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Abstract 
There is growing evidence showing contact with nature has benefits for mental and physical health. Within the design 
community, evidence has been encapsulated in the concept of biophilic design. The underlying principle is that humans 
have evolved in nature and therefore share 'an innate love of contact with other living organisms' (Wilson 2017). , there 
are however a number of philosophical, ethical and practical issues that arise with the application of the 'biophilic 
hypothesis' in urban and architectural design. This paper reports on research that expands on these issues, centred on 
the computational method of visual texture analysis as developed by one of the authors (Cooper). The output of the 
method is the generation of a numerical measure, visual texture level, drawing on fractal geometry, combined with the 
identification of texture types. Looking at the results of a number of investigations and applications, the paper suggests 
the combination of texture level and texture type can provide an effective link between people's preferences and different 
types of urban tissue. Applications include the identification of character areas for urban design coding and preference 
filtering for property search. The paper concludes by reflecting on the potential for visual texture analysis to complement 
and improve on traditional methods of urban morphological and tissue analysis and provide a basis for extending and 
articulating the principles of biophilia. 
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Introduction and background 
The aims of urban design are varied and overlapping shelter; access to resources; supporting economic and 

social life; environmental sustainability; community; identity; character; health and well-being etc. From the 

standpoint of teaching and practicing urban design, one of the core challenges is addressing the many, 

technical objectives of urban design whilst simultaneously creating places that are attractive to the people 

who live in and use them.  The aim is to balance the technical, cultural and aesthetic dimensions of urban 

design.  This is a normative endeavour.  We are seeking to produce 'good' places.  In doing so, increasing 

numbers of theorists, researchers and practitioners are engaging in what might be called normative science, 

developing rigorous methods for assessing the performance of designs with reference to specific 

purposes.  One line of inquiry has been the effect of the visual characteristics of the environment on mental 
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and physical health.  If the purpose is to achieve positive health outcomes and a sense of well-being, which 

kinds of environments perform better than others? 

In seeking answers, the rapidly developing field of neuroscience has come to play a significant role.  As an 

indicator, John Zeisel updated his classic text, Inquiry by Design (1981, 2006) to include new material on 

neuroscience - and appended an 'N' onto the shorthand of E-B studies: Environment-Behaviour-

Neuroscience.  Other fields that have been brought to bear include socio-biology and evolutionary 

psychology.  To a fair degree, these strands come together in the concept of biophilia and the biophilia 

hypothesis (Wilson 1984, Kellert and Wilson 1995).  Kellert, Heerwagen and Mador (2008) and Sussman and 

Hollander (2015) amongst others have more directly applied the broader ideas to architecture and urban 

design.  At the core of the biophilia hypothesis is the idea that humans evolved within a natural environment 

and are predisposed toward and have a subconscious preference for natural environments.  The overlap with 

neuroscience is manifest in the fact that preferences are necessarily rooted within our sensory perceptions 

and cognitive systems.  The overlap is acknowledged in the emergence of neurobiophilia as a sub-discipline 

of neuroscience (McMahan and Estes 2015, see also neurobiophilia.org). 

The biophilia hypothesis is not without its critics (see for example Joye and De Block 2011) and there is a 

range of interpretations within the literature of 'nature' and 'natural'.  As argued by Kellert, Heerwagen and 

Mador (2008), for example, there is scope in their definition of 'natural shapes and forms' to include more 

abstract, built interpretations and representations as opposed to solely direct experience of the natural 

environment or literal representations. From the standpoint of evolutionary biology and neuroscience, there 

are some core principles that would warn against an overly literal or prescriptive approach to the use of the 

principles of biophilia in design.  Three issues that illustrate this point are: 1. The role of variation in evolution 

and therefore in human behaviour and preferences; 2. The range of cognitive subsystems within the human 

organism that interpret stimulus in different ways; 3. The role of culture in interpretation. 

The first issue is illustrated by the range of ways that biophilia is interpreted as mentioned above.  That is, 

within any population, there will be variability between individuals across a range of attributes and 

characteristics but most importantly for this paper, in their preferences.  Not everyone likes the same 

things.  Even if analysis shows there is a statistically significant proportion of a population that has a given 

preference, this is unlikely to be 100%. Variation can occur within an individual, we interpret our 

environments with a range of (interacting) sensory equipment and, as shown by developments in 

neuroscience, through a range of different (interacting) parts or systems within the brain.  Taking the 

simplified model proposed by Peters (2012), we have seven 'brains', three of which, the limbic, frontal and 

parietal, respond to input in different ways and in different order - each affects the way the others 

respond.  Importantly for this paper, the limbic brain, or limbic system, involved in emotions and spatio-

temporal memory (amongst other things), is the first and fastest to respond. Thirdly, investigations into 
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functional, or psychosomatic disorders of the brain show that they can have a significant social basis (see for 

example O'Sullivan 2021).  The implication is that the way we learn to interpret the world growing up in a 

particular culture, combined with our interactions within a social group, affects our individual physical health 

and well-being.   

These considerations do not constitute a refutation of the biophilia hypothesis.  Rather, they point to ways 

in which we might investigate how we respond to our environment and make use of that knowledge in 

assessing the performance of designs in achieving our purposes.  This paper reports on the results of research 

looking into visual perception of the environment and its correlation with people's environmental 

preferences.   The core of the research is the method of visual texture analysis, which provides a combined 

quantitative measure of the complexity, variety and intensity of a view or scene.  A component of the method 

also measures the relative contribution of vegetation to the overall visual texture.  By combining the two and 

calibrating them with viewer's preferences, the method provides a means of testing the performance of 

designs in terms of their visual quality allowing and accommodating a range of both component elements 

and viewer preference.  In this paper we give a summary account of investigations on a number of fronts.  We 

start by explaining visual texture analysis.  We then relate the results of framing research looking at people's 

more general preferences for a home street environment.  This provides the context for more specific results 

on the role of vegetation in pedestrian preferences and the use of property sale price as a proxy for 

preference. We conclude by pointing toward ongoing investigations into the application of visual texture as 

a performance indicator in design and as a selection filter in property search.  A key part of that application 

in urban design education and practice is the translation between the measures of visual texture and the 

morphological components and their configuration that generate the measure. 

What is visual texture? 

Visual texture refers to the amount and type of information that makes up a scene. It provides a way of 

measuring all morphological elements together to gauge their combined, composite effect.  Visual texture 

analysis comprises of two aspects: 

Visual texture level – initially based on an understanding of fractal geometry and its links to visual perception 

and preference outlined by several authors e.g. Cooper et al (2008, 2010, 2013), Haggerhal et al (2008), 

Salingaros (2012), and Stamps (2002) – we measure the complexity, variety and intensity of information in a 

view across scales on a 1 (low texture) to 10 (high texture) scale.  We call this the visual texture level or CVI 

(complexity, variety and intensity). 

Visual texture type – we estimate the area of an image that contains vegetation and present the results on 

a scale from urban textures (0% vegetation) to natural textures (over 50 % vegetation).  We call this the EVI 

(estimated vegetation indicator).  We combine visual texture level and texture type to create a new 

composite view classification.  The visual matrix, figure 1, presents an example of the view classification using 
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our visual texture estimates.  It illustrates how the classification responds to all the morphological elements 

making up a scene in combination – buildings, degrees of enclosure and continuity, view length, building 

detail, material and amounts of vegetation etc. Certain types of place can be seen grouped across the matrix 

by their common visual texture. Our ViewCue visual analysis tools allows us to classify and map over 1200 

Google Street View images in under 20 minutes. 

 
Figure 1. View classification by visual texture level and type. 

Preference: what do people say they want in their home street? 
In terms of the preference for green places, or places deemed to have high levels of biophilia, what do people 

want? We worked with YouGov (Oxford Brookes/YouGov, 2020) and undertook an online survey of 2239 

current homeowners and renters who had moved, purchased or sold a house or flat in the past 1-2 years and 

asked them to identity factors important to them when deciding to rent/own a property.  Fieldwork was 

undertaken between 29th October - 19th November 2020.  The survey found that when it came to what was 

important in making the decision on where to live, most people indicated that they want to live close to 

greenspace (87%), in a quiet street (86%) close to shops and restaurants etc (74%), that has off street parking 

(72%), is leafy and green (67%) and has good access to public transport (65%). For the majority (82%) the 

appearance and attractiveness of the street was important when deciding where to live.   This survey shows 

that greenery is definitely important, and that the overall look of the place is important to people, but it’s 

obvious that preference isn’t just about places being green. Further investigation of the data reveals that the 

importance of greenery isn’t uniform to everyone.  Different people have different preferences. To get a 

better understanding of preference for a general description such as 'leafy' and to take account of the 
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variation within the population, visual textural analysis provides a method to very quickly assess differences 

in character that may help us to identify nuanced attributes and differences in visual preference and 

experience.  

Evidence of the link between visual texture and preference. Where does biophilia fit? 
We present two cases that illustrate the relative importance of greenery in judgements of preference and 

illustrate the potential of visual texture analysis in understanding holistic character in terms of preference 

and place creation. 

Vegetation and pedestrian preference – UK and Taiwan case studies. 

Work by Cooper et al (2008, 2010, 2013) found strong positive relationships between increases in the fractal 

dimensions of scenes (the initial basis of what we term visual texture level) and perceptions of increased 

visual variety and quality. Cooper, Su and Oskrochi (2013) found that judgments of streetscape visual quality 

were influenced by the presence of vegetation, but they were more influenced by changes in the fractal 

dimension of those streetscapes. They concluded that a strong positive relationship existed between the 

respondent’s perceptions of visual quality and levels of fractal dimension.  Further descriptive comments 

provided to describe the Taiwanese streets confirmed speculation initially made in Cooper et al (2010) that 

the link between fractal dimension and perceptive judgments is: 

“…due to the differences in scaling between scenes dominated by built features and 

those that are dominated by the natural environment (Ruderman and Bialek, 

1994).  Differences in fractal dimension define the boundary between landscape and 

townscape and in both the UK and the Taiwanese cases vegetation had a major 

influence on perceptions of visual quality, but fractal dimension had a stronger effect”. 

As fractal dimension underpins the calculation of visual texture level, we can say that vegetation has a major 

influence on perceptions of visual quality, but visual texture level has a stronger effect. 

Price indicates preference - Oxford property prices and visual texture:  

In 2019, we sought to identify the relationship between the visual texture of streetscapes and the sales prices 

of residential properties in Oxford.  We used property price as a proxy for attractiveness and visual quality. 

9200 images of Oxford, UK were extracted from Google Street View and their visual texture was measured 

using our visual analysis application ViewCue. The images captured the street scenes around the locations of 

663 properties sold between October 2017 and October 2018. Sales prices, property type (terraced, semi-

detached and detached), numbers of bedrooms, age and location of these properties were recorded. 

Results were subjected to multiple regression analysis that revealed a coefficient of variation (R-squared) of 

0.642; showing that over 64% of the variations in house price can be explained by the variables in our model. 
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The model found a positive and significant relationship between the visual texture level (CVI) of street views 

and the sales prices of properties in Oxford.   However, as shown on table 1, in this case, the % vegetation, 

or texture type (EVI), had no effect on price (p-value=0.219 > 0.05). All other variables, including the 

proportion of houses built before 1940, significantly affect house price.  Latitude has a positive effect on 

house prices in Oxford, but longitude has a negative effect on price – reflecting well known distributions of 

popular areas across the city.  Number of bedrooms also increased the price. Terraced and semi-detached 

houses also as expected, have lower prices than detached houses.  

Table 1: Natural log of sales price and locational variables - Coefficientsa 

Model 

 

a. Dependent Variable: Natural log of 
price 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

 
(Constant) -325.193 27.093   -12.003 .000 

Average CVI (texture level) .273 .028 .285 9.847 .000 

Average % vegetation (EVI) -.002 .002 -.037 -1.229 .219 

Latitude 6.434 .525 .300 12.261 .000 

Longitude -2.253 .292 -.190 -7.725 .000 

Number of bedrooms .232 .015 .423 15.017 .000 

Terraced -.132 .036 -.147 -3.664 .000 

Semi -.164 .031 -.196 -5.318 .000 

% built before 1940 .256 .041 .165 6.242 .000 

 

Within the data set examined, for the city as a whole, for every 0.1 increase in the visual texture level of the 

street (CVI) there was on average about a 3.3% increase in sales price of like for like properties.   There are 

differences between postcode areas and wards.  Our conclusion is similar to the Taiwan example: the overall 

visual texture of a street has more effect on preference, as indicated here by price, than simply the presence 

of vegetation. 
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Using visual texture Analysis. 
Our YouGov survey showed a preference for leafy streets near green spaces, but when it comes to the reality 

of choice dictated by budget, the overall visual texture of the place is more important than 

greenery.  Meaningful qualitative comparisons of visual texture can only take place between like-for-like 

examples, such as two streets of terraced houses, rather than comparing a terraced street with a street of 

detached properties.  Also, very different types of place can have the same visual texture level, for example, 

a narrow street defined by tall brick-built buildings could have the same visual texture level as a country lane 

defined by tall, closely growing trees.  These observations led us to combine visual texture level and texture 

type as a matrix to create the new classification of views as shown in figure 1 above. Two examples of our 

current application of this new classification are described below. 

Helping to deliver the UK’s National Model Design Code: 

The automation of view classification by visual texture lends itself to the speedy identification, analysis and 

mapping of character areas, zones and street segments.  This is helpful in delivering steps 1 and 2 of the UK’s 

proposed National Model Design Code (MHCLG, 2021) - scoping and baseline data collection and visioning, 

coding and masterplanning. It also lends itself to the assessment of conformity to design codes based on 

agreed texture.  Follow the video link below to see how visual texture analysis and the ViewCue application 

can be used in this context.  https://youtu.be/xl4RV59bTm0 

Creation of a street preference filter - HappyStreets® 

We are developing a commercial application using our view classification to help people to search for 

properties in street environments they prefer by locating a range of places that match their preference, 

rather than to make qualitative judgements about a street's appearance.  Follow the link below for an 

explanation of our prototype street preference application. https://youtu.be/knVaYMzh9SA 

Conclusions: translating texture into form: extending and connecting biophilia and urban 
morphological analysis 
There is evidence to support the biophilia hypothesis that humans have a preference for and get health 

benefits from natural scenes, likely rooted in the limbic system that evolved in our early ancestors.  The 

research into visual texture set out above shows a positive correlation between visual texture level (CVI) and 

preference for visual scenes.  While there is significant correlation with vegetation within scenes, it is not 

constant.  Preference tracks texture level even if the contribution of vegetation tails off.  One interpretation 

of these results together is that visual texture provides a more general indicator for preference than 

vegetation, likely still rooted in the limbic system but allowing for other factors such as variations in 

preferences within a population as well as responses from different parts of the brain.  Automated visual 

texture analysis gives a rapid indication of three-dimensional street level visual experience resulting from the 

combination of all morphological elements that make up a place.  Combining texture level and texture type 
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provides a means of translating a scene with a given texture level into a more distinct morphological 

configuration.  The method has the potential to complement and improve on results obtained using 

traditional methods of urban morphological and tissue analysis.  It also opens up avenues for exploring 

biophilia in a more nuanced way as well as investigating the relative contribution of social and cultural cues 

in determining overall preference. 
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