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According to legend, the monstrous Minotaur—half-man, 
half-bull—made his home in the Labyrinth at Knossos 
on the Mediterranean island of Crete. The cave-like 
Labyrinth—large, dark, complex in layout, but homoge-
neous in appearance—was built by Daedulus for King 
Minos. To repay the Athenians for the slaying of his son, 
Minos exacted tribute of fourteen Athenian youths every 
nine years. This lasted until the Athenian hero, Theseus, 
decided to assume the role of one of the sacrificial youths, 
travel deep into the Labyrinth, and slay the Minotaur. 
But how was Theseus to find his way out of the confusing 
passages once the deed was done? The answer came from 
Ariadne, daughter of Minos. She gave Theseus a ball of 
string and the idea to unwind it as he traveled toward the 
monster. Theseus entered the Labyrinth, unwinding the 
string as he went along. After plunging his sword into the 
Minotaur, Theseus followed the string safely back out to the 
surface world. For her cleverness and willingness to betray 
her father for love, Ariadne was abandoned by Theseus on 
the island of Naxos during his homeward voyage.

The story of the Labyrinth at Knossos suggests the 
power caves have had to capture the human imagination; 
they are places of fear, mystery, gloominess, weirdness, and 
wonder. The legend of the Minotaur and his home, the 
Labyrinth, has been exceptionally widespread and influen-
tial in many parts of the world, showing up in art, architec-
ture, folklore, and symbolism in many cultures for thou-

sands of years. The Minotaur himself is a concrete personi-
fication (terrification?) of the essence of dread and strange-
ness induced by the cave. The psychological power of caves 
is reflected in many other stories and symbols besides the 
Minotaur, such as the attitude many people in many cul-
tures have had about the bat as denizen of the underworld 
or just “bat out of hell” (Lawrence 1993).

It can hardly be accidental that dark zones of caves 
have so often been important sacred or mythological spaces 
in the ritual and ideological lives of humans. The chapters 
in this volume have all documented and described the roles 
that caves have played in the past and continue to play 
today among diverse human groups in terms of symbolism, 
cosmology, myth, and ritual. Traditions of ritual cave use 
have originated at different times in widely separated geo-
graphic areas and may be traced back to the earliest modern 
humans. The long temporal spans and deep antiquity wit-
nessed in the archaeological record allows us to appreciate 
the pervasiveness of the phenomenon over time and space. 
The pattern argues against a solitary model of cultural dif-
fusion and points toward the independent development 
of similar conceptual formulations of caves. What could 
explain independently occurring cave constructs?

In this chapter we address how places dynamically 
arise as meaningful locations by exploring the case of ritual 
cave use as a cross-cultural phenomenon. The phenom-
enological approach detailed by Alfred Schutz (1967) and 
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development of similar conceptualizations, which in turn 
lend these spaces to mythic constructions and ritual use. In 
the case of long cultural traditions of ritual cave use such 
as those found in Paleolithic Europe (Clottes, Chapter 1, 
this volume), the ancient and modern Americas (Chapters 
10, 11, 12, this volume), or Neolithic and Bronze Age 
Greece (Tomkins, Chapter 4, this volume), similar per-
ceptual-environmental interactions would be expected to 
reinforce conceptual formulations and facilitate cultural 
transmission by providing a relatively fixed environmental 
referent in the form of stable geographic features. Several 
authors have suggested that caves also provided the refer-
ents for later ritual architecture (see this volume, Moyes 
and Brady, Chapter 10; Skeates, Chapter 2; Smith, Chapter 
7; Stoddart and Malone, Chapter 3; and Yorke and Ilan, 
Chapter 6), thus reinforcing the environmental stimulus in 
the built environment.

Our stance requires that we reject Cartesian notions 
of mind–body duality in favor of modern theories of 
embodied knowledge such as experiential realism. This 
theory of the mind developed by George Lakoff and Mark 
Johnson (1999) is a philosophical stance that asserts that 
mental models of the world come from one’s experience 
with it. Even though the mind cannot experience the world 
“directly,” the indirect experiences of the world are shaped 
in consistent ways by its physical nature, by the physical 
nature of our individual senses, and by the physical nature 
of our own bodies and how they interact physically with the 
world. More recently, Vittorio Gallese (2005) has joined 
Lakoff in further developing this theory by reviewing evi-
dence from neuroscience. Both argue that the formula-
tion of concepts cannot be divorced from sensory-motor 
regions of the brain and are thus grounded in material 
reality and experience. This agrees with Gerald Edelman’s 
(1992) theory of neuronal group selection (TNGS), which 
argues that minds become structured not on a genetically 
specified schedule but by the building of certain neural fir-
ing patterns reinforced by experience.

These theories suggest that events in the mental and 
physical development of individuals occur in physical envi-
ronments, and the course of these developments depends 
to a great extent on the nature of the environments in 
which they occur. This holds true for many human char-
acteristics—our need for water and particular nutrients, 
the sensitivity of our sensory systems to particular types of 
energy and not others, our anatomical and morphological 
characteristics, and so on. It also holds true for human char-
acteristics that are behavioral and cognitive—what attracts 
our attention, how we remember certain kinds of informa-
tion, how we reason and make decisions, what actions we 
tend to take in particular situations, and so on.

In this chapter, we consider the physical properties 

adapted for environmental studies by Timothy Auburn 
and Rebecca Barnes (2006) provides a framework that 
helps explain how human–environmental interactions may 
produce shared constructs. The phenomenology of Schutz 
is based on the Husserlian observation that people funda-
mentally accept that a material world exists independent of 
themselves and that this world is the same for others. Schutz 
was interested in how people lived with and renewed their 
assumptions about the world and how this influenced the 
production of social order. He proposed his general the-
sis of the alter ego (1962) as a basis for intersubjectivity. 
Here Schutz posited that an encounter takes place within 
a “common communicative environment” but that people 
are aware of their subjective experiences. They are able to 
overcome their subjectivity and reach mutually shared con-
structs, or what he refers to as a “We-relationship,” based 
on two properties of human thought that constitute his 
general thesis of the reciprocity of perspectives. The first, 
the idealization of the interchangeability of standpoints, 
maintains that people assume that if they change places 
with one another, another’s “here” becomes theirs. The 
second, the idealization of congruency of the system of 
relevances, maintains that people assume, until faced with 
counter-evidence, that they interpret objects and features 
in an identical manner to others. In the We-relationship, 
participants are aware of each other in face-to-face encoun-
ters that are experiential and interactive, and it is through 
this mutual experience that they negotiate shared ideas. 
The relationship is not static but continues to evolve, estab-
lishing and maintaining a commonly understood world of 
objects, events, and motivations that constitute knowledge 
constructions (types, categories) and ultimately orderliness 
(social constructs).

Auburn and Barnes (2006, 43) point out that what is 
important for studies of place is that the We-relationship is 
not only a social relationship but a located relationship. The 
common communicative environment in which human 
interactions occur is not only a social space but an envi-
ronmental one as well. We-relationships are constituted by 
the mutual orientation of the participants not only to each 
other but also to the setting in which the encounters occur.

This is a useful framework from which to understand 
how dark zones of caves may become socially constructed 
ritual spaces and idealized places. Phenomenology suggests 
that the shared human experience of the cave is a major fac-
tor establishing and maintaining typological designations 
and meanings. What it does not address is why the concept 
arises over and over again in various cultures throughout 
time and space. What is it specifically that produces this 
pattern?

We suggest that a shared human cognitive and emo-
tional response to dark zones of caves is at the core of the 
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of caves as environments, including their structure and 
appearance. This has particular implications for human 
psychological responses that include perceptions, cogni-
tions, emotions, and behaviors. To gain insight into human 
psychological responses to the physical environments of 
caves, we look to the behavioral and cognitive sciences and 
to environmental design fields. Spatial cognition studies 
conducted in a variety of disciplines attempt to describe 
and explain human perception and cognition in diverse 
environments, including built/natural environments and 
indoor/outdoor spaces. This literature includes work that 
we believe can aid in explaining why caves are often used 
as sacred spaces by distinct cultures separated in time and 
space. In particular, literature on spatial orientation points 
to physical factors that contribute to the ease or difficulty 
of maintaining orientation within environments. These 
factors include visibility (including the lengths of vistas or 
sightlines), differentiation of appearance, and structural 
layout complexity. Empirical and evolutionary consider-
ations suggest a special status for three-dimensional envi-
ronments in human psychology. In addition, studies on 
perceptual and cognitive aspects of environmental aesthet-
ics point to culturally universal characteristics of human-
environment interaction, such as “legibility” and “mystery,” 
that can help explain emotional responses to various places.

Our chapter applies behavioral and cognitive science 
research to examine the responses of diverse human popu-
lations to the notion of “cave” as well as to actual psycho-
logical responses to cave environments. In this chapter, 
we examine literature found in such disciplines as envi-
ronmental psychology, perceptual and cognitive psychol-
ogy, behavioral and cognitive geography, planning, and 
architecture that explicitly considers the influence of the 
physical environment on mind and behavior. Among the 
interesting outcomes of analyzing caves in terms of the 
spatial-cognition literature is that different types of caves 
can be compared in terms of their structure and geologi-
cal character in a way that helps explain their differential 
tendency to serve as sacred spaces.

ORIENTATION AND 
DISORIENTATION IN CAVES

A good example of a psychological response for which the 
physical environment of caves is relevant is spatial orienta-
tion. To be oriented is to “know” where you are, in some 
sense (Montello 2005). You can be oriented to various 
degrees in a variety of ways, with respect to spaces at dif-
ferent scales, and to varying degrees of conscious aware-
ness. Knowing where you and your destinations are on the 
Earth’s surface is geographic orientation. Geographic ori-
entation involves some combination of knowledge about 

your location and about your heading or course—your 
facing and traveling directions, respectively. Knowledge 
of location and direction, like any spatial information, are 
always defined relative to some baseline locations or direc-
tions, called reference systems. These may be defined with 
reference to some combination of one’s former body loca-
tion or heading, the locations or headings of local features 
or landmarks in the environment, or the locations or head-
ings of global features of the environment, the Earth, or the 
celestial sphere. The last type of reference system, based on 
global features that are stable and may be perceived over 
large areas, is known as an abstract allocentric or absolute 
system. Because such a system transports easily from place 
to place as one moves about (in cases such as the latitude-
longitude system, it transports all around the Earth), it 
is often the most flexible and powerful reference system. 
Thus, to many animals, including humans, aligning one’s 
sense of body heading or course to the orientation of an 
absolute system at a particular place can be key to main-
taining geographic orientation.

Whether carried out formally or informally, main-
taining orientation while moving about is called updating. 
Updating occurs by some mixture of two processes: land-
mark-based and dead reckoning. Landmark-based updat-
ing, also known variously as piloting or position-fixing, is 
updating based on recognizing external features. This rec-
ognition requires either an internal memory of the feature 
or an external memory, such as a cartographic map or chart. 
It is noteworthy that landmarks typically aid orientation in 
an indirect way. Sometimes they act as “beacon” destina-
tions that can be directly oriented to, as when one knows 
where the cave opening is because it can be seen. But in so 
many situations, a recognized landmark does not directly 
indicate where a target destination is; instead, it func-
tions to “key” one’s perceived surroundings to an internal 
or external representation—a cognitive or cartographic 
“map”—that contains the nonperceived target destination. 
For example, recognizing a particular distinctive stalactite 
or rock cairn probably does not mean you have found your 
ultimate destination, but it does mean you know where you 
are within your representation of the portion of the cave 
containing that distinctive feature.

In contrast to landmark-based updating, dead reckon-
ing does not involve recognition of features in the environ-
ment, so it does not require internal or external memory 
for any features. Dead reckoning is inferring or calculating 
your location after movement, based on information about 
your original location and about your velocity or accelera-
tion of movement; as vector quantities, velocity and accel-
eration include directional information. Because dead reck-
oning can be thought of as essentially integrating directed 
motion relative to travel time, in the sense of integral calcu-
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lus (even if it is not carried out by a mechanism that actu-
ally does calculus), it is often called path integration. Dead 
reckoning is based on internal (idiothetic) signals, such as 
vestibular sensing, or external (allothetic) signals, such as 
optic flow in the visual field. The key aspect of dead reck-
oning, however, is that it does not involve specific recogni-
tion of features or places, even if it is based on visual infor-
mation like optic flow. Notice that unlike landmark-based 
updating, dead reckoning only tells you your new location 
relative to your original location. Furthermore, errors accu-
mulate with dead reckoning, so that a small misorientation 
soon becomes a large misorientation. Such error must be 
dealt with by taking periodic fixes (landmark-based updat-
ing), and if error accumulates quickly, fixes must be taken 
frequently.

The processes by which people maintain orientation 
vary in the demands they place on limited attentional 
resources. That is, some processes of orientation happen 
outside of consciousness and do not “fill up” working 
memory capacity; because they are nonconscious—people 
are not aware they are going on and cannot tell you how 
they are doing them (though they certainly may tell you all 
about their personal theories of how they do it, mistaking 
that for direct access to their cognitive processing). Other 
processes are very much a part of conscious experience; 
they fill working memory and falter if a person is distracted 
in some way. People are aware of what they are thinking 
about during such processing and can tell you validly what 
that is. Finally, a variety of processes can be seen to be inter-
mediate between the extremes of very implicit and very 
explicit, and of course, acts of orientation and disorienta-
tion typically incorporate various component processes 
that vary in attentional demand.

On one extreme are relatively automatic processes that 
do not require much attention and provide people with 
a “sense” of where they are as they turn or locomote over 
short distances. For example, you can probably maintain a 
sense that you have turned by 90° as you walk around the 
corner of a building without paying much conscious atten-
tion at all. People differ a great deal in their ability to auto-
matically update in this way (Hegarty et al. 2002; Loomis 
et al. 1993) and in any case, such automatic updating can-
not be relied on for very long distances. Exactly how long 
is an important research question, but it appears to be no 
more than several meters.

Updating while traveling over highly familiar ter-
rain becomes automatized. For example, most people can 
walk or drive to work without paying much attention and 
not get lost. In fact, such a trip probably never becomes 
completely automatic; a person’s attentional resources are 
likely to be somewhat engaged at the moment they must 
choose within a branching path structure, even when they 

have traveled the route many times. Again, there is more 
research to be done on the question of how attentional 
resources are marshaled during trips of varying familiarity.

In contrast, people often maintain a sense of orienta-
tion only with conscious effort. This is typically the case 
when traveling in unfamiliar environments, when lost and 
trying to reestablish orientation, and when giving verbal 
directions (the museum guard giving instructions to the 
bathroom for the umpteenth time provides an automa-
tized exception). An important instance of effortful, 
attention-demanding orientation processes occurs when 
controlled, explicit strategies are applied. For example, 
children and adults can be taught the look-back strategy 
wherein a traveler stops, turns around, and explicitly takes a 
“mental snapshot” of the view going in the other direction 
(Cornell, Heth, and Rowat 1992). People can also inten-
tionally retrace their steps or branch out back and forth 
from a familiar base point while attempting to reorient.

The converse of orientation is disorientation. Geo-
graphic disorientation—“being lost”—occurs when a per-
son is uncertain about where he or she is or where he or 
she needs to go to get to some destination (Montello and 
Lemberg 1995). A critical aspect of this definition is that 
one must have a destination, a place where one wants to be 
or go, in order to be lost. A recreational caver who enters 
a cave to walk around and have a look at the cave struc-
tures is not necessarily going anyplace. People engaged in 
such goal-free travel cannot reasonably be said to be lost, 
even though they may not know where they are, because 
they do not care where they are or where they are going. As 
soon as the caver decides to end her walk and return to the 
entrance, however, she becomes lost when she realizes she 
is unsure of the way back.

This points to a further issue that is important when 
thinking about geographic disorientation. Being disori-
ented is a subjective state, not an objective state. You are 
lost when you believe you are unsure about your location or 
your destination. When you are lost, you may or may not 
actually be where you think you are or be heading in the 
correct direction of your destination. In fact, people rarely 
if ever have a complete and precise understanding of their 
actual location on the Earth relative to all possible features, 
reference systems, and so on. Likewise, people are some-
times right where they intend to be, possibly standing in 
front of their destination, but are unaware of it. People in 
such a state are lost. We may distinguish “disorientation” as 
a subjective state from “misorientation” as the state of being 
objectively mislocated, of not being where you think you 
are, or not knowing where you are but not caring.

Caves are clearly among the most disorienting of all 
environments. In the next section, we discuss characteris-
tics of these natural labyrinths that lead to the psychologi-
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cal response of disorientation, as well as other responses. 
Caves are dark, without normal external cues like the sun, 
moon, or stars. The walls and features of many caves have a 
“sameness” or undifferentiated appearance that is infamous 
for its ability to confuse human navigators, dependent as 
they are on recognizable landmarks. The obstructed and 
constrained vistas of most caves restrict visibility even in 
the path of a flashlight beam. It is the rare cave that allows 
the kind of view that would support apprehension of 
the cave’s overall structure. And this structure is usually 
exceedingly complex, much more than in a built environ-
ment. The web-like pathways provide numerous choice 
points and an irregular structure that exploits our disori-
entation in oblique layouts. There is no regular grid pat-
tern here. Furthermore, the average cave has no respect 
for the “planar” nature of human spatial cognition—in 
caves we are dealing with true three-dimensional environ-
ments, not “pseudo” three-dimensional environments like 
high-rise buildings. Pathways that can branch off in any 
direction from one’s body present an unusual and difficult 
situation for humans. Compounding these difficulties, 
traveling through caves requires great physical effort (try 
crawling on your stomach through a small passage for a 
hundred meters) and is often accompanied by anxiety or 
even claustrophobia.

When taken to the extreme, the reduction in sen-
sory stimulation found in many caves provides some of 
the conditions similar to isolation experiments. Especially 
in the remote dark zones of many caves, there is little or 
no light, sound, or air movement. One may also be alone, 
lacking communication or social contact with others. Such 
conditions have been shown to produce a characteristic 
set of symptoms to accompany this sensory deprivation 
(Goldberger 1966; Zubek 1969). For brief periods, sensory 
deprivation can produce relaxation and introspection, like 
a meditative state. For longer periods, it can lead to more 
radical psychological states, including delusion, hallucina-
tion, anxiety, increased suggestibility, or a variety of cogni-
tive deficits such as memory loss.

PHYSICAL CHARACTERISTICS OF 
ENVIRONMENTS RELEVANT TO 
PSYCHOLOGICAL RESPONSES

It is apparent that human psychological responses in vari-
ous environments, including caves, can be understood bet-
ter by considering physical characteristics of those environ-
ments. Physical characteristics of environments include 
their ambient lighting, the appearance of their surfaces 
(textures, colors, and surface reflectivity), the geomet-
ric structure of their chambers and path networks, their 
temperature and humidity, the ruggedness and ground 

support of their terrain, their flora and fauna, and so on. 
Many people (e.g., Hartig and Evans 1993) have attempted 
to summarize variations in the physical characteristics of 
environments in terms of the distinction between built and 
natural environments. Built environments are created by 
humans; natural environments are created relatively freely 
of human agency. There are many intermediate cases, of 
course, and the very concept of “natural” is complex and, to 
some extent, culturally constructed (Proctor 1998). There 
do seem to be a few general differences between natural 
and built environments. On average, natural environments 
like caves tend to contain fewer straight lines, right angles, 
and other regular shapes such as perfect triangles or circles; 
they also tend to contain fewer regularly repeating, evenly 
spaced, pattern elements. As a built structure, King Minos’s 
Labyrinth had more straight and regular elements than the 
typical natural cave. Natural environments also tend to 
contain more vague and less clearly demarcated bound-
aries and transitions. However, this difference does not 
always hold; depending on the geology of their formation, 
for example, caves may contain very straight stalactites or 
smooth straight passages. The appearance of natural envi-
ronments like caves does tend to vary over space “logically,” 
with contiguous areas likely to be quite similar and transi-
tions likely to be gradual or at least comprehensible within 
a larger situational context. In contrast, the appearance 
of built environments can vary capriciously (e.g., in color, 
height, materials) in ways that violate this natural logic. 
Alternatively, and perhaps unfortunately for the people 
in them, the appearance of built environments sometimes 
lacks variation of any kind. Natural environments also tend 
to contain a greater density and heterogeneity of edges, 
lines, textures, shadings, and fractal patterns. At some 
point, however, the complexity of natural environments, 
understood in information-theory terms, is so great that it 
creates a visual homogeneity, ending up being less psycho-
logically complex than more minimalist built environments 
(Kaplan, Kaplan, and Wendt 1972).

Whatever the utility of distinguishing natural from 
built environments, there is clearly considerable varia-
tion among environments, all of which are natural or all 
of which are built. Caves, in particular, differ quite a bit 
from many other natural environments. Caves also differ 
from each other in potentially important ways, depending 
on the material that composes them, the history of their 
formation, their exposure to moisture, and their exposure 
to flora and fauna (including humans). Given the con-
ceptual difficulty of the built–natural distinction and the 
wide variations within, as well as between, environments 
of each type, we think it is more fruitful to consider the 
influences of environmental characteristics on psychologi-
cal responses independently of whether the environments 
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are built or natural. The visual and structural characteris-
tics of environments like caves facilitate or impede various 
activities of people, and they alter the experience people 
have in them, both cognitively and emotionally. Of course, 
people (especially sighted people) find it difficult to act 
in the dark, and they can find it difficult to walk or crawl 
over watery or rock-strewn cave floors. However, we find it 
more interesting that different environments afford differ-
ent information for the people in them, information that 
is useful for anticipating resources and dangers and finding 
one’s way. Different information allows different wayfind-
ing strategies, and it makes the strategies easier or harder 
to apply effectively. Different information tells people what 
to expect ahead or keeps them uncertain. In some environ-
ments, information misleads people about what to expect. 
Knowing or not knowing what to expect can certainly lead 
to emotional responses such as calmness, anxiousness, hap-
piness, or fear.

FOUR PHYSICAL CHARACTERISTICS

Weisman (1981) and Gärling, Böök, and Lindberg (1986) 
proposed a typology of environmental characteristics that 
is very useful for understanding how physical character-
istics of environments affect psychological responses to 
those environments. These authors discuss the role of phys-
ical factors on spatial orientation and “legibility” within 
the environment, but we think the factors are very likely to 
be relevant to a host of psychological responses, including 
anxiety, uncertainty, and aesthetics. The authors also focus 
on understanding built environments, but their typology 
clearly applies to natural environments too, including caves 
specifically. The typology includes the factors of differen-
tiation of appearance, visual access, and complexity of lay-
out. Both authors also consider the role of sign systems in 
the psychology of environments; although typically not 
very relevant in cave systems, we do consider sign systems 
briefly in what follows.

Differentiation of appearance

Environments differ in the degree to which their parts 
are homogeneous or heterogeneous in appearance. They 
differ with respect to size, shape, color, architectural style, 
and so on. As we discussed above, natural environments are 
often more differentiated than built environments, but of 
course some natural environments are much less differenti-
ated than others. Generally, people find differentiated envi-
ronments easier to comprehend and wayfind in because the 
differentiated parts are more distinct and memorable—dif-
ferentiation creates better landmarks (Appleyard 1969, 
Lynch 1960). At some point, however, environments may 

be so differentiated that they appear chaotic and would be 
disorienting. But it is important to remember that differ-
entiation cannot be assessed solely as an objective physical 
variable. It is a subjective variable, too: what we see (what 
we notice) depends in part on our expectations, our inter-
ests, our training, and our state of mind. To take one rel-
evant example, geologists who are cave specialists will see 
greater differentiation in caves than nonspecialists will. 
To the untrained eye, natural environments, in particular, 
can look quite undifferentiated. Gladwin (1970) tells the 
fascinating story of the navigators of the Pulawat Islands 
of Micronesia (other South and West Pacific peoples have 
similar traditions). They pick up a great deal of useful 
information from the sky and water, which are richly dif-
ferentiated to those trained to perceive it. This information 
supports technologically unaided boat trips of up to sev-
eral hundred miles or more over open ocean. The informa-
tion includes air and water color, wave and swell patterns, 
sun and star patterns, and identified bird species and their 
known ranges.

Visual access

The second relevant physical characteristic of environ-
ments is their visual access, the degree to which different 
places and feature in an environment can be seen from 
various vantage locations. Conversely, it also concerns the 
locations from which people can see particular places and 
features, including locations where they were previously 
standing, locations to which they are headed, and various 
key landmarks or structural features. To what degree is the 
overall layout of an environment visible from a single van-
tage point? People have a greater sense of comprehension 
and can maintain their spatial orientation more easily when 
visual access is high. Greater visual access will decrease mys-
tery and uncertainty; in a complex or unfamiliar environ-
ment, it will tend to reduce excessive stress, while in a sim-
ple or familiar environment, it will tend to reduce accept-
able stress to boredom. Of course, visual access of, or from, 
some locations will be more informative than of, or from, 
other locations.

Planners and architects have systematically studied 
visual access, typically in interior spaces, under the guise 
of isovist analysis (Benedikt and Burnham 1985); geogra-
phers, surveyors, forest managers, and others have studied 
it in outside landscapes under the guise of viewshed analy-
sis (Llobera 2003). Since caves are interior spaces, we use 
the term isovist for the collected spatial extent of all views, 
or vistas, from a single location within a cave. It is com-
monly assumed that the vistas are two-dimensional and 
360° around a vantage point. For analyzing caves, both of 
these assumptions should probably be altered, as the three-
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dimensional structure of cave spaces is unusually impor-
tant, and the dark interior illuminated by a unidirectional 
headlamp is less like a 360° experience than fully lit spaces 
would be. Large unobstructed chambers in caves have large 
isovists that are fairly symmetric around locations near 
the center of the chamber. Narrow winding cave passages 
have small isovists that are very asymmetric, depending on 
whether you face across or along the passage. Several theo-
rists believe that isovist characteristics of environments 
will relate to the psychological responses the environments 
engender, including ease of orientation, sense of privacy, 
stressfulness, and aesthetic judgments. Many different 
physical properties of the isovist could be relevant, such as 
total size, symmetry, maximum length, and so on. But so 
far, only a little work has systematically tested these prop-
erties; for example, Sadalla and Oxley (1984) found that 
a rectangular room appears larger from the center than a 
square room of the same floor area. No one has yet applied 
isovist analysis to caves.

Complexity of layout

Although it is difficult to define and measure layout 
complexity formally, it certainly has important implica-
tions for human psychology. Exactly what constitutes a 
“complex layout” in a psychological sense is a question for 
ongoing research. A more articulated space, broken up into 
more different parts, is generally more complex, though 
the way the different parts are organized is critical. It is 
clear that certain patterns of path networks are more or 
less psychologically complex; for example, oblique turns 
are more disorienting than orthogonal turns (Montello 
1991). However, defining psychological complexity is dif-
ficult because humans organize information into meaning-
ful units in a way that reduces complexity in an informa-
tion-theory sense to relative simplicity in a psychological 
sense. A case in point is the fact that the overall shape or 
“gestalt” of a path layout can determine whether a particu-
lar element is disorienting. In many built environments, for 
example, the road network consists entirely of simple rec-
tilinear grids or symmetric radial patterns. But a grid pat-
tern may be disorienting if its axes do not run north-south 
and East-West—at least for those people who incorporate 
cardinal directions into their wayfinding. A curved path 
is more complex than a straight one, but curved paths are 
understood better when they fit within a radial network 
pattern, as long as that radial pattern is in fact apprehended. 
Layouts may be said to vary in their closeness to a “good 
form”; comprehending a layout is easier when the layout 
has an overall pattern that can be apprehended as a single 
simple shape. A square is easier than a rhombus; a circle 
is easier than a lopsided oval. People tend to understand 

and remember layouts as good forms, and when the layout 
does not have such a form, knowledge distortion results 
(e.g., Tversky 1992). Kevin Lynch (1960) mentions that 
people interviewed by his research team were confused by 
the Boston Common because they tended to assume it was 
a square, when it is actually an irregular pentagon.

Cave layouts vary from each other, of course, but in 
general, they are among the most complex layouts that 
humans ever encounter. Few buildings, if any, have layouts 
anywhere near the complexity of the average cave structure. 
Caves are large and extremely articulated, with chambers 
and corridors varying greatly in size and shape. Caves may 
branch off into any number of corridors, sometimes with 
little apparent physical logic. Their corridors are never 
restricted to orthogonality, moving in any direction with 
nearly equal probability. That is, caves have a unique prop-
erty that one rarely finds in other environments: a nearly 
true three-dimensional structure. Not only does the floor 
rise and fall haphazardly in caves, as might be true in any 
rugged natural terrain, but corridors can branch off above 
and below dramatically, leaving people to wonder what 
happened to their normal world with a horizontal ter-
rain surface. Our sense of balance and uprightness nor-
mally depends critically on visual information about the 
horizon, the sky, and the ground (Gibson 1979). In some 
caves, people must depend on less reliable and robust pro-
prioceptive sensations of gravity (from the utricle and sac-
cule of the inner ear) to maintain a sense of up and down. 
High-rise buildings and underground construction involve 
three-dimensional environments, too, but the vertically 
arrayed spaces of such built environments are layered in a 
“2.5-dimensional” manner. Caves need not obey such lay-
ering; they can go from three partially overlapping layers to 
two layers to one layer and back again, smoothly or discon-
tinuously (not that a person in one of the layers is likely to 
be aware of the vertical arrangement). It appears that peo-
ple have special difficulty in comprehending three-dimen-
sional environmental layouts, as humanity evolved on what 
is essentially a two-dimensional Earth surface (Montello 
and Pick 1993). The three-dimensional structure of caves 
also makes effective cave mapping quite a challenge (Moyes 
2002), a challenge that is only partially solved by the stan-
dard practice of showing map readers both plan and cross-
sectional views of cave chambers and corridors.

We clearly need more research on how to define and 
measure layout complexity so we can predict and explain 
how different environmental layouts, including cave lay-
outs, lead to disorientation and other responses. We can 
further observe that the distinction between “unicursal 
and multicursal mazes or labyrinths can apply to caves 
(Matthews 1970). Unicursal labyrinths have no branching 
or looping structure. Their layout consists essentially of one 
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path from the “start” location to the “goal” location; the 
path may or may not turn or curve, and it may have any 
number of side paths attached that do not ultimately lead 
to a goal location. In contrast, multicursal labyrinths have 
one or more branches or loops. The distinction between 
unicursal and multicursal has implications for the effec-
tiveness of particular strategies for finding one’s way out of 
a cave, and it likely has implications for the state of disori-
entation that people would experience in them. However, 
no systematic and comprehensive analysis exists to explain 
how cave layouts affect psychological responses. One 
promising analytic approach is provided by space syntax 
analysis (Hillier and Iida 2005).

Sign systems

A fourth physical factor relevant to psychological 
responses in built environments is the nature of sign sys-
tems. Sign systems are “semiotic artifacts” intentionally 
designed and placed in environments to provide informa-
tion and otherwise communicate messages to people. Signs 
incorporate words, pictures, maps, and graphical “gestures” 
such as arrows. The design and placement of signs in the 
environment clearly influences the behavior and experi-
ence of people in that environment (Arthur and Passini 
1992). Caves, like other natural environments, do not gen-
erally have sign systems; we do not consider unintentional 
landmarks in caves to be sign systems. However, natural 
environments that have been “manicured” by humans do 
sometimes have sign systems put in place. Many caves are 
not entirely untouched by human activity, and sign marks, 
paintings, or petroglyphs are sometimes placed on cave 
walls, or rock cairns or other features are built at key nodes 
in cave networks. In general, sign systems can facilitate ori-
entation and reduce uncertainty, but they can also impede 
orientation and increase confusion, either intentionally or 
unintentionally, when they are poorly designed or placed. 
And no matter how well sign systems are designed or laid 
out, they cannot entirely ameliorate negative psychological 
effects resulting from the other three physical-environmen-
tal factors.

PHYSICAL CHARACTERISTICS AND 
ENVIRONMENTAL AESTHETICS

Another body of behavioral- and cognitive-science research 
that may shed light on the sacredness of caves involves envi-
ronmental aesthetics. Why do people find some environ-
ments more aesthetically pleasing than others? Starting in 
the 1950s, a branch of psychological research called experi-
mental aesthetics attempted to offer a scientific analysis of 
aesthetics based primarily on formal syntactical qualities of 

images or patterns. Specifically, Berlyne’s (1960) principle 
of stimulus complexity proposes that aesthetic responses 
to stimuli depend on their so-called collative properties. 
Collative properties are those qualities that generate per-
ceptual conflict, eliciting curiosity, interest, and a tendency 
to explore. They include complexity, mystery, surprising-
ness, and incongruity. According to Berlyne, an optimal 
aesthetic response is generated when a stimulus elicits an 
intermediate balance between the motivation to explore 
and the motivation to avoid novelty.

Other psychologists (Mehrabian and Russell 1974; 
Wohlwill 1976) extended experimental aesthetics to envi-
ronmental scenes, starting the field of environmental aes-
thetics. A general relationship between collative properties 
and aesthetic preference was found, although typically the 
stimulus scenes that were tested were not high enough in 
collative properties to inspire the downturn in aesthetic 
preference predicted by the principle of stimulus complex-
ity. As we mentioned above, natural scenes generally do 
not reach a level of subjective complexity that some built 
scenes can achieve. But more than questioning the range of 
collative properties represented by environmental scenes, 
researchers came to realize that formal stimulus properties 
like complexity will not, by themselves, provide an ade-
quate explanation of environmental aesthetics. That is, early 
attempts to apply experimental aesthetics to environmental 
scenes were criticized for focusing too much on “syntactic” 
qualities and ignoring “semantic” qualities—scene content. 
For example, people from different cultures will generally 
express aesthetic preference for natural scenes over urban 
scenes. Similarly, people rate environmental scenes more 
highly if they contain water or green vegetation, aside from 
their collative properties.

This result has inspired researchers to consider envi-
ronmental aesthetics within a biological evolutionary 
framework. Kaplan and Kaplan (see Kaplan 1992), for 
example, were inspired by Gibson’s (1979) concept of 
environmental “affordances” to look at environments 
functionally. They theorized that humans evolved pref-
erences for particular places or environments because of 
the functional advantage of preferring some and avoiding 
others. The environments in which early humans evolved 
functioned to facilitate or impede such adaptively impor-
tant activities as stealth and hiding, hunting and gathering, 
wayfinding, and social organization and communication. 
Accurate information processing would have been impor-
tant, the Kaplans theorized, but so would quick informa-
tion processing. These conditions would have favored the 
evolution of rapid, preconscious, and relatively automatic 
responses, including affective responses, to various envi-
ronmental characteristics. Based on this reasoning, Kaplan 
and Kaplan introduced their informational model of envi-
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ronmental psychology. According to this model, predictors 
of environmental preference result from the interaction of 
two human needs—“making sense” and “involvement”—
with two amounts of cognitive processing—“immediate” 
and “inferred (or future)” (see Hartig and Evans 1993). 
Four concepts derive from crossing the two levels of 
human needs with the two levels of processing: coherence, 
legibility, complexity, and mystery. These are reminiscent 
of Berlyne’s collative properties but were developed from 
explicit evolutionary reasoning.

Evolutionary thinking about environmental aesthet-
ics has probably reached its greatest application in various 
versions of the savannah hypothesis. Assuming that humans 
evolved on the African savannah, the hypothesis conjec-
tures that environments with savannah-like properties will 
be maximally aesthetic to people across cultures. Evidence 
for this hypothesis has come from studies of landscape pref-
erence among children and adults (Balling and Falk 1982) 
and studies of tree-shape preference among Japanese gar-
deners (Orians and Heerwagen 1992). Appleton (1975) 
introduced a version of the savannah hypothesis called 
prospect-refuge theory. It proposes that people evolved to 
prefer the control over visual access provided by savannah 
environments—their prospect, or opportunities for large 
vistas, and refuge, or cover. In other words, people will find 
environments appealing that afford seeing without being 
seen. In this way, prospect-refuge theory explicitly con-
nects evolutionary theories of environmental aesthetics 
with information-based theories, such as the Kaplans’s.

Arthur Stamps (2005) recently developed permeabil-
ity theory, which like the savanna hypothesis and prospect-
refuge theory has at its core the evolutionary advantage of 
safety as an explanatory framework for evaluating environ-
mental preferences. In permeability theory, the environ-
ment influences safety, and these influences may be evalu-
ated by limiting perception or motion. A limitation might 
be complete, such as a brick wall, or partial, such as a fog 
bank. It might differ for locomotion and sensation. For 
example, one could hear through a thin wall but not see 
through it, move through dense fog but not see through it, 
or see through a window but not move through it. Distance 
also figures into the safety equation. If one can perceive 
danger at a greater distance, the chances of escape increase. 
Survival could also depend on knowing how accessible 
regions of safety might be. In permeability theory, mystery 
is related to preference because mystery indicates compro-
mised perception. Stamps’s experiments were conducted in 
both urban and natural settings and investigated the prop-
erties that most influenced impressions of mystery—occlu-
sion, depth of view, and light. His findings suggest that 
mystery may primarily be a function of light levels, which 
is of interest when thinking about cave environments.

UNDERSTANDING CAVE USE FROM AN 
ENVIRONMENTAL PERSPECTIVE

Surveys of prehistoric and historic cave use suggest that 
cave morphology largely determines how cave space is used. 
Archaeologists have long noted that cave habitation occurs 
almost solely in the mouth of caves or in rockshelters (for 
discussion see Introduction, this volume), a point that 
has been reiterated throughout the essays of this volume. 
These sites tend to be relatively open and, in some cases, 
cave mouths may be quite large (see Barker and Lloyd-
Smith, Chapter 17, this volume), well lit, and have open 
access so that they were not likely to entrap their inhabit-
ants. When we think of these characteristics in terms of the 
interplay between human cognition and the environment, 
archaeological findings begin to make sense. For instance, 
ideas about environmental aesthetics such as the savan-
nah hypothesis, prospect-refuge theory, and permeabil-
ity theory all suggest that humans will feel safer in open, 
well-lit environments or in environments in which they 
may view the surrounding area without being seen. Many 
cave mouths or rockshelters are situated in high places, 
affording large vistas, and may have increased feelings of 
security. In these cases, isovist or viewshed analysis would 
be expected to aid in understanding why certain sites were 
chosen for habitation over others (see Sabo et al., Chapter 
16, this volume).

In studies of environmental aesthetics, cave dark zones 
would score very highly with respect to collative or infor-
mational properties, such as mystery and complexity. From 
an evolutionary perspective, they would have been unusual 
environments, lacking in revealing vistas or vegetation, 
and therefore not preferred for habitation. This leads us to 
believe that due to their morphology and low-light condi-
tions, dark zones would not be highly preferred habitation 
sites insofar as they would generate too much uncertainty, 
and lack cohesion and legibility. It also suggests that as the 
quality of light dims, perceptions of mystery and danger 
should increase. It may account for the almost total lack 
of habitation in dark zones and explain why they are only 
inhabited under overriding or desperate conditions such as 
extreme cold (see Taçon et al., Chapter 9, this volume).

The very conditions that make caves inhospitable hab-
itations render them useful for other purposes. One might 
expect that because cave interiors are hostile environments 
for humans, they may be considered “fugitive lairs” suit-
able for antisocial behavior (see Leicht and Tolan-Smith 
1997, 125), or provide a protective barrier for those wish-
ing to conceal themselves (see Ranger, Chapter 22, this 
volume; Stone 1997, 202). When inhabited dark zones 
are discovered in the archaeological record, one should ask 
what overriding conditions were present in this choice of 
environment.
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Consider cave environments from the Gibsonian per-
spective of “affordances.” In Gibson’s (1979) view, human 
and nature are not separate but are in an intertwined recip-
rocal relationship. To Gibson, it is a mistake to separate 
a cultural from a natural environment, or to distinguish 
mental products from the world of material products. We 
are created by the world we live in, while at the same time 
we are consistently changing, modifying that world. The 
Earth and its environments offer affordances. Affordances 
are properties of environmental entities that may include 
geographic features, rocks, minerals, air, animals, or any 
other material entity that, from a human perspective, may 
provide a means to fulfill real or perceived needs. In this 
sense, affordances may be seen as dynamic and changing, 
insofar as our needs are dynamic and changing, or fixed 
and universal, insofar as our needs are fixed and universal. 
In this sense, affordances defy classification. While a stone 
may be used as a projectile, it may also be a paperweight, 
a bookend, or a plumb bob. Human creativity is a major 
factor in designating affordances and is thus dynamic and 
highly variable, but all affordances are ultimately defined in 
reference to an observer while not deriving from the experi-
ences of the observer. That is, affordances are not subjective 
values such as feelings of pleasure and pain but are, rather, 
the ways in which an entity may be employed.

According to Gibson, the habitat of a given animal 
contains places. Places are not neutral and have affordances 
that may be positive, such as a berry patch, or negative, such 
as the edge of a cliff. What caves offer humans is an envi-
ronment that lacks light and is morphologically complex. 
These qualities offer special affordances for caves, both neg-
ative and positive, relative to human needs. In many caves, 
interior passages do not allow upright mobility, while they 
also require increased physical effort, special equipment, 
or technical knowledge to traverse them. Wayfinding is 
difficult, and even with modern equipment one is eas-
ily disoriented in the dark and often relatively unfamiliar 
environment. Cave interiors may also be enclosed spaces 
in which one can become trapped. For these reasons, cave 
dark zones do not offer high-quality affordance for habita-
tion, but they do offer high-quality affordance for hiding 
and secrecy. Caves offer a shadowy environment that is dif-
ferent from the surface world, an environment of mystery. 
In addition, due to sensory deprivation, dark zones of caves 
can help produce meditative states or stimulate other-
worldly experiences, such as hallucinations that are charac-
teristic of many shamanic practices (see Williams 2002 for 
a thorough discussion).

While these properties are not conducive to habita-
tion, dark zones stimulate human imagination and encour-
age “imaginary geographies,” as described by Gallese and 
Lakoff (2005, 9). Because of this property, we suggest that 

cave dark zones offer transcendental affordance. While 
Gibson never discussed the notion of symbolic places, 
this extension is in keeping with his ideas that affordances 
straddle the material world and the world of the mind. It 
is telling that some of the first known ritual practices and 
art of early humans (see Clottes, Chapter 1, this volume) 
occurred in deep caves in Europe during the Paleolithic 
period, as indicated by painted cave walls and the use of 
the spaces for burials. While there is little doubt that earlier 
forms of portable art existed, and that these cave remains 
are an artifact of differential preservation, it is also pos-
sible that the caves themselves offered an affordance not 
presented elsewhere. The human-cave interaction may have 
worked reciprocally to facilitate and encourage symbolic 
or ritual behaviors. In other words, these early expressions 
may have been as much about the caves themselves as what 
occurred within them.

CONCLUSION

This chapter examined why cave dark zones are the subject 
of myths and stories and are so often used as ritual spaces. 
Part of our approach is quasi-phenomenological; we find 
that phenomenology is useful in defining patterns and can 
help us understand the active role of environments in the 
development of shared ideas. But phenomenology offers 
no explanatory power for why humans interpret some envi-
ronments in similar ways.

We suggest that the physical properties of caves have 
particular implications for human psychological responses, 
and to understand these responses, we turned to studies of 
spatial cognition in the behavioral and cognitive sciences, 
and in the environmental behavior and design fields. Our 
review of the literature suggests that there is a correlation 
between types of environments and human perceptions 
that are important in inferring how caves were used in the 
past. The literature suggest that a number of factors such 
as low-light or no-light conditions, and three-dimensional 
complex morphology, lead to a general perception of cave 
dark zones as dangerous, mysterious, and illegible, render-
ing them useless for all but temporary habitation. By fram-
ing our discussion in terms of Gibson’s affordances, we have 
come to understand that the very qualities that prevent 
caves from “affording” habitation are the very qualities that 
make them attractive as transcendent or imagined spaces 
that may be incorporated into myth and used in ritual. 
Although we have elected to analyze broad patterns of cave 
usage, we expect that our approach will be useful for analy-
ses of single sites as well as intersite analyses.
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