm/day.  Applying the 

ET(landscape) formula we can estimate the amount of water lost by landscape 

evapotranspiration during this month to ET(landscape) = .80 × 6 = 4.80 

mm/day or 144 mm/month.  This means that landscapes classified into the 

high water-use category need 4.8 mm/day of irrigation water in order to keep 

a healthy look.  Note that this value is the net amount of water needed for 
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irrigation.  Nevertheless, factors such as rainfall, soil moisture characteristics 

and irrigation system efficiency can considerably affect this value and should 

be considered when developing an irrigation schedule for landscape plantings.  

Note that only relative comparative figures are needed to meet the objective 

of the study as it was concerned primarily with the relationship of public 

perceptual values to landscape water-use.  Therefore, no further calculations 

or more exact water-use estimates were deemed necessary. 

Strategies for Conserving Water in Parks 

Certainly, more effective strategies to increase water-use efficiency need to be 

identified and implemented.  One key strategy to increase efficiency of water-

use in public open spaces is that of matching water supply to plant needs.  By 

supplying the amount of water needed only to maintain landscape health and 

appearance, excessive applications that exceed plant needs can be avoided.  

However, applying the right amount of irrigation water necessitates 

knowledge of species requirements.  Although substantial information about 

irrigation needs of agricultural species and turf grasses exist, relatively little 

information is available for ornamental plants and many landscape species.  A 

considerable range of trees, shrubs, groundcovers, vines and perennial species 

is now available from nurseries.  However, a significant amount of work is yet 

to be achieved before field observations alone can be used to determine 

species water needs.  Nevertheless, until future research in horticulture and 

landscape irrigation practice shed more light on the properties and water 

needs of the majority of landscape species, the landscape coefficient method 

(LCM) and the methodology proposed here, can be used as a guide to help 

estimate the water requirements of landscape plantings.   

There is a consensus among irrigation experts that two things contribute to 

the increase in water consumption in urban parks and gardens.  First, the 

extensive use of turf grasses and non-Australian exotic plant materials, and 

second, the lack of water zoning (e.g., grouping of plants of similar water 
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needs together into irrigation zones).  Most of the water-use in urban parks is 

dictated by the presence of big stretches of mowed lawn.  Plants that need 

very little water should be grouped together in a zone, while thirsty plants and 

lawns should be grouped together in another zone.   

Summary 

Water conservation is an essential consideration in the design and 

management of urban parks.  Such measures not only seek to conserve water 

but also serve as a role model for the community to follow with respect to 

everyday water-use behavior.   

In this chapter, plant-water relationships were examined and an approach by 

which water needs of landscape plantings can be estimated was applied.  In 

the following chapter, the relationship between water-use of various urban 

park environments and public aesthetic satisfaction will be examined using the 

obtained here and data collected from the landscape aesthetic evaluation 

surveys as discussed in proceeding chapters. 
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C h a p t e r  9  

BALANCING PUBLIC AESTHETIC PREFERENCES WITH 
OPTIMUM WATER USE 

 

When the problem is not obvious, finding the problem may provide the 

solution.   

Chapter 9:  Balancing Public Aesthetic Preferences with Optimum 

Water Use 

Introduction 

In the previous chapters, three different, yet interrelated, studies were 

presented to first classify a sample of Melbourne’s urban park landscapes,  

then gather public responses to these park landscapes in relation to aesthetic 

qualities and finally to evaluate these landscape in terms of irrigation water 

requirements.  In this chapter results obtained from these studies are revisited 

in an attempt to explore and understand how public landscape perceptual 

values can be balanced with optimum use of water in urban parks. 

Exploring Public Preferences 

Analyses of variance, as reported earlier on the preference data (Chapter 8), 

suggested that individual differences were largely due to random variation in 

responses to the landscape scenes.  Therefore, ratings were aggregated across 

scenes for all respondents.  In both landscape practice and some research, 

however, there is reluctance to such an analytical approach based on the 

assumption that by aggregating individual ratings, group and subgroup 

differences may be concealed.  This is because park planners and managers 

are often called upon to identify individual or subgroup differences and 

account for them in a systematic and scientifically defensible manner.  Park 

planning and management guidelines based on aggregate ratings may reflect 
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the majority of the population but may also result in one or more subgroups 

being marginalised or underrepresented (Schroeder, 1984). 

As previously mentioned, several techniques can be used to determine sub-

group differences within populations; cluster analysis, MDS, factor analysis 

and CATPCA are particularly useful when appropriate data are available.  The 

following analysis (using Q-mode factor analysis) will focus on identifying 

groups of individuals with similar or dissimilar preferences and exploring 

salient characteristics of these groups.   

Q-mode factor analysis was used here to identify groups of raters with similar 

landscape preferences.  As previously mentioned, the Q-mode differs from 

the conventional R-mode form of factor analysis in that subjects (or raters) 

are the focus of the factoring rather than landscape scenes. 

For this purpose the preference ratings gathered from the common scenes 

used in the two surveys were combined and transposed to form a matrix of 

148 subjects by 32 scenes.  This matrix was then used as input for a Q-mode 

factor analysis, with principal component analysis used as the extraction 

method carried out using the data reduction module available in SPSS.  As 

previously explained, principal component analysis is a factor extraction 

method that is used to form uncorrelated linear combinations of observed 

variables (i.e., subject ratings) and obtain an initial factoring solution (see 

Chapter 5).  Since Varimax rotation did not produce a better solution, an 

unrotated factor solution with an eigenvalue of 1 or greater was used as the cut-

off.  By extracting components whose eigenvalue exceeded 1, the analysis 

identified 25 factors.  However, the actual contribution accounting for 

common variance dropped off dramatically after the first two factors.  Alone 

these factors accounted for 45 percent of the total common variance in the 

data (F1 = 24.43% and F2 = 20.32%)  (see Table 23).  Additional factors 

accounted for considerably less per factor.  A third factor could have been 

included, however, examination of the factor loadings revealed that less then 
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10 subjects loaded on this factor, not allowing a very robust interpretation.  

Therefore, this third factor was not entertained.  Had the sample been larger 

this third factor may have yielded a meaningful interpretation. 

A loading equal to or greater than .5 was used to interpret the factors 

(Amedeo, 1999).  All subjects whose loadings matched this criterion were 

collectively examined for commonality and differences.  In this way, factors 

were readily identified and did not exhibit multiple or split loadings.  Table 24 

illustrates the clustering of subject arrangements in the pattern of the actual 

factoring results and suggests two principal factors of preference inherent in 

the factor-loading matrix.  Sixty-six subjects loaded on the first factor (44.6%), 

while 49 subjects (33%) loaded on the second factor.  Each of these factors 

reflects what is perceptually common about groups with similar preferences 

(i.e., subjects that evaluated the scenes in a comparable manner).  The next 

step was to determine how the two groups might be distinguished from one 

another.  To examine the characteristics of these two groups, landscape 

preference values for each group were aggregated and a t-test was computed 

on the group means to check for equality.  This was done to ensure that the 

subject types were not an artefact of the factoring procedure.  The results 

obtained from the t-test showed that the group means were significantly 

different from each other (t = -2.22, df = 62, p = .03).   

Examples of the most preferred scenes related to Factor 1 and 2 respondents, 

along with their associated mean preference scores, are given in Table 25 and 

Table 26 respectively.  It can be seen that individuals who loaded highly onto 

Factor 1 are characterized by their preferences for informal looking 

landscapes dominated by native/indigenous vegetation (see Table 25).  Thus, 

this factor was labelled “native plant lovers.”  In contrast, individuals who 

loaded highly onto Factor 2 are characterized by their preferences for more 

formal looking landscapes dominated by lush exotic types of vegetation, thus 

leading to this factor being labelled “exotic lovers” (see Table 26).  
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After closer examination of the respondents’ socio-demographic profiles 

associated with the two groups, it was found that the majority of the “native 

lovers” respondents held employment that brought them into direct contact 

with the natural environment, whereas the majority of the “exotic lovers” did 

not maintain such employment (see Figure 27).  These were those people who 

had answered negatively (“No”) to the question “Does your occupation bring 

you into direct contact in any way with the natural environment?”  These 

results suggest that employment in an area that brings one into contact with 

nature may play a role in shaping preferences for ecological or sustainable 

landscapes in spite of aesthetic values.  Similar results were obtained by 

Thayer (1982) who found that the educated public may be keen to accept 

water-conserving landscapes that may not be perceived as necessarily being 

scenic. 

A more effective way to assess the characteristics of scenes associated with 

these two factors may be to obtain measurements of the physical elements 

associated with each scene (e.g., area of water, tree cover, vegetation spacing, 

etc.) and then test, perhaps by means of regression or correspondence analysis, 

how these attributes co-vary with preference values for the scenes with 

respect to each factor.  Such a psychophysical approach has proven in past 

research to be very constructive and reliable, particularly when prediction 

models are required (Daniel & Boster, 1976; Schroeder, 1987; Amedeo, 1999).  

However, undertaking such measurements was beyond the scope of this 

research.  Given the large number of settings and the diversity of elements to 

be measured, such a psychophysical analysis would constitute another study.  

Instead, the various preference and affective ratings previously obtained were 

used to validate the interpretation of the factors via visual inspection of the 

stimuli scenes. 

Pearson correlations comparing preference scores between the two groups 

(i.e., native versus exotic lovers), as shown in Table 27, reinforces the above 
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factor interpretation.  As can be seen, no linear relationship exists (r = -.10, p 

< .01) between the preference ratings for the “native lovers” and “exotic 

lovers,” reinforcing the conclusion that each of these groups is quite distinct.  

It can also be observed that preference ratings of the scenes loading highly on 

the “native lovers” factor are strongly correlated with both the degree of 

perceived “naturalness” and “nativeness,” and that this group rates landscapes 

dominated by native/indigenous vegetation as being more “interesting” as 

well as more “exciting” than did the exotic lovers group.  In contrast, 

preference ratings for scenes associated with the exotic lovers group weakly 

and negatively correlate with the naturalness dimension, implying that these 

scenes may be perceived as being more formal and artificial than the more 

native looking landscape scenes.  Moreover, these scenes negatively correlate 

with perceived nativeness, suggesting that they are perceived as depicting 

environments containing primarily exotic vegetation.  Unlike the native lover 

group, the exotic lovers seem to prefer landscapes they feel are more pleasant 

and relaxing rather than interesting and exciting as do the native lovers.  

Nevertheless, both groups highly correlate with scenic beauty ratings.  This 

correlation is hardly surprising as a strong correlation was earlier found 

between scenic beauty and general preference (r = .92, p < .01),  reinforcing 

the conclusion that in the context of small scale urban park landscape, 

aesthetic dimensions tend to be a strong predictor of environmental 

preferences. 

Perceived Landscape Water Use 

Interestingly, individuals who load highly on the “native lovers” factor may 

possess a higher level of ecological/environmental awareness, both in their 

ability to discriminate between native and exotic vegetated landscapes and 

their understanding of the requirements of the stimuli landscapes in terms of 

water needs.  This awareness is manifested by significant correlations between 

the subjects’ preference ratings and ratings of perceived landscape water-use 

and the experts’ water-use evaluations of the same landscapes (see Table 27).  
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Even when aggregate ratings are used a near perfect correlation (r = .96, p < 

.01) is obtained between public and expert water-use ratings.  This suggests 

that the public may be as accurate in estimating landscape water requirements 

as are irrigation experts.  Furthermore, the correlations reported in Table 27 

show that for subjects associated with Factor 1 (i.e., the native lovers) 

aesthetic preferences increase linearly, and inversely, with decreases in 

perceived landscapes water-use (r = -.47, p < .01).  In contrast, for subjects 

associated with Factor 2 (i.e., the exotic lovers) aesthetic preferences seem to 

increase with increases in perceived landscapes water-use (r = .57, p < .01), 

suggesting a preference for lusher environments and regardless of the 

environmental cost in terms of water resources to maintain such these 

landscapes.  This group also exhibits an awareness of the landscapes water 

requirements as refected in the significant correlation found between their 

ratings of perceived landscape water-use and experts water-use ratings (r = 

.52, p < .01). 

Most Preferred Landscapes 

In principal component analysis, the first component accounts for most of 

the variance in the data and successive components explain progressively 

smaller portions.  All components are uncorrelated with each other.  Given 

this fact and the results obtained from aggregating the preference scores (see 

Chapter 7), it would seem reasonable to infer that, overall, native/indigenous 

vegetated, self-sustained landscapes are more preferred than some more 

formal landscapes planted with exotic water-hungry vegetation.  Nevertheless, 

the consensus on these environments is not absolute.  Q-mode factoring of 

preference data revealed that there is some consistent variation and that this 

variation is related to both identifiable characteristics of the subjects and the 

environments.  Although this variation seems to involve only 45 percent of 

the total variance in the data set, it is very likely that, providing a bigger and 

more representative sample, aggregate preference ratings could still err 

considerably in predicting the preferences of some individuals.  Moreover, 
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many would argue that the importance of subgroups, in terms of park 

management considerations, is not necessarily proportional to their statistical 

size (Schroeder, 1987).  For example, strategies based on maximizing the 

consensus preference may well discriminate against certain subgroups despite 

their size of the population that one can argue should be considered.  In other 

words, it can be argued that when variations in preferences emerge from 

within a given population, the obvious reaction by designers, managers and 

planners of public parks, should be to try to provide a variety of types of 

environments to meet those preferences.  Therefore, urban park management 

should not be limited to providing a single type of setting, but should provide 

a diversity of environments and experiences so that a diversity of users can 

select environments that appeal to their individual preferences.  In this case, 

an analytical approach such as the one provided here might be required for 

determining environment types to include in urban open space systems.  In 

contrast, if for some reason one was limited to providing only one type of 

environment, the best practice would seem to be to provide environments 

that would appeal to the majority of a given population.  In this case, 

aggregate preferences might be appropriate for representing a population’s 

consensus preference. 

 

Table 23.  Eigenvalues of Q-mode factor analysis of preference scores 

Component Total % of Variance Cumulative % 
1 36.15 24.43 24.43 
2 30.07 20.32 44.75 
3 11.37 7.68 52.43 
4 7.93 5.36  
5 6.42 4.34  
6 6.21 4.19  
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Table 24.  Subject factor loadings on factors extracted by Q-mode factor 
analysis from preference data 

Factor 1 Factor 2 
Subject 
ID 

Loading Subject 
ID 

Loading Subject 
ID 

Loading Subject 
ID 

Loading

R30 .893 R22 .601 R107 .890 R140 .553 
R70 .868 R128 .601 R97 .882 R85 .553 
R29 .864 R108 .587 R73 .874 R24 .519 
R119 .848 R106 .586 R122 .865 R87 .512 
R92 .803 R103 .585 R58 .812 R43 .509 
R54 .799 R48 .580 R47 .785 R88 .506 
R15 .796 R75 .562 R104 .781 R96 .530 
R65 .792 R62 .561 R10 .780   
R13 .789 R20 .561 R143 .745   
R110 .779 R76 .554 R112 .740   
R80 .772 R28 .549 R135 .739   
R121 .771 R51 .547 R18 .727   
R36 .771 R38 .543 R66 .726   
R6 .762 R53 .539 R31 .722   
R23 .753 R127 .533 R74 .714   
R69 .738 R113 .532 R8 .702   
R109 .723 R14 .526 R35 .690   
R126 .718 R148 .525 R46 .685   
R118 .707 R146 .520 R77 .682   
R37 .707 R81 .505 R98 .681   
R116 .707 R131 .505 R93 .674   
R32 .702 R136 .537 R16 .667   
R114 .702 R84 .515 R141 .662   
R79 .701 R86 .504 R91 .657   
R72 .701   R117 .647   
R139 .694   R94 .645   
R111 .692   R27 .642   
R130 .690   R123 .640   
R60 .684   R142 .635   
R125 .676   R19 .628   
R57 .675   R44 .617   
R49 .674   R83 .609   
R100 .671   R39 .607   
R55 .671   R41 .604   
R115 .664   R11 .597   
R21 .656   R102 .594   
R89 .653   R50 .593   
R144 .649   R26 .589   
R25 .645   R4 .582   
R63 .641   R82 .578   
R40 .640   R78 .565   
R137 .639   R17 .560   
Note.  R = respondents number. 
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Table 25.  Mean preferences and standard deviation values for the 32 scenes 
associated with respondents who loaded on Factor 1 (native lovers) sorted in 
decreasing order 

Photo ID M SD Most Preferred 
S47 8.86 1.19 
S42 8.39 1.70 
S52 8.14 1.67 
S34 8.09 1.72 
S38 7.02 2.08 
S15 6.88 2.34 
S10 6.38 2.03 
S68 6.23 2.20 
S12 6.18 2.02 
S50 6.03 2.26 
S67 5.83 2.19 
S54 5.80 1.93 
S25 5.71 2.17 
S43 5.62 2.32 
S70 5.61 2.16 
S3 5.42 2.34 
S7 5.09 2.50 
S27 4.97 2.57 
S9 4.86 2.49 
S30 4.77 2.71 
S1 4.61 2.07 
S36 4.41 2.10 
S35 4.30 2.21 
S48 4.24 2.03 
S61 4.06 2.21 
S28 3.92 2.26 
S53 3.91 2.11 
S23 3.80 2.27 
S65 3.64 1.86 
S62 3.62 2.15 
S14 3.53 2.30 
S33 2.73 1.76 

 

 S47 

 S42 

 S52 

 S34 

 S38 

 S15 
Note.  Preference ratings were based on 10-point uni-dimensional scale with 1 = low preference and 10 

= high preference.  
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Table 26.  Means and standard deviation values of the 32 scenes associated 
with respondents who loaded on Factor 2 (exotic lovers) sorted in decreasing 
order 

Photo ID M SD Most Preferred 
S54 8.53 1.32 
S10 8.35 1.31 
S35 8.29 1.56 
S70 8.29 1.20 
S1 7.92 2.04 
S67 7.80 1.91 
S9 7.53 1.91 
S50 7.47 2.05 
S62 7.39 1.85 
S53 7.27 1.72 
S61 6.98 1.97 
S23 6.98 2.19 
S25 6.90 1.78 
S52 6.76 2.36 
S30 6.73 1.90 
S47 6.51 2.47 
S12 6.22 1.93 
S65 6.10 2.08 
S33 6.06 2.25 
S68 6.00 2.25 
S48 5.41 2.17 
S36 5.33 1.79 
S34 5.10 2.48 
S14 5.04 2.26 
S42 4.92 2.67 
S28 4.86 2.22 
S38 4.67 2.30 
S15 4.49 2.12 
S3 4.33 2.47 
S43 3.94 1.93 
S27 3.67 2.29 
S7 3.65 2.26 

 

 S54 

 S10 

 S35 

 S70 

 S1   

 S67 
Note.  Preference ratings were based on 10-point uni-dimensional scale (1 = low preference; 10 = high 

preference).  
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Table 27.  Correlation of factor preference scores with perceptual dimensions 
and water-use ratings 

 N cases Factor 1 Factor 2 
Factor 2 49 -.10  
NATUa 148 .87** -.34 
SBEAb 86 .54** .59** 

APPRc 86 .20 .59** 
NATId 62 .73** -.41* 

FAMIe 86 -.13 .27 
INTEf 86 .77** .28 
PLEAg 86 .45** .65** 

RELAh 86 .39* .63** 

EXCIi 86 .80** .24 
PWATj 86 -.47** .57** 

XWATk 10 -.42* .52** 

Note.  Factor 1 (n = 66).  Correlations are two-tailed. 
a NATU = perceived naturalness. 
b SBEA = scenic beauty. 
c APPR = perceived appropriateness. 
d NATI = perceived nativeness.  
e FAMI = degree of familiarity. 
f INTE = how interesting. 
g PLEA = how pleasant.  
h RELA = how relaxing. 
i EXCI = how exciting. 
j PWAT = public water-use rating. 
k XWAT = experts water-use rating. 
* p < .05.   
** p < .01. 
 

 

 

Figure 27.  Responses associated with Factor 1 and 2 respondents.  Participants answered 
‘Yes’ or ‘No’ to the question which asked them if their occupation brings them 
into direct contact with the natural environment.  F1 = native lovers, F2 = exotic 
lovers. 

 

F1

No
33%

Yes 
67% 

Yes 
37% 

F2No
64%
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Aesthetic Dimensions versus Aesthetic Preferences 

As alluded to in Chapter 3, much of the methodological debate in landscape 

perception research stems from two conflicting positions in landscape 

aesthetic theory, the “subjectivist” position and the “objectivist” position.  In 

the first position, an assumption is made that people’s aesthetic responses are 

primarily determined by factors internal to the observer, such as previous 

experiences, attitudes, values, beliefs and so forth.  Whereas, in the latter the 

assumption is that aesthetic response is derived primarily by factors exterior 

to the observer and which are intrinsic to the landscape, such as presence of 

water in scene, scale of the landscape view, vegetation pattern and so forth. 

While the findings of this research seem to suggest that landscape beauty is 

the product of the interaction between the observer (i.e., internal factors) and 

the landscape (i.e., external factors), rather than specifically residing in one or 

the other, it was interesting to note that the influence on observers of the 

characteristics of the stimuli landscape scenes was conspicuous and 

predominant.  This, in fact, is reflected in the recurrence of the same 

perceptual dimensions (e.g., native vs. exotic, lush vs. dry, open vs. enclosed, 

and water vs. no water) obtained independently by means of MDS analysis of 

both perceived similarities judgments and preference judgments.  Moreover, 

two-way ANOVA on the preference ratings confirm that scenes (or 

landscapes) rather than observers seem to be the major source of variability in 

the data (F = 34.47, df = 31, p = .00) (see also Appendix E, Table E2).   

Similarly, it can be argued that the way people experience landscapes is 

different from the way they evaluate them.  If this is the case, then no 

relationship should exist between dimensions underlying perceived similarities 

and dimensions underlying their preference judgments of the same 

environments.  If anything, the relationships illustrated in Table 28 may well 

prove the opposite.  In this research, it was observed that strong correlations 

exist between preference ratings and perceived similarity judgments.  This 
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suggests that landscape variables (or external factors), more than 

predispositions (or internal factors), play a major role in shaping landscape 

preferences, at least with respect to urban parks.   

To scrutinise the nature of the interaction between external and internal 

factors further, Pearson correlation coefficients were computed between 

coordinates from the MDS three-dimensional preference solution and 

preference and affective scale ratings for the 32 common scenes.  The 

relationships presented in Table 29 reinforce the conclusion that landscape 

beauty neither is in the eye of the beholder nor inherent in the landscape but 

rather it is the interaction between factors internal and external to the 

observer is most salient.   

As discussed earlier, the MDS dimensions obtained by scaling preference 

scores reflect the landscape parameters that are salient to most subjects.  By 

correlating coordinates of the stimuli positioned in these dimensions with the 

preferences scores one can determine which of the dimensions exerts most 

influence on observer judgements.  To reiterate, it was found that Dimension 

1 appears to be associated with vegetation type (i.e., native/indigenous vs. 

exotic), Dimension 2 with vegetation density and spatial configuration (i.e., 

open, sparse vegetation vs. enclosed, dense vegetation) and the degree of 

verdancy (i.e., lush vs. dry) while Dimension 3 seems to be associated with the 

presence or absence of water.  As can be seen in Table 29, both Dimension 1 

and 2 strongly correlate with preference ratings, whereas Dimension 3 seems 

not to have any linear relationship with preference.  Note that since MDS 

dimensions are often projected in arbitrary directions, Pearson’s coefficients 

are considered here as abstract values.  While relationships for the first two 

dimensions are hardly unexpected, it is quite surprising that the presence of 

water did not have any influence on observer preference judgments, as there 

is ample evidence in the literature to suggest otherwise.  Nevertheless, further 

examination of the correlation matrix reveals that Dimension 3 (or presence 



 

230 

of water) significantly correlates (r = .58, p < .01) with familiarity.  This 

finding implies that, in this case, internal factors (or familiarity) may be more 

influential than external factors (or presence of water) in determining 

preference.  As previously discussed (see Chapter 3), the effect of familiarity 

on preference is often paradoxical.  Kaplan and Kaplan (1982a) maintain that 

a highly familiar environment often will not to be preferred.  Put in the 

context of Kaplans’ (1982a) model of information-processing, it can be 

argued that a familiar environment is very easy to make sense of but it quickly 

becomes boring and less involving if no prospective information can be safely 

afforded.  This seems to be demonstrated here by the weak correlation 

between Dimension 3 and the “interesting” and “exciting” ratings (see Table 

29). 

The correlation between Dimension 1 and preference ratings substantiates the 

findings obtained from Q-mode factoring in which two groups of 

respondents with different preferences for the scenes were identified.  

Interactions between Dimension 1 and other scales, particularly “familiarity,” 

“interesting” and “exciting” are also of note.  According to the information-

processing model, unfamiliar yet intriguing environments are likely to be 

preferred and Dimension 2 (vegetation density/spatial configuration/degree 

of verdancy) seems to confirm this assumption by the fact that this dimension 

was highly correlated with preference (r = .83).  Along the same lines it was 

observed that open, more plain looking landscape settings, that offer minimal 

information, can be perceived as boring and less likely to be preferred than 

are more stimulating and densely vegetated environments (landscapes that 

offer lots of immediate information).  Furthermore, it appears that the degree 

of verdancy (i.e., dry vs. lush) also strongly influences the subjects affective 

responses, particularly in terms of relaxation and pleasantness.  This is 

apparent in the correlations found between Dimension 3 and both the 

“relaxing” and “pleasant” ratings. 
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Table 28.  Correlation between coordinates of three-dimensional MDS 
solutions derived from preference and similarity ratings 

 PRE-DIM1 PRE-DIM2 PRE-DIM3 
SIM-DIM1 .93** -.08 -.15 
SIM-DIM2 -.06 -.85** -.16 
SIM-DIM3 -.25 -.01 -.49** 

Note.  PRE-DIM1, 2 and 3 represent the coordinates of the three perceptual dimensions derived from 
MDS of preference ratings.  SIM-DIM1, 2 and 3 represent the coordinates of the three perceptual 
dimensions derived from MDS of similarity ratings.  Correlations are two-tailed.   

** p < .01. 
 

Table 29.  Correlation between MDS coordinates of preference dimensions 
and various perceptual ratings 

 DIM1 DIM2 DIM3 
PREFa .53** -.83** .00 
FAMIb -.30 -.37* .58** 
INTEc .60** -.62** -.38* 
PLEAd .15 -.95** .07 
RELAe .10 -.92** .20 
EXCIf .65** -.57** -.36* 
Note.  DIM denotes dimension.  Correlations are two-tailed. 
a PREF = general preference.  
b FAMI = familiarity. 
c INTE = how interesting. 
d PLEA = how pleasant.  
e RELA = how relaxing. 
f EXCI = how exciting. 
* p < .05. 
** p < .01. 
 

Why Particular Landscapes Are Preferred? 

MDS and factor analysis of the preference data allowed the interaction 

between landscapes and observers to be examined.  The results obtained 

suggest what influence external factors may exert on aesthetic judgements.  

The 55 urban park environments evaluated in this research are illustrated in 

Appendix E, Table E6 along with their mean and standard deviation values.  

Having identified the external factors that elicit aesthetic reactions it can be 

observed that environments that are more preferred (M ≥ 6) are those that 
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look more natural than artificial, contain water, are densely vegetated and 

afford open or deflected views.  Similar results were obtained by Zube et al. 

(1975b), Kaplan S. (1975), Schroeder (1983; 1987; 1991) and Schroeder and 

Anderson (1984). 

While the variables used in this study to represent the two main affective 

dimensions of pleasure and arousal (i.e., interesting, pleasant, exciting and 

relaxing) were also found to have influence on perceptions, the factors 

underlying these perceptions were not explicitly examined (see Chapter 7).  

However, interpretation of the preference ratings using bio-evolutionary 

explanatory theories, such as affordance (Gibson, 1979), habitat selection 

(Orians & Heerwagen, 1992), prospect-refuge (Appleton, 1996) and 

information-processing (Kaplan & Kaplan, 1989), may help to explain the 

internal factors that individuals employ in their evaluations. To reiterate, these 

bio-evolutionary theory postulate that the biological needs of survival, and to 

be aware of the environment, caused early humans to prefer environments 

that could meet these needs.  In addition, these theories hypothesize that the 

transition of our human ancestors from tree dwelling to ground dwelling 

beings would have occurred near water, particularly where forest and 

grassland occur (Orians & Heerwagen, 1992).  Such areas could be described 

as savanna-lands which would be rich in variety and numbers of species 

(Orians, 1986).   

Prospect-refuge theory advanced by Appleton (1975a, pp. 73) proposes that 

the ability to-see-without-being-seen is an intermediate step in the satisfaction 

of needs (i.e., successful hunting) and the capacity of an environment to 

ensure the achievement of securing these needs becomes a source of aesthetic 

satisfaction.  From these theoretical perspectives, it can be argued that the 

most preferred park scenes, and even the less preferred ones, found to have 

spatial arrangements of elements, and visual attributes that resemble those of 

savanna landscapes where open grasslands offer unimpeded prospect and 
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groups of trees offer the opportunity to take refuge.  Inseparably, life exists 

where water is present, thus, it could be argued that landscapes containing 

water would be highly rewarding in terms of survival.  Good examples of 

highly preferred landscape scenes are illustrated in scenes S29 through to S52 

(see Appendix E, Table E6).   

Another bio-evolutionary approach to understanding landscape preference is 

that advanced by the Kaplans (1982a) who describe preference as being 

related to “the expression of the evaluation of one’s possibilities” of which 

the two most important components are making-sense and involvement.  To 

make sense of an environment it must be coherent and legible, that is, an 

individual must be able to characterize and comprehend the environment.  As 

previously discussed (see Chapter 3), coherence is the extent to which the 

scene hangs together through repetition of elements that facilitate 

comprehension.  Therefore, a savanna-like landscape could be said to be 

relatively high in coherence because of its few and repetitive types of 

elements, which create easily recognizable and coherent patterns, these scenes 

depicted in the following stimuli photographs (S32, S54, S70, S67, S25, S11, 

S1, S68), could be considered good examples of such coherent looking 

landscapes.  As for legibility, it is the recognition of an environment that looks 

as if one could explore it extensively without getting lost, so undifferentiated 

elements would tend to cause low legibility.  Therefore, a savanna-like 

landscape could be said to be very high in legibility, as there would be enough 

openness to see where one is going as well as distinct tree formations to 

provide landmarks (see stimuli scenes S31, S32, S54, S55, S67, S11 and S68).  

On the other hand, an environment that is easy to make sense of quickly 

becomes boring or tiresome.  To be involving, the Kaplans maintain, an 

environment must possess complexity and mystery.  Involvement requires 

additional mapping to process new information being present.  Complexity is 

the amount of variety or diversity in a scene that a scene that has enough 

information present to keep one interested and occupied.  Too little is boring 
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(e.g., S27, S7, S28 and S56) and too much is overwhelming (e.g., S43, S38, S14 

and S39).  Again, a savanna-like landscape could be said to be within the 

desired range of complexity.  Overall, these scenes show landscapes in which 

plain ground and canopy are relatively uncomplicated elements, but the 

various patterns of ground layer species, the irregular spacing of trees, the 

imperceptible gradation into adjacent vegetation types, and openness to the 

changing atmosphere creates an appropriate and desirable amount of 

complexity.  Mystery occurs when a scene provides partial information about 

what lies ahead, inviting exploration.  Things are concealed in such a way as to 

reveal their presence but not their full identity.  In this sense, savanna-like 

landscapes could be said to be high in mystery.  Given their open aspect, 

views into the distance would be available but the obstruction of unevenly 

spaced trees and rolling topography would prevent full disclosure yet invite 

further exploration (see stimuli scenes S13, S10, S21, S22 and S2). 

In effect, to test whether the above concepts hold true, an R-mode factor 

analysis was carried out on the preference data (32 scenes × 148 cases).  

Unrotated Principal Components was the extraction method and an eigenvalue 

of 1 or greater was the cut-off rule.  Thirty-two initial factors were obtained.  

However, the actual contribution accounting for common variance dropped 

off dramatically after consideration was given to the first two factors, which 

alone accounted for 48.6 percent of the total common variance in the data.  

These factors were readily identified and did not exhibit multiple or split 

loadings.  A loading equal to or greater than .5 was used to interpret factors.  

All scenes whose loadings matched this criterion were collectively examined.  

As a result, Factor 1 was associated with 50 percent of the total sample of 

stimuli photographs (see Figure 28), while 28 percent were associated with 

Factor 2 (see Figure 29).   

In examining these factor analysis results, every scene loading on Factor 1 

appears to have a savanna-like landscape look and many could be said to 
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convey a sense of mystery and are rich with elements such as flowers and 

water both suggested to have been important to survival of early humans.  In 

contrast, Factor 2 groups scenes, depicting environments that are harsh, dry, 

flat and plain and appear to be exposed and, hence, unsafe, represent 

environments offering little information and/or poor opportunities for 

refuge, thus evoking a sense of boredom and vulnerability.  Other scenes 

associated with Factor 2 are those depicting impenetrable bushland that 

would tend to impede prospect.  Other scenes in this group are thick boggy 

wetlands that would make travelling difficult.  Therefore, it can be argued that 

scenes in Factor 2 reflect environments that would have been less rewarding 

in terms of survival.  It is interestingly to note that scenes associated with 

Factor 1 were rated slightly higher on familiarity than scenes loading on 

Factor 2.  On the 5-point familiarity scale (1 = not at all familiar, 5 = very 

familiar), scenes that loaded high onto Factor 1 averaged 4 (SD = .37) while 

scenes loading on Factor 2 averaged 3.68 (SD = .30) on this familiarity 

variable.  It could be argued that familiar environments are easier to make 

sense of and therefore may be more preferred.  By comparison, unfamiliar 

environments can become threatening particularly when information cannot 

by easily processed or matched with previously developed cognitive maps, 

thus making them less preferred.  
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Figure 28.  Scenes associated with Factor 1 (savanna-like landscapes) grouped in order of 
decreasing factor loadings from top left to bottom right (obtained from R-mode 
factor analysis of preference ratings).   
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Figure 29.  Scenes associated with Factor 2 (hindering landscapes) grouped in order of 
decreasing factor loadings from top left to bottom right (obtained from R-mode 
factor analysis of preference ratings). 

 

Sustainable Aesthetics and Trade-offs 

Lay people and park managers alike may often feel that the more verdant and 

lush a landscape is the more beautiful.  If this is true, then a strong linear 

relationship between public aesthetic preferences and water-use of landscapes 

can be expected.  In other words, it can be expected that the higher the water-

use the higher the public aesthetic satisfaction.  However, the correlations 

presented in Table 30 show that no such relationship was found between 

preferences (r = .06) or scenic beauty ratings (r = .28) and landscapes water-

use ratings.   

A more useful way to examine the relationship between preferences and 

landscape water-use may be to plot the rating data of these two dimensions 

against each other.  The scatter-plot provided in Figure 30 shows the 

relationships between the preference ratings of the 55 urban park scenes and 

their water-use as evaluated by the experts.  In line with the notion of a 
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sustainable aesthetic, that is, landscapes that tend toward ideal aesthetic 

conditions yet still are conservative of water resources, as was discussed in 

Chapter 3 in relation to urban parks, the 55 park environments can be divided 

into four categories of environmental aesthetics.  These categories were 

labelled as the “critical aesthetics,” “undesirable aesthetics,” “unsustainable 

aesthetics” and “sustainable aesthetics” and can be defined as follows:  

Critical Aesthetics: are those environments that are rated low on aesthetic or 

preference variables (M = 5, n = 12, range = 1.94) and high on water-use 

(M = 6.48, n = 12, range = 2.67).  A substantial amount of water can be 

saved by excluding these kinds of environments from parks.  Not only are 

these park environments poor in terms of aesthetic appeal but are also 

water hungry and require a lot of energy due to high maintenance 

requirements (see Figure 31).  On a practical level, these environments 

can be improved on both an ecological and aesthetic level by reducing 

areas of irrigated turf grass and by redesigning them to reflect those 

dimensions found to improve or affect landscape aesthetic appreciation. 

Undesirable Aesthetics: are those environments that are rated low on both 

preference (M = 4.97, n = 10, range = 1.68) and water-use (M = 3.55, n = 

10, range = 2.17).  Despite their self-sustaining quality and high ecological 

value, these environments do not seem to meet public aesthetic 

expectations, and hence they are unlikely to be socially acceptable (see 

Figure 32).  They are thus more likely to be underused spaces.  They 

might be better improved by providing environments that are not only 

sustainable and of high ecological value but also are aesthetically pleasing 

by redesigning them to reflect those dimensions found to improve 

landscape aesthetic appreciation. 

Unsustainable Aesthetics: are those environments that are rated high on both 

preference (M = 6.54, n = 18, range = 3.43) and water-use (M = 7.17, n = 

18, range = 1.67) (see Figure 33).  Aesthetically they are highly regarded, 
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however, they require large amounts of irrigation water in order to 

maintain their aesthetic appeal.  Hence, they are unsustainable in the sense 

that they would impinge on water resources rather than helping conserve 

water. 

Sustainable Aesthetics: are those ideal urban park environments that are 

highly preferred (M = 6.86, n = 15, range = 1.94) yet require little 

irrigation water (M = 3.94, n = 15, range = 1.83), if any at all, to maintain 

their aesthetic appeal (see Figure 34).  These sustainable environments 

meet the dual-objective of meeting public aesthetic satisfactions and 

optimum use of water resources. 

The results of this research suggest that the most preferred and aesthetically 

pleasing environments are those that are either very water hungry or water 

conservative.  In an ideal world, the best management and design practice 

would be to promote a sustainable or “ecological aesthetic” (Gobster, 1999).  

Nevertheless, less sustainable environments were found to be preferred by a 

subgroup of the population.  Hence, it can be argued that these preferences 

should not necessarily be ignored if preferences that satisfy all citizens are to 

be met, particularly when these preferences are associated with significant 

social, cultural and heritage values.   

The research methodology as demonstrated in this thesis gives park designers 

and managers a way if assessing landscape water-use of parks and determining 

what is aesthetically acceptable to the public.  This analytical approach can 

then allow trade-off to be made that will match a limited water budget with 

the highest landscape preferences for the wider range of park users.  



 

 

 

 

 

 

Table 30.  Bivariate correlations between preference, affective and water-use ratings of the 32 common scenes along with their 
aggregate means, standard deviation, skewness and kurtosis distributions 

 PREF NATU SBEA APPR NATI FAMI INTE PLEA RELA EXCI PWA M SD Skew Kurtosis 
PREFa            5.84 .94 .05 -.92 
NATUb .45**           5.16 1.85 .62 -.53 
SBEAc .92** .23          6.26 .86 .00 -.57 
APPRd .68** -.20 .70**         3.18 .51 -.73 -.60 
NATIe .26 .90** .02 -.28        5.72 2.11 .32 -.1.65 
FAMIf .17 -.27 .30 .55** -.23       3.82 .38 .04 -.36 
INTEg .84** .52** .76** .37* .25 -.23      5.67 1.19 -.27 -.94 
PLEAh .89** .08 .96** .85** -.11 .43* .66**     6.23 .92 .20 -.104 
RELAi .85** .05 .91** .86** -.09 .50** .54** .97**    6.22 .98 -.07 -.98 
EXCIj .83** .57** .73** .33 .29 -.22 .99** .63** .50**   4.97 1.17 .50 -.81 
PWATk .06 -.72** .28 .60** -.72** .48** -.20 .45* .50** -.23  3.26 .89 -.28 -.99 
XWATl .06 -.67** .25 .62** -.63** .54** -.29 .42* .49** -.25 .96** 5.37 1.61 -.21 -1.16 
a PREF = general preference, 10-point, N = 148. 
b NATU = perceived naturalness, 10-point, N = 148. 
c SBEA = scenic beauty, 10-point, N = 86. 
d APPR = perceived appropriateness, 5-point, N = 86. 
e NATI = perceived nativeness, 10-point, N = 62.  
f FAMI = degree of familiarity, 5-point, N = 86. 
g INTE = how interesting, 10-point, N = 86. 

h PLEA = how pleasant, 10-point, N = 86.  
i RELA = how relaxing, 10-point, N = 86. 
j EXCI = how exciting, 10-point, N = 86. 
k PWAT = public water-use rating, 5-point, N = 86. 
l XWAT = experts water-use rating, 10-point, N = 10. 
* p < .05.  
** p < .01. 



 

 

 
 

 

Figure 30.  Scatter-plot of both preference and water-use ratings showing four categories of aesthetic and water-use values.  Numbered points represent 
landscape scenes.
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Figure 31.  Critical aesthetics: landscapes with low aesthetic value and high water-use. 

 

 
S14 

 
S7 

 
S66 

 
S69 

 
S27 

 
S43 

 
S39 

 
S3 

Figure 32.  Undesirable aesthetics: landscapes with low aesthetic value and low water-use. 
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Figure 33.  Unsustainable aesthetics: water hungry landscapes of moderate-to-high aesthetic 
value. 
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Figure 34.  Sustainable aesthetics: self-sustaining landscapes of moderate-to-high aesthetic 
value.
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C h a p t e r  1 0  

CONCLUSION AND RECOMMENDATIONS 

 

Changing the way people design and manage landscapes will require 

change in the way people read social characteristics into landscapes.  

(Nassauer, 1995a, pp. 234) 

Chapter 10:  Conclusion and Recommendations 

Introduction 

This research evolved around three interdependent studies; landscape 

classification, landscape aesthetic evaluation and landscape water-use 

estimation, and was designed to address the following research questions: 

1. Can a typology based on public perceptions of Melbourne’s urban 

park environments be developed? 

2. What are the salient landscape features represented by this 

classification? 

3. What are the public preference and aesthetic responses to the park 

landscapes represented in this classification?  

4. What are the meanings and affective responses that underlie public 

aesthetic preferences for these park landscapes? 

5. Can the water-use/needs of these park landscapes be systematically 

evaluated? 

6. What relationships (if any) exist between public aesthetic preferences 

for these park landscapes and their water requirements?   
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In this final chapter, the major findings obtained in each of these studies used 

to address the above research questions are outlined from which conclusions 

and recommendations for future research are drawn. 

Summary of Findings 

Landscape Classification 

The aim of this initial study was understand the manner in which people 

mentally construe urban parks in Melbourne and to establish a classification 

of park environments based on public perceptions according similarity of 

perceived visual or aesthetic qualities. 

A set of 70 photographs, systematically selected to represent a continuum of 

landscape environments represented in 25 urban parks, were used as stimuli.  

Two photo-sorting techniques, multiple sorting and rank-order sorting, were 

used to collect similarity and rank-order judgment data, along with data from 

open-ended questions.  Results of MDS analysis of the similarity data revealed 

three dimensions underlying subjects’ similarity judgements.  The first 

dimension was related to three environmental factors: type of vegetation (i.e., 

native/indigenous versus exotic), degree of naturalness (i.e., natural versus 

artificial) and landscape composition (i.e., formal versus informal).  The second 

dimension was associated with the spatial structure of the landscape (i.e., open 

versus enclosed) and the degree of verdancy (i.e., lush versus dry), while the third 

dimension was associated with the presence or absence of water. 

Content analysis of open-ended descriptions from the multiple photo-sorting 

exercise revealed a variety of meanings associated with the various park 

environments.  These results were used to help interpret the MDS and factor 

analyses results.  The relationship between various meanings associated with 

the park environments and the MDS solution was explored by combining 

results of categorical principal component analysis with the MDS results.  

Finally, hierarchical cluster analysis was used to help identify a pattern of 

visually similar park environments to establish a perceptual classification 
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system composed of 11 park environment categories.  Again, content analysis 

of open-ended responses was used to interpret these environment categories 

by linking meanings with labels.  For example, landscapes that are densely 

forested with native/indigenous plant species and which contain water bodies 

were described as being “interesting,” while open, flat and dry landscapes with 

few trees were seen as “boring.” 

Landscape Aesthetic Evaluation  

The next study was concerned with examination and quantification of public 

preferences and various aesthetic and affective responses for the 11 park 

landscape types.  In this study, the Internet was used to have people evaluate 

sets of the park landscape scenes (32 and 55) as presented in colour 

photographic images.  These scenes corresponded to the 11 landscape 

perceptual categories identified in the previous classification study.  A total 

sample of 148 subjects participated in the Web-survey.  Participants were 

presented with 10 rating scales and instructed to evaluate the photographs as 

projected on their own computer screens.  Scales were chosen to cover 

various preference, aesthetic and affective dimensions, including general 

preference, scenic beauty, degree of familiarity, degree of naturalness, degree 

of nativeness, pleasantness, excitement, interest, perceived appropriateness.  

In addition, one objective scale, perceived water-use, was also included in the 

battery of scales.  

Internet Representational Validity 

In conducting this study the reliability of using the Internet as a tool to gather 

evaluative ratings had to first be verified.  In this respect, a strong correlation 

coefficient (r = .83, p < .01) was found between ratings obtained using both 

hard-copy photographs and digital images as projected on the computer 

screen, suggesting that there was a high degree of reliability.  This correlation 

demonstrates that using the Internet to carry out landscape evaluation surveys 

is as valid and reliable as using hard copy landscape photo-stimuli.   
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Group and Subgroup differences 

Analysis of variance carried out on the preference ratings did not reveal any 

substantial subgroup differences or within-landscapes variability.  Regardless 

of social, professional or environmental background, a high degree of 

consistency between respondents was attained.  Moreover, no significant 

differences in relation to gender, age or residential experience could be found.  

However, two preference groups were revealed.  A Q-mode factor analysis 

carried out on the preference ratings (N = 148) revealed two groups of 

different preferences.  Alone these two groups accounted for 45 percent of 

the total common variance in the data.  Respondents associated with the first 

group (n = 66), “native lovers,” were characterized by their preferences for 

informal looking landscapes dominated by native/indigenous vegetation 

perceived to be interesting (r = .77, p < .01) and exciting (r = .80, p < .01).  In 

contrast, respondents associated with the second group (n = 49), “exotic 

lovers,” were characterized by their preferences for more formal landscapes 

dominated by lush exotic vegetation perceived to be pleasant (r = .65, p < .01) 

and relaxing (r = .63, p < .01).  Examination of the respondents’ socio-

demographic background showed that the majority (67%) of respondents 

associated with the “native lovers” group were in direct contact with the 

natural environment through their occupation.  In contrast, the majority 

(64%) of respondents associated with the “exotic lovers” group did not come 

in direct contact with the natural environment through their occupation.  

These findings suggested that environmental background/education might 

play a significant role in shaping people’s perceptions/preferences for 

ecological or sustainable landscapes in spite of aesthetic values. 

Preference and Aesthetic Dimensions 

In the context of this research, ratings for scenic beauty and general 

preference were found to be highly inter-correlated (r = .92, p < .01), implying 

that people seem to prefer urban park environments based essentially on their 

aesthetic qualities.  This finding reinforces past research showing that 
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aesthetic appreciation and passive recreation are the main motives for people 

visiting urban parks (Craik, 1973; Ulrich & Addoms, 1981; Hayward & 

Weitzer, 1984; Zhang & Gobster, 1998).  From analysis of the rating data, 

three perceptual dimensions underlying the scenic beauty and preference 

ratings were uncovered.  These dimensions were related to vegetation type 

and degree of verdancy, development intensity and extent of view, and 

presence or absence of water.  Similar dimensions were obtained from 

analysis of the similarity data collected in relation to the previous landscape 

classification study.  This finding suggests that, in the case of urban park 

landscapes, beauty may be more strongly inherent in the landscape rather than 

residing in the eye of the beholder.  

A moderate correlation was found between preference and naturalness ratings 

(r =.45, p < .01).  This finding is consistent with Daniel and Boster’s (1976, 

pp. 8) argument that observers frequently justify their preference for a 

carefully designed park or intensively managed forest based on degree of  

perceived naturalness. However, in this study little evidence of a relationship 

was found between naturalness and scenic beauty scores (r =.23, p < .05).  

This finding is odd given that beauty and preferences were so highly 

correlated (r =.92, p < .01).  Moreover, childhood residential experience (i.e., 

urban versus small town/rural) did not seem to influence perceptions of 

naturalness.  Similarly, no significant relationship was found between rated 

familiarity with the park environments and ratings for scenic beauty, 

preference, naturalness and appropriateness.  However, ratings of landscape 

appropriateness was found to be strongly correlated with preference ratings (r 

=.68, p < .01).  

Affective Dimensions  

Finally, affective responses to the landscape, including interest, pleasure, 

excitement and relaxation (selected to represent the two major dimensions of 

the circumplex model of affect as proposed by Russell (1980)) were also 
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examined in relation to general preference.  A strong positive relationship was 

found between ratings of all the affective dimensions, including interest (r = 

.84, p < .01), pleasure (r = .89, p < .01), excitement (r = .83, p < .01) and 

relaxation (r = .85, p < .01) and preference scores.  In addition, stepwise 

regression analyses of these affective variables showed that “pleasure” and 

“arousal” together play a significant role in predicting preferences for urban 

park environments. 

Landscape Water Use 

This study was undertaken to obtain expert assessments of water-use/needs 

of the 55 urban park environments used as stimuli in the previous landscape 

evaluation study.  The aim was to allow public perceptions to be compared to 

landscape water-use and explore relationships between these variables.  A 

hybrid methodology based on expert estimates of water-use, as assessed 

through examination of the landscape scenes, and application of a quantitative 

model for estimating water-use in landscape settings developed by Costello 

and Jones (1999), was devised.  The water estimation model, which had been 

developed in California, focuses on identifying three coefficients used to 

account for three major factors affecting landscape plant-water relationships.  

These include vegetation density, microclimatic conditions and plant species.   

Water-use estimates elicited from a panel of 10 irrigation experts were used to 

categorize the 55 park scenes into four groups of high, moderate, low and 

very low water-use.  Each environment was then assessed in relation to these 

factors and a landscape coefficient indicating the overall water-use for each 

landscape type was then calculated.   

As expected, scenes of park environments that are self-sustaining in terms of 

water needs, such as those planted solely in indigenous and/or native types of 

vegetation were rated lowest in terms of water-use.  Environments depicting 

large stretches of lawn and exotic vegetation were rated highest in water-use.  

The results also show that water needs were largely determined by the 
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presence of turf grass, even in those environments where indigenous/native 

trees and shrubs predominated. 

Water-use verus Perceptions/Preferences 

Finally, water-use data was plotted against landscape preference/aesthetic 

ratings, which identified four categories.  These categories were labelled 

critical aesthetics (i.e., high water-use and low public preference), undesirable 

aesthetics (i.e., low water-use and low public preference), unsustainable 

aesthetics (i.e., high water-use and high public preference) and sustainable 

aesthetics (i.e., low water-use and high public preference). 

Conclusion 

Consideration of the way people use, value and prefer urban parks, in both 

urban park design and management and water-use planning is at the crux of 

ecologically sustainable parks.  Fortunately, such an approach, as presented in 

this thesis, of developing park planning and management strategies based on 

public input seems to be gathering acceptance (Naveh, 1995).  Strategies that 

ignore public expectations may be ultimately doomed to failure. 

One of the key priorities in developing guidelines for the conservation of 

water resources in urban parks is to ensure that those working towards this 

goal, and those who will apply them, have a shared vision of what their parks 

will look like when transformed, conserved or managed to be more 

sustainable with respect to water conservation.  The research presented in this 

thesis begins to establish a methodology for guiding the development of 

socially acceptable and scientifically defensible urban park design and 

management.  In this light, the analytical approach developed in this thesis 

can be used to identify and promote landscape environments that can best 

satisfy the dual-objective of meeting public perceptions, expectations and 

preferences and efficient use of water.  In addition, this “sustainable 

aesthetics” approach offers the potential for urban parks to be more than 

aesthetic symbol of nature and help in educating the public about water 
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conservation.  Local and regional biodiversity, and critical habitat patches and 

linkages, used to maximize habitat values, will also be encouraged through 

application of this conceptual model.   

While the consistency of the results obtained in this research lends weight to 

their credence, statistical generalisations of the findings to wider populations 

should be made with caution due to the fact that the samples were not 

selected randomly.  However, some analytical generalisations may be drawn.  

For example, if urban parks are to become more conservative of water, and 

thus contribute to a more ecologically sustainable urban landscape, then 

designers, managers and planners of parks will have to make greater use of 

water conservative native and indigenous vegetation in new park development 

or in the transformation of existing parks.  Conservation of remnant 

indigenous bushlands in the city is also important.  In this research, such 

remnant bushlands that were designed as reserves were found to be not only 

highly preferred with respect to aesthetic appreciation but also to use much 

less water than do the more English-style, picturesque gardens.  In fact, this 

seems to reflect the current fashion of many local authorities for encouraging 

naturalistic, self-sustaining indigenous planted landscapes, which is driven by 

both environmental and financial pressures (Millar, 2003a).  Park 

environments that are planted with indigenous species are often cheaper to 

create and maintain than are their more manicured horticulturally intensive 

counterparts that have resulted from earlier picturesque traditions. 

Nonetheless, when divergence in aesthetic preference exists among a 

population that is served by a system of parks, perhaps management must not 

be limited to providing a single type of park setting.  It would seem that the 

most socially acceptable approach might be to provide a variety of 

environments and landscape experiences from which users can select those 

that best appeal to their individual preferences.  This of course will require 

trade-offs between creating sustainable and less sustainable park 
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environments.  The objective, however, is to balance public aesthetic 

preferences and efficient water-use.  Planners and managers of urban parks 

should find the methodology proposed here useful to explore these trade-offs 

and aid in making park design and planning decisions that will ultimately 

achieve the goal of creating more sustainable, yet socially acceptable, park 

environments for the future.  For example, analysis of public preference 

ratings in view of landscape water-use suggest that a number of the park 

environments tested are both low in preference and high in water-use and 

that a considerable amount of water could be saved if these environments 

were re-designed and/or managed in a more sustainable manner. 

Park environments judged to offer experiences that are “exciting” were those 

containing predominantly indigenous or native vegetation.  In contrast, lush, 

formal, manicured parklands planted with predominantly exotic plant species 

were preferred more because of their ability to offer “pleasant” and “relaxing” 

experiences.  It was found that savanna-like landscapes were the most 

preferred park environments and that both experiences of pleasure and 

excitement were strongly associated with this type of environment.  Various 

bio-evolutionary theories, namely Appleton’s prospect refuge, Kaplan’s 

information processing and Ulrich’s preference model for unspectacular 

natural scenes, were useful in interpreting the preferences results.  For 

example, the most preferred urban park environments were shown to have a 

high degree of complexity and coherence, a high sense of safety and enclosure 

(as determined from the open-ended data), contain water and focal points and 

deflected vistas. 

The assumption that landscape beauty is neither in the eye of the beholder 

nor intrinsic to the landscape, but rather is the interaction between both 

external and internal factors, was scrutinized.  The results suggest that, in the 

context of this research, external factors (e.g., visual properties) seem to be 
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more influential in eliciting aesthetic reactions than are internal factors (e.g., 

personal predilections or previous experiences).   

Given the diversity of landscape environments that can be found within many 

urban parks, a classification system based on publicly perceived landscape 

environment similarities provides a useful sampling framework for future 

research.  Such a perceptual classification of park environments may be 

particularly appropriate and useful when aesthetic considerations are of 

concern.  Furthermore, similarity judgments can also be used to understand 

how people conceptualise urban park environments and reveal the salient 

environmental elements associated with these environments.  In the case of 

the present research, three dimensions were found to underlie similarity and 

preference judgments.  These dimensions are generally associated with (1) 

vegetation type (i.e., native/indigenous vs. exotic) and degree of naturalness, 

(2) vegetation density and degree of openness and (3) presence of water.  

These results can provide park designers, planners and managers with criteria 

as to how to create landscapes that will satisfy the wide range of cognitive and 

affective demands that the public may expect from their park environments 

but with an emphasis of using indigenous plant materials.  Along with the 

water-use estimates, these findings can help park designers to better plan and 

design sustainable and water wise parks for the future. 

The results of the preference/aesthetic evaluation study are consistent with 

several previous studies on landscape perceptions (see Daniel & Boster, 1976; 

Palmer, 1978; Schroeder, 1983, 1987; Amedeo et al., 1989; Hull & Harvey, 

1989; Kaplan & Kaplan, 1989; Schroeder, 1991; Burmil et al., 1999).  The 

native-exotic dimension is, however, new and could not be found in the 

literature.  While the other dimensions may be associated with psychophysical 

aspects of the landscape, the native-exotic dimension may reflect more of a 

socio-cultural aspect.  In recent years, the severity of native vegetation loss, 

land degradation, drought and associated environmental/socio-economic 
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problems have become disturbingly evident, such that new values and 

perceptions are emerging among both urban and rural Australians.  There has 

been a shift away from the Eurocentric attitudes and a greater concern for 

indigenous cultural/environmental values and ethics, particularly with respect 

to creating a sense of national identity and community belonging.  However, 

despite the growing interest in native vegetation and its conservation, many 

people still have less concern for these issues and often dismiss them as 

irrelevant.  Whether through the recurrence of the native-exotic continuum 

(derived by MDS of either similarity or preference judgments) or the Q-mode 

factoring of preference ratings which identified the two subgroups of ‘native 

lovers’ and ‘exotic lovers’, the results obtained in this research clearly highlight 

this shift, seemingly tipping towards preference of more natural 

native/indigenous landscape environments.  The results also suggest that an 

increasing ecological awareness among the public might have played a 

significant role in building the genesis of this shift.  As this change in public 

environmental values is proceeding, it may be the right time to invest more in 

environmental education to further encourage people to adopt more 

sustainable environmental values.  Undoubtedly, urban parks can play a prime 

role in advancing environmental education and promoting sustainability, for 

they can bring experiences of ecologically sustainable landscapes and 

education about water conservation close to literarily millions of visitors.  

Integrating common aesthetic values, as they are revealed in this thesis, into 

both innovative sustainable urban park designs and management guidelines 

using native/indigenous rather than exotic plants can contribute to this 

investment. 

Limitations and Future Research 

Despite the fact that a classification framework was able to be constructed 

that includes a sample of representative park environments for Melbourne, 

less confidence can be placed in the distribution of the study environments in 

reflecting the true distribution of parks as found in the metropolitan area.  
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Nor can the sample of raters used in the studies reported here be considered 

statistically representative of the urban population of Melbourne.  Future 

studies might apply the research approach developed here to a wider range of 

both park environments and samples of raters to verify the results and allow 

generalisations to the greater public to be made with more confidence. 

To give an analogy, individuals in this research were first asked to separate 

apples from oranges from bananas (i.e., landscape classification study).  Next, 

they were asked to indicate which of these fruits on offer they liked best (i.e., 

landscape evaluation study).  However, not every type of fruit that they might 

know and like was in the basket.  For example, they might have selected 

lychees, or something else, as their favourite if given the opportunity.   

Future research might first request respondents to project or draw images of 

their “ideal” park environments.  Next, their preferences for these 

environments and the full range of landscape types they represent could be 

elicited.  Collecting such a combination of both quantitative and qualitative 

data might improve the validity of the results and help (a) understand the 

cognitive and affective processes by which people conceptualize “ideal 

landscapes,” (b) construct real landscapes in accord with such public 

expectations, and (c) negotiate both the old demands for exotic planted 

landscape experiences and the new necessity for ecologically sustainable urban 

park designs. 

What form should the open-space framework of Melbourne’s parks take in 

the future?  If aesthetic expectations and efficient water-use, as well as other 

ecologically salient factors, were to be a priority then the form of such future 

open spaces and the social acceptability of such forms could be predicted.  

The perceptual classification of park environments and water-use evaluation 

model presented in this thesis can begin to be used to build an image of what 

an ideal sustainable urban park system for Melbourne in the 21st century 

might look like. 
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The concept of “sustainable aesthetics” was proposed in this thesis only with 

respect to landscape water-use.  Future research should adopt a more holistic 

approach and consider other ecological factors such as biodiversity.  

If public land managers are to be responsive to the changing needs and values 

of an increasingly multicultural citizenry, then they must work towards a fuller 

understanding of those needs and values (Driver, 1996, pp. 5).  Dwelling on 

the impacts that cultures and societies have on the way people use urban 

parks, and given the multicultural place that Melbourne is, future research 

should include larger sample of raters representative of all the cultural/ethnic 

groups present in Melbourne.  

Finally, unless integrated and systematic strategies to manage water-use in 

urban green spaces are adopted, and the total water available from all sources 

is wisely used, new green space development in Australian cities will soon 

become unsustainable.  This thesis promotes among researchers, policy 

makers and designers the need for an interdisciplinary approach to water 

planning and water-use efficiency in urban parks.  It also offers a cross-

disciplinary approach based on both expert and public input and marries 

qualitative and quantitative paradigms from the fields of irrigation engineering 

and landscape perception studies to produce a useful tool that park designers, 

planners and managers can use to plan sustainable and water-saving park 

systems in the future. 
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A p p e n d i x  B  

MEASURING RESPONSES TO LANDSCAPES: 
METHODOLOGICAL CONSIDERATIONS 

Appendix B 

Measuring Responses to Landscapes 

At least four fundamental questions are typically answered before that the 

aesthetic aspects of the landscape can be investigated (Craik & Zube, 1976; 

Wohlwill, 1976).  These questions are:  

1. Who shall observe the environment? 

2. What environments shall be observed and how shall they be 

measured? 

3. How shall the environment be presented to observer? 

4. What type of response is to be elicited from the observer?  

For the latter issue, Craik (1972) identified three types of responses to the 

landscape that can be made independently of the decisions concerning the 

first three issues.  The observer may provide a non-evaluative description of 

what’s “out there,” may attempt to evaluate what’s “out there”  in terms of 

scenic resource value, or may state a personal preference, a relative liking or 

disliking for that which is observed. 

Survey and Questionnaires 

The explicit incorporation of public responses into the evaluation procedure 

is an important step, particularly where assessment of public lands is 

concerned and because they represent the landscape more directly, they offer 

distinct advantages over surveys.  Questionnaires or opinion surveys have 

been widely used as a means of assessing the opinions, attitudes and 
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perceptions of the public and determining the desirability of various 

management alternatives (Vining & Stevens, 1986).  In landscape perception 

research, survey results can provide an evaluation or assessment of landscape 

quality by indicating the preferences of those sampled (Daniel & Boster, 

1976).   

Generally, survey methods require that a question or set of questions relevant 

to landscape quality be drafted and presented in written or oral form to 

selected participants (Vining & Stevens, 1986).  Two forms of opinions 

surveys may be distinguished: open-ended questionnaires and structured 

surveys.  In open-ended questionnaires, very broad, general questions may be 

posed that require an open or free form response; whereas in structured 

surveys, very specific questions may be posed and the response format may 

be highly structured, allowing only a multiple choice or graded response.  

Responses are usually collated and content-analysed to yield summary 

indications of opinions and preferences of respondent groups (Daniel & 

Boster, 1976). 

Written descriptions have been widely employed as a means of representing 

the effects of management alternatives on intangible resources such as 

landscape natural beauty (Daniel & Boster, 1976).  Vining and Stevens (1986) 

argue that surveys and questionnaires are deceptively easy to compose and 

distribute and are often used when other methods might be more appropriate, 

while Daniel and Boster (1976) warn about the hazards inherent in this 

technique.  Three critical issues or hazards can be identified in the survey 

methods: 

Sampling 

A basic rule has to be always considered when conducting survey research is 

that results may only be generalized on to those individuals who in principle 

had an equal opportunity of being included in the survey sample (Zube et al., 

1982; Daniel & Vining, 1983; Vining & Stevens, 1986).  It must be 
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determined in advance which people will be the appropriate respondents for 

the surveys.  Once the appropriate population is identified, a sampling 

procedure may be designed and used to select respondents.  Sampling 

procedures may be divided into two major categories: intuitive sampling and 

probabilistic sampling.   

Intuitive, or non-probabilistic, sampling does not incorporate explicit rules for 

the selection of measurements unit (e.g., respondents, landscapes, etc.).  Units 

are chosen based on perceived appropriateness, informal logic or reasoning, 

or based on convenience (Vining & Stevens, 1986).  The basic types of non-

probabilistic sampling are convenience, judgment and quota samples 

(Churchill, 1999).  Convenience samples include those units that just happen 

to be at the study site at the right time.  With judgment samples - also known 

as purposeful samples - units are chosen to serve a specific purpose, while 

interviewers personally select subjects with specified characteristics in order to 

fulfil their quota with quota samples (Churchill, 1999).  Non-probabilistic 

sampling procedures are very prone to error and can significantly hinder the 

interpretability of evaluation and the ability to generalize from results. 

Probabilistic sampling specifies the likelihood or chance of any unit being 

chosen.  The first step in this procedure is determining the population of all 

units that might be chosen.  Units are then selected from the population by 

one of two major methods: random or stratified sampling.  Random sampling 

operates on the principle that every unit has an equal chance of being selected 

and every combination of sample units is just as likely as any other 

combination of n sample units.  A Stratified sample is a probability sample in 

which the parent population is divided into mutually exclusive and exhaustive 

subsets and a sample of elements is drawn from each subset (Churchill, 1999).  

Stratified samples are typically considered the most statistically efficient as 

they allow the investigation of the characteristic of interest for particular 

subgroups within the population.  Generally, probabilistic samples guard 
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against unwanted influences or biases on unit choice and are distinguished by 

the fact that every population has a known, nonzero chance of being included 

in the sample (Vining & Stevens, 1986).   

Wording Bias 

Survey questions may be phrased in many different ways, any of which may 

introduce a bias.  There is no simple way to determine the best phrasing for 

questions to be used in survey instruments (Daniel & Boster, 1976).  The 

specific wording chosen to represent a landscape or landscape feature must be 

selected from an array of seemingly parallel alternatives.  For example, the 

management option preferred by the surveyor may be presented in a 

favourable light (Thayer, 1994), or the wording of the questions may constrain 

or preclude some responses (Vining & Stevens, 1986).  To give an example, 

Daniel and Boster (1976) showed that a statement about the scenic effect of 

“small clearings in the forest” generally produces strong positive responses 

and a parallel statement, “small clear-cut patches in the forest enhance scenic 

beauty of the landscape,” however, could produce quite the opposite result.  

Daniel and Boster (1976) also stressed that care must be also given in 

determining the true meaning of respondents’ replies especially when open-

ended questionnaires are used. 

Return Rates 

Surveys and questionnaires are often employed because they are an efficient 

and economical way to sample the reactions of a large segment of the public.  

Printed forms can be reproduced cheaply and distributed quickly.  However, a 

classic problem can occur when some percentage of the questionnaires are 

not returned.  For example, a questionnaire might be lost and therefore not 

returned by an interested individual, or not returned because an individual is 

disinterested.  Those surveys that are returned may then constitute a biased 

sample and the surveyor will have no idea of the reason for or direction of the 

bias (Vining & Stevens, 1986).   



 

307 

Attitudes and Behaviours 

An ultimate issue with surveys and questionnaires is the distinction between 

attitudes and behaviours.  People occasionally will behave contrary to or at 

least not strictly in accordance with their expressed attitudes and beliefs.  For 

example, surveys have generally indicated strong public preferences for 

natural landscapes.  When the same public is asked to indicate their 

preferences for actual - but unlabeled - landscapes or for photographic 

representations of landscapes, however, they frequently prefer intensively 

managed areas (Daniel et al., 1973; Zube et al., 1974).   

Attitudinal surveys are not necessarily a direct indication of the behaviour of 

the respondents.  Hence, the best approach is to employ more than one 

method for collecting data and to interpret these data cautiously (Vining & 

Stevens, 1986).  While surveys do have many shortcomings, they remain a 

useful tool for determining public preferences.  The hazards of this approach 

must be noted, however and appropriate care taken in the construction, 

distribution and interpretation of survey instruments (Daniel & Boster, 1976). 

Perceptual Preference 

Perceptual judgment procedures generally represent the landscape more 

directly than do verbal surveys.  Nevertheless, they are similar in many 

respects to the questionnaire or survey procedures as both evaluate landscape 

quality through the judgments of human observers: perceptual approaches 

explicitly recognize that observer’s judgments are especially relevant for 

evaluating landscape quality (Daniel & Boster, 1976).   

Among the many approaches to landscape evaluation, the psychophysical 

approach has been identified as a major direction in landscape perception 

research (Zube et al., 1982; Daniel & Vining, 1983).  In this approach, the 

perceptual preference is conceptualized to result from the interaction between 

the physical features of the environment and the perceptual and judgemental 

processes of human behaviour (Brown & Daniel, 1984) and requires 
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comparisons of observers’ perceptual responses to measures of landscape 

features for a set of different landscapes.   

Typically, participants or observers are shown a landscape, either in person or 

simulated with a photograph or other graphic representations and asked to 

indicate the extent of their preference for that landscape on a provided rating 

response scale.  Thus presented with stimuli and, via an internal perceptual 

and cognitive process, participants produce overt ratings.  A large sample of 

observers is used and their individual ratings or judgments are aggregated to 

produce a single index (e.g., percent choice, average rank or mean rating) of 

group judgment.  The group index is then used directly as an estimate of the 

landscape quality under examination.  Preference judgments are collected 

directly; this reduces the no-return problem encountered with mailed 

questionnaires (Daniel & Boster, 1976).   

Responses Format 

Several procedures of response measurement are available and each 

procedure is characterised by its advantages and disadvantages.  Perhaps the 

simplest psychophysical measurement method conceptually is the method of 

Paired Comparisons (Brown & Daniel, 1990).  Stimuli objects (or landscape 

scenes) are presented to observers two at a time and the observer is required 

to indicate which has the higher value on the underlying scale.  For example, 

in the case of preferences, the observer indicates which of the two is most 

preferred.  A related procedure is the Rank-ordering method.  Here the 

observer places a relatively small set of scenes in order from lowest (or least 

preferred) to highest (or most preferred).  At a basic level, these two 

procedures produce ordinal data with little indication of relative preference 

intensities (Brown & Daniel, 1990).  Besides, only a small number of scenes 

can be effectively managed with either of these procedures.   

Sorting Methods includes a number of procedures in which the participant 

arranges several landscape scenes into piles or categories.  These procedures 
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are quite similar to the method of rating in that the participant assigns each 

scene to a particular category but they differ in the fact that sorting techniques 

entail direct physical manipulation of placing scenes into the piles.  A 

common variation of the sorting procedure is the Q-sort, which requires that 

a certain number of scenes be sorted into each pile or category.  This forces a 

normal distribution of responses and standardizes the sorting process so that 

every observer creates categories of equal size, thereby facilitating the analysis 

of responses.  A good example of the application of the Q-sort methods in 

landscape assessment can be found in the study carried out by Pitt and Zube 

(1979). 

Rating scale is, by far, the most common response procedure.  This method 

requires the observer to choose which of a number of categories best reflects 

his or her perception of the landscape scenes presented one at a time in a 

random order; observer’s rating of the scene may be expressed by numerical 

or nominal categories.  In practice, many rating scales combine a numerical 

scale with nominal adjectives that describe some or all of the numerical 

categories (Vining & Stevens, 1986); an exhaustive review of the various types 

of rating scales and their application in social sciences and marketing research 

can be found in Churchill (1999).  By using an individual rating procedure, a 

much larger number of landscapes can be efficiently evaluated and an 

indication of relative differences between landscapes rather than simple 

rankings can be obtained (Daniel & Boster, 1976).   

A variation of the rating scale procedure is the Graphic Rating Scales and the 

Method of Magnitude Estimation.  The use of graphic rating scales requires 

respondents to indicate their rating by placing a check or a mark at the 

appropriate point on a line - either horizontally or vertically positioned on a 

survey sheet - that runs from one extreme of the attribute to the other.  Each 

participant would be instructed to indicate the importance of the attribute by 

marking the appropriate position on the scale; the importance value would be 
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then inferred by measuring the length of the line from the left origin to the 

marked position (Churchill, 1999).  One of the many advantages of this 

method is the ease with which they can be constructed and used.  Besides 

providing an opportunity to make fine distinguishing, graphic rating scales 

offer a way to circumvent the bias that is argued to exist around the number 

of categories used in rating scales (Vining & Stevens, 1986).  This procedure, 

however, is limited by the discrimination abilities of the raters and the amount 

of work involved in measuring and quantifying the graphical response of each 

observer.  The method of magnitude estimation require that the participant or 

observer examines an object or stimulus and assigns a number to his or her 

perception of the object on a stated attribute (Vining & Stevens, 1986).  An 

application of this method was used in the current research where a panel of 

irrigation experts was presented with photographs of various landscape 

environments and was asked to judge perceived landscapes water-use of all 

other environments given that the maximum water consumption of a 

landscape is a 100 percent.   

Proper interpretation of rating responses, however, often requires 

mathematical transformations and/or statistical analysis to adjust for 

observer’s idiosyncratic use of the response scale since different observers are 

certain to assign different values and ranges of values to the objects or stimuli 

(Daniel & Boster, 1976; Brown & Daniel, 1990).   

Landscape Representation 

One critical issue in perceptual preference assessment is the manner in which 

the landscape is represented.  Ideally, perceptions are assessed while the 

observer is on site or in the target environment.  However, this is often 

neither practical nor possible particularly when comparison of many various 

environments is needed.  Photographs and other graphic representations have 

been thus extensively used as substitutes for real environments (Zube et al., 
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1987a); the validity of using photographs as surrogates for real landscapes is 

reviewed in details in the following section. 

Preference versus Measurement Techniques 

Measurement approaches to visual landscape quality assessment rely on the 

reduction of the landscape to its constituent components, which are allocated 

points according to the relative contribution of each to landscape quality.  

Preference approaches do not attempt to single out landscape components or 

to allocate those points.  Instead, it is the total appearance of the tract, which 

is judged.  Aside from philosophic arguments against the reductionist 

approach implicit in measurement methods, preference methods are likely to 

prove more valid (Dearden, 1981). 

Aesthetic response is defined as preference or like-dislike affect in association 

with pleasurable feelings and neurophysiologic activity elicited by visual 

encounter with an environment (Ulrich, 1986).  Psychophysical models strive 

to bridge the gap between the landscape emphasis of the ecological and 

formal approaches and the observer-emphasis of the psychophysical and 

phenomenological approaches.  They often involve large samples of both 

landscapes and observers and try to establish statistical relationships between 

observer preferences and landscape characteristics.  They have proved quite 

successful in accounting for variance between different landscapes traits in 

terms of landscape characteristics (Dearden, 1987). 

There is little danger that one assessment approach will be settled upon to the 

exclusion of all others.  The diversity of assessment methods, which continue 

to emerge, will testify to that.  If any theory should come to dominate the 

field, it will do so by reflecting and explaining all the various ideas, 

perceptions and methods, which are possible, rather than by expecting all 

aesthetic experience to conform to a particular model or rationale (Ribe, 

1982). 
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Behavioural Measures 

A link between preferences, or attitudes and opinions and the actual 

behaviour in the landscape cannot be explicitly established using neither 

survey nor perceptual preference methods.  Recording people’s behaviour by 

using behavioural measures provides direct indicator of human activities in a 

target environment (Vining et al., 1984).  The main advantage of behavioural 

observation methods is the face validity.  However, these techniques are often 

not feasible in many cases especially when assessments of proposed 

management alternatives and projects, which have not yet been constructed, 

are required.  Another disadvantage of behavioural observation methods is 

that the behaviour of nonusers or non-participants is not recorded and so if, 

for instance, visitation rates are used to assess visitors’ perception of scenic 

quality, no information will be gathered about those who, for one reason or 

another, opted not to visit a particular landscape.  The reasons for not visiting 

a site may be indeed as important as reasons for visiting and can be very 

crucial in managing these landscapes (Vining et al., 1984). 

Issues of Preference and Judgment 

Consensus 

Landscape preference studies should not exclusively rely on general rankings 

of preference, but should also consider other trends of variation and 

eventually compare individual patterns of selection (Hagerhall, 2001).  If only 

consensus aspects are examined, idiosyncratic features will remain ignored.  

The partition of the total variation between consensus scales and other trends 

of variation will probably depend on the degree of socio-cultural homogeneity 

of the group of respondents (Abello et al., 1986). The subjects’ variance in the 

relative evaluation of appraisal characteristics may have very different origins.  

It may be related to socio-cultural or psychological factors that affect 

landscape preference as described by a number of authors (Abello et al., 1986). 
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To evaluate levels of consensus the ‘modal percentage’ is determined, being 

the proportion of respondents giving the modal evaluative rating (Penning-

Rowsell, 1982).  Reasons for the real variation in consensus levels remain 

elusive.  Evidence suggests little overall correlation between perceived 

attractiveness and consensus levels, although the extreme evaluations rarely 

attract majority support.  Consensus does not increase with greater familiarity.  

Indeed those admitting less knowledge of local landscapes show greater 

consensus in their generally cautious and conservative evaluations.  Those 

with the greatest landscape knowledge are more critical of its various qualities 

so that their responses show greater variance.  The degree of consensus on 

evaluation therefore generally declines with increasing landscape familiarity, 

although not always sufficiently to be statistically significant given the 

available sample sizes (Penning-Rowsell, 1982). 

Photographic Considerations 

Shuttleworth (1980) argues that landscape scenes must be depicted by colour 

photographs to maintain a potentially important source of landscape variety in 

the study.  While Nassauer (1983) reinforces that colours clearly give the 

viewer more information about the landscape than a black and white images.  

Different photographic framing choices can elicit different viewer responses 

to a landscape.  Framing formats that create large images with broad 

horizontal ranges may be superior for simulating field experience.  Panoramic 

slide sets can achieve this effect (Nassauer, 1983).  Shuttleworth (1980) 

recommends that landscapes must be depicted by wide-angle photographs to 

provide the lateral and foreground context in each of the views without 

apparent distortion of the actual scale relationships that are found in the direct 

perception of landscapes.  Hence, it is suggested by Nassauer (1983) that 

conventions should be developed for making framing decisions. 
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Framing of Scenes 

Nassauer (1983) asserts that people may frame selected views in field 

experience just as a photographer does in shooting a photograph and that a 

photographer would select the same frame, or isolate the same landscape 

elements, as every other viewer of a given landscape is very unlikely.  She 

elaborates that when a great deal of the landscape is included in the 

photographic frame, the viewer may scan the photograph much as he or she 

might scan the landscape, selecting from a range of stimuli those that are 

important.  Framing may enhance the distancing effect of photographs 

(Nassauer, 1983).  The elements included in the photograph will be limited by 

the horizontal range of the view and by the frame selected by the 

photographer.  She reported that panoramic slide sets received significantly 

higher ratings than wide-angle slides for scenic landscapes displaying 

dominant horizontal landscape form, explaining that this framing effect is 

apparently operational only in scenic landscapes.  In non-scenic landscapes, 

viewer reaction to compositional factors like framing may be relatively less 

important than reaction to landscape content (Nassauer, 1983). 

Perceptual Distortions 

Shuttleworth (1980) advises that when an environmental surrogate such as a 

photograph is used, one must bear in mind that perceptual distortions can 

and do occur.  He argues that the most obvious source of variation between 

photographs of a view and the view as seen on-site is caused simply by the 

fact that the two may differ in content.  The eye takes in a much larger field of 

vision than the camera, having a very wide lateral cone of vision.  This 

deficiency can be however overcome with the use of panoramic photographs 

(Nassauer, 1983). A fundamental source of perceptual distortion lies in the 

differing physical nature of views and photographs.  The view consists of 

three-dimensional objects, stationary or moving at various distances in space, 

whereas the photograph is merely a two-dimensional image of that reality 

obtained by the projection of the view through a more or less complex optical 
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system.  It must be remembered that retinal images, although the result of 

“seeing” as commonly understood, occur merely as one link in the chain of 

events, which constitutes the process of seeing (Shuttleworth, 1980).  

Shuttleworth concludes that there is a need to provide constancy scaling and 

perspective resolution aids in photographs if they are to allow the viewer to 

perceive accurately objects as the same solid visual shapes, with their 

characteristic properties of colour, shape and distance, as perceived in the 

original (Shuttleworth, 1980). 
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A p p e n d i x  C  

STATISTICAL ANALYSIS TECHNIQUES 

Appendix C 

Hierarchical Clustering Analysis 

Selecting a Clustering Algorithm 

Agglomerative stepwise algorithms produce a hierarchical tree plot, or 

“dendogram.”  The dendogram starts with all objects as separate and ends in 

one final cluster or class.  Grouping objects by their degree of “uniqueness,” 

the hierarchical tree starts with each object in a class by itself and then by 

relaxing the criterion as to what is not unique (or similar) more objects are 

merged together.  Consequently, larger classes of increasingly dissimilar 

objects are formed and amalgamated into one final cluster.  The higher the 

level of aggregation, the less similar the members in the respective level are.  

If the data contain a clear structure in terms of clusters of objects that are 

similar to each other, the dendogram takes a distinctive form (Gordon, 1981, 

1999; StatSoft Inc., 2002). 

For an appropriate selection of a hierarchical clustering algorithm, Gordon 

(1999, pp. 100) suggests that if it is not possible to determine a single 

preferred clustering procedure, it is generally useful to analyse data using two 

or more methods of analysis and then synthesise the results.  This entails 

superimposing classifications onto graphical representations of the data 

and/or obtaining consensus classifications.  If very similar results are obtained 

from separate analyses, one then can be more confident that inappropriate 

structure is not being imposed on the data.   

How Many Clusters? 

The aim of applying hierarchical classification on a set of objects or data is 

first to classify this data and second to find a partition in which objects 
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(variables or stimuli) are similar to other objects grouped under their same 

cluster and dissimilar to objects that belong to different clusters.  A general 

informal approach to the question, which has been used in many 

environmental perception studies (Purcell & Lamb, 1984; DeLucio & Mugica, 

1994; Hagerhall, 2000; Real et al., 2000), is to visually inspect the different 

clusters and then cut off the dendogram at a distance where majority of the 

clusters are formed.  Such dissection should be made in respect to the 

interpretability and usefulness of the resulting solution.  However, approaches 

that are more empirical can be also used to determine “stopping rules” to 

identify an appropriate number of classes within a hierarchical clustering 

structure (for a review see, Milligan & Cooper, 1985). 

Validation 

While the main criteria for assessing a classification are interpretability and 

usefulness, some general tests can be conducted to make sure that obtained 

results are stable and not the artefact of a single method of analysis.  

According to Gordon (1999), the stability of a cluster analysis classification 

can be assessed by simply reanalysing an altered version of a data set by 

slightly modifying the values of the variables or deleting some of the objects 

and then recording the extent to which the new classification differs from the 

original one.  Alternatively, one can investigate the extent to which similar 

results are obtained from analyses of subsets of the data.  This involves 

randomly dividing the data into two subsets.  An appropriate clustering 

procedure is then used to partition subsets.  The resulting clustering structures 

are then compared.  The greater the level of agreement the more confidence 

one may have in the validity of the results.  Finally, to test that obtained 

results are not the artefact of a single method of clustering, one can analyse 

the data using two or more clustering methods and compare the results. 
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Multidimensional Scaling 

How Many Dimensions? 

The usefulness of MDS lies in its ability to detect meaningful underlying 

dimensions that allow investigators to explain observed (dis)similarities 

between a set of objects (or stimuli).  An important step in conducting 

multidimensional analysis is to determine the numbers of dimensions required 

in the output configuration to appropriately and adequately represent the 

object space (Kruskal & Wish, 1978; Forgas, 1979; Schiffman et al., 1981; 

Golledge & Rayner, 1982). 

The most widely used computer statistical packages that offer MDS are SPSS 

and SAS, both of which have an alternating least squares option ALSCAL 

(Borg and Groenen (1997) offer a good summary of computer programs for 

MDS).   

MDS programs usually provide outputs in a variety of dimensions for a 

chosen space.  Kruskal (1964, 1978) proposed two criteria that can be used in 

selecting the appropriate number of dimensions.  The first suggests that 

analyses should be done in several dimensions and a graph be plotted to show 

the dependence of minimum “stress.”  For each spatial representation, a 

measure of fit between original data and configuration is computed.  This 

measure is commonly known as “stress” (Golledge & Rayner, 1982).  The 

appropriate dimensionality can then be determined by defining where a major 

change in the stress value occurs on the graph (i.e., the “elbow”) and then use 

the configuration for that dimensioned space.  The second criterion lies in the 

interpretability of the dimensions.  Kruskal (1964) suggests that if an n-

dimensional solution provides a clear interpretation, but n+1-dimensional 

solution reveals no additional structure in the data, then the n-dimensional 

solution should be used. 
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Interpreting the Dimensions 

In the MDS configuration, stimulus point positions may be systematically 

associated with some characteristics of the objects that were scaled (Kruskal 

& Wish, 1978).  One informal way to identify attributes that discriminate 

between stimuli aspects is by simply looking at the objects and recalling what 

is know about them (Kruskal & Wish, 1978).  However, this way can be an 

imprecise task (Hair, 1995).  A formal way of interpreting the dimensions 

consists of correlating the scale values on each dimension with some objective 

and tangible properties of the original data (Golledge, 1976).  The set of 

property value correlating most highly with the scale values for any given 

dimension is then taken to be the best descriptor of the dimension.  Similar 

procedures can also be achieved through a linear regression analysis 

(Golledge, 1976; Kruskal & Wish, 1978) or nonlinear regression analysis as it 

will be later explained (see Categorical Principal Component Analysis).   

Validation 

MDS results can be validated in a similar manner to hierarchical clustering 

solutions, using the split-half approached which involves randomly dividing 

the data into two subsets of N = N/2.  The MDS procedure is then used to 

analysis the subsets and their structures are compared.  The greater the level 

of agreement or visual similarity of the stimulus configurations, the more 

confidence one may have in the validity of the results. 

Factor Analysis 

Factor Extraction 

The first step in an exploratory factor analysis is factor extraction.  The main 

goal for factor extraction is to determine the minimum number of common 

factors that would effectively produce the correlations among the observed 

variables.  SPSS among other statistical softwares offers a host of extraction 

methods including principal components, maximum likelihood and 
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generalised unweighted least squares.  Principal components analysis is the 

only extraction method used in this research. 

Principal components analysis is most useful whenever uncorrelated linear 

combinations of some observed variable are required.  This technique starts 

by fitting a regression line through the observed variables, which explains the 

most variance possible.  A linear combinations process continues in a 

successive mode until all the variance in the data is accounted for.  Successive 

components explain progressively smaller amounts of the total sample 

variance and all are uncorrelated with each other.  In other words, principal 

component analysis transforms a large set of somehow correlated variables to 

a smaller set of uncorrelated variables or components. 

Factor extraction produces a matrix wherein the relationship between factors 

and individual variables is indicated.  Often when the matrix does not exhibit 

an interpretable pattern or structure a factor rotation can be employed.  The 

purpose of factor rotation is to transform the factor matrix into one that is 

easier to interpret.  There are different types of factor rotation such as 

Varimax, Orthomax, Oblimin and Promax.  Regardless of the extraction 

method or rotation type, rotations do not change the factor structure but 

merely the way that structure is presented.  None of the rotation types was 

needed for the analysis of the data collected for this research; the concept of 

rotation will not be hence emphasised (Hair et al.  (1995) offer a very 

comprehensive outline of the technique).   

How Many Factors? 

As previously explained, when a large set of variables is factored, factor 

analysis first extracts the largest and best combinations of variables and then 

continues to smaller, less interpretable combinations.  It takes a bit of 

experimentation to decide how many factors to be retained when using 

statistical software such as SPSS to conduct factor analysis.  Typically, the 

investigator begins by running a general factor analysis, interpret the output 
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and then run a second analysis, this time adjusting the procedure only, using 

one of the stopping criteria listed below, to extract a specific number of 

factors.  There are a number of stopping criteria for the number of factors to 

be extracted. 

 Latent root: this is the most widely used technique to stop factoring.  

Using this stopping criterion, only factors having latent roots, or 

eigenvalues (the amount of variance accounted for by a factor), greater 

than 1 are considered significant; all other factors are considered 

insignificant and are disregarded.  This technique is most reliable 

when the number of observed variables is somewhere between 20 and 

50 (Hair, 1995).  

 Scree plot analysis: a “scree” plot is derived by plotting the eigenvalues 

against the number of factors in order of extraction and the shape of 

the resulting curve (or “elbow”) is used to determine the cut-off 

point.  Scree analysis involves finding the place where the smooth 

decrease of eigenvalues appears to level off to the right of the plot.  To 

the right of this point, presumably, one finds only “factorial scree” 

(StatSoft Inc., 2002).  Thus, no more than the number of factors to 

the left of this point should be retained.  Generally, the scree plot 

results in more factors being considered than does the latent root 

technique.   

 Percentages of variance: in this approach, the cumulative percentages 

of the variance extracted by successive factors are used as a criterion 

to stop factoring.  This procedure has is no absolute threshold or 

predetermined level of variance for all applications and hence is not as 

convincing. 
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Interpreting the Factors 

The final step in factor analysis consists of interpreting and assigning some 

meaning to a deemed satisfactory factor solution.  Naming the extracted 

factors involves substantive interpretation of the pattern of factor loadings 

(i.e., correlation between each variable and the factor) for the variables in the 

matrix factor.  As explained in SPSS user’s guide, the process starts by 

grouping the variables that have large loadings for the same factor.  It is, 

however, necessary to indicate a priori which factor loading is significantly 

large so to be included in the factor interpretation process. 

There is no absolute threshold to determine which factor loading to be 

considered.  As a rule of thumb factor loadings equal to or greater than .30 

can be considered to meet the ‘minimal’ level of significance, loadings equal to 

or greater of .40 can be considered ‘more important’ and if the loading are 

equal to .50 or greater, they can be considered practically ‘significant’.  

Statistical guidelines for identifying significant factor based on sample size can 

be also used.  For instance, in a sample of 50, a factor loading of .75 is 

required for significance (Stevens, 1996a, 1996b). 

Typically, all significant loadings are used in interpreting the factors; however, 

variables with the highest loadings determine largely the name or the label 

chosen to represent each factor (Hair, 1995). 

Validation 

Validation of factor analysis results is a crucial step, especially when 

attempting to define underlying structure among the variables.  One recurring 

method is the split-half approach where, after running factor analysis on the 

original data, the sample is divided into two equal sub-samples of size n = 

N/2 and factor models are re-estimated to test for comparability.  If the 

models are comparable in terms for factor loadings and communalities then 

one can be confident that the results are reliable.  Alternatively, confirmatory 



 

323 

factor analysis can be employed to test whether extracted factors can be used 

to predict the majority of the variance in the data. 

Factor Analysis versus MDS 

There are similarities in the type of research questions to which factor analysis 

and MDS procedures can be applied, however, the two techniques are 

fundamentally different.  While factor analysis requires that the underlying 

data be distributed as multivariate normal and that the relationships are linear, 

MDS imposes no such restrictions.  As discussed above, MDS can be applied 

to any kind of proximities or (dis)similarities, while factor analysis requires 

first the computation of a correlation matrix.  Moreover, MDS can be based 

on direct assessment of similarities between objects (or stimuli), while factor 

analysis requires subjects to rate stimuli on some list of attributes for which 

the factor analysis is then performed (StatSoft Inc., 2002). 
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A p p e n d i x  D  

DEVELOPING A CLASSIFICATION FOR MELBOURNE’S URBAN 
PARKS 

Appendix D 

Table D1.  Content analysis: keywords, categories and sub-categories (table 
continues) 

Categories Subcategories 
Objective Qualities 

Gardens 
 

Botanical garden,  English garden,  formal garden,  
old garden, garden, city garden, suburban garden,  
inner city, garden, created garden, classical garden, 
man made garden, palm garden, sub tropical 
garden, glade garden, water garden,  theme garden, 
large garden,  manicured garden, Mediterranean 
garden, established garden, rockery garden. 

Parks Parkland, parks, suburban park, native parkland, 
national park, established park, park out of suburb, 
traditional park, sensation of park, neglected park, 
urban park,  formal park, regional park, parkland in 
development. 

Water Water, water bodies, waterways, water features, 
lakes, ponds, river scape, river, water garden, creek.

Wetlands Wetlands, swamplands, marshlands. 
Bushland Bush, bushland, woodland, rain forest, forest, 

scrubland. 
Grassland Grassland. 
Farmland Farmland, fields, paddock, savannah, pastureland, 

cropland, grassland, country landscape. 
Pathways Paths, pathways, roads, tree avenues, walkways. 
Trees Trees, palm trees, ferny trees, eucalyptus trees, 

English trees, planted trees, formal plantings, 
deciduous trees, variety of trees, elm trees, coastal 
trees, cypress, casuarinas, trees on both sides, 
specimens. 

Shrubs and tiers Flowering shrubs, shrubs, no tiers, no shrubs, no 
understorey, lots of tiers. 

Grass Grass, expanse of lawn, lawn, grassy area. 
Flowers Flowers, flowerbeds, floral displays, flower borders, 

water lilies. 
Mixed vegetation Exotic and native trees, mixed plants, European and 

native, native and ornamental trees, mixed 
vegetation, eclectic, variety. 
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Categories Subcategories 
Other vegetation Ferns, cactus, swamp plants, moss, succulent plants, 

fauna, herbaceous borders, arid plants, denuded of 
vegetation, deforestation, replantation. 

Tree’s scale Big trees, tall trees, large trees, mature trees, tall and 
low shrubs. 

Grass Descriptors Mown grass, manicured lawn, maintained grass, 
thick grass, long grass. 

Exotic English garden, exotic trees, European, exotic 
plants, European trees, exotic species, exotic grass, 
exotic. 

Native Australian, native, native trees, indigenous. 
Space attributes Flat, extensive areas, large scale, small space, sparse, 

enclosed, open space, wide, spacious, big sky. 
Location Urban, suburban, tropical, country side, rural, 

remote, city, inner city, regional, national, 
Queensland,  Mediterranean, Californian, Mexican. 

Access Public access, visual access, look out point, 
unattained, no walk through, not accessible. 

Colour Green, colours, contrasting colours, colourful, 
foliage colour, no colour, grass colour, brown water, 
muddy water, autumn colours. 

Wildlife Places for birds, no protection for animal, fauna. 
Water Conservation wasteful of water, conservation, self 

sustained. 
Maintenance Well kept, un-kept, very maintained, un-maintained, 

labour intensive. 
Simple Simple, plain. 
Texture Spiky, textured. 

 
Subjective Qualities 
Dry Dry, arid, semi arid, desert, barren, not green, dry 

grass. 
Vegetation density Thick, dense, bushy, overgrown, like jungle, 

scattered, few trees, no vegetation. 
Atmospheric conditions Hot, sunny, moist. 
Lush Lush. 
Botanical Botanical, horticultural. 
Formal Formal, organised, rigid, contrived, semi-formal, 

controlled, straight lines, informal, balanced, 
structure, geometric shapes, expert plantings. 

Manicured Manicured, disorganised, groomed, not manicured. 
Natural Natural, semi natural, wild, wilderness, no 

intervention, untouched, not cultivated, not man 
made. 

Artificial Man made, artificial, manufactured, modified, 
created, not natural, cultivated, planted. 

History 19th century, old gardens, heritage, memories. 
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Categories Subcategories 
Others foreground, mid ground, back ground, good for 

quick walk, shade, spring, world class, out back 
Australia, wasteland, total waste, no purpose, 
sculptured, get lost, golf course, well established, log 
bridge. 

Affective Qualities  
Positive experiences Beautiful, lovely, ornamental, picturesque, 

aesthetically pleasant, pretty, pleasant, nice, 
enjoyable, tranquil, peaceful, quiet, interesting, 
explorative, healthy, mysterious. 

Negative experiences Boring, not interesting, dull, not overwhelming, 
unattractive, harsh, unpleasant, ugly, messy, 
distressing, hate it. 
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Table D2.  Keywords and frequencies associated with each landscape type 

Cluster Keyword Frequency Cluster Keyword Frequency 
C1 Dry  

Open  
Farmland 
Native 
Paths 
GNA1 

12 
11 
9 
6 
5 
5 

C7 Trees 
Parks 
Grass 
Gardens 
Formal 
Open 
Serene 

7 
7 
6 
5 
5 
5 
5 

C2 Open  
Grass  
 Parks  
Trees  
Native  
Suburban  

9 
8 
6 
6 
6 
6 

C8 Paths 
Trees  
Exotic  
Formal  
Colour  
Gardens  
Beautiful 
 

15 
11 
9 
8 
6 
5 
5 
 

C3 Water  
Natural  
Native  
Bushland  
 Serene 

27 
10 
8 
7 
6 

C9 Trees 
Exotic  
Colour  
Formal  
Grass  
Open  
Beautiful 

9 
8 
7 
7 
7 
6 
5 

C4 Wetland 
Natural 
Bushland 
Native 
Water 
Serene 
GNA 

18 
18 
13 
6 
5 
5 
5 

C10 Water 
Formal  
Artificial  
Botanical  
Serene 

14 
7 
5 
5 
5 

C5 Bushland  
Natural  
Native 
Serene 
Dry 

20 
15 
13 
7 
6 

C11 Formal 
Gardens  
Botanical  
Variety  
Trees 

7 
7 
6 
6 
6 

C6 Flowers 
Formal  
Gardens  
Colours  
Beautiful 

20 
11 
7 
7 
5 

   

      
Note.  Only keywords with a frequency of five or higher were included.  These keywords were used to 

label the landscape clusters obtained from hierarchical cluster analysis.  Keywords are the results of 
content analysing subjects’ (N = 40) open-ended responses. 

1 GNA denotes general negative attributes. 
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Table D3.  Landscape clusters, associated scenes and their representativeness 
as indicated by subjects’ selection frequency 

Cluster Photo ID Frequency Cluster Photo ID Frequency 
C1 

 
 

- 
- 
- 
- 

C2 
- 
- 
- 

C3 
- 
- 
- 
- 
- 
- 
- 
- 

C4 
- 
- 
- 

C5 
- 
- 
- 
- 
- 

C6 
- 
- 
- 

C7 
- 
- 

S3 
S7 
S27 
S45 
S66 
S69 
S20 
S28 
S36 
S48 
S12 
S18 
S31 
S44 
S46 
S47 
S52 
S57 
S58 
S15 
S38 
S43 
S49 
S13 
S17 
S32 
S34 
S37 
S42 
S23 
S26 
S33 
S62 
S4 
S9 
S35 
S53 
S63 

32 
26 
30 
14 
15 
11 
10 
8 
15 
15 
17 
19 
16 
15 
12 
23 
23 
12 
7 
25 
22 
20 
19 
24 
12 
18 
20 
19 
28 
27 
14 
20 
22 
19 
24 
13 
14 
15 
 

C8 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

C10 
- 
- 
- 
- 
- 
- 

C11 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

S25 
S54 
S68 
S1 
S8 
S11 
S16 
S41 
S56 
S61 
S65 
S5 
S6 
S19 
S55 
S59 
S67 
S70 
S2 
S10 
S14 
S21 
S22 
S24 
S29 
S30 
S39 
S40 
S50 
S51 
S60 
S64 

10 
14 
15 
23 
15 
11 
18 
16 
15 
14 
14 
21 
14 
17 
17 
19 
14 
25 
18 
19 
24 
14 
15 
13 
22 
22 
18 
12 
11 
18 
17 
16 

Note.  N cases = 40. 
 

C1

C2

C3

C4

C5

C6

C7

C9

C10

C11

C8
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 Table D4.  Identified plant species by landscape scene 

Photo ID Botanical Name Common Name 
S1 Ulmus glabra lutescens Golden elm 
S10 Archontophoenix cunninghamiana Bangalow palm  
S11 - Mix of native and exotic species 
S12 - Several eucalyptus species 
S13 Eucalyptus sp. Various gum tree 
S14 - Various cactus species 
S15 Eucalyptus sp. Gum trees 
S2 Correa backttousiana 

Themeda triandra 
Alyogyne huegeli 
Callistemon paludis 
Westringia glabra 

Velvet correas 
Kangaroo grass 
- 
Bottle brush 
- 

S21 Acanthus mollis Oyster plant 
S22 Archontophoenix cunninghamiana

Acanthus mollis 
Bangalow palm 
Oyster plant 

S23 - Mix of exotic vegetation 
S25 Westringia glabra 

Eucaplyptus alpine 
Eucalyptus camaldulensis 
Dietes iriodes 

- 
- 
River red gum 
- 

S27 Eucalyptus camaldulensis River red gum 
S28 Pinus radiata 

Eucalyptus sp. 
Radiata pine 
Gum tree 

S29 Dacksonia antarctica 
Archontophoenix cunninghamiana 

Tree fern 
Bangalow palm 

S3 Eucalyptus cladocalyx Sugar gum 
S30 Phonex canariensis 

Eucalyptus sp. 
Canary island palm 
Gum trees 

S31 Eucalyptus camaldulensis River red gum 
S32 Eucalyptus sp. Various gum tree and native grass 
S33 Stackys Byzantina 

Eucalyptus sp. 
Lambs ears 
Gum tree 

S34 Eucalyptus sp. Native bushland vegetation  
S35 Ulmus procera English elm 
S36 Eucalyptus sp. Various gum tree 
S38 Eucalyptus sp. Various gum tree 
S38 Eucalyptus sp. 

Casuarina sp. 
Gum trees 
She-oak tree 

S39 - Various succulents 
S4 Populus sp. Poplar tree 
S40 Cordyline australis Cabbage palm 
S41 Platanus orinetalis 

Cupressus macrocarpa 
Cupressus torulosa 

Oriental plane 
Monterey cypress 
Bhutan cypress 

S46 Eucalyptus sp. Native bushland vegetation  
S47 Eucalyptus sp. Various gum tree 
S48 - Swamp vegetation 
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Photo ID Botanical Name Common Name 
S5 Phoenix canariensis 

Platanus orientalis 
Canary island palm 
Oriental plane 

S52 Eucalyptus camaldulensis River red gum 
S52 Eucalyptus sp. Native bushland vegetation  
S53 Camellia sp. Camellia 
S54 Cedrus deodara 

Araucaria cunninghamii 
Eucalyptus sp. 
Livistona australis 

Himilayan cedar 
Hoop pine 
Gum tree 
Cabbage palm 

S55 Phoenix canariensis 
Melaleuca linariipolia 

Canary island palm 
Snow in summer 

S56 Cupressus tolurosa 
Quercus rubra 

Bhutan cypress 
Red oak 

S57 Eucalyptus sp. Gum trees 
S58 Eucalyptus sp. - 
S59 Cedrus deodara Himilayan cedar 
S61 Ulmus procera English elm 
S62 Cedrus deodara Himalyan cedar 
S65 Prunus blireiana 

Eucalyptus sp. 
Blireiana plum 
Gum tree 

S66 Eucalyptus sp. Several gum trees 
S67 Eucalyptus camaldulensis River red gum 
S68 Eucalyptus sp. Gum trees 
S69 Allocasuarina torulosa She-oaks 
S7 Corymbia maculata Spotted gum 
S70 Dicksonia antarctica Tree fern and various exotic 

vegetation 
S8 Salix babylonica 

Casuarina sp. 
Weeping willow 
She-oaks 

S9 Ulmus procera English elm 
Note.  Turf grasses are predominantly composed of Kikuyu grass. 
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Table D5.  Stimuli multiple-sorting results: mean rank order, standard 
deviation and skewness sorted by decreasing means (table continues) 

     Kurtosis 
Photo ID Minimum Maximum M SD Statistic SE 
S3 2 18 8.08 4.317 -0.103 0.733 
S27 2 18 8.00 4.163 0.076 0.733 
S7 2 18 8.00 4.163 0.076 0.733 
S20 2 17 7.63 3.635 0.186 0.733 
S69 1 17 7.60 4.607 -0.611 0.733 
S45 1 17 7.48 4.489 -0.570 0.733 
S66 2 17 7.40 4.043 0.575 0.733 
S28 1 17 7.40 4.325 0.316 0.733 
S36 1 17 7.23 3.886 -0.290 0.733 
S48 2 17 7.03 3.438 0.521 0.733 
S14 1 14 6.70 3.943 -1.102 0.733 
S8 1 19 6.48 4.285 1.025 0.733 
S4 1 19 6.35 4.048 2.441 0.733 
S24 1 15 6.35 3.634 -0.480 0.733 
S56 1 17 6.30 4.071 0.222 0.733 
S33 1 16 6.28 4.237 -0.411 0.733 
S30 1 14 6.28 3.987 -1.029 0.733 
S39 1 14 6.25 3.685 -0.761 0.733 
S41 1 15 6.13 3.736 -0.118 0.733 
S43 1 17 6.10 4.062 -0.169 0.733 
S35 1 19 6.08 3.633 2.771 0.733 
S26 1 16 6.08 4.221 -0.189 0.733 
S62 1 16 6.05 3.993 0.073 0.733 
S49 1 14 6.05 3.902 -1.158 0.733 
S38 1 14 6.00 4.026 -1.040 0.733 
S61 1 15 5.98 3.676 0.043 0.733 
S40 1 13 5.98 3.563 -0.922 0.733 
S23 1 16 5.98 4.129 -0.151 0.733 
S60 1 14 5.93 3.300 0.105 0.733 
S65 1 17 5.85 3.563 1.299 0.733 
S53 1 14 5.83 3.537 -0.319 0.733 
S15 1 13 5.80 3.764 -1.429 0.733 
S16 1 18 5.78 4.086 1.412 0.733 
S9 1 19 5.70 3.770 2.539 0.733 
S1 1 18 5.68 4.221 1.140 0.733 
S25 1 19 5.60 3.678 3.180 0.733 
S63 1 12 5.55 3.012 -0.526 0.733 
S11 1 13 5.53 3.234 -0.362 0.733 
S68 1 11 5.50 2.837 -0.878 0.733 
S55 1 14 5.43 3.373 0.187 0.733 
S22 1 15 5.25 3.303 0.486 0.733 
S67 1 19 5.25 3.848 2.656 0.733 
S54 1 17 5.15 3.424 2.434 0.733 
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     Kurtosis 
Photo ID Minimum Maximum M SD Statistic SE 
S12 1 14 5.13 3.314 -0.063 0.733 
S57 1 12 5.08 3.377 -1.039 0.733 
S2 1 11 5.05 3.029 -0.867 0.733 
S64 1 11 4.98 2.577 -0.710 0.733 
S21 1 15 4.95 3.258 0.928 0.733 
S10 1 15 4.90 3.241 0.878 0.733 
S58 1 13 4.78 3.125 0.050 0.733 
S50 1 9 4.75 2.307 -0.897 0.733 
S70 1 13 4.73 3.030 0.442 0.733 
S51 1 15 4.70 3.040 1.975 0.733 
S59 1 18 4.65 3.585 4.436 0.733 
S6 1 13 4.58 2.745 0.936 0.733 
S29 1 11 4.58 2.943 -0.533 0.733 
S46 1 11 4.58 2.943 -0.563 0.733 
S44 1 11 4.55 2.952 -0.589 0.733 
S5 1 13 4.35 2.815 1.859 0.733 
S37 1 18 4.28 3.523 4.526 0.733 
S34 1 18 4.23 3.833 4.085 0.733 
S42 1 18 4.18 3.849 4.071 0.733 
S19 1 10 4.18 2.581 -0.566 0.733 
S13 1 18 4.15 3.867 3.995 0.733 
S32 1 18 4.03 3.813 4.677 0.733 
S31 1 15 4.00 3.021 3.188 0.733 
S17 1 15 3.85 3.239 2.568 0.733 
S52 1 12 3.60 2.649 1.792 0.733 
S18 1 12 3.53 2.727 1.634 0.733 
S47 1 15 3.23 2.869 6.544 0.733 
 Note.  Minimum and Maximum values reflect the number of the pile under which photographs were 

included.  Subjects grouped photographs into piles that were then rank-ordered in a way such that the 
first pile is the most preferred and last pile is the least preferred.  N cases = 40. 
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Figure D1.  Dendogram solution of the two random splits of the original solution. 
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Figure D2.  Pearson correlation matrix: two-tailed test of significance of MDS dimensions 
comparing split sample solution.  All correlations are significant at the .01 level. 
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A p p e n d i x  E  

ASSESSING PUBLIC AESTHETIC PREFERENCE 

Appendix E 

Key Terms Used in Explaining the Internet Survey Methodology 

Internet and Hypertext Transfer Protocol 

The Internet is any interconnection of computer networks, especially a global 

interconnection of government, education, and business computer networks, 

available to the public.  Internets are formed by connecting networks through 

computers known as gateways via telephone lines, optical fibres and radio 

links.  The information to be delivered is tagged with the electronic address of 

its destination computer, leaves its home network through a gateway and 

passes from one gateway to another until reaching its goal.  Among the many 

services that the Internet offers are operating a computer from a remote 

location, transferring files between computers, reading and interpreting files 

on remote computers, and the Hypertext Transfer Protocol (HTTP).  HTTP 

is by far the most important Internet service and allows Internet users to read 

and interpret files containing pictures, sounds and video.  This facility is the 

basis for the World Wide Web.  The Internet has grown massively since its 

inception and is doubling in size every year (Smith, 1997).  The current 

number of people who use the Internet can only be estimated.  A survey 

conducted in February 2002 found that more than 454 million Internet users 

are interconnected in over 29 countries (Nielsen & Ratings, 2002). 

World Wide Web 

The World Wide Web (WWW) is a collection of files, called Websites or Web 

pages, identified by Uniform Resource Locators (URL).  Computer programs 

called browsers retrieve these files.  Until recently, browsers had to be 

specially programmed to handle each new type of file, but new programming 
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languages enable browsers to download helper programs for new types of 

information. 

Hypertext Mark-up Language and JavaScript 

Hypertext Mark-up Language (HTML) is the language of the Internet.  It’s 

essentially a universal mark-up language that allows Web publishers to create 

complex pages of text, images and forms that can be viewed by anyone else 

on the Web, regardless of what kind of computer or browser is being used.  

JavaScript is another Internet scripting language that can be included as 

source code in any web page and add more interactivity and automation to 

Websites. 

Graphics Format 

There are many raster graphics format but all are a series of a mapped array of 

tiny dots called pixels that can be saved as a file.  Each pixel is assigned a 

colour, and when they are viewed together, they form a picture or image.  

Bitmap graphics can be edited by erasing or changing the colour of the 

individual pixels.  There are many different bitmap file formats but the two 

primary file formats for Web graphics are GIF and JPEG.  Both GIF and 

JPEG are bitmap graphic formats but use different methods of compression.  

GIF (Graphic Interchange Format) is the most common Web graphic file 

format.  GIF compression is 8-bit and has a maximum of 256 colours.  The 

JPEG format (Joint Photographic Experts Group) is especially designed for 

images of photographic quality.  JPEG compression is 24-bit, which means 

files can contain up to 16.7 million colours.  As a result, JPEGs are ideal for 

photographs, drawings, and any image with complex or subtle colour 

gradations.   

Pixel and RGB Colour System 

Pixel refers to how monitors divide the display screen into thousands or 

millions of individual dots.  A pixel is one of those dots.  For example, an 8-

bit colour monitor can display 256 pixels, whereas a 24-bit colour monitor can 
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display more than 16 million.  The digital display of colour is usually divided 

into three primary colours: red, green, and blue (RGB).  The pixels in the 

computer screen then give different intensities to each of these primary 

colours to produce all the other colours.  The intensity for each root colour is 

broken into even units.  Until our days, most personal computers supported a 

colour depth of, at best, 8 bits.   

Resolution 

The resolution of an image describes how fine the dots that make up that 

image are.  The more dots, the higher the resolution is.  For instance, a 300 

dpi (dots per inch) printer is capable of printing 300 dots in 1-inch long line.  

When displayed on a monitor, the dots are called pixels.  Thus, a 640-by-480-

pixel screen is capable of displaying 640 distinct dots on each of its 480 lines, 

or about 300,000 pixels. 

Methods of Scaling Observers’ Ratings 

Mean ratings are computed by simply averaging observers’ scores for each 

stimulus or scene.  Z-scores are obtained by averaging standardized ratings 

across observers; that is for each observer’s ratings across 32 scenes the 

observer’s mean rating is subtracted from each of the 32 individual ratings, 

and then the ratings are divided by the observer’s standard deviation.  Least 

Squares Rating (LSR) is based on a least squares analysis that individually fits 

each observer’s ratings to the mean ratings of the entire group of observers.  

The by-stimulus Scenic Beauty Estimate (SBE) gives scale values that are 

derived from the overlap of rating distributions of different stimuli, where 

rating distributions are based on multiple ratings for each stimulus.  Full 

details of the computational methods used can be reviewed in (Brown et al., 

1990).  

Instructions As Used In the Web-Survey 

Please read the following instructions before proceeding:   
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This questionnaire is part of an ongoing research project that aims at 

determining public perceptions and preferences for urban park environments 

in Melbourne.  A series of scenes will follow.  These scenes are colour 

photographs or slides of various urban park landscapes.  You will be asked to 

rate each of these photographs using four rating scales. 

Please think about the environment in which each photograph was taken 

rather than the photograph itself. 

Please rate each photograph, make sure that you mark every scale and use the 

full range of numbers if you possibly can. 

Make a separate and independent judgment for each photograph. 

Do not worry or puzzle over individual photographs, it is your first 

impression, your immediate feelings about the environments that are of 

interest to us. 

Wait until the pages are fully loaded before starting to use them.  Pages are 

fully loaded when the information bar at the bottom of the screen reads 

“Document: Done”.  It may be necessary to reload some of the pages if the 

pictures disappear.  You can reload the pages by clicking on the “Refresh” 

(Internet Explorer) or “Reload” (Netscape) button in the browser toolbar. 

This questionnaire has been designed for completion using Netscape or MS 

Internet Explorer browsers; you may experience some problems if you are 

using older browsers.  We recommend the use of Microsoft Internet Explorer 

3.0 or higher for a full experience.   

The questionnaire will run on all types of computers, but may take longer if 

you have a low-end PC or a slow network connection.  Using a 33.6 Kbps or 

higher compatible modem the questionnaire should take no longer than 30 

minutes. 
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Receiving Responses from the Web-Survey 

Entry of data into an HTML document used a form.  A text input field was 

provided at the start of the socio-demographic questionnaire for respondents 

to type in identifying information, particularly their initials so that separate 

form submissions could be later filtered and concatenated.  The typical way in 

which such forms work is as follows.   

Data is entered in each of the form fields, which are uniquely named; much 

like variables in a statistical data file must have unique names. 

When the respondent completing the form clicks over the ‘continue’ button, 

the information on the form is coded and sent to the server and another form 

is then loaded.  While the data is being submitted, the server executes a 

Common Gateway Interface (CGI) script and begins to receive and process 

the data according to its instructions and order.   

A typical form-handler script parses the submitted data into an array of 

keyword-value pairs.  This array consists of an ID generated for each 

participant using the identification information he/she had provided, each 

field's unique name, and the value entered for that field.  Once the data is 

extracted into a readable array, the script appends it to a log file that stores all 

the results on the server. 

To streamline data collection, it was required that all fields be filled out before 

the form data is processed to completion on the server.  This was 

accomplished by a two-step method of designating fields as ‘Required’ in the 

HTML coding of the form, and then including check-value routines in the 

form-processing script; these check-value routines do not check for validity of 

responses but merely their presence.  The script can then list all data items for 

which participants have failed to give a response and send a default message 

requesting them to refill the form.  This was intended to prevent collecting 

missing values and therefore facilitate data analysis.  The file created by the 
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CGI program, or the log file, can be finally exported into a spreadsheet so 

that data can be filtered and imported as input into SPSS, or any software 

program, for inferential statistical analysis. 

Results 

Table E1.  Pearson correlation coefficients of the scale values for pairs of the 
scaling methods 

Scaling method Simple Mean Z-score LSR 
Preference    
Z-score .99   
LSR .99 .98  
SBE* .99 .99 .98 
Scenic Beauty    
Z-score .99   
LSR .99 .99  
SBE* .99 .99 .99 
Naturalness:    
Z-score .99   
LSR .99 .99  
SBE* .99 .99 .98 
Note.  Stimuli (N = 32), respondents (N = 86), LSR = least squares rating, SBE* = (by-stimulus) scenic 

beauty estimate. 
 

Table E2.  ANOVA results of standardized (z-score) preference ratings 
explained by differences among observers and stimuli 

Source of variation df SS MS F p 
Mean 1 .00    
Observers 147 .00 .00 .00 1.00 
Stimuli 31 871.59 28.11 34.47 .00 
Observers × stimuli 4557 3716.40 0.81   
Total 4736 4588.00    
 

Table E3.  ANOVA results of the effect of age on observers’ preference 
ratings. 

Source of variation df SS MS F p 
Between Groups 4 12.873 3.21 1.88 .11 
Within Groups 255 435.214 1.70   
Total 259 448.087    

Note.  Age groups are 15-19 (n = 23), 20-29 (n = 71), 30- 39 (n = 17), 40-49 (n = 16), 50-56 (n = 18). 
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Table E4.  ANOVA results of the effect of residential experience on 
observers’ preference ratings 

Source of variation df SS MS F p 
Between groups 3 8.33 2.77 2.23 .08 
Within groups 216 268.26 1.24   
Total 219 276.59    
Note.  Residential groups are major city (n = 79), regional city (n = 27), small town (n = 23), and rural 

area (n = 19). 
 

Table E5.  ANOVA results of the effect of the number of park visits on 
preference ratings 

Source of variation df SS MS F p 
Between groups 7 364.43 52.06 30.44 .00 
Within groups 432 738.78 1.71   
Total 439 1103.22    
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Table E6.  Scenes of the 55 urban parks used in Study 2 and their associated 
means and standard deviations sorted after decreasing mean preference (table 
continues) 

 

S29, 8.27/1.88 

 

S31,  8.06/2.16 

 

S47,  7.73/2.06 

 

S32,  7.69/2.15 

S13,  7.37/2.64 S52,  7.32/2.27 S10,  7.30/1.93 S21,  7.05/2.33 

S22,  6.97/1.89 S2,  6.97/2.08 S54,  6.93/2.11 S70,  6.82/2.16 

S67,  6.81/2.13 S55,  6.81/2.42 S46,  6.69/2.17 S50,  6.69/2.16 

S42,  6.63/2.72 S34,  6.61 SD: 2.48 S44,  6.53/2.32 S59,  6.44/2.27 

S40,  6.42/1.95 S25,  6.33/2.04 S11,  6.27/2.41 S4,  6.27/2.41 

S58,  6.27/2.32 S35,  6.26/2.58 S1,  6.25/2.48 S9,  6.23/2.44 
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Table E6.  Continued.  Scenes of the 55 urban parks used in Study 2 and their 
associated means and standard deviations sorted after decreasing mean 
preference 

 

S5,  6.18/2.28 

 

S12,  6.16/1.95 

 

S38,  6.14/2.34 

 

S68,  6.11/2.28 

S57,  6.08/2.39 S15,  5.87 SD: 2.43 S30,  5.65/2.44 S61,  5.60/2.46 

S53,  5.41/2.42 S62,  5.39/2.60 S41,  5.35/2.21 S3,  5.34/2.46 

S66,  5.03/2.21 S36,  5.03/2.08 S43,  5.00/2.32 S48,   4.95/2.13 

S8,  4.82/2.25 S27,  4.74/2.48 S7,  4.72/2.42 S39,  4.71/2.34 

S65,  4.53/2.22 S28,  4.53 SD: 2.26 S14,  4.34/2.39 S56,  4.31/2.20 

S33,  4.24/2.51 S69,  4.24/2.18 

  

Note.  Bolded numbers are Photo ID, followed by mean value and standard deviation as in Photo ID, 
M/SD. 
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Table E7.  Preference mean ratings and variance for the 32 scenes sorted after 
increasing variance 

Photo ID Mean Variance Photo ID Mean Variance 
 S10  7.30 3.75 S14 4.34 5.74 
 S12  6.16 3.84 S53 5.41 5.89 
 S25  6.33 4.17 S7 4.72 5.90 
 S47  7.73 4.28 S15 5.87 5.95 
 S36  5.03 4.33 S9 6.23 5.96 
 S54  6.93 4.49 S30 5.65 5.99 
 S67  6.81 4.56 S61 5.60 6.08 
 S48  4.95 4.57 S3 5.34 6.09 
 S50  6.69 4.68 S1 6.25 6.16 
 S70  6.82 4.69 S34 6.61 6.17 
 S65  4.68 4.97 S27 4.74 6.18 
 S28  4.53 5.12 S33 4.24 6.32 
 S52  7.32 5.16 S35 6.26 6.69 
 S68  6.11 5.21 S62 5.39 6.78 
 S43  5.00 5.39 S23 5.26 6.97 
 S38  6.14 5.48 S42 6.63 7.43 
Note.  N cases = 148. 
 

Table E8.  ANOVA results of the effect of residential experiences on 
observers’ rating of naturalness 

Photo 
ID 

df SS MS F p Photo 
ID 

df SS MS F p 

S1 3 63.88 21.29 2.99 .03* S36 3 26.18 8.72 1.62 .18
S3 3 29.53 9.84 1.42 .23 S38 3 9.15 3.05 .66 .57
S7 3 60.70 20.23 2.92 .03* S42 3 3.78 1.26 .47 .69
S9 3 18.85 6.28 1.11 .34 S43 3 7.96 2.65 .45 .71
S10 3 65.91 21.97 3.34 .02* S47 3 1.88 .62 .38 .76
S12 3 15.71 5.23 .92 .43 S48 3 34.88 11.62 2.67 .05
S14 3 32.13 10.71 2.17 .09 S50 3 58.25 19.41 3.20 .02* 

S15 3 8.604 2.86 .60 .61 S52 3 20.01 6.67 1.96 .12
S23 3 21.40 7.13 1.51 .21 S53 3 44.73 14.91 2.99 .03* 

S25 3 2.26 .75 .13 .93 S54 3 29.49 9.83 1.79 .15
S27 3 41.39 13.79 1.84 .14 S61 3 33.10 11.03 2.03 .11
S28 3 14.92 4.97 .93 .42 S62 3 12.86 4.28 .90 .44
S30 3 30.11 10.03 1.84 .14 S65 3 18.11 6.03 1.15 .32
S33 3 10.77 3.59 .90 .43 S67 3 34.85 11.62 2.32 .07
S34 3 9.09 3.03 .86 .46 S68 3 25.84 8.61 1.62 .18
S35 3 50.64 16.88 2.55 .05 S70 3 31.72 10.57 1.74 .16
* Significant at .05 level. 
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Table E9.  Comparison between familiarity ratings and preference ratings for 
the 32 common scenes 

Familiarity Ratings Preference Ratings 
Photo ID M Photo ID M 
S35 4.47 S47 7.73 
S1 4.47 S52 7.32 
S9 4.43 S10 7.30 
S33 4.24 S54 6.93 
S23 4.24 S70 6.82 
S61 4.24 S67 6.81 
S62 4.19 S50 6.69 
S42 4.12 S42 6.63 
S70 4.10 S34 6.61 
S28 4.10 S25 6.33 
S54 4.01 S35 6.26 
S47 4.00 S1 6.25 
S53 3.94 S9 6.23 
S68 3.91 S12 6.16 
S34 3.90 S38 6.14 
S25 3.88 S68 6.11 
S67 3.83 S15 5.87 
S3 3.81 S30 5.65 
S48 3.73 S61 5.60 
S7 3.70 S53 5.41 
S10 3.70 S62 5.39 
S36 3.69 S3 5.34 
S52 3.67 S23 5.26 
S27 3.64 S36 5.03 
S65 3.52 S43 5.00 
S12 3.43 S48 4.95 
S30 3.35 S27 4.74 
S38 3.34 S7 4.72 
S15 3.33 S65 4.68 
S43 3.33 S28 4.53 
S50 3.27 S14 4.34 
S14 2.90 S33 4.24 
Note.  Table continued.  Familiarity was rated on a 5-point likert scale (N cases = 86) while preference 

was rated on a 10-point uni-dimensional scale (N cases = 148). 
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Table E10.  Results of R-mode factoring of appropriateness ratings  

Photo ID  Factor 1 Factor 2 Representative Scene 
S10 .86  
S23 .81  
S59 .81  
S55 .81  
S70 .80  
S41 .79  
S65 .79  
S35 .78  
S62 .77  
S53 .76  
S9 .74  
S5 .71  
S61 .70  
S4 .69  
S54 .69  
S21 .66  
S33 .65  
S67 .65  
S8 .63  
S22 .63  
S25 .61  
S50 .54  
S11 .53  
S56 .52  
S47  .75 

S32  .74 

S34  .72 

S57  .70 
S44  .69 
S31  .67 
S15  .67 
S58  .67 
S13  .66 
S66  .66 
S46  .66 
S3  .63 
S29  .62 
S52  .61 
S43  .60 
S7  .60 
S38  .60 
S68  .58 
S42  .55 
S2  .54 
S12  .53 
S27  .52 
S69  .51 

 

 S10 

 S23 

 S59 

 S55 
 
 
 

 

 S47 

 S32 

 S34 

 S57 
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Table E11.  Mean and standard deviation values sorted in order of increasing 
perceived appropriateness 

Photo ID M SD Photo ID M SD 
S31 2.81 1.99 S36 4.45 2.14 
S25 3.19 1.82 S44 4.48 2.63 
S67 3.24 1.75 S5 4.53 2.42 
S54 3.39 2.00 S42 4.53 3.08 
S10 3.42 1.98 S62 4.53 2.75 
S59 3.44 1.91 S46 4.56 2.55 
S2 3.47 2.40 S48 4.73 2.18 
S29 3.53 2.23 S34 4.73 3.00 
S68 3.56 2.10 S57 4.76 2.44 
S32 3.65 2.54 S23 4.87 2.88 
S50 3.76 2.18 S30 4.90 2.48 
S55 3.76 2.40 S38 4.92 2.82 
S52 3.87 2.77 S15 4.94 2.74 
S22 3.89 1.99 S65 4.97 2.53 
S70 3.94 2.23 S41 5.02 2.47 
S13 3.95 2.86 S33 5.05 2.80 
S12 3.95 2.24 S43 5.31 2.57 
S4 4.05 2.35 S66 5.35 2.47 
S47 4.06 2.88 S8 5.39 2.47 
S35 4.08 2.81 S39 5.47 2.60 
S9 4.13 2.67 S56 5.60 2.47 
S21 4.24 2.47 S28 5.66 2.58 
S58 4.29 2.39 S3 5.85 2.66 
S53 4.29 2.55 S14 6.00 2.72 
S61 4.31 2.39 S27 6.06 2.73 
S40 4.31 2.10 S7 6.11 2.58 
S1 4.32 2.40 S69 6.34 2.43 
S11 4.32 2.31    
Note.  N cases = 62 and N stimuli = 55. 
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Table E12.  Mean and standard values for interest ratings sorted by decreasing 
order 

Photo ID M SD Photo ID M SD 
S47 8.05 1.70 S23 5.29 2.51 
S52 7.56 1.92 S9 5.21 2.34 
S10 7.48 1.93 S1 5.20 2.42 
S50 7.17 1.96 S35 5.17 2.55 
S70 6.98 2.09 S43 5.13 2.63 
S42 6.95 2.42 S3 4.99 2.42 
S34 6.95 2.28 S62 4.95 2.53 
S30 6.88 2.48 S53 4.85 2.30 
S54 6.81 2.11 S27 4.67 2.42 
S38 6.47 2.57 S48 4.36 1.99 
S67 6.16 2.27 S65 4.36 2.10 
S12 6.16 2.05 S61 4.34 2.26 
S15 5.91 2.28 S7 4.31 2.22 
S14 5.90 2.58 S36 4.19 1.91 
S68 5.72 2.38 S33 4.01 2.43 
S25 5.57 2.08 S28 3.51 2.07 
Note.  N cases = 86, N stimuli = 32. 
 

 

Table E13.  Mean and standard deviation values for pleasantness ratings 
sorted by decreasing order 

Photo ID M SD Photo ID M SD 
S47 7.83 1.84 S12 6.34 1.95 
S10 7.65 1.83 S42 6.31 2.46 
S70 7.59 1.76 S68 6.12 2.03 
S52 7.51 1.80 S38 5.97 2.51 
S54 7.26 1.86 S30 5.87 2.45 
S67 7.21 2.03 S15 5.79 2.19 
S1 7.09 2.14 S33 5.50 2.31 
S35 7.08 2.14 S48 5.41 2.19 
S50 6.97 2.00 S3 5.40 2.38 
S9 6.76 2.02 S65 5.36 2.20 
S23 6.63 2.18 S36 5.26 1.84 
S53 6.59 2.10 S43 4.94 2.34 
S25 6.51 1.84 S7 4.94 2.40 
S34 6.51 2.32 S27 4.93 2.37 
S62 6.48 2.18 S28 4.91 2.19 
S61 6.36 2.30 S14 4.56 2.29 
Note.  N cases = 86, N stimuli = 32. 
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Table E14.  Mean and standard deviation values for excitement ratings sorted 
by decreasing order 

Photo ID M SD Photo ID M SD 
S47 7.49 2.27 S23 4.63 2.53 
S10 6.90 2.23 S25 4.62 2.15 
S52 6.87 2.26 S9 4.47 2.38 
S50 6.65 2.27 S35 4.37 2.51 
S42 6.64 2.49 S62 4.35 2.59 
S34 6.29 2.58 S1 4.31 2.43 
S70 6.10 2.16 S3 4.14 2.41 
S30 6.00 2.63 S27 4.06 2.47 
S54 5.95 2.32 S53 3.92 2.22 
S38 5.71 2.51 S7 3.88 2.31 
S15 5.33 2.23 S48 3.87 2.00 
S12 5.30 2.27 S65 3.79 2.00 
S67 5.12 2.41 S61 3.60 2.17 
S68 4.97 2.40 S36 3.60 1.96 
S14 4.88 2.59 S33 3.50 2.52 
S43 4.64 2.52 S28 3.16 1.97 
Note.  N cases = 86, N stimuli = 32. 
 

Table E15.  Mean and standard deviation values for relaxation ratings sorted 
by decreasing order 

Photo ID M SD Photo ID M SD 
S47 7.73 2.22 S34 6.26 2.54 
S52 7.72 1.83 S68 6.06 2.06 
S70 7.64 1.84 S42 5.99 2.53 
S67 7.51 2.02 S15 5.85 2.27 
S10 7.45 1.81 S38 5.78 2.48 
S1 7.38 2.04 S48 5.60 2.25 
S54 7.36 1.79 S65 5.43 2.24 
S35 7.21 2.30 S30 5.35 2.45 
S9 6.81 2.10 S36 5.34 2.02 
S61 6.76 2.31 S33 5.20 2.52 
S23 6.72 2.23 S28 5.20 2.55 
S25 6.72 2.05 S3 5.14 2.55 
S50 6.64 2.20 S27 5.13 2.53 
S53 6.62 2.29 S43 5.01 2.31 
S12 6.29 2.22 S7 4.83 2.44 
S62 6.26 2.43 S14 4.14 2.32 
Note.  N cases = 86, N stimuli = 32. 
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Figure E1.  Instructions webpage showing a pop-up window used to prompt participants to 
preload images. 
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Figure E2.  The webpage Socio-demographic input webpage.   
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Figure E3.  Mean preference against number of visits to a park. 
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Figure E4.  Scenic beauty: derived stimulus configuration in a two-dimensional MDS 
model.  
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Figure E5.  Preference: derived stimulus configuration in a tow-dimensional MDS model.
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A p p e n d i x  F  

INTERNET SURVEY REPRESENTATIONAL VALIDITY 

Appendix F 

Introduction 

Many researchers, particularly those working in environmental psychology 

and marketing research, have employed the internet to conduct electronic 

surveys.  A growing number of landscape perception studies have also turned 

to the World Wide Web to gather perceptual response data using visual 

stimuli as it can provide fast, cheap and efficient manner of data collection 

(Bishop, 1997; Wherrett, 1999).  As previously discussed, a large number of 

landscape evaluation studies have used photographic images of landscapes 

scenes as stimuli (Zube et al., 1987a).  While it has been shown that images 

presented in slide and print format provide reasonably valid surrogates for 

real landscape settings, the validity of using such landscape images via the 

Internet to collect such data has not bee tested as extensively.   

Reliability Test 

The research presented in this thesis utilised both hard copy photographic 

prints and digitized images to collect response data.  In order to be confident 

of the comparability of the data obtained from these two stimuli presentation 

approaches a preliminary study to test the validity and reliability of using these 

two means of presenting landscape stimuli was undertaken.  Two sets of 

general preference ratings were compiled for the 55 landscape scenes as used 

in this study.  Two public groups took part in the evaluation process.  Stimuli 

were presented to participants in two visualization modes.  The first group (n 

= 40) viewed and evaluated full colour photographic prints of the scenes, 

while the second group (n = 62) viewed and scored digitised images of the 

same photographs presented via the Internet.   
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Preference ratings were collected in two independent surveys using two 

landscape assessment techniques: categorization-rank ordering and rating of 

images on 10-point unipolar scale.  As previously mentioned, the 

categorization-rank ordering technique was used in the landscape 

classification study in which participants were first asked to multiple-sort 

urban park scenes based on their perceived similarity, and second to rank-

order the perceptual categories they had come-up with based on their overall 

preference of  the scenes associated with each category.  The same scenes 

were digitized and used again in an independent Web-based survey wherein 

participants used a 10-point unipolar scale to indicate their preferences of the 

urban park images projected on to their computer screens.  Preference scores 

were aggregated for every scene for each visualization mode (i.e., prints and 

digital images).  Mean ranks and ratings were then calculated by treating the 

landscape scene as the unit of analysis.  In this analysis, ordinal data (or rank 

orders) and interval data (or rating scores) were treated alike.  Pearson 

product-moment correlation coefficient was then calculated to compare the 

relationship between the means of photograph ranking and mean ratings of 

images.  A strong two-tailed correlation coefficient (r = .83) significant at the 

.01 level was found.  The internal reliability of each data set was also assessed 

giving a Cronbach’s Alpha of .95 and .92 for ratings of hard-copy 

photographs and digital images respectively. 

These results are consistent with findings by Wherrett (1999) where a high 

correlation (r = .72, p < .01) was found between photographic slides or 

printed photographs and scanned images viewed on a computer monitor.  

Her findings also suggest that it is valid to substitute digital images for hard-

copy photographs and that the Internet can be effectively used to gather 

landscape evaluation data using a visual display monitor in place of a 

photograph.  Hence, ratings given to digital landscape images can be 

considered equivalent to those given to actual landscapes. 
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Methodological Issues 

The Internet offers researchers in many research fields a unique 

environmental tool for data collection.  As well as providing the opportunity 

of obtaining larger samples of respondents more efficiently, web-based 

surveys can save money and time (Tse, 1998).  Data acquisition can be 

automated, consequently manual data input and checking is expedited.  

Programs can also be written to ensure that the data gathered is free from 

common entry errors such as missing data, incomplete responses or duplicate 

submissions (Schmidt, 1997).  In addition, Web-surveys can be designed to 

provide participants with clear consistent instructions.  This eliminates 

inconsistency in survey instructions.  However, Web-based survey research 

present their own drawbacks, the most critical of which is the fact that people 

who participate in online surveys are self-selected and so they are not 

randomly chosen, and hence one cannot be certain of the representativeness 

of population.  However, this is also true to most paper-based or 

conventional surveys where a probability sampling is hardly possible.  Carver 

et al. (1998) assert  that as we acquire intelligent means of tracking Internet 

users and learn more about their demographics, concerns about sampling bias 

will come to resemble those that often affect conventional surveys and 

generalisability to the overall population may become less of an issue.  An 

equally significant problem is the intricacy to control the study environment 

given that Internet users employ unlimited types of software, hardware and 

Internet connection speeds.  Moreover, study participants are largely 

unmonitored in a sense that there is no one watching to see whether they are 

being honest about their age, gender or assessments (Azar, 2000).  Finally, the 

loading time of images is another critical issue, especially when exhaustive use 

of graphics is required.  If it takes too long for questionnaire stimulus images 

to load, people will simply give up.  Therefore, graphical integrity and file size 

issues need to be considered.  Nevertheless, with the increase in public access 

to broadband Internet services this issue will become less problematic. 
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A p p e n d i x  G  

NEWSPAPER ARTICLES HIGHLIGHTING THE DEBATE ABOUT 
THE USE OF NATIVE VERSUS EXOTIC PLANTS 

Appendix G 

Bid To Make Gardens More Australian 

This newspaper article can be found at  
http://www.theage.com.au/articles/2003/02/03/1044122321623.html 
 
By Royce Millar 
City Reporter  
February 4, 2003  
The Age Online 
 

Some of inner Melbourne’s lush European gardens will be transformed into 

indigenous bush parks under a 50-year plan to counter drought and global 

warming. 

Tonight the Melbourne City Council will consider a strategy that will also seek 

to cut the amount of money and water devoted to keeping exotic grass and 

trees thriving through the summer months. 

The Growing Green strategy proposes to extend native plantings across 

Melbourne and replace dying European trees with Australian trees better 

suited to local conditions.  It also proposes that grassed areas in some parks 

be let to “brown” over summer. 

Yesterday Cr David Risstrom said he envisaged a time when European parks 

such as Treasury Gardens would be transformed into wholly indigenous 

spaces. 
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“Melbourne is not London.  We have to stop wasting our energy trying to 

turn Melbourne into a place it will never be,” he said.  Cr Risstrom said the 

strategy was one of the most far-reaching of its kind in Australia. 

But the council realises that messing with horticultural heritage is politically 

perilous in the Garden State.  The move to a more indigenous environment 

will not happen overnight. 

The strategy was developed after community consultation found strong 

support for a mixture of native and exotic flora. 

Some designated spaces, such as the heritage-listed Fitzroy Gardens, would 

remain European.  Others would be a mixture.  Some would be made fully 

indigenous.  Cr Risstrom said it was true the community wanted diversity but 

he did not think people knew how expensive it was to maintain a European 

landscape on the driest continent on the planet. 

Last year the council spent almost $1 million on water for the city’s parks, 

gardens, recreation centres, nature and median strips.   

“We need to start work on making Melbourne Australian,” said Cr Risstrom.  

“When we do we will save money, water and electricity, and it will be a better 

place to live.”  

The Friends of the Elms group has described the strategy as “sad” and 

“disappointing.”  “Our point is that the exotic plantings must be retained and 

must be replaced with exotics when they die,” said president Jo Griggs. 

“European trees are a very significant part of the beauty of Melbourne.” 

Ms Griggs said many local trees were not appropriate in the city because they 

lost their leaves and provided little shade in summer. 
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“We think a lot of the character of Melbourne is in the foliage of European 

trees.” 

The council strategy has been welcomed by urban environmentalists.  The 

director of the Australian Research Centre for Urban Ecology, Mark 

McDonnell, said he was especially impressed by the council’s emphasis on 

education. 

“The idea of growing indigenous plants has been around since the 1960s but 

it has not caught on the way it should have,” Dr McDonnell said.   

Cr Risstrom said that in years to come there would be one sure way to assess 

whether the strategy had worked.  “I’d like to hear indigenous birds singing 

on my way to work - that’s when I’ll know Going Green has been a success.” 

 

Residents Fight to Save European Vista  

This newspaper article can be found at 
http://www.theage.com.au/articles/2003/02/03/1044122321620.html 
 
By Royce Millar 
City Reporter 
February 4, 2003  
The Age Online 
  

The median strip in Peel Street, North Melbourne, is an improbably tranquil 

setting for a heated political argument.  But as Melbourne considers its 

environmental future, the median is suddenly at the heart of a crucial debate. 

Ninety-year-old poplars on the median will soon die of old age.  So what 

replaces them? 
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A group of local residents believe passionately that the European poplars 

should be replaced by the same species.  They say the poplars are an intrinsic 

part of the local vista and heritage. 

While the Melbourne City Council has not decided what to do about the 

trees, it is believed the council favours replacing them with eucalypts. 

This position is supported by scientists who say Australia can no longer afford 

the environmental and economic costs of water-hungry European trees. 

Resident Jennie Newman has helped circulate a petition to save the “stately” 

poplars.  “We love the vertical aspect of the poplars.  Indigenous trees will 

alter the boulevard effect of Peel Street,” she said. 

But the director of Australian Research Centre for Urban Ecology, Dr Mark 

McDonnell, said it was time for change.  “Those trees were planted 90 years 

ago under a different social system,” he said.   

Dr McDonnell said the residents’ affection for the poplars was at odds with 

the environmental and economic realities of maintaining exotic trees.  “We 

should be working hard on replacing poplars with indigenous trees,” he said. 

 

A Vision for the Future 

This newspaper article can be found at 
http://www.theage.com.au/articles/2003/02/03 
 
February 4, 2003  
The Age Online 
 

Royal Park:  Already has indigenous plantings.  Program to be extended.  Park 

to get native wetlands and much greater biodiversity.  The park was reserved 

by Governor Charles La Trobe in 1854. 
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Treasury Gardens:  Likely to be transformed over time into an indigenous park.  

The site was originally used as a rubbish dump after being deemed too 

swampy for development, before public protest led to it being beautified in 

the 1850s. 

Fitzroy Gardens:  On Victorian Heritage Register.  Will remain European but 

with smarter use of resources.  Designed by James Sinclair, a Scot who also 

laid out the royal gardens at St Petersburg. 

Flagstaff Gardens:  Mixture both European and Australian.  From 1836, the site 

was used as Melbourne’s first graveyard before gardens were laid out in 1880. 

Royal Botanic Gardens:  Not covered by council plan but heading for greater 

biodiversity and more local flora.  Established in 1846.  Baron Ferdinand von 

Mueller, after being appointed director in 1857, spent 16 years developing the 

gardens and introducing new species to Australia.  Plans put forward by 

Melbourne city councillor David Risstrom. 

 

Water Dreaming 

This newspaper article can be found at  
http://www.theage.com.au/articles/2003/04/18/1050172757383.html  
 
By Gary Tippet  
Age senior writer 
April 19, 2003 
The Age Online 
  

They inflicted the scar on the big river red gum who knows how many 

hundred years ago.  The hunters sliced out a long, narrow ellipse of its bark in 

the spring, when the sap was running, then dried and shaped it over a slow 

fire and made it into a canoe to fish the rich green river below. 
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Now the canoe tree stands not 20metres from the same water on a lazy bend 

of the Murray at Kingston in South Australia.  Over the years it has healed, 

and around the edges of its grey scar the trunk is raised, fleshy-thick and pink-

streaked. 

This one was marked as something special, but hundreds of other red gums 

like it grow along this kilometre-long rise of bank between the river and the 

flood plain.  Nearby, pelicans fish or sun themselves on snags; a wedge of two 

dozen cormorants wheels and descends in formation to the sluggish water; 

ring-necks chatter and ravens caw mournfully in their branches.   

And in the soft, warm breeze, the dead and desiccated leaves fall steadily to 

the dust. 

Further upstream on the Murray and its tributaries, in forests outside places 

like Swan Hill and Deniliquin, low mounds, some 50 to 70 metres in diameter, 

rise above similar dust.  These are the middens and ovens of tens of 

thousands of years of Aboriginal life along the rivers. 

They are scattered with thousands of shards of ancient, bleached-white 

shellfish.  Below their surface lie more remains: countless bird bones and 

eggshells, freshwater mussel and cray, kangaroo, and the spines, skulls and 

ribs of Murray cod, trout cod and perch.  To the untrained eye they might be 

burial mounds of generation upon generation. 

These red gums and middens are symbols of life and death in Australia.  They 

are icons that touch on myth and reality.  But which is which? One is still 

living, but whispers of creeping death; the other is stark and skeletal and 

perhaps thousands of years old, but talks of copious and vibrant life. 

And each speaks eloquently of the gift of water in this, the world’s driest 

inhabited continent - and of the unimaginable consequences of misusing it. 
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Along hundreds of kilometres of Murray River bank and flood plain, 

thousands - some say more than 300,000 - of these giant, centuries-old river 

red gums are slowly and silently dying. 

The drought may have hastened their passing, but the real killer has been 

man’s intervention in the natural order.  River management practices, dictated 

by the massive irrigation regimes of the Murray-Darling Basin, have stopped 

the natural flooding that regularly soaked the flood plains, filled the 

anabranches and billabongs and sustained these majestic trees.  The Murray 

and its tributaries are now carefully controlled levee-banked channels that are 

no longer permitted to wastewater on the flood plains. 

Under normal circumstances, Murray red gums could expect, on average, to 

see a flood every 3.3 years.  These trees have not had a drink since 1993.  

Many experts believe they are beyond saving. 

“This is what I call a death event,” says retired Riverland horticulturist and 

conservationist Jack Seekamp, who has lived on the river for 81 years.  The 

die-back in this area alone, he says, stretches from Euston in NSW to Walkers 

Flat, downstream in South Australia. 

Don Blackmore, chief executive of the Murray-Darling Basin Commission, is 

equally pessimistic.  He suspects we may be “on the cusp of a catastrophe”.  

If that happens, a quintessential element of how we see our landscape will be 

erased and that, he says, “will be a character-changing event for the whole 

nation”. 

Professor Tim Flannery, palaeontologist, author and director of the South 

Australian Museum, believes it may already be happening.  “This drought year 

has brought on a vision of the future for Australia,” he says.  “This is exactly 

what we’ll be looking at every year in 10 years’ time.” 
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But the Aboriginal middens near Deniliquin are another vision, he says.  At a 

cursory glance, they may seem skeletal heaps, bleached and dusty, but in fact 

they are a snapshot of the life-giving bounty of the Murray and its plains. 

Before 1788, Aborigines flourished along its length in population densities up 

to 40 times that of anywhere else on the continent.  “Look at those middens.  

Look at the size of some of the Murray cod bones you’ll find in there, the 

millions of bird bones, eggshells.  You are looking at the absolute richness of 

the place as it was, in terms of life.  It’s the contrast between what it is now 

and what it once was; that’s the clincher.” 

In February, Flannery told the National Press Club in Adelaide: “I believe that 

Australians are engaged in a struggle for their own long-term survival.  We are 

effectively fighting a slow-burning war for future clean water, air and fertile 

soil. 

“We will only find ourselves, and our shape as a nation, through reconciling 

ourselves with our land - it is the one thing all Australians share in common 

that is unique to us.” 

Water is at the heart of all that.  And what is happening to the rivers and 

plains of the Murray-Darling system - “the lifeblood of the continent” - is a 

symbol of how we may be losing that war, he says.  “The river is dying, trees 

that have been growing for 300 years are now pegging it because of the poor 

and declining water quality.  The loss of biodiversity in that river, the 

salination; it is clearly unsustainable. 

“Now, if you’re telling me that Australia can go into the future with a dead 

river system in its heart, with the loss of that 40 per cent of our productive 

land, I think that’s just a fantasy.  I think we really are struggling for our future 

survival.” 
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As Dorothea McKellar noted, Australia is a land of droughts and flooding 

rains.  But it is not, at least in the European sense, a land of rivers. 

Historian Tom Griffiths, in his essay The Outside Country, tells of a pastoralist 

of the 1880s who said waterways like the fabled Paroo and the Warrego in the 

north-western part of the vast Murray-Darling Basin scarcely deserved the 

name rivers.  What Australia has in their place, says Griffiths, is “channels, 

swamps, dry deltas, waterholes, freshes, shallow ephemeral lakes, 

warrambools, billabongs, dunefield swales, anabranches and flooded alluvial 

plains”. 

But, he goes on, “water, in all its peculiar inland guises, and even in its 

absence, is the primary elemental force to have shaped this land.” 

And those of us who live in it.  “The Australian psyche,” writes the CSIRO’s 

Dr John Williams, “is dominated by dreams of water.” 

Monash University emeritus professor Joe Powell, author of a number of 

histories of water-use, says: “Water is by definition at once pervasive and 

absorptive.  It underpins so much of the changing profile of human effort 

and regional development in Australia, including so many of the pivotal 

‘successes’ and ‘failures’ - very Australian, these loaded words. 

“At no stage has it ever been anything less than ‘important’.  Yet it is often 

taken for granted: dangerously, for us and for the environment at large.” 

Williams says white settlement transported to this apparent terra nullius not 

only convicts but European attitudes, biases and understanding of landscape.  

“The early settlers found the landscape harsh and arid, lacking the verdance 

and parklike qualities of Europe.  Its rivers were untamed: vast floods that 

spread across the plains, then, in weeks, became a chain of muddy pools.” 
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Williams is the chief of CSIRO’s division of Land and Water.  As the current 

drought has dragged on, he has been alarmed to see age-old, scientifically 

discredited solutions rise “like spectres from the dying landscape”: schemes to 

“make the deserts bloom”; to turn the rivers around lest they run to waste in 

the sea; and to “drought-proof” Australia. 

What we really need to do, Williams insists, is to myth-proof Australia.  “It 

isn’t the drought that is the problem.  It is our delusions.  We now know - as 

Australians did not know 100 years ago - that these are not solutions but 

recipes for disaster.” 

What the first Europeans here did not understand was the nature of this 

ancient land: A lone island floating in a vast expanse of ocean since it broke 

away from Gondwana more than 40 million years ago.  As Flannery notes: 

“Its soils were by far the poorest and most fragile of any continent, its rainfall 

the most variable and its rivers the most ephemeral.  It was a harsh land for 

any creature that demanded much from it.” 

It also carried a dangerous inheritance; a reservoir of enormous amounts of 

salt buried deep within.  Some had been released from ancient marine 

sediments, but most had been carried in rain from the surrounding oceans to 

fall and be trapped, for millennia upon millennia, in the soils, lakes and 

groundwater. 

But because the continent is dry, flat and inward-draining - in Williams’s 

words, “a bit like a dinner plate” - with sluggish rivers and groundwater 

systems, there was little capacity to flush the salt to the sea.  So it sat under the 

ground in huge storages stretching in an arc from North Queensland, across 

the Murray-Darling Basin to the Riverina and Mallee regions of Victoria, 

South Australia and New South Wales.  Another swept in a mighty crescent 

beneath south-western Australia. 
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In these semi-arid zones, native vegetation evolved to cope with the 

unforgiving conditions: trees, woody shrubs and perennial grasslands with 

deep roots that intercepted and used almost all the rainfall, evaporating it back 

as free water and minimising leakage past their root zones.  Everything was in 

balance. 

But then came the Europeans and, among them, what historian and journalist 

Michael Cathcart has called the “Water Dreamers”, and they looked at this 

apparently desiccated heart of the continent and despaired.  And then 

determined to reshape it. 

In Uncharted Waters, a publication for the Murray-Darling Basin Commission 

last year, CSIRO scientists Sarah Ryan and Steve Morton quote a Chinese 

proverb: “Arrogance invites ruin; humility receives benefits.” Over the past 

century, they say, our agricultural successes have played a large part in making 

Australians on average five times wealthier than their ancestors in 1900.  But 

the successes have often been accompanied by ecological arrogance.  And 

they have come at great cost. 

Flannery tells how James Joyce had Dedalus, a character in his Ulysses, say of 

history that it was “a nightmare from which I am trying to awake”. 

“Our nightmare, in terms of the Murray,” Flannery says, “is the Snowy 

Mountains Scheme.” 

The scheme, he believes, became an icon of postwar Australia and united the 

nation because it appealed to a potent cocktail of sentiments.  “It was the old 

myth.  It had everything going for it: they were going to turn the rivers inland; 

they were going to fight off the Yellow Peril by bringing out lots of good 

white-European migrants; and it was going to be a massive scheme like you’d 

see in America - the foundations of our becoming a great antipodean United 

States. 
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So it appealed very strongly to that frontier Australian mentality that we really 

do have to get away from.” 

But the real nightmare of the Snowy, he says, is that it created an addiction to 

unsustainable water-use among irrigators by mainlining to what was essentially 

“free” water. 

Even when the scheme was first discussed, the then South Australian premier, 

Sir Thomas Playford - a cherry grower, who knew a thing about the 

agricultural use of water - warned Prime Minister Robert Menzies about its 

likely impact.  Now that irrigators knew more water was available, he said, 

there was “not the slightest doubt” that they would develop their use of that 

water more extensively.  Nor would it mean that there would be less 

likelihood of restrictions. 

It was a prescient statement.  But Playford was up against a grand tradition of 

schemes to transform the antipodean reality into the European dream.  From 

the beginning of white occupation, there was a refusal to accept the continent 

on its terms, particularly its vast - and, to European eyes, empty - interior, 

where the rivers disappeared away from the sea.  By 1798, Sir Joseph Banks 

had declared it impossible to conceive that this massive land did not “produce 

vast rivers, capable of being navigated into the heart of the interior”.  The 

explorer Charles Sturt held, as an article of almost religious faith, that those 

rivers must flow into a vast inland sea, and spent years in futile search for it. 

Alfred Deakin, a father of Federation, later prime minister and “water 

dreamer”, was one of the strongest early advocates of irrigation.  He had 

travelled the world studying water schemes and in the 1880s met irrigation 

entrepreneurs the Chaffey brothers, and brought them to Australia to begin 

irrigating at Mildura.  His vision was largely responsible for the agricultural 

industry across the Riverina, which was spread into New South Wales by 

Samuel McCaughey in 1902.  When the Murrumbidgee Irrigation Area was 
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being developed between 1908 and 1912, it was the largest capital works 

program of its kind in the world. 

Deakin was justifiably proud of what he had inspired but, with hindsight, the 

arcadian picture he presented at the launch of the Mildura scheme dripped 

hubris: “Countless flocks feed contentedly along vast plains which once 

appeared barren and desolate; abundant harvests are reaped from glades 

across which the Aborigine painfully sought his scanty meal; and out of the 

heart of once withered wastes have burst flowing rills that make channels 

bordered by verdure athwart stretches of aridity, formerly shunned in drought 

even by the kangaroo. 

“The more we learn of our country, the more we are led to believe that the 

first fearful impressions of its discoverers will all be falsified, and that energy, 

resource and perseverance will yet find ample scope and recompense in the 

collection, conservation and distribution of the waters of Australia.” 

Deakin’s vision could only go so far.  Even by the time the first fruit trees 

were going in near Mildura, in 1890, there were already signs of salinity, 

leakage and high evaporation, and erosion from poor clearing practices. 

Perhaps the most ambitious of the water dreamers was engineer Dr John J.C.  

Bradfield, bridge and dam builder.  Fascinated by irrigation, his vision, first 

proposed in 1929, was one of transformation: to turn the dead heart into 

something he christened Girraween, or “place of flowers”.  To achieve this 

Cinderella scheme, the mighty flood-flows of the tropical rivers of North 

Queensland - the Tully, Johnstone, Herbert and Burdekin - would be turned 

around and diverted, via the Flinders, Thomson, Cooper and a series of 

channels, across the inland to Lake Eyre.  There they would create 

evaporation and, in the face of nature, bring reliable rain to the arid interior. 



 

370 

The scheme provoked great interest, but was quickly - and consistently, ever 

since - damned by a series of scientific reports, citing hurdles of storage 

capacity, reliability, the energy required to pump the waters inland, massive 

losses through evaporation and the lack of science of the original 

meteorological intent. 

But even today, variations of Bradfield’s scheme have their evangelists.  In 

1981 Bob Katter, then Queensland Minister for Northern Development, 

began pushing a scaled-down version.  On the other side of the continent in 

the late ‘80s, WA state minister Ernie Bridges launched a proposal to pipe 

water from the Ord scheme thousands of kilometres to Perth and eventually 

to South Australia. 

And last year, as the current drought bit, Sydney radio host Alan Jones talked 

up another resurrection: in July he told listeners that the Clarence, Burdekin, 

Pioneer and Daly rivers could all be turned inland.  “And then you can flood 

your river system in drought time, dam the water, flood the river system, 

irrigate off the rivers.  Build dams.” Money raised from the sale of Telstra, he 

said, could “water Australia”. 

To that, Flannery gives an exasperated but well-considered response: 

“Bullshit”.  Don Blackmore, of the Murray-Darling Basin Commission, is as 

scathing: “All those schemes are a dog.”  Even putting aside the 

environmental impacts of taking water from one ecosystem to a salted, arid 

one, he says that even on the best sums they are wasteful and uneconomic.  

Paul Sinclair of Environment Victoria has a gift for imagery: those old water 

myths are “dead attitudes that need to be shot in the back of the head and 

buried down the back paddock”. 

The most serious recent attempt at euthanasing them has come from the 

Wentworth Group of Concerned Scientists that came together last October in 

response to Jones’s and others’ revivalist spruikings.  They included Flannery, 
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Williams, 2001 Environmentalist of the Year Professor Peter Cullen, Murray-

Darling farmer Leith Boully and CSIRO resource economist Professor Mike 

Young.  They advocated a series of radical water reforms including clarifying 

legal rights and obligations on water-use; ending broad scale land clearing; 

requiring farmers, and ultimately consumers, to pay the full costs of water 

used in production; compensating farmers for environmental constraints, 

such as loss of clearing or water rights; and restoring environmental flows to 

stressed rivers. 

In its Blueprint For A Living Continent, the group says Australia is “falling apart” 

- not because of drought but because of poor policies and poor management.  

Cullen, a freshwater ecologist, says Australians now need to reflect on how 

they depend on water and develop “a new ethic” for its use.  “Perhaps the 

place to start is the maxim of doing to others as we would like them to do to 

us,” he says. 

The most visible example of where we have gone wrong, he says, is in our 

agricultural heartland, the Murray-Darling.  The basin covers one-seventh of 

the continent and produces 40 per cent of our agricultural produce - 90 per 

cent of all irrigated agriculture, using 11 million megalitres of water a year - 

and directly supports a population of 2 million.  It is fed by 408,000 

kilometres of rivers, but now less than 20 per cent of its capacity flows out of 

its mouth.  (In “good” years: in fact nothing has flowed out of that mouth 

since November 2001.) 

We have damaged its eco-systems by reversing natural flow pattern, starving 

the rivers in winter while turning them into bank-full irrigation channels in 

summer.  We have extracted too much water and built weirs to help distribute 

it, and these have provided ideal habitat for both European carp and toxic 

blue-green algae.  Levees have isolated the river from its flood plain, 

devastating native fish and bird populations as well as the river red gum 
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forests.  Native fish populations have fallen to 10 per cent of original 

numbers and we have removed 15 billion of its trees. 

And where we have applied that excess water to irrigation areas, the water 

table has risen, bringing with it uncountable tonnes of salt. 

It is now feared that between 3 and 5 million hectares of the basin will be salt-

affected within this century.  By 2050, according to the Australian Dryland 

Salinity Assessment of 2000, more than 20,000 kilometres of rivers and 

streams will be salt-affected.  The worst damage is in Mallee country in 

Victoria and South Australia, but salt is also destroying Western Australia’s 

wheat belt – 11 per cent, mostly in the most productive alluvial valleys, is 

already salty and by the end of the century, it is predicted, 30 per cent, or 6 

million hectares, will be damaged. 

In a joint statement in 2000, the Australian Conservation Foundation and the 

National Farmers Federation predicted that salt-affected land would increase 

to 15 million hectares, about a third of all cultivated land.  More than half 

Australia’s net annual value of farm production, more than $20 billion a year, 

would be needed to fight the problem. 

The bitter irony of the salinity disaster is that it has been caused by too much 

water in the world’s driest inhabited continent.  A land of droughts and 

flooding rains is both poetry and scientific fact.  This is an island of low but 

incredibly variable rainfall.  While the average rainfall is 455 millimetres, the 

range is 150 to 3000 millimetres, and half of everything that does fall lands on 

just a quarter of the land area, a fringe around the eastern and northern coasts. 

Much of what does fall is lost through evapotranspiration - it simply 

evaporates away - and for three-quarters of the continent, only about 5 per 

cent of rainfall runs off in creeks or rivers.  The nation’s average annual run-
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off is about 52 millimetres - less than a sixth of that of Asia or North 

America. 

Yet while our annual availability of fresh water is the world’s lowest, on a per 

capita basis it is the world’s second-highest, after the US.  The average 

Australian household uses more than 250 kilolitres a year - more than twice 

that used in better-watered countries like Britain, Germany or France. 

As journalist and author Ticky Fullerton points out in her book Watershed, 

while Australia insists, for the most part, that all water piped into our homes is 

pure drinking water, we drink or cook with just 1per cent of that.  Typically, 

half of everything we use goes on our gardens and the rest flushes our toilets, 

washes our clothes and cars, and disappears down our plug holes.  We recycle 

just 11 per cent. 

Urban water-use might account for only 12 per cent of all water used in 

Australia - about 78 per cent goes for agriculture - but water supply is an issue 

in the cities as well.  While Melbourne is well served by protected catchments, 

Adelaide takes 40 per cent of its drinking water from the heavily salinised 

Murray - and 90 per cent in drought years like this last one.  Salt interception 

schemes over recent years have reduced salinity at Morgan, from where 

Adelaide pumps its water, but if nothing more is done it is predicted that by 

2020 the city’s drinking water will be below World Health Organisation 

standards two days in every five. 

Meanwhile, climate change is already affecting both reliability and supply.  

The situation in Perth is a stark example of what the future might hold, says 

Dr Peter Dillon of the CSIRO’s water reclamation group.  Over the past 20 

years Perth has suffered a 20per cent decline in rainfall and run-off resource 

availability - “That’s a climate-change phenomenon” - and now takes more 

than half its supply as groundwater from the Nangarra mound aquifer. 
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While the current drought has raised awareness of water issues, Dillon is 

cynical about how long that will last.”  Yes, the drought has focused attention 

- on sympathy and making the right noises.  But I think the politicians’ view is 

that droughts will go away.  What they’re not seeing is that this is an example 

of what a typical year will be like in the future.” 

Fullerton also hopes the country’s “so-called leaders” won’t walk away from 

the problem.  “My big fear is that when the drought breaks, John Howard’s 

quite vocal commitment to pushing ahead with some solutions on water will 

actually fall by the wayside.” 

If that happens, says Sinclair, it will be a national tragedy on all levels.  

Australians can no longer afford to sit back and do nothing about our water, 

because that will bring not only irreversible environmental damage but 

increasing social dislocation. 

“We’ll have no native fish, we’ll have flood plains full of...  have you ever been 

to Lake Mulwala? I don’t know if people think that’s picturesque up there, but 

it’s all dead trees.  It’s the same at Chowilla in South Australia: you come up 

the road, and the flood plain looks exquisite, beautiful.  But when you look 

closer into the picture, they’re all dying. 

“There are some great kids’ books about people who live in dead 

environments.  You’re not going to have a healthy community.  Trees die, the 

wind blows, people go mad.” 

Tim Fisher, land and water co-ordinator of the Australian Conservation 

Foundation and described by Fullerton as “the sanest greenie in Australia”, 

ticks off a checklist of horrifying consequences for the Murray if nothing is 

done - and soon. 

“My gut feeling is that every bloody red-gum, black-box flood plain 

downstream of Swan Hill is going to go,” he says quietly.  “They’ll die 
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through the combination of lack of water and salt, in maybe 50 years.  We’ll 

lose probably half the native fish species in the basin, or more.  Murray cray.  

Blue-green algal blooms will get more and more frequent and widespread.  

The Coorong is already pretty well cactus; it’s lost 90 per cent of its birds and 

it’s difficult to see what you can do to recover that.  And if you look at every 

other Ramsar (the international convention on wetlands) site in the basin, 

they’re not too dissimilar.” 

In Victoria, without an environmental flow, the Lower Goulburn is in trouble, 

he adds.  Gippsland Lakes, Gunbower, Hattah Kulkyne and Koondrook are 

steadily getting worse.  Lake Albacutya has had two drinks in 50 years and is 

“going down the gurgler”.  Closer to home, the Barwon is “totally overtaxed”. 

“It’s also all those creeks that people care about, that they’ve grown up next 

to,” adds Sinclair.  “You won’t be able to tell your kids how you caught a 

blackfish in that creek.  ‘What’s a blackfish?’ It’ll be: ‘Look, daddy, I caught a 

carp today.’ They’ll come home and tell you that and it’ll break your heart.” 

Fullerton suggests nothing is to be gained fixating on the “spilt milk” of the 

mistakes of the settlers and water dreamers of the past.  “But the later we’ve 

left it, of course, the worse it’s got.  And it’s already got to the stage where the 

solution is some kind of triage.” As in the medical process, that might mean 

concentrating on those parts of the environment that can be saved - and 

allowing those terminal parts to pass away. 

Cullen says he oscillates between that sort of pessimism and optimism for the 

future: “(But) one of the heartening factors of the last five years has been the 

growing community concern with our water, that all’s not well, and the 

growing impatience that governments have failed to address these issues. 

“In fact, that’s the only way forward, that there be enough community 

pressure and what I call a water-literate society: people understanding where 
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their water’s from, where it goes and that it doesn’t just come out of a tap.  

Understanding where we fit in the water cycle.” 

Sinclair says some have always had that understanding.  “There have always 

been people prepared to stand up and say it’s time to do something: farmers, 

duck shooters, fishermen, people who walked along the river - you scratch the 

surface of their knowledge and you find a burning passion for the rivers and 

for our environment.” 

As the Wentworth Group has noted, he says, for 215 years white Australia 

has not lived in harmony with that environment.  But we can choose to finally 

belong.  “It’s not like we have to create something new; we just have to tap into 

the positive parts of our culture. 

“We do have the capacity to live in this country.” 
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