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Abstract: Contemporary design manuals for architects often refer to the psychological benefits of 
particular spatial and formal configurations. However, the research which these works cite as evidence 
is largely qualitative and only a small number of quantitative studies are ever referenced. The origins of 
the quantitative research can be traced to the 1970s, where the first of a growing number of 
environmental and psychological studies suggested that various spatial and visual characteristics of 
environments can potentially shape or influence psychological wellbeing. Four key factors that have 
been repeatedly discussed in terms of perceived comfort are prospect or openness, refuge or enclosure, 
mystery or enticement and complexity. However, many of the studies that architects reference in design 
manuals are not actually about architecture, and others have strongly conflicting results. In response to 
this situation, the present paper undertakes a review of twenty-five studies testing preference for 
spaces which exhibit openness, enclosure, mystery and complexity. The results of these studies are then 
categorised to develop a meta-picture of the evidence. The paper does not test specific results, or 
interrogate the methods used, rather it holistically identifies evidence-based claims that have been 
made about these spatial properties, and summarises the complete set of findings. 
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1. Introduction 

Since first being proposed in the 1970’s, specific facets of environmental preference theory and 
prospect-refuge theory have been both debated and tested. For example, quantitative studies have 
shown that a close visual connection between habitable space and nature is beneficial for psychological 
wellbeing, recovery and stress relief (Kaplan and Kaplan 1989). Studies have also observed that 
restricted views may cause negative reactions (Heerwagen 2008) while visual connections might 
encourage movement and evoke pleasure through the exploration of space (Kaplan 1987). All of these 
factors would seem to support Hildebrand’s (1999) reading of prospect-refuge theory, and of the spatial 
properties and transitions found in Frank Lloyd Wright’s residences that make them so ideal for human 
inhabitation. These findings would also seem to reinforce Hildebrand’s argument that it is not just 
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prospect and refuge which shape emotional response, but also mystery, complexity, enticement and 
light. However, Stamps (2006, 2008a, 2008b) conducted a series of detailed experiments to test ratings 
for comfort and preference for both natural and built environments, and concluded that the statistical 
significance of prospect, refuge and light factors, in shaping emotional response, was “very near zero” 
(Stamps 2008b, 141).  

Given such conflicting evidence, the present paper sets out to summarise and classify the results of 
twenty-five studies that have used quantitative means (generally data derived from surveys, interviews 
or computational analysis) to comment on the veracity of four specific factors – prospect, refuge, 
mystery and complexity – as part of spatial preference theory. The first two of these factors are the most 
commonly tested, as they were the earliest proposed by Appleton (1975), while research into the latter 
pair is less common, and is often associated with Hildebrand’s identification of them as being equally 
significant. 

The results of the twenty-five studies examined in this paper are each classified in terms of whether 
their findings support the efficacy of each of the four factors, or are neutral, or contrary in terms of their 
role shaping environmental preference. Furthermore, the focus of this paper is on studies of landscapes 
and interiors, excluding studies of urban environments. This comparison is important to assist in 
differentiating which evidence can most reasonably be used to support arguments about architecture 
and interior design. Significantly, some of the most widely cited research was developed for the study of 
natural settings, as the theory was originally proposed for and applied to landscape environments. 
However, the largest percentage of the selected studies examines interiors. 

A final reminder in regard to interpreting the content of this paper is that while findings associated 
with the four specific factors – prospect, refuge, mystery and complexity – will be considered holistically 
in the conclusion, many results are specific to the environment or venue they were tested in. Thus, the 
results of the various studies analysed here may be valid in their particular context, but not necessarily 
in any other. 

2. Method 

The twenty-five quantitative studies chosen for this meta-analysis all examine one or more key criteria 
of prospect-refuge theory (the most common variant of environmental preference theory used in 
architecture) before offering a conclusion about the validity of the factor or factors being considered, 
Importantly, only their findings are compared in this paper, not their methods, rigour or empirical 
validity.  

For the purposes of comparing the twenty-five studies some common psychological and 
computational mappings of these definitions are required. First, prospect is defined as being associated 
with the perceptual properties of outlook, depth of view, spaciousness and openness, and the geometric 
properties of isovist area and maximum radial line length. Refuge is associated with the perceptual 
properties of enclosure and safety, and the spatio-visual geometry of occlusion and minimum radial 
length. Similarly, mystery relates to the luminosity, transitions between spaces and degree of occlusivity 
whereas complexity refers to the volume of information present in a space, along with the number of 
occluding edges (or vertices) and the jaggedness of its geometry. Some concepts, like openness and 
isovist area, can be indicators of both prospect and refuge, while others serve only a single factor. 
Hazard, identified as a criterion by Appleton, is not considered in this paper as it is not directly relevant 
to architectural and interior spaces. 
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For each of the twenty-five studies analysed in this paper, an assessment was made about the 
degree to which each study’s findings supported the validity of prospect, refuge, mystery and 
complexity. For example, a “supportive” result would be one that confirms the standard view of the 
importance of a factor found in the writings of Appleton or Hildebrand. Neutral studies are ones 
wherein the findings are either not statistically significant, or comment only on a meta-principal, like the 
consistency of an argument, or spatial property. In the former case, partially supportive findings were 
categorised in the neutral group if they relied on less than 75% of the data or equivalent confidence 
indicators. In the latter case, many of the neutral studies used computational-mathematical approaches 
to test the presence or absence of a pattern in space and form, and only indirectly tested specific factors 
for their support of prospect-refuge theory. Contrary results are examples of the failure to find evidence 
to support a prospect-refuge theory factor, or of clear evidence against the significance of one or these 
factors. 

3. Results 

3.1. Findings relating to environmental preference in landscapes 

Appleton (1975) explains the existence of a preference for natural environments as an innate 
characteristic of humankind, which can also be affected by social, historical and cultural influences. 
Many qualitative studies refer to this general human preference for natural settings (Kaplan and Kaplan 
1989, Heerwagen 2008) and some specific studies, that involve children as participants, also confirm a 
preference for a natural rather than built environment (Nettleton 1987, Conrad 1993). However, across 
the seven studies included in this first category, six found evidence for the significance of prospect and 
five for refuge, a result that has been interpreted as being associated with the need for comfort (Table 
1). According to Ruddell and Hammitt (1987) an immediate refuge is most preferred while prospect 
dominance is least preferred. Conrad’s (1993) multiple experiments indicate a preference for prospect-
refuge balanced scenes, whereas Hagerhall’s (2000) data demonstrates a connection between 
preference, exploration potential (mystery) and feelings of safety (refuge). In total in this category, there 
were no contrary findings, and only two neutral, although all but one of the tests were concerned with 
prospect and/or refuge, not mystery and complexity. 

Table 1: Findings relating to environmental preference in landscapes. Key: √ = supportive; O = neutral; X 
= contrary; - = not considered in the study; P: prospect; R: refuge; M: mystery; C: complexity. 

Landscapes P R M C Method 

Nasar et al. 1983 √ O - - survey (in situ) 
Ruddell and Hammitt 1987 √ √ - - survey (stimuli) 
Kaplan and Herbert 1988 O - - - survey (stimuli) 
Conrad 1993(1)  √ √ - - survey (stimuli) 
Conrad 1993(2)  √ √ - - survey (stimuli) 
Conrad 1993(3) √ √ - - survey (stimuli) 
Hagerhall 2000 √ √ √ - survey (stimuli) 

supportive √ 6 5 1 0  
neutral O 1 1 0 0  
contrary X 0 0 0 0  
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3.2. Environmental preference in interiors  

There are eighteen studies in this category associated with environmental preference and interior space 
(Table 2). Four of the studies rely on surveys, five use computational simulations of environmental 
geometry to gather data, and nine use a combined approach drawing on both methods. A total of 
sixteen of the studies consider prospect (spaciousness) with nine confirming that it is a critical spatial 
property shaping preference while another seven were more neutral. In several of the positive cases, 
people rated views from the interior to nature or to adjacent spaces as being more preferred than a lack 
of views or of being tightly enclosed in space. None of the studies found contrary results for prospect.  

Table 2: Findings relating to environmental preference in interiors. Key: √ = supportive; O = neutral; X = 
contrary; - = not considered in the study; P: prospect; R: refuge; M: mystery; C: complexity. 

Interiors P R M C Method 

Scott 1993a √ √ √ √ survey (stimuli) 
Scott 1993b - - √ √ survey (stimuli) 
Franz et al. 2003 √ O - - combined approach (isovists) 
Franz et al. 2004(1) √ O - - combined approach (isovists) 
Franz et al. 2004(2) √ O - √ combined approach (isovists) 
Stamps 2006(1) √ X O - survey (stimuli) 
Stamps 2006(2) √ X X - survey (stimuli) 
Wiener et al. 2007(1) √ O - √ combined approach (isovists) 
Wiener et al. 2007(2) √ O - √ combined approach (isovists) 
Wiener et al. 2007(3) O O - O combined approach (isovists) 
Dalton et al. 2010 O O - O combined approach (isovists) 
Dzebic 2013(1) √ O - √ combined approach (isovists) 
Dzebic 2013(2) O O - O combined approach (isovists) 
Ostwald and Dawes 2013 O - X - computational (isovists) 
Dawes and Ostwald 2014a O O O O computational (isovists) 
Dawes and Ostwald 2014b O - O - computational (isovists) 
Dawes and Ostwald 2014c O O O - computational (isovists) 
Vaughan and Ostwald 2014 - - - X computational (fractal analysis) 

supportive √ 9 1 2 6  
neutral O 7 11 4 4  
contrary X 0 2 2 1  

 

Several of the isovist-based computational studies developed evidence which offered only a low 
level of support for prospect-refuge theory, or were more concerned with secondary evidence 
pertaining to the buildings used by Hildebrand to develop his argument. For example, Dawes and 
Ostwald (2014a) examined five of Frank Lloyd Wright’s Textile-block houses in terms of their spatial 
properties as understood in relation to prospect and refuge characteristics. They did this over several 
stages: first considering the spaces individually (in terms of area, height and radial length) and then as a 
paired measure with height – to test their degree of “reduplication”, which is represented by the 
Pearson’s correlation coefficient for each combination of prospect and refuge indicators (238). 
According to Hildebrand (1999) multiple prospect and refuge indicators operate together to enhance 
Wright’s pattern. However, not all indicators recorded by Dawes and Ostwald (2014a) confirm this 
claim. The strongest, positive correlations were found between height and minimum radial length as 
well as between height and area. 
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Altogether fourteen studies examined refuge in interiors mostly with relatively neutral findings.  
Some of these studies presented a combined approach using computational analysis and survey 
methods to ask, for example, people to identify the smallest area (or best place to hide), and then 
compare this rating with the smallest isovist area (refuge). Only one study confirmed a need for partial 
enclosure (Scott 1993a), while another study presented contrary results confirming a preference for 
large rooms and substantiating (in a second test) width as the main criterion for comfort (Stamps 2006). 
Further relatively neutral measurements or evidence for prospect-refuge theory included those derived 
from isovist area (prospect and refuge) and minimum radial line (as an indicator of refuge) (Dawes and 
Ostwald 2014a, 2014c). 

Studies of environmental preference in interior settings include the largest percentage examining 
mystery and complexity. Only nine studies consider mystery, of which eight are concerned with interiors. 
Two of Scott’s studies present findings for a preference for “interiors […] that imply that there is more to 
the environment that can be experienced from the observer’s present vantage point” (Scott 1993b, 31). 
One of Stamps’ (2006) tests presents findings contrary to the hypothesis that views from small to large 
rooms would be rated as more comfortable as “views from large, bright, high rooms were judged as 
being considerably more comfortable” (Stamps 2006, 649) while his first test result was categorised as 
neutral, having a non-statistically significant result. Also Ostwald and Dawes (2013) present a contrary 
finding for mystery as only two of the five examined Frank Lloyd Wright’s Prairie houses confirm the 
anticipated pattern. Four other studies have been categorised as neutral as they are only partially 
supportive. 

Another criterion which Hildebrand argues plays a significant role in interior environmental 
preference is complexity. Eleven out of the total of twenty-five studies consider complexity all of which 
are in the interior category. Six studies confirm Hildebrand’s argument for the importance of visual 
complexity in spatial preference, which makes complexity (after prospect) the second most relevant 
criterion for interior settings. Of these six, two surveys (Scott 1993a, 1993b) confirm a preference for 
“interiors that offer more rather than less complexity” (1993b, 31). Of the other four supportive tests 
that used combined approaches, all suggest a relationship between complexity and spaces which are 
aesthetically pleasing or interesting (Franz et al. 2004, Wiener et al. 2007, Dzebic 2013). Four other 
combined approaches, however, present relatively neutral findings which relate, for example, to 
measured properties of supposedly complex spaces. For example, Dawes and Ostwald (2014b) examine 
five of Frank Lloyd Wright’s Usonian houses using seven isovist measures. Their data provides only 
limited evidence in support of Hildebrand’s version of prospect-refuge theory as for each measure at 
least one house presented values contrary to Hildebrand’s assumptions. Only proportional occlusivity 
was directly supportive, as an indicator for mystery, which “might form the basis of a more sophisticated 
measure of the seen and un-seen properties of a design” (Dawes and Ostwald 2014b, 19). This is an 
interesting finding because – as with many modern interiors – Frank Lloyd Wright’s houses consist of a 
series of visually connected, open-planned designs, a property that allegedly works to evoke a sense of 
mystery. Whereas the majority of the computational studies used isovists, there is one exception, a 
study that used fractal dimensions to examine the experience of complexity in Frank Lloyd Wright’s 
Robie House (Vaughan and Ostwald 2014). Hildebrand’s argument is that the path from the road to the 
entrance and then to the living room in the Robie House commences with a higher degree of visual 
complexity (and mystery) and ends with a lower level. Data developed by Vaughan and Ostwald (2014) 
shows that Hildebrand’s argument is partially confirmed for the exterior section of the path, but the 
findings are strongly contrary for the interior. 
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4. Discussion 

Altogether, findings of twenty-five studies are summarised in this paper of which seven are related to 
landscapes and eighteen investigate interiors. Most of the studies involving landscapes were conducted 
in the nine-teen eighties and nineties while the others were more recent, including the majority of 
mathematical-computational studies or those using combined approaches. Eleven out of the twenty-five 
studies (44%) used a survey-based approach to test prospect-refuge characteristics. Most of these 
studies used stimuli (40%) and only one test interviewed participants on site. Five studies use a purely 
computational approach (20%), four of which relied on isovist properties and ratios as measures for 
spatial dimensions while one study examined visual complexity using fractal analysis. Nine studies (36%) 
used a combined approach of survey methods and isovist analysis (Figure 1). All of these studies present 
results that clearly confirm a correlation between mean ratings and the data of computational 
measures. However, many of these studies present relatively neutral results. All studies that used 
computational methods examined interiors. Only four out of the eighteen studies examining rooms used 
purely survey methods.  

 

Figure 1: (1) Findings by all venues and (2) methods used in all twenty-five studies. 

While acknowledging that the veracity of each set of results is most strongly pertinent within its 
venue grouping, considering the complete set of results is also informative. With thirty (48%) supported 
results for factors, twenty-eight (44%) neutral and five contrary (8%) (Figure 1), the evidence, prima 
facie, is not overwhelming convincing. The complete set of results shows that the most examined 
characteristic is, not surprisingly, prospect (37%) (Figure 2), and it is also the most confirmed (50%). 
Prospect is a dominant topic of testing especially in interior studies where it is excluded in only two out 
of eighteen tests, and it is also the lead factor in landscape studies. Refuge, an indicator for safety and 
privacy, is the second most supported factor (20%) (as well as complexity), but it has the highest rate of 
both neutral (43%) and (as well as mystery) contrary findings (40%). Prospect has the second highest 
percentage of all neutral findings (29%) of which most belong to the results for interiors (7 out of 8). 
Certainly, very few studies present results that are completely contrary (8%), of which most reject, as 
just indicated, refuge and mystery (40% each), followed by complexity (20%). None of these findings 
reject prospect. Complexity and mystery are the least examined characteristics (17% and 14%) and have 
been tested predominantly in interior settings. Within its category, complexity has more supportive 
results (six) than neutral (four) or contrary (one). In total, when examining the results of all of the 
twenty-five studies in this way, there are not enough supportive findings to emphatically substantiate 
prospect-refuge theory. 
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Figure 2: Findings for (1) prospect and (2) refuge by all venues. 

The most supportive findings associated with prospect have been presented in interior studies. Nine 
out of eighteen studies confirm that wide, open rooms are perceived as more comfortable than 
enclosed ones. Curiously, only one of these interior studies presents a preference for a balance of 
openness and enclosure, while in landscape studies three out of seven studies confirm a preference for 
balanced settings. According to Scott (1993a), “people like vertically and horizontally expansive settings 
that are subdivided into smaller spatial zones” (13), which confirms also a need for enclosure in interiors. 
Originally, Appleton (1975) proposed that environments which offer a balance of both outlook and 
enclosure would be preferred most. In a later revision he advised that in many cases a “balance […] can 
be achieved from serial vision, involving the successive experiences of exposure to strongly contrasting 
landscape types, strong prospect and then strong refuge, is more potent than that which comes from 
trying to achieve a balance all at once” (Appleton 1984, 102). This suggestion, which was developed to 
describe landscape preference, may also relate to the experience of interiors, as appealing designs were 
often composed of large, clearly opened and smaller, enclosed spaces rather than offering both 
properties in one room. Perhaps, because of this uncertainty if there is need for enclosure or not, refuge 
is the least supported characteristic within the interior group with eleven (out of fourteen) neutral 
findings. 

A preference for complexity has been confirmed by the four interior studies which used combined 
approaches (Figure 3). Also two survey-based studies confirm a preference for spaces that have more 
complex geometry (Scott 1993a, 1993b). In addition, a second test also presents a preference for spaces 
that permit internal views and which offer natural content and daylight. Altogether, this is the only 
study in the entire set that confirms all four key factors of prospect-refuge theory (Scott 1993a). 
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Figure 3: Findings for (1) mystery and (2) complexity by all venues.  

Another factor arising from a review of the twenty-five results is that only a small number of studies 
draw on large survey samples and produce statistically thorough results and analysis. Interestingly, one 
of the interior studies that used a combined approach contradicts an earlier finding as isovist area 
(openness) did not correlate any more with the rated factor of beauty but only with spaciousness, 
complexity and sociability (Dzebic 2013). Another (neutrally categorised) finding is unexpected, as more 
complex spaces (which can be related to a low isovist area to perimeter ratio) seem to allow a higher 
recognition rate of words and images that had to be memorised in such complex interiors while the area 
(large or small) made no difference on such ratings (Dalton et al. 2010). 

Significantly, many of the studies that have been categorised as neutral are based on mathematical 
or computational analysis of interiors testing more than one measure. This often leads to discrepancies 
in their results. So far, there is no clear determination of which measures are the most relevant, but 
there are assumptions that, for example, in isovist analysis (which thirteen of the examined interior 
studies use), ratios or proportional values relate better to spatial dimensions than pure measures 
(Dawes and Ostwald 2014a, 2014b). Such works are part of the recent trend to examine prospect-refuge 
theory mathematically or in a combined approach with survey methods and computational analysis. 
However, there is still need to refine these new research methods by implementing clear, controlled 
changes.  

5. Conclusions 

On balance, the complete set of findings is relatively neutral, providing some limited support for the 
validity of prospect-refuge theory in some contexts or venues. This overall lack of a clear answer may 
relate to the fact that most of the twenty-five studies examined here considered only specific isolated 
factors derived from prospect-refuge theory and ignored others. However, it is also notable that, in 
recent years, researchers have focussed on the prospect-refuge characteristics that appear to be more 
relevant to their disciplines. Refuge, for example, has a much less significant function for interiors in 
comparison to natural or urban environments where it represents safety. 

Some of the results from the twenty-five studies seem obvious in hindsight and have been widely 
acknowledged. For example, the benefits of a close visual connection to nature and of inhabiting a space 
that is relatively balanced (offering both open areas that are proportional to the human scale as well as 
comforting zones for privacy) have been supported by past research. However, which spatial dimensions 
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create an ideal balance is certainly not clear in the results of the past research. Also, there is a lack of 
understanding of the aesthetic properties of the interior, including the balance of mystery and 
complexity required to make space appealing or interesting and to encourage exploration. According to 
Hildebrand (1999) such triggers include visual connections, changing levels of light and varying ceiling 
heights, but the way these properties have to be composed to provide the ideal balance is unknown. 

Altogether, this summary of the findings of past research reveals that there is still a clear need to 
continue investigating prospect-refuge theory and environmental preference to find out more about 
minimum and maximum parameters that influence environmental preference and especially in interior 
spaces. 
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