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The devices used for the communication of meaning in mural painting often pervade 
pictorial space to reach out into actual space. This fact is often acknowledged in 
interpretations of Theran wall paintings that have been occasionally concerned with 
aspects of human experience and engagement with the decorated spaces. However, 
the reception of Theran murals within their original architectural context has been 
neither thoroughly nor systematically studied. This is mainly due to the lack of formal 
methodologies by which human engagement with ancient and partially preserved built 
environments could effectively be explored. 

This thesis investigates aspects of the visual experience of Theran wall-painting, and 
more particularly, the visibility of the murals and its relationship firstly to the 
iconographic meaning of the painted scenes, and secondly to the social function and 
significance of the paintings. It introduces a new method of visibility analysis that 
integrates 3D modelling and spatial technologies (GIS) to take account of the nature 
of human experience in the built environment which is essentially three-dimensional. 
The suggested approach also formally addresses the problems of uncertainty and 
incomplete data in the archaeological record along with their impact on 
archaeological interpretations. Finally, it discusses the issue of human movement 
which is strongly linked to the visual experience of built space and introduces an 
agent-based approach that aims to investigate aspects of mobility in populated spaces 
within the social context of movement in the past. 

The above methodology is employed to explore the reception of mural decoration in 
a visually complex ritual space (building Xeste 3), examining the relationship 
between visual emphasis in pictorial space and the visual exposure of individual 
elements of a composition in actual space. In this way, it highlights meaningful 
patterns in the archaeological record that would have otherwise remained unobserved. 
The results of the analysis are also suggestive of movement and circulation during 
ritual performances that could have taken place in the building. Furthermore, the same 
methodology is used to investigate whether pedestrians traversing the street network 
could have seen, through open windows, the wall paintings that embellished the 
interiors of elaborate private houses. The application of visibility analysis offers 
insights into the social significance and functions of Theran murals, illuminating their 
possible symbolic role in establishing power relations in the prehistoric society of 
Akrotiri. 
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Introduction 

Few artefacts have shed as much light on so many diverse aspects of life in an 

Aegean Late Bronze Age (LBA) town, as the Theran murals have. The wall paintings 

unearthed at Akrotiri are a rich source of unique evidence for economic and social 

activities in the Aegean Bronze Age providing valuable information on prehistoric 

architecture, flora, fauna, ship building, clothing, jewellery, weaving, basketry, and 

armour equipment. It is not surprising therefore that, since 1967, when the first 

fragments of painted plaster were discovered at Akrotiri, the wall paintings of Thera 

have been among the most well-studied and discussed finds of Aegean prehistory. 

The paintings embellished the town houses of a coastal urban settlement (fig. 

1-1) located at the south of the Greek island of Thera, which was buried by an 

immense volcanic eruption sometime during the Late Bronze Age. Since the site's 

discovery in 1967, an area of 12 acres has been excavated, estimated to be a relatively 

minor part of the original settlement (cf. §2.2). This small sample outlines a picture of 

a town that consisted of multi-storeyed buildings with indented fayades and flat roofs, 

which were accessible via a well-organised road network. The preservation of the 

unearthed buildings is unique, as the volcanic material that penetrated the rooms after 

the eruption prevented the complete collapse of walls and floors, ensuring in some 

cases even the preservation of upper storeys. Within these buildings many hundreds 

of square metres of wall-paintings have been discovered, mostly in fragments, but 

occasionally in situ. Their themes vary from ornamental, floral and geometric, to 

landscape scenes, and from miniature frescoes to almost life-size human 

representations. 

To date, most published works on Theran mural painting have mainly been 

concerned with the iconographic interpretation of the paintings. Emphasis has been 

given to the identification of the painted theme, the particular ways in which it is 

rendered and organised in pictorial space, and the understanding of conventions used 

in the representation of space and time. However, within the last forty years, there has 

been a growing awareness of the need to consider and incorporate aspects of human 

experience and engagement with the decorated spaces into the frameworks used to 

interpret the meaning and social functions of the murals. Such a tendency is motivated 

by the acknowledgement, that when painting adorns mural surfaces the architectural 
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context of a pictorial composition should also be considered, as the form and 

functions of the wall paintings are strongly related to the form and functions of the 

rooms they embellish, and the devices used for the communication of meaning often 

pervade pictorial space to reach out into actual space. Recent studies of the paintings 

have more or less tacitly acknowledged that the investigation into the modes in which 

the murals were received in their original environment could give indications 

regarding the hierarchy of meaning in a composition, highlighting the intentions of 

the painters or those who commissioned the painted themes. More importantly, 

however, it has been suggested that the issue of visual access to the murals could be 

associated with aspects of social order in the prehistoric community, indicating the 

existence of different group identities and strategies of social recruitment and 

exclusion; in that case the examination of possible social functions of the Theran 

murals could offer a rare opportunity to illuminate some aspects of the Late Bronze 

Age society, for which there is only scanty evidence, despite the exceptional 

preservation of the site. Nonetheless, apart from some general and sporadic 

observations, the visual reception of the paintings has not been thoroughly studied. 

This is partly due to the state of preservation of the site, which does not enable the 

encounter with the frescoes in their initial architectural context, and as a result the acts 

of 'seeing' and 'moving' within the decorated spaces are difficult to appreciate. More 

importantly, however, a systematic approach to these issues is hindered by the general 

lack of formal methodologies that can effectively explore human engagement with 

ancient and partially preserved built environments. 

Within this framework this work examines the factors affecting the visual 

experience and communicative impact of Theran murals in building interiors and in 

the townscape of LBA Akrotiri, and investigates the different modes in which the 

visibility of the paintings could be related to their iconographic interpretation and 

social functions. It develops and employs new formal computer-based methodologies 

that aim to establish a human-centred approach to the investigation of visual 

experience and movement in past environments. It introduces for the first time a 

method of visibility analysis that integrates 3D modelling and spatial technologies 

(GIS) to take account of the nature of human experience in the built environment, 

which is essentially three-dimensional. The suggested approach also attempts to 

address archaeological concerns regarding visibility in past built spaces and more 
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particularly the problems of uncertainty and incomplete data in the archaeological 

record and their impact on archaeological interpretations. Finally, this research looks 

at the issue of movement in the built environment, which is strongly linked to the 

visual experience of mural painting, and introduces an agent-based approach that aims 

to investigate aspects of mobility in populated spaces within the social context of 

movement in the past. 

These ideas are further developed in the following chapters: 

Chapter 1 firstly (§1.1) discusses interpretations of Theran murals that have 

been concerned with the visual experience of the paintings, as well as the objectives, 

merits and limitations of these works. It then goes on to address the particular aims of 

this research (§ 1.2) and to identify the factors that affect visual perception in the built 

environment (§ 1.3), and especially the visibility of painted wall surfaces. These will 

be discussed throughout the thesis. 

Chapter 2 is a background chapter that presents information on the 

environment, settlement and society at prehistoric Akrotiri. A variety of evidence 

regarding the uses of space and human activities including land cultivation, animal 

husbandry, seafaring, trade, craftsmanship and ritualised expression in the settlement 

are discussed. Besides introducing the site, this chapter aims to inform and support the 

interpretations suggested in subsequent chapters. Evidence for the economic and 

social life in the settlement presented here is later utilised in discussions in Chapter 6 

and 7. 

Chapter 3 is a methodology chapter. It reviews, firstly, the current computing 

approaches to the study of visual space with particular reference to the disciplines of 

archaeology and urban studies. After a short discussion on Virtual Reality (VR) and 

3D modelling in archaeology it argues that experiential approaches, although in many 

ways informative, are subject to methodological limitations when used to investigate 

the visual experience of past environments (§3.1). Following this, more formal 

computer-based methodologies that aim to analytically examine visibility in space are 

reviewed. Firstly, the development of archaeological GIS-based visibility analysis in 

the context oflandscape research is discussed and certain issues of the archaeological 

problematic concerning visual perception in past environments are highlighted. 

Subsequently, various methods of visibility analysis, mainly applied to two -

dimensional spaces, which have been developed in the field of urbanism are examined 

(§ 3.2). It is concluded that in many ways the limitations of the above approaches 
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restrict the lines of inquiry that can be pursued in the interpretation of past built 

environments, especially because they fail to take into account the 3D nature of space 

that the archaeologists wish to interpret. 

In the final section of this chapter (§3.3) a new methodology that integrates 3D 

modelling and GIS functionalities and can take into full account the 3D nature of past 

built spaces is developed. A number of methods for recording visibility information 

and performing spatial mapping and analysis are presented, with particular reference 

to the visibility of mural surfaces. The proposed methodology also suggests ways of 

considering uncertainty in the archaeological record, by propagating probability, 

fuzziness and error in the outcomes of the analysis. 

Chapter 4 discusses the visual consumption of wall paintings in Xeste 3, a 

building that is believed to have been used for public gatherings and ceremonies in 

Late Bronze Age. Firstly, the architecture and wall decoration of Xeste 3 are 

introduced (§4.2, §4.3). Emphasis is given to indications in the material record of 

devices used to control physical and visual access to the east wing of the building, 

which was embellished with mural paintings of ritual-symbolic significance. Ritual 

practices that could have taken place in Xeste 3 are then discussed (§4.4), as they are 

inextricably linked with movement and action in the decorated spaces, and 

consequently, with the visual consumption of mural decoration. Then the 

methodology presented in Chapter 3 is employed to investigate the visual access to 

the wall-paintings of the Adorants, the male scene and the Crocus Gatherers that 

decorated spaces 3a and 3b on the ground and first floors of the building (§ 4.6). 

Uncertainty in the reconstruction of the spaces under study is considered and formally 

assessed with the application of sensitivity analysis and error propagation. The results 

of visibility analysis presented at the end of this chapter (§ 4.7) raise interesting issues 

regarding three interrelated study areas: a) the relationship between the reception of 

individual pictorial elements and the hierarchy of meaning in painted scenes, b) the 

reconstruction of ritual practices that could have taken place in Xeste 3, and c) the 

painting process. 

Chapter 5 investigates potential social functions of wall painting by exploring 

whether and to what degree Theran murals embellishing interiors of first floor rooms 

could have been exposed to pedestrians traversing the street network of the prehistoric 

town. The visibility of wall decorations in Rooms B 1 of Beta South, Room 5 of the 

West House, and the first floor room above the Gate at Delta West from the open 
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public spaces of the town is examined via the application of visibility analysis. This 

approach takes into account visual angular ranges related to the ease with which the 

paintings could have been seen and alternative reconstructions regarding the form of 

the window openings. The outcomes of the analysis are discussed together with other 

factors that would have affected the visibility of the murals, such as illumination, 

distance, colour and scale of the painted features. 

Visual access to the painted scenes from the open public spaces of Akrotiri 

would also be greatly depended on patterns of pedestrian mobility in the street 

network. For this reason Chapter 6 shifts the focus from visibility to movement in 

past built spaces. Its first part (§6.2) is methodological and discusses models of 

human mobility in the built environment, as well as the factors that influence 

movement in built space. Various aggregate and individual-level modeling 

approaches are presented. Special emphasis is given to agent-based models of 

pedestrian movement that can be applied to fine spatial and temporal scales. In the 

end the potential and caveats related to the application of these approaches in 

archaeological investigations are discussed. The second part of Chapter 6 (§6.3) 

explores the social context of movement in prehistoric Akrotiri and discusses aspects 

of mobility in the settlement at medium spatial scales. It then presents an agent-based 

simulation of pedestrian movement employed at the micro-scale. The model is applied 

to investigate tendencies in the movement of pedestrians traversing the Mill House 

Square in opposite directions that would have determined the degree to which the 

wall-paintings of Room Beta 1 could have been visible from the street network. The 

chapter concludes with the evaluation of the model and a discussion on the modes in 

which the observed patterns of movement could have affected the visibility of the 

paintings from the square. 

Chapter 7 firstly (§ 7.1) summarises and combines the conclusions of chapters 

3 to 6, mainly focusing upon the implications of the use of the suggested methods and 

technologies in this work. Then (§7.2) building upon the results of visibility and 

movement analyses of Chapters 4, 5, and 6, it discusses possible social functions of 

Theran mural paintings in Late Bronze Age Akrotiri, and attempts to explain the 

circumstances that encouraged the production of wall paintings in the settlement. The 

last part of this chapter (§ 7.3) proposes some promising future directions of research 

and discusses their potential to contribute to a wider academic context. 
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Chapter 1 
The visual experience of Theran mural painting: 
Introduction and problem definition 

1.1 The reception of Theran mural painting: Current non­
computational approaches 

Prehistoric painting mirrors the beliefs, lifestyle and aesthetics of the 

society in which it was produced, shedding light onto the ways past peoples 

thought and conceptualised different aspects of their life. Nevertheless, the 

student of ancient painting has a very difficult task to perform when s/he 

attempts to decode the iconographic notation of works of art created thousands of 

years ago. The arrangement of the individual components of a theme in pictorial 

space is one of the most important indicators of meaning. This applies for all 

painted artefacts: murals, pottery, easel painting, etc. When it comes to wall 

painting, however, architectural form and pictorial space are strongly linked, and 

as a result, part of the meaning of a painted theme rests in the mode it has been 

developed in a particular mural setting. Unfortunately, Aegean Bronze Age wall 

paintings are usually found in fragments, often in secondary contexts, and they 

may not be appreciated within the spaces they aimed to embellish. Thus, a basic 

aspect of their visual structure and significance eludes us. For this reason Theran 

murals are a very important source of information on Aegean painting, as in 

Akrotiri almost complete mural decorations are sometimes discovered in situ, or 

have fallen in fragments in close association to the walls they used to adorn (cf. 

Introduction), offering a unique opportunity to explore the visual structure of 

Aegean paintings in their original architectural context. 

Up to now many hundred square metres of painted plaster have been 

unearthed from public and domestic spaces and some have been restored, giving 

an impressive sample of ornamental and figural compositions (Doumas 1992a). 

In many occasions the restoration of the surviving painted fragments indicates 

the original dimensions of a painting and of the walles) it used to adorn, which 

are usually no longer present. Thus, even if the reconstruction of some paintings 

is disputed, as applies to the Miniature fresco (pIs. 1-7) or the murals recovered 

in the House of the Ladies (fig. 1-1; Peterson Murray 2004; Doumas 1992a), the 

best-preserved examples of Theran painting form in most cases rare evidence of 
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the ways a theme was developed and received within the Late Bronze Age built 

environment (table 1-1). 

q" _ 5 10m -- c.p. 

Figure I-I: Building units unearthed at Akrotiri (form Palyvou 2005a, p. 30) 
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CRETE CYCLADES MAINLAND 
Early Minoan I (EM I) Early Cycladic (EC I) Early Helladic I (EH I) 
3650/3500- 3000/2900 3500-2900 3600-2900 

Early Minoan II (EM II) Early Cycladic II (EC II) Early Helladic II (EH II) 
29D9-2~00/2Q26 2800/2700-2400/2300 2900-2570/2410 
Early Minoan (EM III) Early Cycladic III (EM Early Helladic III (EH 
230012150-2160/2025 III) III) 2570/2410-

2400/2300-205011950 2090/2050 

Middle Minoan IA Middle Cycladic Middle Helladic (MH) 
(MMIA) 205011950 onwards 2090/2050 onwards 
2160/1979-20th cent. . -- .~ 

Middle Minoan IB (MM 
IB) 19th cent. 

Middle Mirldan II (MM 
II) 19tb £~!lkJ7_QPI1650 
Middle Minoan IlIA 
(MM IlIA) 170011650-
1640/1630 
Middle Minoan I1IB 
(MM I1IB) 164011630-
1600 
Middle Minoan IIIB 
(MM IIIB )/Late Minoan 
IA (LMIA) border 1600 
Late Minoall IA (LMIA) Late Cycladic I (LCI) Late Helladic I (LHI) 
160011580-1480 from 1600 1600-151011500 

Theran Eruption ca 
1550-1530 

Late MinoanIB Late Cyc1adic II (LC II) Late Helladic I1A 
(LMIB) 1480/1425 from 150011480 (LHIIA) 1510/1500-

1440 
Late Minoan II (LM II) Late Helladic lIB 
1425-1390 (LHIIB) 1440-1390 
Late Minoan III AI (LM Late Cyc1adic III (LCIII) Late Helladic IlIA I (LH 
III A 1) 1390-1370/1360 from 1390 III AI) 1390-1370/1360 

Table 1-1: Indicative chronological framework (Warren and Hankey 1989, p.169). 

All examples of figurative painting that have been found in Akrotiri are 

dated to the last phase of the settlement, namely the period that started 50 to 75 

years before the volcanic eruption that destroyed the prehistoric town, which 

occurred around the end of Late Cycladic I period (table 1-1; Doumas 1981; 

1992a, p.30-31; Morgan 1988, p.5-10; cf. §2.2). The beginning of this phase is 

marked by a major seismic event that caused significant rebuilding activities in 

the settlement, after which the town network and houses took the form seen in 
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the extant archaeological record. Murals with figural themes firstly appeared in 

Akrotiri at some point after this last reform of the settlement and provide 

evidence of the ways pictorial compositions were developed in architectural 

space in the Late Cyc1adic I period (table 1-1). 

During this phase there are mainly two ways in which the painted surface 

is demarcated by architecture (Cameron 1972, p.205; Immerwahr 1990, 12-13; 

Palyvou 2000). In the first case the limits of pictorial space are defined by 

architectural features, such as cross beams in the timber framework of the wall, 

windows and door frames. These divide the different themes of a pictorial 

program into friezes and panels. A good example of such an arrangement can be 

observed in the West House (fig. 1-1,5-6,5-7,5-8), presently the best excavated 

and published building in Akrotiri. The 'Miniature fresco' (pIs. 1-7) was 

developed in four friezes directly above the windows and door lintels of Room 5 

on the first floor (pI. 4, Doumas 1992a, fig. 26-48). The limited space below the 

windowsills was decorated with marble imitations (pI. 5; Doumas 1992a, fig. 14-

17), while the two wall paintings of the 'Fishermen' (pI. 1) formed panels that 

were fitted into the only locations on north and west walls that were not pierced 

by window openings (Doumas 1992a, fig.18-25). Finally, the 'Priestess' (pI. 2; 

Doumas 1992a, fig.24-25) was probably placed at the left jamb of the door that 

connected rooms 4 and 5 (Doumas 1992a, p. 47; Televantou 1994). 

In the second case, a single theme is developed within the boundaries of 

an entire wall, and sometimes pervades them so as to extend to an adj acent mural 

surface. In all-wall decoration architectural limits such as window and door 

frames, are often ignored and covered with painted plaster. There are a number 

of examples of all-wall decoration in both private and public houses unearthed in 

Akrotiri (fig 1-1). The frescoes of 'Crocus Gatherers' in Xeste 3 (fig. 1-1,4-1,4-

2, pI. 14-16; Doumas 1992a, fig.116-130) and the 'Monkeys' in Beta 6 (pI. 20; 

Doumas 1992a, fig. 85-90) were developed on two adjacent walls. The 'Spring 

fresco' in Delta 2 (pI. 17; Doumas 1992a, fig.66-76) is the only instance in 

Akrotiri where a nature scene is illustrated uninterrupted in three walls (Doumas 

1992a, pl00). 

The surviving associations of painted themes with architectural space 

have up to now encouraged sparse observations regarding human engagement 

with the decorated spaces and interpretations concerned with the pictorial 
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meanmg and the social significance of Theran murals. These interpretations, 

which acknowledge the importance of the visual experience of the mobile and 

stationary observer in the painted rooms, have been made on a largely intuitive 

basis and are discussed below. Broadly, they can be divided to two categories: 

those that consider the visibility of the paintings in real space in order to support 

a particular iconographic interpretation, and those that explore visual access to 

the painted scenes so as to discuss the identity of the potential consumers and 

social functions of the murals. 

1.1.1 Visibility and pictorial meaning 
Iconographic interpretations of Theran frescoes have often aimed to 

identify those elements of a composition that form the visual focus in pictorial or 

actual space, because these presumably are 'important' for understanding the 

painter's intentions behind a theme or narrative. In a painted scene individual 

components can be given more weight by means of their colour, size, form, 

shape and positioning within pictorial space. Moreover, it has been tacitly 

acknowledged that pictorial emphasis and hierarchy of meaning in a composition 

are related to the ease by which a painted element is viewed by someone standing 

or moving in the decorated spaces (Marinatos 1984; 1993; Televantou 1994; 

Shaw 2000). Such an assumption is especially made when it comes to visually 

complex architectural contexts, and where the theme of the fresco extends on 

more than one wall of a room, as for example in Xeste 3 and the West House 

(fig. 1-1 ). 

Xeste 3 (fig. 4-1,4-2,4-3,4-4) is a building that apparently had a public 

ceremonial function, as suggested by its architectural form and elaborate mural 

decoration (cf. § 4.2, 4.3). At the area of the adyton i (Room 3a) on the ground 

floor of the building the north wall is embellished with the wall painting of the 

'Adorants', depicting three female figures (pI. 13), while the east wall was 

adorned by an altar topped with horns of consecration (pI. 12). Marinatos (1984, 

1 The "Lustral basin" or adyton is one of the most characteristic architectural features of Minoan 
architecture and is found in palaces and buildings unearthed in Crete. It is a small, square room 
with its floor at a level lower than that of surrounding rooms. Rooms of this type were once 
believed to have been "baths" but their connection to water has been questioned. Spyridon 
Marinatos, who excavated the Room 3a, preferred the word "adyton" ("holy of the holies") to 
describe such a structure (Marinatos 1976, p.23). Frequently "lustral basins" are considered to be 
of ritual/religious significance. 
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p.74; 1993, p. 206) observes that the women of the north wall would have been 

"on the direct axis of vision" of the viewer in Room 3, but she notes that the altar 

is the focal point for the person descending into the adyton. As she explains 

, ... The reason is the hypothetical person would have to turn eastwards by 

necessity following the direction of the stairs, and would thus be facing the 

altar. ' Besides the potential viewer, the movements and gestures of the painted 

girls were also orientated towards the altar (Morgan 2000), further supporting the 

assumption that this is the focal point in this scene. A similar observation has 

been expressed, regarding the male scene (pI. 8, 9, 10), which embellished space 

3b of the same room. The scene is composed of three different panels that depict 

four male figures (cf. §4.3). Marinatos notes that the most important panel would 

be that of the seated man with the jug (pI. 9) which "would be on the line of 

vision" of the spectator standing outside the door openings that gave access to 

the decorated room (Marinatos 1993, p. 209). Again in this case, the three other 

male figures of the scene appear to be walking towards the seated man. 

A similar line of argument has been followed in the interpretation of the 

Miniature Fresco (pI. 4, 7). It has been suggested that the four friezes of Room 5 

of the West House form a unified theme, a narrative of a long sea voyage in 

which the owner of the building participated (Doumas 1992a, p. 49; Televantou 

1994). If this is true, the sequence of events that are recited is far from obvious. 

Televantou (1994) suggests that the narrative of the Miniature Fresco starts from 

the west frieze because this is what someone would see upon first entering the 

room. Here, the observer's facial orientation is the sole argument on which 

interpretation is based. Maria Shaw (2000, p. 271) on the other hand questions 

whether the east frieze is part of the narrative using a similar reasoning: She 

observes that the frieze would be at the back of an observer entering the room 

adding " ... The artists deliberately encapsulated scenes with causal or temporal 

connections, that is the plot of the story, on the three walls, south, west and 

north, that could be seen at once by a visitor entering the room. ' (Shaw 2000. 

p.271). 

Another factor often considered to affect the reception of mural painting 

IS the vertical position of pictorial elements on the painted surface. Palyvou 

(2000, p. 419) rightly notices that in many cases the iconographic horizon in life­

sized representations would correspond to the actual horizon of an individual 
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standing in the decorated rooms. Thus the observer would have been able to 

experience the picture with ease and even have an eye to eye contact with the 

painted human figures. This effect would have perhaps made the viewer feel like 

a participant in the illustrated scenes (cf. Renfrew 2000, p. 140). On the other 

hand, representations that required the viewers to raise their heads in order to 

appreciate a theme may have created a sense of subordination (Palyvou 2000, p. 

419). However, the latter are quite rare in Aegean painting and it is not surprising 

that the sole instance of such figure in Akrotiri is the 'Goddess' (pI. 14) from 

Xeste 3, who is depicted seated on a stepped structure, and placed higher from 

the visual horizon of a standing observer. 

It is characteristic that in all the above interpretations factors that define 

ease of view are assumed to have affected the rendering of a painted theme and 

to have played an important role in communicating meaning. One can reasonably 

wonder at this point whether such approaches in the study of Late Bronze Age 

mural painting express a contemporary understanding of the experience of space 

that perhaps would not have been shared by the beholder in prehistory. Recent 

works in the fields of archaeology and anthropology (Tilley 1993, 1994, 2004; 

Thomas 1993a, 1993b; Hamilakis et al. 2002) have often expressed a concern 

about interpretations of past spaces that reflect modem perceptions of space, 

mainly focusing their criticisms upon the prioritisation of vision at the expense of 

other senses. When it comes to the interpretation of objects that were created to 

be seen, however, such as Theran murals, such critiques are perhaps less 

applicable. Nonetheless, there do remain aspects of the visual experience that are 

culturally specific, for instance the perception of depth in images (Bloomer 1990, 

p.18), and for this reason the alleged common visual understandings of past and 

modem viewers should be justified whenever possible. 

Having this in mind it is noteworthy that ways of thinking and engaging 

with mural art such as those discussed above were by no means unknown to 

prehistoric people. In the Assyrian palaces, for example, representations which 

are undeniably "important", like the royal figure, are displayed in strategic points 

both in pictorial and actual space, for example on axis in the throne room, or 

opposite the doorway, namely locations that enable maximum visual exposure 

(Winter 2000, p.748). Far more examples of similar arrangement of symbolic 

features in architectural space can be found in later periods in prehistory and 
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history. These similar perceptions of space are not surprising, of course, as they 

are related to biological processes, such as the function of the human visual 

system, which is common to both us and the viewers in the past. It is known for 

example that a human visual field ranges approximately 180 degrees at the 

horizontal and 160 degrees at the vertical level (Bloomer 1990, p. 37f 

Nonetheless, a viewer cannot perceive information within these ranges with the 

same degree of clarity. The preferential processing of some items within the field 

of view to the detriment of others is linked with the functions of foveal and 

peripheral vision. The information that one gets from the centre of the eye, that is 

the fovea, is of much higher acuity than information that is received from areas 

away from the central regions. Experiments have shown that objects seen with 

foveal vision are recognised quickly and without difficulty, while recognition 

deteriorates in the parafovea and periphery (Findlay and Gilchrist 2003, p. 135, 

137-138). Acute vision over a wide angle is achieved through rapid smooth and 

saccadic eye movements (Bruce et al. 1997, p. 21), while head and body 

movements are also necessary to direct foveal vision towards objects not placed 

at the front of the observer. 

The above apply to the modem viewer, as well as the observer in the past. 

The bodily and facial orientation of the onlooker entering a room embellished 

with frescoes will naturally lead foveal vision to be focused at the area opposite 

the entrance, which is more likely to attract attention at first. The acute viewing 

of features which are not faced naturally would necessitate additional eye, head, 

and body movements. It would require, therefore, more effort. So the emphasis in 

archaeological interpretations on ease of viewing as an important factor that 

defines the reception and communicative impact of the paintings does have a 

solid basis on the physiology of the human visual system. 

That said, one also has to bear in mind that accessibility in LBA Aegean 

built space is complex and there are often many entrances and ways of accessing 

a room, that could have affected in different ways the ease of appreciating 

pictorial compositions. In addition, besides ease of viewing, there are other 

factors that could have determined the positioning of a pictorial element in 

architectural space, like the dimensions and suitability of the available mural 

2 According to Gibson (1979, p. 206) a human visual field ranges 140 degrees at a vertical level. 

- 13 -



surface for the execution of the desired theme. For these reasons arguments that 

aim to support the significance of a pictorial element by focusing upon the 

experience of the observer within the painted rooms are more persuasive when 

they are supported by additional evidence, especially iconographic. 

On the other hand, if ease of viewing is accepted as an important 

parameter that influences the rendering or reception of a composition, then it has 

to be acknowledged that it is defined by factors that have rarely been discussed 

or are very little understood. For example, it has been observed that illumination 

would have affected the reception of the paintings by enhancing or hindering the 

comprehensibility of a theme, or in the case of ritual performances, by affecting 

the viewer's emotional state (Immerwahr 2000; Palyvou 2000; Marinatos 1984, 

p. 84; Marinatos and Hagg 1986, p. 60; Doumas 1987, p. 157-157). Nonetheless, 

the precise relationship between pictorial meaning and light qualities or 

distribution patterns is difficult to conceptualise and examine. More importantly, 

however, a factor that would have often influenced the visual experience of the 

frescoes, namely the occlusive effects of other architectural elements on the 

decorated wall surfaces, has been greatly overlooked in the existing iconographic 

interpretations of Theran murals. On many occasions the onlooker in the past 

would not have the opportunity to appreciate a view of the entire painted theme, 

since decorated surfaces were often obstructed by intervening built structures, 

such as the door jambs of pier-and-door partitions (Po!ythyra)3 (Palyvou 2000). 

The paintings of Xeste 3, for example, would have been seen through a series of 

door openings, whose frames in most cases would not have permitted the visual 

exposure of entire compositions. Nonetheless, the ways in which intervening 

dOOJjambs4 might have affected the ease of visual access to individual painted 

elements and the mechanisms in which pictorial meaning was communicated to 

the viewer have not been considered. On the contrary, visual access to the 

painted scenes has received much attention in discussions that focus on the 

intended consumers and social functions of the murals. 

3 The term "polythyron" or "pier-and-door partition" is ambiguously used in different 
publications on Minoan architecture (Palyvou 1999, p.343-344). Sometimes it is utilised as exact 
synonym of "Minoan Hall". Other researchers use it to describe a room with many pier-and-door 
partitions. In this thesis, the term is defmed, as suggested by Palyvou (1999, p. 343-344): a 
structure that consists of three or more door openings in a row. 
4 Marinatos has considered the occlussive effects of the doors of pier-and-door partition in Xeste 
3 (Marinatos and Hagg 1986; Marinatos 1984) 
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1.1.2 Visibility and the social meaning of mural painting 
It can hardly be questioned that Aegean wall painting was imbued with 

symbolic meanings, which were communicated to the members of prehistoric 

society that encountered the paintings. Obviously the messages of the murals 

would have been received solely by those individuals or groups that were 

allowed in the spaces permitting visual access to the decorated wall surfaces. But 

who were the intended consumers of the murals and who were excluded from 

receiving their messages? Answers to such questions are of great interest for the 

student of Aegean prehistory, as they could elucidate aspects of social order 

within Late Bronze Age societies. Visual access to wall paintings has been 

discussed regarding both public and domestic spaces in published literature. 

The issue of visibility/non-visibility of the painted surfaces was firstly 

considered by Marinatos (1984, p. 73, 81), and later by Marinatos and Hagg 

(1986, p. 60). They suggested that activities during ritual performances in Xeste 

3 were to a great extent determined by the physical and visual access to the main 

foci of attention in the building, the wall paintings and the adyton, which were 

controlled by pier-and-door partitions. Marinatos (1984, p. 73) noted that the 

spatial structure of the decorated spaces in the vicinity of the adyton indicates 

that during rituals only a restricted number of people would have been able to see 

the murals and the performed events. She also observed (Marinatos 1987, p. 32) 

that male and female representations do not mix and sexes appear segregated 

'spatially and symbolically'. Gesell (2000, p. 950) further built upon the idea of 

sex segregation and related the occlusive function of the doors of pier-and-door 

partitions on the ground floor of Xeste 3 with the existence of separate male and 

female rituals which required the concealment of the paintings in the main 

initiation areas from members of the opposite sex. Thus, in this case restrictions 

to the visibility of the frescoes support the assumption that social needs and 

customs demanded the existence of distinctive male and female ceremonies. 

The visual access to paintings decorating domestic spaces has also been 

discussed, but this issue has been appreciated quite differently in published 

works. Chapin (2004) examined the consumption of Cretan and Theran 

landscape paintings and maintained that visual access to murals embellishing 

public and private buildings is associated to the establishment of elite identities 

and social strategies of exclusion. She notes: 
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' .. .frescoes were available on an everyday basis only to those who 
habitually worked or resided in the rooms bearing the frescoes. 
These few people, then, were the principle consumers of the art. 
Moreover, they probably controlled access to the images, since 
everybody else presumably needed permission to be allowed into 
the rooms. This likely situation applies equally to private 
residences, such as the House of the Frescoes at Knossos or 
Complexes Beta and Delta at Akrotiri, as to buildings with 
probable public use, such as Xeste 3 at Akrotiri, and to villas with a 
likely mix of public and private functions, such as at Ayia Triada. In 
each instance, the archaeological record suggests that somebody 
outside the building only viewed landscape art if he or she was 
permitted access to the decorated interior room. Landscape art, 
then, was not only an element in the display of prestige and wealth­
it was also an art of exclusion . 
.. . But if the average Minoan received an invitation to appear at the 
residence or seat of government of his or her local civic and 
religious leader, then landscape art could have been used to make a 
powerful psychological impact on the non-elite visitor.' (Chapin 
2004, p. 60-61) 

With the above comments Chapin describes some plausible modes of 

engaging with Aegean wall painting, not necessarily restricted to landscape art. 

Contrary to her view, however, Doumas (2005) has recently maintained that, at 

least as far as Akrotiri is concerned, wall paintings in private houses, would have 

been exposed through windows to a passer-by outside the buildings. According 

to Doumas the visual exposure of wall paintings to individuals situated in the 

street network was intentional and aimed to reinforce the social status of the 

proprietor of the building by communicating a message of prestige to those 

pedestrians who saw the paintings. 

If in Akrotiri wall paintings were indeed visible from the street network, 

then they had a much larger potential to convey ideas of social recruitment or 

exclusion, and were consumed by a significantly larger proportion of Theran 

society than previously suggested - that is to say any pedestrian that would pass 

outside the houses as opposed to a limited number of individuals that were 

allowed in the decorated rooms. This possibility might clarify one puzzling and 

yet unresolved issue in BA Aegean painting studies, namely why wall painting 

appears to have been such a popular art fonn in Akrotiri, being attested in almost 

every house in the excavated part of the settlement. This picture contradicts the 

general impression one gets from other Aegean Bronze Age urban settlements, 

where in most cases one or two buildings seem to have had mural decoration (cf. 
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§ 5.1). Ultimately, the questions of who were the intended VIewers of the 

paintings and how the murals were consumed are implicit in the wider issue of 

the functions of wall painting at Akrotiri that has provoked a lot of debate in the 

past (cf. §5.1). 

Nonetheless, it is clear from Doumas' and Chapin's interpretations that 

there is no agreement regarding the modes in which the Theran paintings were 

seen, and that different assumptions are made about the visual access to the 

murals. These different understandings also relate to the fact that the degree of 

visibility of mural painting from the public street network cannot be assessed 

with certainty given the state of preservation of the site. Wall paintings used to 

decorate rooms of the first floor and were partly occluded by the wooden frames 

of windows that are no longer preserved. Understanding how much of a painted 

wall surface could have been exposed to the viewer is important in order to 

define whether the themes of the murals were comprehensible, and whether the 

visibility of the paintings was intentional, as opposed to epiphenomenal. The 

extent to which the paintings were visible from the open public spaces of the 

settlement is however still open to debate. 

1.1.3. Objective difficulties and limitations of the current approaches 
From the above it is obvious that in recent years issues of visual 

perception have received much attention in archaeological interpretations of 

Theran murals. Nonetheless, they have been neither sufficiently nor 

systematically explored, especially when it comes to visually complex contexts. 

This is partly because the remains of the prehistoric settlement allow the modem 

viewer to have only a vague impression of how it appeared in the past. The 

picture that the archaeological site presents today is much different from the one 

suggested by the archaeological record: murals have been removed from the 

walls of the buildings they adorned, door leaves have disintegrated, floors and 

roofs have collapsed. As a result, the physical engagement with the site as it is 

today cannot provide sufficient answers concerning the reception of Theran 

murals. Often, insightful but unverified statements on the appearance of 

decorated interiors are made. The review of the relevant literature (cf. § 1.1.2) 

indicates that researchers have not always been able to conclude about what 

would or would not have been observable in the past and sometimes they seem to 

- 17 -



comprehend differently the visual phenomena in a given architectural context. 

The different understandings of the modes in which wall paintings were received 

are to a great extent due to insufficient knowledge regarding the exact form, 

location, or dimensions of architectural elements no longer preserved, such as 

door jambs and window frames. The existence of these structures can often be 

safely deduced from their remains, and it is certain that in some instances they 

would have affected the visibility of mural painting. Uncertain features make the 

study of visual phenomena at Akrotiri even more intricate. 

Given the above difficulties, the main visual aids that have traditionally 

been used by archaeologists willing to explore visibility in the built environment, 

namely paper reconstruction drawings, appear to be limited. Drawn 

reconstructions do not always accurately reproduce the geometry of space and 

show only single or limited views of the study area. As a result, interpretations 

are usually constrained to a similarly restricted number of viewpoints. Because of 

these limitations interesting questions may escape attention; one may ask, for 

example, how the ease of visual access to mural decoration changes for a variety 

of different locations or during the course of movement. As the built 

environment of Akrotiri offers many possibilities of accessing a decorated space 

such inquiries may significantly enhance our understanding of how the murals 

were received in the past. 

It is noteworthy that aspects of visibility in Aegean Bronze Age 

environments have also been explored with the application of non-computational 

two-dimensional analyses, although these approaches have not been applied to 

the study of wall paintings. For example, Sanders (1990) plotted sightlines on the 

ground plan of the Early Bronze Age settlement ofMyrtos to calculate the visible 

area from a limited number of "decision-making" locations, mainly 

corresponding to the positions of door entrances. On the other hand, Letesson 

and Vansteenhuyse (2006) examined aspects of the visual experience in Minoan 

palaces by using simple trigonometry to identify those locations on the ground 

plan of their study area at which the beholder could have seen the target object (a 

"window of appearance") within predetermined visual angles, possibly related to 

the onlookers' impression of monumentality (cf. § 1.3). Such analysis has been 

discussed and used in the past by other authors in non-Aegean contexts (Martens 

1890; Higuchi 1983; Moore 1996). The above approaches, however, are founded 
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on two-dimensional representations of space that offer limited possibilities to 

explore the reception of vertical architectural elements, such as painted surfaces, 

in visually complex contexts. For example, the visibility of Theran murals 

through the open first floor windows of domestic buildings cannot be 

investigated by these analyses; Sanders' approach takes into account solely what 

can be seen at the horizontal plane corresponding to the eye level of the viewer, 

while in Letesson and Vansteenhuyse's approach the target object is conceived 

as a point in space, which is a crude description of a wall surface or pictorial 

element. Impressions created to the viewer in three-dimensional space are hard to 

investigate by these means. 

1.2 Aims and purpose of this research 
This thesis argues that computational methods can enable a better 

understanding of the visual perception of murals by describing and analysing 

what could be seen by a viewer in 3D space. It maintains that 3D digital 

reconstructions of the decorated spaces can significantly enhance our 

understanding of how the paintings were received in the past. It emphasizes, 

however, that the usefulness of these models could extend far beyond their 

merely descriptive use. More specifically, this work hopes to demonstrate that 

the study of visibility issues in spatially complex and partially preserved built 

spaces has a lot to gain with the application of a formal methodology that 

combines 3D modelling methods with GIS-based spatial analysis. Because 

current computational approaches do not allow the coupling of these techniques 

in a meaningful way (cf. Chapter 3), the aim of this research is, firstly, to develop 

a new methodology that permits the description and formal investigation of 

impressions created by navigating 3D digital reconstructions of past 

environments. The proposed methods should be able to examine the factors that 

influence the reception of painted wall surfaces, such as the occlusive effects of 

architectural elements on the paintings and certain visual angles possibly related 

to the reception of the murals. They should also permit the formal consideration 

of incomplete and uncertain information in the archaeological record in the cases 

where it can significantly affect the validity of archaeological interpretations. 

This methodology will be used to investigate human engagement with the 

decorated spaces in Late Bronze Age Akrotiri, and more specifically to examine 
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those issues that have raised controversy in the currently proposed interpretations 

of Theran murals. The focus will be upon aspects of the visual experience of 

mural painting that have not been discussed before in a thorough way and are 

hard to appreciate solely by the inspection of the remains or the ground plans of 

buildings. These usually relate to the reception of painted wall surfaces within 

architecturally complex built environments (cf. § 1.1.1, § 1.1.2). More specifically 

this research aims: 

A) to investigate the reception of pictorial compositions in Xeste 

3, a public space, apparently used for communal gatherings 

and ritual performances. A number of murals that have been 

discovered in this building, have already been restored. For 

this reason Xeste 3 offers more opportunities to explore 

possible associations between the visibility of painted surfaces 

and the iconographic meaning of the murals than other 

buildings in the settlement. Moreover, Xeste 3 provides a 

unique chance to investigate the ways in which murals could 

have guided Late Bronze Age communal ritual practices in 

built interiors, illuminating the possible social functions of 

wall painting during public gatherings. 

B) to examine the visibility of the wall paintings from the open 

public spaces of the settlement, and discuss the degree to 

which the murals could have been exposed to a viewer situated 

in the street network. Were the paintings visible enough for a 

pedestrian to distinguish a particular theme, and is there any 

evidence to suggest that their exposure to pedestrians was 

intentional rather than just epiphenomenal? What kind of 

messages the murals would have communicated when seen 

from the street network? Ultimately, this research aims to 

examine the identity of the potential viewers and possible 

symbolic meanings of the paintings in the Theran townscape. 

The above case studies investigate the reception and visual experience of 

Theran murals under totally different conditions, namely in building interiors and 

in the townscape of Akrotiri, and could, therefore, shed light onto the diverse 

modes in which the messages of the paintings could have been communicated to 
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the prehistoric viewer. Finally, although the case studies are associated to more 

specific questions of a different nature, their combined examination could help 

illuminate the social functions of mural painting in the prehistoric settlement, 

perhaps suggesting some plausible reasons why they became such a popular art 

form in Akrotiri. 

1.3 Defining ease of viewing 
Ease of viewing will be a recurring subject in interpretations proposed in 

this thesis. This is a concept both obvious and yet obscure, if not explicitly 
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Figure 1-2 : Varying angles of incidence for a wall surface. Frontal surfaces are always easier to 
see. 
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defined. Some of the indices that have been utilised in the past by Higuchi (1983) 

to investigate the visual structure of landscapes are used here to identify and 

examine the factors that determine the ease of viewing of painted wall surfaces. 

Higuchi (1983) proposed a set of formal criteria to describe the visual and spatial 

structure of landscapes, some of which he adopted from earlier works on the 

visual experience of built space. As himself notes (1983, p. 4) all the indices he 

discusses are applicable to the study of built environments. In the following 

chapters six factors affecting the visual experience of painted wall surfaces are 

examined: 

1) Visibility/ invisibility: This defines which paintings or individual elements of 

a composition can or cannot be seen from a given viewpoint by taking into 

account the occlusive effects of architectural elements on the painted surfaces. 

2) Angle of incidence: One of the factors that significantly determine ease of 

viewing is the angle of incidence, namely the angle at which the line of vision 

strikes each surface. When the angle of incidence reaches the maximum of 90 

degrees, the surface of interest is seen frontally and lays at about the horizon of 

the viewer. As the angle of incidence decreases a painted wall is seen with 

greater difficulty (fig. 1-2). Higuchi (1983, p. 26) observes that the angle of 

incidence is always larger for the frontal rather than for the longitudinal planes, 

and concludes, therefore, that a frontal surface is always easier to see. 

3) Angle of elevation: It determines how many degrees above the horizon of the 

onlooker the target surface can be seen. The physiological effect of looking up 

can be described as follows: 

'".the process of looking up at an object tends to limit the 
mobility of the human body and to cut off the line of vision at a 
point above the horizontal. With the most stable line of vision for 
the average person being about IOta 15 degrees below the 
horizontal, it follows that the very process of looking up involves a 
certain amount of stress. Presumably this is why the term 'look up 
to' connotes the idea of paying respect or reverence. 'Looking up 
to' someone or something requires a visual effort. ' (Higuchi 1983, 
p.46) 
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The angle of elevation was also a factor used by Martens (1890) to 

formally describe visual impressions related to monuments. Martens (cited in 

Higuchi 1983, p. 47) suggested three visual ranges at 18, 27 and 45 degrees at 

which the impact of the monument on the viewer changes significantly. He noted 

that at 18 degrees a building starts to be conceived as monumental, at 27 it fills 

the viewers range of vision, while at 45 degrees it can be seen with more clarity 

(the viewer can distinguish small details of the building as well as see the 

structure as a whole). 
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Figure 1-3: Henry Dreyfuss (1959) basic data on vision. From Higuchi (1983, p. 40) 

Although nothing in the built environment of Akrotiri aspIres to 

monumental, the vertical angle from which a painted surface can be seen may be 

related to the communicative impact of the paintings. As it was noted above, 

Theran murals were often placed on locations corresponding to the viewer's eye 

level and were seen with ease by a viewer in the decorated rooms. However, this 

would not necessarily have been the case if certain paintings, such as painted 

friezes in rooms of the first floor, were seen by an onlooker situated in the public 

spaces of the settlement, as suggested by Doumas (2005). If the paintings were 

placed high above the viewers' eye level and beyond the angular range of 

maximum eye rotation (that is more than 25 degrees above the visual horizon of 
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the onlooker according to Dreyfuss (1959)5 (fig. 1-3)), then pedestrians would 

not have been able to see the paintings without upward head movement, which 

may have disrupted or restricted the mobility of the body. Pedestrians traversing 

the street network would have perhaps to slow their pace or stop walking 

altogether in order to see the paintings. Such behaviour also suggests a conscious 

intention to look inside the building interior that cannot be always easily assumed 

or justified for a pedestrian in the past (cf. §5.3). If, on the contrary, the paintings 

were located within such visual ranges at which they could be seen solely with 

eye movements, then pedestrians traversing the street network would have more 

opportunities to effortlessly encounter the painted scenes, regardless of whether 

they intended to do so. In this respect, examining the vertical angle from which 

the paintings were appreciated could elucidate the communicative potential and 

impact of the paintings in the townscape ofLBA Akrotiri. 

4) Distance: 

When it comes to the issue of visual clarity in the built environment and 

the degree to which a particular object can be distinguished and recognised, the 

distance of the onlooker from the object of interest is an important factor that 

needs to be considered. Martens (1890 cited in Higuchi 1983, p.9) suggested that 

the maximum distance in which a person's face can be identified is twenty-five 

metres (the nasal bone then occupies an angle of 1 minute in the field of vision). 

Hall (1966), on the other hand, considers a maximum distance of 12 metres in 

which human communication through sight and other senses is enabled. In any 

case the maximum distance in which mural painting would have been 

distinguishable cannot be as easily defined. As it will be argued again in Chapter 

3 and 5, the visual clarity of a painted element depends not only in its distance 

from the viewer, but also on the scale of representation, colour, texture, contrast 

with the background and illumination which are particular to each painted scene. 

For these reasons the effects of distance to the ease of viewing of the painted 

themes will be examined separately for each case. 

5 Cousin (1980) has proposed alternative angular ranges that determine ease of viewing, namely 
an ellipse of vision that extends 54 degrees horizontally and 37 degrees vertically (14 degrees 
above the horizontal and 23 degrees below it) (Letesson and Vansteenhuyse 2006). 
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5) Illumination 
Besides architectural fonn, an important element in the definition of built 

space is illumination. Light plays a fundamental role in the perception of shape, 

colour and texture of surfaces that create the visual impression of the 

environment. As applies for distance, illumination is a factor that affects the 

comprehensibility of a painted theme, together with other parameters (e.g. 

distance, scale, colour etc.), and its influence to the reception of painted walls has 

again to be discussed individually for each different context. 

6) Human mobility 
The function of the human visual system and the perception of the 

environment are greatly depended upon the mobility of the body (Gibson 1979, 

p. 223). Stasis and movement through space would have detennined the spatial 

relationship of the observer's body with the painted scenes, affecting the mode in 

which the paintings were experienced. The boundaries between the two states are 

rather fluid as suggested by Gibson (1979, p. 75): 

"When the moving point of observation is understood as a 
general case, the stationary point of observation is more 
intelligible. It is no longer conceived as a single geometrical 
point in space but as a pause in locomotion, as a temporarily 
fixed position relative to the environment." Gibson (1979, p. 75) 

The observer of the paintings can be assumed to have been stationary or 

mobile. It is often the case, however, that at times one state of the body prevails 

over the other depending on the nature of human practices that are perfonned in 

the built environment. For example, during rituals such as those that have been 

suggested for Xeste 3 (cf. Chapter 4), certain individuals may have attended the 

events, as well as the painted scenes, from fixed points for long durations of a 

ceremony. Stasis in space would have restricted visual access to the paintings by 

allowing partial but lasting views of a composition (cf. Chapter 4). On the 

contrary, pedestrians traversing the street network may have encountered the 

murals within the course and pace of their movement, which would have shaped 

a momentary and essentially different experience of the painted scenes. 

It chapters 3 and 6 methods that could fonnally approach and measure all 

the above factors in computer generated three-dimensional spaces are introduced. 
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Chapters 4,5, 7 discuss the ways in which the above criteria would have affected 

the visibility of Theran murals. 
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Chapter 2 
Akrotiri: Environment, settlement and society 

2.1 Thera: LBA environment and settlement patterns 
The archaeological site at Akrotiri (fig. 1-1, 2-4) is located at the south 

part of the Greek island Thera (Santorini) (fig.2-1, 2-2, 2-3) at a distance of about 

500m from the modem village Akrotiri. It was discovered in 1967 by the 

archaeologist Prof. Spryridon Marinatos, who began excavations on the island 

hoping to find evidence to support his theory that the decline of the Minoan 

civilization in Crete was the result of a catastrophic eruption of the Thera 

volcano in Late Bronze Age (Marinatos 1939). Marinatos started his excavation 

from Akrotiri, as he thought that the location provided more advantages for 

agricultural exploitation and maritime activities in prehistory than other sites that 

had been identified on the island (Doumas 1983, p. 11). Although the findings at 

Akrotiri never offered Marinatos the proof he had hoped for, they were 

especially rewarding, as excavation revealed the remains of an exceptionally 

well-preserved Late Bronze Age settlement, buried under a thick layer of 

volcanic ash and pumice6
. 

The prehistoric town is situated on a low hillock just 200-250 metres 

from the south coast of the island (fig. 2-1). The landscape that surrounds the 

settlement today (fig. 2-3) has mainly been formed after the prehistoric eruption, 

and is covered to a great extent by thick layers of volcanic deposits. The rocky 

hills that can still be seen at the west of the excavated area would have been, 

6 Main published works on Akrotiri: Marinatos (1968, 1969, 1970, 1971b, 1972, 1974, 1976) and 
Doumas (1981, 1983) made the fIrst observations on the archaeological fmds discovered in the 
settlement. Town planning, architectural form and construction techniques have been investigated 
by Palyvou (2005a, 1990a, 1986, 1999). The use and function of the fIrst floor have more 
systematically been studied by Michailidou (2001a), while Nikolakopoulou (2002) has focused 
on the storage facilities. The small finds of the West House have been recently published in 
Doumas (2007c). Televantou's (1994) and Morgan's (1988) published PhD thesis on the wall­
paintings of the West House and Doumas's 'The wall-paintings of Thera' (Doumas 1992a) are 
the most comprehensive publications on Theran mural painting. SignifIcant contributions to the 
study of the prehistoric settlement of Akrotiri have also been made in the four international 
conferences that have been organised since 1967: 'Acta of the 1st International Scientific 
Congress on the Volcano of Thera' (1971a), Thera and the Aegean World II (Doumas 1978-
1980), Thera and the Aegean World III (Hardy et at. 1990; Hardy and Renfrew 1990)and the 
'The wall paintings of Thera: proceedings of the first international symposium' (Sherratt 2000). 
Many articles on research in Akrotiri between the years 1967-1987 are included in Doumas 
(1992b). 
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however, part of the Bronze Age scenery, since the volcanic material has been 

washed out from these parts of the terrain (Palyvou 2005a, p. 21). The coastline 

at the north of the settlement, which is shaped by the caldera cliffs, has also 

changed very little since prehistory (Heiken et al. 1990). In contrast, the seascape 

at the north of these cliffs, part of which are today the islands of Aspronisi, 

Therasia, Palaia Kameni, and Nea Kameni (fig. 2-1), is believed to have been 

quite different in the past. McCoy and Heiken (2000, p. 64) have suggested that 

at the time just before the prehistoric eruption Thera, Therasia, and Aspronisi 

belonged to a single island, with a flooded depression at its south (cf. Heiken et 

al. 1990). According to Druitt and Francaviglia (1990) a second volcano island 

would have existed at the area occupied today by Palaia Kameni, and Nea 

Kameni. 

The regIOn at the south of the settlement has also significantly 

transformed after the eruption. This is due to the amassing of large quantities of 

volcanic deposits that covered the prehistoric shoreline, which would have been 

further inland than it is today (Doumas 1983, p. 55). It has been suggested in the 

past that one or perhaps two Late Bronze Age harbours would have existed, 

either at the south-west, where the modem valley of Hagios Nikolaos (Doumas 

1983, p. 55, fig. 2-3) lies, or further closer to the town, at its immediate south and 

east (Shaw and Luton 2000). A harbour in close proximity to the town is also 

suggested by recent findings from the rescue excavation of 19997 (Doumas 

2002); these confirm that the terrain below the excavation area slopes abruptly at 

the east and south. It seems likely that the south part of the town would have 

been located on a small peninsula in the past, which would have permitted 

anchorage on either side of the promontory depending on seasonal winds 

(Doumas 2003, p. 169). This type of "twin harbour" seems not to have been 

uncommon in the Aegean, as it is also attested at Pseira and Ayia Irini 

(Chryssoulaki 2005, p. 82). 

The pre-eruption landscape of the Santorini island group seems to have 

been well-populated in Late Bronze Age. Besides Akrotiri, a number of sites 

belonging to the period just before the volcanic eruption have been identified on 

7 The excavation was restricted at the areas around the supporting pillars of the new shelter of the 
site. The pits that were dug for this purpose have been named after the number given to the pillars 
(fig. 2-3) e.g. pillar pit 24. 
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Thera and neighbouring islands to date (at Archangelos, Ftellos, Mavromatis 

quarries, Balos, Kokkino Vouno, Alaphouzos quarry, Ayios Nikolaos, Exomiti, 

Cape Koloumvos, Katsases, Oia quarry, Profitis Ilias). These have been 

described as mainly of rural character, such as hamlets and farmsteads (Sperling 

1973; Davis and Cherry 1990). 
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Figure 2-1 : Thera and its neighbouring islands. 

Figure 2-2: Thera in the Aegean. From Google Map 
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Figure 2-3: Map of the modem landscape that surrounds the excavated area (from Palyvou 
2005a, p. 20) 
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2.2 The prehistoric town at Akrotiri 
Akrotiri was the largest prehistoric settlement on the island of Thera and 

has provided evidence of continuous occupation since the Late Neolithic 

(Sotirakopoulou 1990). The Early Bronze Age (table 1-1) remains consist of 

underground chambers cut in the rock, which would have been used as tombs in 

Early Cycladic period (Doumas 2003, p.170) and rectangular structures built on 

the bedrock (Palyvou 2005a, p.15). From the Early Cycladic until the Late 

Cycladic period the settlement gradually expanded, acquiring an urban form. 

During this long sequence of habitation many phases of seismic destruction and 

rebuilding have been attested (Doumas 2003, p. 169). At about the end of Middle 

Cycladic or at the beginning of the Late Cycladic period, a major earthquake 

destroyed a large part of the town (Doumas 1983, p. 43-44). It seems, however, 

that the town houses were quickly rebuilt after that to obtain their final form. As 

already mentioned (cf. § 1.1.1) this major seismic episode, which is 

conventionally referred to in the published literature and in this thesis as seismic 

destruction, is believed to have occurred just 50-75 years before the volcanic 

eruption that buried the settlement (Doumas 1981; 1992a, p. 30-31; Morgan 

1988, p. 5-10). The absolute date of the later ultimate catastrophic event is still 

an open and hotly debated issue. Given the evidence provided by Egyptian 

chronology the eruption would have occurred between 1560 and 1480 B.C the 

latest. Radiocarbon dates, dendrochronology, and ice-cap dating, however, 

suggest an earlier date, between 1650 and 1643 B.C. (Hardy and Renfrew 1990; 

Warren and Hankey 1989; Manning 1999; Wiener 2003, p. 364). 

Up to now an area of 12 acres has been excavated that is thought to be 

solely a small part of the prehistoric settlement (fig. 1-1, 2-3). The estimations 

for the original size of the town range from 100,000 square metres (Palyvou 

2005a, p. 27) to 300,000 (Doumas 1983, p. 45; Doumas 2001, p. 91). The larger 

estimate is based on the hypothesis that the sites at Balos and Mavromatis 

quarries (fig 2-2) that have been discovered at the northwest and northeast of the 

excavated area may have been the suburbs of the town. Nonetheless, the density 

of habitation between the unearthed urban core and these sites is not known, and 

consequently estimations on the original size of the settlement can neither be 

verified nor rejected. The size of the town in human terms is also a matter of 
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conjecture. Taking into account suggested estimations regarding the settlement 

size and the number of inhabitants per hectare (from 150 to 400 persons per 

hectare), 1,500 to 9,000 people could have dwelled in the town in Late Bronze 

Age (Palyvou 2005a, p. 29). Nikolakopolou (2002, p. 198) has estimated only the 

inhabitants of the excavated area to have been between 300 and 450, considering 

both the number of dwellers per built unit and suggested density estimations for 

Late Bronze Age Aegean towns. 

The form of the urban tissue at the unearthed part of the town is fairly 

clear. Two main roads with N-S and E-W orientation provide access to the 35 

buildings that have been identified up to now (Palyvou 2005a, p. 45). The latter 

are either arranged in complexes (e.g. Beta, Gamma, Delta etc.) or form separate 

units (e.g. Xeste 3, West House, House of the ladies etc.). The town network also 

consists of secondary roads, as well as narrow and blind alleys that were used for 

drainage, ventilation and illumination (Palyvou 1986, 2005a). Some open broad 

areas in the street network have been identified as public squares, such as the 

Triangle Square, the Mill House Square and the Square of the Cenotaph (fig. I-

1). A public sewage system also ran through the settlement suggesting that the 

prehistoric community was highly organised. 

Most buildings are only partially excavated and up to now only ten have 

been adequately investigated (Palyvou 2005a, p. 45). They usually have a second 

and, in some cases, a third floor and are made of stone, wood, and clay. The 

ground floor of some of the buildings is below the street level. This is the result 

of the rebuilding of the town after the seismic destruction. During this major 

reform of the settlement the town inhabitants (Doumas 2000) laid the debris of 

the ruined built structures on the open public spaces. As a consequence, the street 

pavement rose up to 1m to 2m above the earlier street level and many of the 

ground floor rooms became semi-basements (Palyvou 1984; 2005a, p. 177-178). 

The artificial layer that consists of the re-used building materials has been 

identified in many areas of the town. Following the modifications in the open 

public spaces, the entrances of some of the houses were rebuilt, so as to 

correspond to the new street level. 

The degree of preservation of most of the houses is umque, as the 

volcanic material that penetrated into the rooms after the eruption prevented the 

complete collapse of walls and floors, enabling in some cases the preservation of 
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upper storeys until today. Least well-preserved are the structures that were found 

in the course of the ravine (fig. 1-1) that runs through the settlement from north 

to south, which was created by torrential water and storms that followed the 

volcanic eruption (Palyvou 2005a, p. 5, 19). Parts of the complexes Beta and 

Delta were badly eroded because of the torrent. In most cases, however, the 

houses that have been unearthed are in an exceptionally good level of 

preservation, as the pumice and tephra that filled their interior after the eruption 

acted as "packaging" material. In this way thousands of complete vessels, 

hundreds of square-metres of wall-paintings and a great number of stone tools 

and utensils survived. Imprints and sometimes complete negatives in the thin 

volcanic ash provide evidence about the existence and form of architectural 

structures and movable objects made from perishable materials, such as wood, 

leather, textile, and reeds, which have left no organic traces (fig. 2-5). These have 

provided invaluable information on building technology - for example on the 

timber reinforcement of the walls (Doumas 1983; Palyvou 2005a, p. 112) - and 

house equipment (wooden furniture, baskets, rope, etc.). 

Figure 2-5: Top left: The gypsum cast of a bed found in Delta 2. It was created by pouring plaster-of-Paris 
in the imprints left in the ash. From the excavation archive. Bottom left: A reconstruction of the bed 
(Doumas 1999, p. 59). Top right: The gypsum cast ofa wooden table. From Doumas 1983, pI. 84. Bottom 
right: Imprint of the pier-and-window partition of Room 5 of the West House (fIrst floor) (Palyvou 2005a, 
p.50). 
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On grounds of architectural form and find assemblages some buildings 

have been identified as either private or pUblic. A typical Late Bronze Age 

Theran private house (Palyvou 1990a; 2005a, p. 46-53) is of medium size and 

has only one entrance which, as a rule, is accompanied by a window. Directly 

opposite the entrance there is a staircase that leads to the upper storeys and the 

roof. The rooms of the ground floor, which were used as ancillary areas for food 

preparation or workshops, are quite small and their walls and floor are made of 

beaten earth (Michailidou 2001a, p.427-428). They are illuminated by small 

openings which once were blocked by wooden lattices, as imprints in tephra 

indicate. On the other hand, rooms of the upper storeys are more spacious and 

elaborate and are characterised by typical Minoan architectural features, such as 

central columns or pier-and-door partitions8
. They were well-illuminated by large 

windows, had paved or plastered floors and their walls were often embellished 

with wall-paintings. The great majority of the buildings that have been 

discovered in Akrotiri are variations of the above described architectural type. 

By contrast, buildings that are considered to be of communal or public 

function, such as Xeste 3 and Xeste 4, differ significantly as far as size, spatial 

articulation and quality of construction are concerned (Palyvou 2005a, p. 29, 35). 

They are much larger as a whole, have facades made of ashlar blocks, and both 

their ground and upper storeys are internally arranged with pier-and-door 

partitions. Public buildings were embellished with mural decoration at the 

ground floor as well as in upper storeys. 

2.3 Society in LBA Akrotiri 
Although functionally the building units at Akrotiri can be divided into 

public and private, they share many similar features and give no direct 

indications of group division. Nonetheless, if their architectural idiom is to be 

interpreted within the wider context of Aegean urban architecture of the Late 

Minoan IAlLate Cycladic I period (table 1-1), it is apparent that they express the 

affluent life style and aesthetics of the elite. Most buildings were already 

incorporated in the urban tissue in the late Middle Cycladic period, but were 

significantly modified after the seismic destruction that occurred at the beginning 

8Cf. note 3. 
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of the Late Bronze Age. In this phase they are characterised by a number of built 

forms (room with the central column, lustral basin, pier-and door partitions, 

extensive use of ashlar masonry) and building technologies (vertical timber 

reinforcement of stone walls) that are well known from the Late Bronze Age 

Cretan urban centres (Palyvou 2005a, p. 179-188). Some of the new architectural 

features, such as the pier-and door partitions, the lustral basin, ashlar masonry, 

and frescoed walls, are typical of large Cretan mansions (McEnroe 1982; 

Palyvou 1999, p. 445; 2005a, p. 185). Nonetheless, the size and spatial 

organisation of the majority of the buildings, are characteristics of more common 

town houses (McEnroe 1982; Palyvou 1999, p. 445 ; 2005a, p. 185). As Palyvou 

notes, however, even the smallest buildings "are by no means poorer than the 

rest" (Palyvou 2005a, p. 185). Furthermore, Linear A tablets, which are 

associated with the palaces and elaborate private houses in Crete (Schoep 2004, 

p. 290) have been found in sector Delta (Boulotis 1998). Their presence at the 

houses of Akrotiri suggests the existence of organised private administration that, 

as applies for the Cretan finds, perhaps is associated with "successful mercantile 

activities, possession of land and lor higher status of some household" (Schoep 

2001, p. 97). It is noteworthy that excavations in other Cycladic sites, such as 

Ayia Irini and Phylakopi have not revealed as many affinities to Cretan 

architecture and material culture as the town of Aktrotiri. This fact supports the 

suggestion that Theran houses were the residences of a "Minoanising" elite that 

had a special, although yet undefined, relation to Crete, and more specifically to 

Knossos (Doumas 1983, p. 129-131; Boulotis 1992, p. 89; 2000, p. 849; Palyvou 

2005a, p. 181). 

Despite the fact that the buildings unearthed up to now do not give clear 

indications for social differentiation, archaeological finds, such as 

archaeobotanical and faunal remains, the pottery, stone tools, metalwork, and 

iconography suggest the presence of diverse specialised human activities 

including land cultivation, animal husbandry, seafaring, trade, craftsmanship etc. 

These finds form the sole - indirect - evidence regarding different aspects of 

social life in the Late Bronze Age town. 
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2.3.1 Agricultural production and animal husbandry 
In Akrotiri the unusual taphonomic conditions of the settlement have 

enabled the preservation of large quantities of archaeobotanical remains from 

within the buildings. The study of flora residues, which have been collected from 

storage vessels, sewage system and floors, testifies that crops were an essential 

part of the diet of the town residents at the period just before the volcanic 

eruption (Sarpaki 1992, p. 222-223). The specimens that have been identified 

belong to cereals and legumes (e.g. barley, lentils and peas), as well as fruits 

(dried figs, grapes) and olive.9 

These species are common in the Aegean and could have been produced 

on the arable fields of Thera, while at least, as far as olive is concerned, Sarpaki 

(1987, p.155-156) provides evidence that this was indeed the caselO
• This is also 

further supported by evidence for the existence of a population living on the 

island and the neighbouring islets that was occupied in agricultural activities; 

clusters of buildings and constructions of agricultural character, often described 

as farmsteads and rural houses, were discovered at Balos, Archangelos, Kamara, 

Katsades and Alaphouzos Quarry (Sperling 1973). Some of these structures (e.g. 

at Balos and Alaphouzos) have been used for storage of crops in large 

quantities 11 and one of the buildings in Alaphouzos Quarry at Therasia was also 

equipped with an olive press. Doumas (1983, p. 129) and Sarpaki (1987, p. 104) 

have suggested that the immediate surroundings of the town at the north would 

have been used for the cultivation of crops, serving the town dwellers needs for 

agricultural products, as the settlement of Akrotiri would have been located 

within the largest plain on the island in Late Bronze Age. 

Animal products were also part of the diet of the town inhabitants, as is 

evidenced by the osteoarchaeological material that has been collected from 

outdoor areas in the settlement. These were apparently food residues, and 

indicate the consumption of domesticated animals, mainly sheep, goats, pigs and 

9 The analysis of the species sampled from the West House has shown that lentils (lens culinaris), 
peas (pisum sativum), six-row and two-row barley (hordeum vulgare and hordeum distichum), 
einkom (triticum mono corum) were consumed. In addition, the samples corning from the sewage 
suggest also the consumption of figs (ficus carica), olive (olea europa) and grapes (vitis vinifera) 
(Sarpaki 1992). 
10 Sarpaki has presented evidence for the local cultivation of olive (Sarpaki 1987). Also Boulotis 
(1998) mentions the presence of the ideogram for oil on the fragments of Linear A tablets that 
were found in sector Delta. 
11 Within the buildings unearthed at Alaphouzos quarry grains had been stored in heaps (Sperling 
1973, p. 39, 56-61; Davis and Cherry 1990, p.190). 
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cattle (Trantalidou 1990; 2000; 2001; Gamble 1978) Nonetheless, it is generally 

accepted that meat was only occasionally consumed in Late Bronze Age Aegean; 

in Akrotiri sheep and goats were mainly raised for milk, milk products, and wool, 

while cattle would have been used for traction as suggested by the fact that most 

specimens belong to adult animals (Gamble 1978; Trantalidou 2001, p. 200). 

Animal stalling took place outside the settlement (Trantalidou 2000, p. 723), 

however, as none of the spaces unearthed so far seem to have been used for 

keeping animals. To this Akrotiri is no different than other Aegean Bronze Age 

urban centres. On the other hand, stock-raising should have occurred in close 

proximity to the town. At Balos, lkm north of the excavated area, sheep and goat 

bones were found in an enclosed yard. Sarpaki (1987, p. 120) has suggested that 

the hills surrounding the prehistoric town would have been used for grazing. 

Since the excavated houses at Akrotiri are of undeniably urban character 

(Palyvou 2005a; Tzachili 1997, p. 25-26), lacking spaces suitable for animal 

stalling or installations that would clearly point to agricultural occupations, such 

as oil presses, it is probable that not all the residents of the town were directly 

involved in the cultivation of the land or pastoral activities (Sarpaki 1987, p. 

103). Although the discovery of milling installations suggests that some food 

processing would have taken place in the houses (Devetzi 1990, p. 19), Sarpaki 

(1987, p. 206) notes that in Late Bronze Age crops had been transported into 

some buildings after they had been coarse-sieved12
, indicating that their primary 

processing took place elsewhere. According to Sarpaki (1987, p. 206) this 

enforces the possibility that crops were traded goods at the period before the 

volcanic eruption and that certain buildings were "consumer" residential units, 

whose inhabitants would have been occupied in non-agricultural activities. 

Indeed craft production, trade, seafaring and even priesthood are some 

occupations that the residents of the urban core appear to have been involved in 

(cf § 2.3.3, §2.3.4, §2.3.5). 

The fact that the subsistence of the households at the excavated area of 

the settlement was dependent on the procurement of foodstuffs that were 

apparently produced either at the outskirts or even out of the limits of the town, 

signifies perhaps the existence of important socio-economic relationships and 

12 Sarpaki (1987, p.206) refers specifically to finds coming from the West House and Xeste 3. 
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dependencies between the urban and rural populations of Thera, and 

sophisticated power dynamics that are rather expected for an urban port (cf. 

Branigan 2001b, p. 38). At the moment, however, the exact nature of these 

relationships can only be conjectural given the existing evidence. A public 

building with a form and function similar to that of Cretan or Mycenaean palaces 

has yet to be unearthed. In addition, Nikolakopoulou (2002, p. 249) has 

concluded that at least in the excavated houses subsistence storage was organised 

at household level and finds no evidence, for example a communal storeroom, to 

support the existence of a central authority that would manage the storage and 

redistribution of agricultural produce in Akrotiri. Moreover, as is often noted, 

neither the extent of the arable land nor the climatic conditions seem to have 

favoured the production of considerable surplus in agricultural products that 

would give rise to a palatial administrative system as is the case in Crete 

(Doumas 2001, p. 92). It is possible, then, that a regulated exchange network 

existed between the dwellers of the urban core and the rural population, or that 

some of the inhabitants of the excavated buildings were indeed involved in 

agricultural production along with other occupations (Branigan 2001b, p. 48; 

Dickinson 1994, p. 96) or were somehow able to control it at the level of private 

administration. On the Linear A tablets that were found in sector Delta the 

ideograms for oil and sheep have been identified (Boulotis 1998, p. 409), 

suggesting involvement of the residents of the building to agricultural activities 

and animal husbandry. 

2.3.2 Fishing 
The sea would have fulfilled to a certain extent the subsistence needs of 

the residents of the coastal town. This is attested by ichthyofaunal material 

recovered from the settlement, as well as iconography. Fish bones in Akrotiri are 

often found in water-sieved assemblages (storage jars, sewage pipes, hearths and 

floors) (Mylona 2001, p. 189) and provide evidence that fish, mainly of small 

size, were consumed (Gamble 1978; Trantalidou 1990; 2000; Mylona 2000, 

2001). These would have been caught with nets and traps operated from the 

shore, while fishing in shallow waters with boats might also have occurred 

(Mylona 2000,564; 2001, p. 191). Molluscs and shells were also part of the diet, 

as is indicated by the amount of shells that came from the areas outside the 

- 39 -



buildings. These served not only as food or bait, but also as ornamental objects, 

and floor decoration (Palyvou 1999, p. 195; 2005a, p.127). A ritual function for 

some specimens has also been suggested (Karali-Yannacopoulou 1990; Karali 

2001). Karali (2001, p. 185-186) also notes that Murex shells that have been 

found in large amounts in Akrotiri would have been used for the production of 

porphyry, the famous purple-red dye that had been manufactured in the Aegean 

already since the Middle Minoan period. This would have been used for the 

dyeing of textiles, but also as purple pigment in wall decoration 

(Chrysikopoulou 2005, p. 78). 

It eludes us how many of the inhabitants of the prehistoric town were 

actually involved in fishing, or whether it was a full-time or a part time 

occupation. Rose (1994, p. 184) notes that fishing in the Bronze Age Aegean was 

labour intensive, time consuming, and probably of low productivity; thus he 

maintains that it constituted a secondary and opportunist activity, that could, 

however, be pursued throughout the year. Mylona (2001, p. 191) referring to 

Akrotiri in particular, mentions the existence of evidence suggesting that fishing 

was an organised as well as a part-time occupation. Whatever the case, it seems 

to have been an important male activity, associated with social beliefs and ritual 

activities, which would have not merely aimed to fulfil the practical needs of 

everyday subsistence; in the well-known paintings of the fishermen that 

decorated Room 5 of the West House (pI. 1) the young males are represented 

holding bundles of large fish identified as dolphinfish and tunnies (Economidis 

2000; Mylona 2000; Trantalidou 2000). Both these species are hardly 

represented in the archaeological assemblages of Akrotiri (Mylona 2000, p. 564). 

Therefore, it has been rightly observed, that the rarity of the fish depicted 

probably aims to emphasize the skills of the young fishermen and the difficulty 

of their accomplishment which might signify a "rite of passage" (Papageorgiou 

2000; Mylona 2000, p. 565; Doumas 1987, 2000a; 2005; Boulotis 2005, p. 68). If 

fishing was indeed related to initiation rituals in Theran society, it should have 

been a basic and required skill of the male population of the town, and an 

occupation that could have been practiced even occasionally by a considerable 

number of the town dwellers. 
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2.3.3 Craft production and intra-site exchanges 
The inhabitants of LBA Akrotiri - and perhaps those living at the other 

sites on the island - were the consumers of artefacts produced by small scale 

local industries, as is attested to by the finds that most commonly make up the 

household equipment, such as pottery vessels and stone tools. As far as pottery is 

concerned, the large number of shapes and the standardisation in the production 

of vessels, whose various sizes sometimes appear to conform to fractional 

measures of capacity, has been considered a testimony for the existence of full­

time potters (Doumas 1983, p. 124-125; Doumas and Constantinides 1990; 

Katsa-Tomara 1990). Similarly, the presence of specialised lapidaries on the 

island (Doumas 1983, p. 125; Devetzi 1990; 2001, p. 145) is suggested by the 

amount of mill stones, mortars and oil lamps made of local rock that have been 

found in the excavated houses. Metal objects, such as vessels, tools, daggers, 

hooks, jewellery!3 (beads) etc, are less often discovered, and thus are found in 

smaller quantities; nevertheless, their variety and distribution throughout the 

settlement, as well as the apparent economic affluence of the town according to 

Michailidou (2001b, p. 165) would justify the presence of craftsmen on the 

island. Moreover, the imprints of elaborate furniture (stools and chairs, tables and 

bed) that have survived in the volcanic material that buried the settlement suggest 

the existence of specialised craftsmen (Polyxronakou-Sgouritsa 2001, p. 138). 

Regardless of the plethora of finds indicating local craft production, however, no 

lapidary, pottery or metallurgy workshop has yet been unearthed. On the 

contrary, in some of the excavated buildings there is substantial evidence for the 

organised production of textiles, namely the type of workshop, whose finished 

products are least likely to be preserved. 

Weaving activities are indicated primarily through the discovery of 100m 

weights (fig. 2-6). An unusually large number of these artefacts, four hundred 

and fifty, have come from Room 3 of the West House!4. Tzachili (1990, p. 386; 

1997, p. 192) notes that at least five looms could have been used simultaneously 

requiring the labour of ten people (two for each 100m), that may have not been 

13 The inhabitants probably took with them all the valuable possessions they could carry, 
including jewellery, before they abandoned the settlement (Michailidou 2001a, p. 164). 
14 The number ofloom weights coming from the West House is very unusual. It is characteristic 
that from the whole settlement of Ayia Irini 185 loom weights have been reported (Tzachili 1990, 
p.381). 
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residents in the house. Loom weights have also been found in large numbers in 

Sectors Alpha, Delta, and Beta, while they appear to be totally absent from other 

buildings in the settlement, a fact that perhaps suggests the presence of 

specialised weavers in the above houses (Tzachili 1990, p. 385). The preliminary 

publication of the few fragmentary Linear A tablets that have been found in 

Room Delta 18a also seem to support that in the building textiles were produced 

in large numbers (Boulotis 1998). The clay fragments that belong to at least 2 

tablets, record a great amount of textiles (200 units), and quantities of sheep (46), 

which were perhaps raised for wool. Other finds that might be related to weaving 

activities are lead weights (fig.2-6) serving the weighting of wool or linen that 

were discovered in relatively large numbers in the West House and Sector A 

(Michailidou 1990, p. 418; Boulotis 1998, p. 410). It has been suggested that all 

the above buildings would have housed textile workshops (Michailidou 1990, p. 

418; Boulotis 1998, p. 410). 

Figure 2-6: Left: Lead weights, from Doumas (1983, pI. 73), Right: Loom weights . From 
Tzachili (2001 , p. 163). 

As items made of cloth are hardly ever preserved, it is not known exactly 

what sorts of products were manufactured in the buildings mentioned above. 

Tzachili (1990, 2001) notes that these might have ranged from elaborate dresses 

of an undeniable social significance, such as those depicted on the wall paintings 

of Xeste 3 (§4.3), to more modest clothing and items that would be part of the 

- 42-



common household equipment, such as bed covers or wall hangings. 

Furthermore, items that are related to the gear of a number of other occupations 

would have been produced by the 100m; sails for boat building and seafaring, 

sacks used for the storage and transportation of crops and nets for fishing 

(Tzachili 2001). The great number of finished products that was recorded in the 

Linear A tablets found in Delta 18a suggests that these were intended to be 

exchanged. According to Boulotis (1998) the existence of systematic archives, 

the great quantity of registered textiles, and the presence of imported precious 

objects in Delta East indicate that the owner of the building was involved in 

overseas trade. If this was indeed the case then one would expect that the textile 

workshop in Delta East aimed at the production of items that would have been 

valued exports within a network of inter-regional exchanges. Concerning this it is 

noteworthy that Aegean textiles seem to have been highly valued items in Egypt 

in Bronze Age (Barber 1992, p. 311-357). 

Weaving at the scale that appears to have occurred at the excavated 

houses at Akrotiri would have contributed to the economic and social life of the 

settlement not only by providing products of obvious socio-economic 

significance but also by encouraging and motivating a variety of other activities. 

Products of the loom, made of wool, may have been further processed after their 

weaving. Fulling, the strengthening and consolidation of the fabrics by soaking 

and agitating the finished products in water for many hours, was an activity that 

according to Linear B tablets was performed by men in Aegean Bronze Age 

(Tzachili 1997, p. 291). Moreover, weaving would have encouraged animal 

husbandry for the production of wool, the manufacture of dyes, which might 

have been related to the gathering of crocus from the hilly landscape of Thera or 

the collection murex shells (Tzachili 2001; Karali 2001), and even seafaring and 

trade, if the finished products were indeed traded overseas. Thus, the buildings 

that housed textile workshops besides private residences were significant 

economic units, the destination of raw materials coming from the hinterland, the 

source of finished trade goods, and a likely place of meeting and interaction for 

people that were involved in a variety of occupations and possibly belonged to 

different social rankings. 

It has been suggested that other kinds of exchange among the town 

dwellers, such as the trade of processed food, might have taken place in Sector 
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A. The ground floor of the Alpha East consists of three rooms (AI, A2, and A3) 

all of which had been used for storage (Nikolakopoulou 2002, p. 208-209), 

forming the largest storeroom that has been discovered in Akrotiri up to now. 

The exterior east wall of Al is pierced by a tripartite large opening and has a low 

sill (about 1m high) paved with slabs that faces the public space at the north-east 

fringe of the excavated area (Marinatos 1968, p. 21; Palyvou 1999, p. 207-208). 

The size of the opening in this case is quite uncommon for a ground floor room; 

as a rule in Akrotiri windows in close proximity to the street level are 

characterised by their small dimensions and the wooden lattice that often blocks 

their opening. The window of Al obviously deviates from this norm, although it 

is not the only one. The House of the Anchor and Room Delta 16 also have large 

windows at the ground floor, facing the Triangle Square and the Te1chines Road 

respectivelylS. It has been observed that such windows would have enabled 

communication with the public spaces outside of the buildings (Palyvou 2005a, 

p. 83, 86; Marinatos 1984, p. 16) and that perhaps functioned as "counters" or 

"shop-windows" (Doumas 1983, p. 51). Such interpretation would explain the 

unusual form of the windows, but is supported by little other evidence. Finds 

from the ground floor of Alpha East, such as scales, lead weights, cooking pots, a 

hearth, a stone basin, and grinding stones (Marinatos 1968, p. 16-34; Michailidou 

2001a, p. 281) may have served the needs of a domestic unit. Nonetheless, 

Sarpaki (2001a) notices that the sampling of substances coming from Sector A 

suggests the storage of large quantities of flour. Given the fact that flour has a 

low storage life she considers the results of sampling as an indication for the 

consumption of processed food in quantities that would exceed the needs of an 

individual household. Consequently, she proposes that distribution or exchange 

of food for other services might have taken place at Alpha East. Despite, 

however, the evidence that suggest exchanges in Akrotiri, for example the 

standardised pottery shapes and capacities (Katsa-Tomara 1990; Doumas and 

Constantinides 1990), as well as the lead weights (Michailidou 1990), very little 

is known about buildings that would have functioned as trading units in the Late 

15 Xeste 3 had also four large windows at the ground floor (Palyvou 1999, table 1:1, p. 419). There 
is evidence, however, that those at the east fayade were blocked with lattices (Palyvou 1999, p. 
400, fig. 223). In addition to these, large windows (Type C) at the ground floor have been 
identified in Rooms A2, D20 (the room was filled with debris after the seismic destruction) and 
the Sunk House (Alpha West) (Palyvou 1999, table 1:1, p. 419). 

- 44-



Bronze Age. Therefore, their existence should perhaps be left an open issue at 

the moment, pending further evidence. 

2.3.4 Seafaring and overseas exchanges 
Besides the indirect evidence for intra-settlement exchanges mentioned 

above, the archaeological record provides plentiful indications for the existence 

of overseas trade networks. It has long been maintained that Akrotiri became 

prosperous due to seafaring and transit trade, as it is unlikely that the limited 

arable land and the mainly small scale industries would have created the 

necessary surplus for the accumulation of wealth that is witnessed in the 

excavated part of the town (Schofield 1982, p. 19; Buchholz 1990; Doumas 

1983, p. 119; Doumas 2001, p. 93). The archaeological assemblage also testifies 

to the cultural communications of the Late Cycladic town, which can be seen in 

the numerous imports (pottery, ostrich eggs, stone, metal etc) and the apparent 

external, mainly Cretan, cultural influences in the manufacture of local artefacts 

(potttery, stone vesssels, wall painting, architecture, metal artefacts, etc.)16. The 

finds from Akrotiri attest to the close relation of Thera with Crete, but also 

exchanges with other islands and peoples, the Dodecanese, and mainland Greece 

as well as Egypt, Syria and Palestine. To these, one should add the Theran 

exports (for instance nippled jugs and 'swallow' jugs) and influences on 

iconography and art that have been attested in many of the aforementioned 

locations (Warren 1979a; Doumas 1983, p. 132; Barber 1984, p. 181; Morgan 

1988, p. 171; Doumas 2001, p. 90). Generally, the quantities of imported pottery 

are not many if compared to the finds of Theran origin (Nikolakopoulou 2002, p. 

98), and the amount of exports is relatively limited as well. Nikolakopoulou 

(2002, p. 97) maintains that exchanged vessels should be considered a "by­

product" of the overseas communication between Therans and other peoples 

rather than an indication of "directional trade of bulk commodities". 

Seafaring activities in the Late Bronze Age settlement are further 

suggested by iconography. The Flotilla frieze (pl.4, fig.2-7) that adorned Room 5 

16 A great number of published works refer to overseas exchanges and influences in the 
archaeological record of Akrotiri (Warren 1979a; Doumas 1983, p.119; Wiener 1984; Hood 
1984; Stos-Gale and Gale 1984; Laffineur 1984; Devetzi 1990, p. 21- 22; Papagiannopoulou 
1990; Stos-Gale and Gale 1990; Cadogan 1990; Gillis 1990; Hood 1990; Poursat 1990; Wiener 
1990; Marthari et al. 1990; Morgan 1990; Sakellarakis 1990; Televantou 1990; Vanschoonwinkel 
1990; Koehl 1990; Marinatos 1990; Kilikoglou et al. 1990; Marthari 1990; Vaughan 1990; 
Buchholz 1990; Dournas 2001, p. 93; Devetzi 2001, p. 144; Nikolakopoulou 2002). 
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of the West house (cf. §5 .2.1) is often believed to have depicted the town and 

harbour of Akrotiri (Arrival town-Town V) (Marinatos 1974, p. 55; Televantou 

1994, p. 337; Doumas 1992a, p. 49; Marinatos 1984, p. 54; Shaw and Luton 

2000). It shows seven large vessels arriving at an urban port of which some are 

manned with approximately, two dozen people judging from the number of 

paddles, and perhaps twice as many, if one accepts that the paddlers only of one 

side of the vessel have been represented (Televantou 1994, p. 285). Such craft 

would have been suitable for long distance l7 travelling (Doumas 1983, p.119; 

Buchholz 1990, p. 227). If the vessels are indeed part of a Theran fleet, the 

number of crew members suggests that considerable labour was invested in 

seafaring, and that perhaps a significant amount of the inhabitants of the island 

would have been seamen at least during the sailing season. The arrival of the 

vessels in Town V has mainly been interpreted either as the return of the Theran 

fleet following a long voyage overseas or as a Theran nautical procession that 

took place during a local festival or ceremony (Morgan 1988, p. 145), whereas 

some readings of the painting incorporate both these possibilities (Boulotis 2005, 

p. 66). In any case, it is obvious that the events represented in the Flotilla scene 

and the maritime activities that they imply were of particular importance for the 

inhabitants of the "Arrival town" that had gathered at the harbour to watch the 

advent of the fleet. 

Figure 2- 7: Detail from the Flotilla frieze (Room 5, West House). From Doumas 1992a, fig.35. 

It has also been suggested that Akrotiri would have been an ideal port of 

call for trading sea vessels, as it is in a convenient location between Crete, Greek 

mainland and East Mediterranean (Schachermeyr 1978; Davis 1980; Schofield 

17 Although Morgan (1988, p. 141) maintains that in the Flotilla frieze the ships depicted are 
equipped for a particular occasion and would not have been travelling over a long distance. 
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1982, p. 19; Cherry and Davis 1982; Doumas 1982; Doumas 1983, p. 119; Stos­

Gale and Gale 1984; Buchholz 1990; Morgan 1988, p. 171-172; Stos-Gale and 

Gale 1990). If this is true, the harbour of Akrotiri might have served not only the 

needs of local economy but also those of inter-regional trade, being a mid­

journey stop for non-Theran boats and fleets that would be in need for anchorage 

and supplies. 

In the absence of documentary evidence the exact mechanisms of inter­

regional exchange in LBA Aegean remain unknown. It has been suggested that 

trade in the Aegean would have operated within a framework of diplomatic links 

with independent merchants perhaps involved in the process (Schofield 1982, p. 

22; Cherry and Davis 1982, p. 340; Sherratt and Sherratt 1991, p. 365), and it is 

most probable that traded items were subject to some sort of taxation (duties on 

exports, imports, harbour-dues)(Schofield 1982). Perhaps the procession scene of 

Xeste 4 could be interpreted in the context of this kind of diplomatic relations. 

The participants in the procession, which starts at the entrance of the building 

and goes up to three storeys, appear ascending the staircase carrying ritual 

symbols and "gifts" (Doumas 1992a, p. 176; 2000b, p. 20; Boulotis 2005, p. 31). 

The scene aims to mark the use of the staircase that would have been the passing 

point of a real procession of men. It is characteristic that Boulotis (2008) has 

recently suggested that the gift-bearers represented in the scene are from Crete. 

He has also identified a small model of "ship cabin" among the participants of 

the procession (Boulotis 2005, p. 34). This feature could signify the occupation 

and position of the gift-bearers, who could be involved in maritime and seafaring 

activities, perhaps agents appointed by the palaces to the organisation of inter­

regional trade. The evidence for religious symbolism that has also been identified 

in the painting does not contradict such an interpretation, as gift exchanges or 

trade agreements could have been sealed with religious/ritual ceremonies (cf. 

Cline 1995, p. 149). The suggestion that Thera was a port of call further justifies 

the affluence of the settlement at Akrotiri, and enhances the socio-economic 

significance of the harbour, which in the past might have been a cosmopolitan 

crossroad, a place where people of various origins would meet and exchange 

goods and ideas. 
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2.3.5 Ritual and religious expression 
In Late Bronze Age Akrotiri, ritualised expreSSIOn seems to have 

embraced all aspects of everyday life, pervading both the public and private 

spheres. Wall-paintings frequently form the most eloquent evidence for such an 

expression in domestic contexts. In some houses, the most formal rooms were 

adorned with murals with ritual-symbolic content. The "Fishermen" (pI. 1), the 

"Priestess" (pI. 2) and the "Boxing Boys" (pI. 18) are characteristic examples of 

murals that have been given such interpretations (Marinatos 1984, p. 109; 1987, 

p. 31; 1993, p. 201-220; 2005; Papageorgiou 2000; Mylona 2000, p. 565; 

Doumas 1987, 2000a; 2005; Boulotis 2005, p. 68; Michailidou 2001a, p. 468). 

Michailidou (2001a, p 425-427) has maintained that the first floor rooms which 

the above paintings adorned, Room Beta 1 of Beta Complex, and Room 5 of the 

West House (fig. 1-1), were multifunctional private rooms: the space where 

tenants would gather, consume food, and sleep, as well as the stage of domestic 

rituals, which would have been an inseparable part of daily life (Michailidou 

2001a, p. 427). It is quite probable, given the themes of some of the paintings, 

that social practices related to milestones in the cycle of life (childbirth, entering 

adulthood, marriage, death), commonly referred to as "rites of passage", would 

have taken place in these rooms (Boulotis 2005, p. 63). Perhaps the enactment of 

such practices would have involved group gatherings and small-scale drinking 

and feasting episodes, evidenced in the large number of cups stored in close 

proximity to the decorated rooms, as well as in the cooking utensils discovered in 

large amounts in some buildings18 (for example in West House and Beta 1) 

(Papagiannopoulou 1995; Boulotis 2005, p. 63). It is also reasonable to assume 

that the decorated rooms, which are the most formal and elaborate rooms in the 

houses, would have been the settings of encounters of the residents of the 

dwelling with important visitors on many other occasions. 

A ritual function has also been suggested for decorated spaces associated 

with purely preserved contexts, such as Room 1 of the House of the Ladies (fig. 

1-1, Doumas 1992a; Peterson Murray 2004). The function of this building is not 

18 These had been taken as evidence by Marinatos (1984, p. 20-21) that many of the houses at 
Akrotiri were public shrines allegedly associated with the preparation of cultic meals. This 
interpretation has faced a lot of criticism (see Doumas 2000b; Boulotis 2005, p. 40-42) in the 
past. Furthermore, it has been argued in recent years that in Late Bronze Age the collective 
consumption of food and feasting episodes would have not been solely related to religion 
(Hamilakis 1996,2002). 
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clear, as its ground plan does not conform to the model of a typical Theran house 

(Palyvou 2005a, p. 83-85); it is relatively large and its mural decoration, which 

includes a scene depicting female dressing has potentially a ritual symbolism 

(Marinatos 1984, p. 100, 104; Doumas 1992a, p. 35; Doumas 2005, p. 78; 

Boulotis 2005, p. 49; Murray 2004). Moreover, a pair ofhoms of consecration, a 

typical Minoan religious symbol, has been discovered in association with this 

building (Boulotis 2005, p. 34). Other spaces in the settlement decorated with 

nature scenes, such B6 (pI. 20) and Delta 2 (pI. 17), have also been considered to 

have formed the background of rites and acts of worship (Marinatos 1984; Hagg 

1985, p. 211), although neither the iconography nor the finds unearthed in these 

rooms explicitly suggest ritual action (Doumas 1992a, p. 100). 

Ritualised expression is not necessarily a manifestation of religious 

beliefs and it is now well-acknowledged that the distinction between the secular 

and the sacred in prehistoric cultures is not always possible, meaningful, or even 

useful (Frankfort 1949; Doumas 1992a, p. 100; Chapin 2004, p. 51; Boulotis 

2005, p. 22; Bradley 2005, p. 33-35). To date, Xeste 3 is the only building for 

which there is wide agreement that it had a public/cult function due to its 

architectural features (lustral basin), spatial arrangement and wall-paintings with 

undeniably religious significance (cf. §4.3). Xeste 4 (fig. 1-1) also appears to 

have had a communal character, although its exact use is not known at the 

moment; it would have been a public building, a fact that is suggested by its 

elaborate fa<;ades constructed with ashlar blocks, its size, and the impressive wall 

painting of the procession scene that decorated the main staircase (Doumas 

1992a, p.176; Doumas 2005). It has been proposed that Xeste 4 possibly had an 

administrative use (Doumas 2005), whereas Boulotis (2005, p. 31, 34) has 

identified quite a few instances of religious symbolism in the wall-painting of the 

procession (cf. § 2.3.4). 

Besides private or public buildings, ritualised performances would have 

taken place in outdoor spaces, which were either embedded in the urban tissue or 

lay within the mountainous and coastal landscape of Thera (Boulotis 2005). The 

existence of such places is to a great extent deduced by iconography. The ritual 

activities depicted in the murals of the Adorants (pU3) and the Crocus gatherers 

ofXeste 3 (pI. 14, 15, 16) are performed in the countryside, probably in the hills 

surrounding the archaeological site of Akrotiri, where saffron grows in the 
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present day (Tzachili 1994, p. 21-23; Katsipis 2001; Sarpaki 2001b; Palyvou 

2005a, p. 21-22). The Crocus gathering scene, that has a strong religious 

symbolism, as it includes the representation of a goddess (cf. §4.3), offers 

evidence about various aspects of Theran society. It suggests, for example, that 

the picking of plants, as in many traditional cultures, might have been a female 

occupation (Dickinson 1994, p. 91). Crocus would have been a highly valued 

product in LBA (Sarpaki 2001b, p. 180-181; Boulotis 2005; Davis 1979, p. 147), 

and according to Boulotis (2005) the offering of the stamens to the goddess 

indicates that its collection was probably under the control of the priesthood. 

Furthermore, the painted scenes of the West House (cf. §5 .2.1) indicate 

that the harbour would have also been a setting for important communal 

festivities and ritual practices. In the scene that unfolds at the coastal landscape 

of the Arrival town a procession of men is heading towards the harbour (Morgan 

1988; Boulotis 2005). Among the men a bull is depicted that is apparently 

intended to be sacrificed (fig. 2-8). Sacrifice rituals in the context of public 

gatherings would have been associated with conspicuous consumption and 

display, as suggested by the lavishly decorated sea vessels that approach the 

harbour in the Flotilla scene (pI. 4); it is apparent that varying social ranks 

distinguish those on board the vessel, the paddlers, the passengers and the 

persons in the ship cabins (Morgan 1988, p. 116; Televantou 1994, p. 287-288). 

The latter appear to be at the top of the hierarchy. Such expressions of 

conspicuous display during public events might have aimed at reinforcing the 

prestige of certain town dwellers and at establishing power relationships in the 

LBA society. 

Figure 2-8: Procession of men in the Arrival Town. A bull is depicted 
among the participants (Miniature fresco, south frieze) . Detail from Morgan 
1988, pl. 105. 
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Despite the abundance of iconographic details that suggest the 

performance of communal rituals in open spaces, it is rare that the presence of 

such loci is verified directly by excavation evidence. In this sense we are very 

lucky that the pillar pit that was dug at the area of the House of the Benches 

revealed undisputable traces of ritual practices (fig. 1-1, 2-3, at the immediate 

west to the Square of the Benches). Remains of sacrificed animals, that consist of 

hundreds of pairs of animal horns belonging to sheep, goats and bovines, have 

been found arranged in a heap above the debris of buildings. These manifest the 

use of space for communal performances shortly before the abandonment of the 

settlement (Boulotis 2005, p. 44). A gold ibex figurine was also discovered in 

this area; it was kept inside a wooden casket which had been deposited within a 

clay larnax (Doumas 2002, p. 173). Evidence for ritual deposition of objects has 

also been reported regarding the Square of the Cenotaph: a construction similar 

to an Early Cyc1adic grave which contained 7 marble Early Cycladic figurines 

(Doumas 1995, p. 184) has been discovered in this area. It is possible, as has 

been suggested, that communal ritual activities related to the worship of 

ancestors took place at the square (Doumas 1995; Boulotis 2005, p. 43; Palyvou 

2005a, p. 37). 

2.3.6 Conclusion 
The finds from this final phase of the prehistoric settlement piece together 

an image of a prosperous and bustling harbour town. Despite the abundance of 

archaeological information that has come to light in Akrotiri, however, the social 

structure of Theran society remains elusive. Although the apparent variety of 

occupations of town inhabitants implies the existence of different social groups 

and a sophisticated social organisation, the exact nature of societal relationships, 

their hierarchical or perhaps heterarchical19 character, is less easy to be assumed, 

especially because only a small area of the settlement has been unearthed. The 

affluence of the excavated houses suggests that perhaps a number of the town 

inhabitants living in the urban core had access to important resources. This 

however, would not be necessarily true for all the inhabitants of the settlement 

19 Heterarchy is defmed after Crumley (1995, p. 3) as "the relation of elements to one another 
when they are umanked or when they possess the potential for being ranked in a number of 
different ways". 
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and its hinterland. Evidence on economic and social activities may be suggestive 

about diverse aspects of social relationships within the settlement. For example, 

it is possible that some of the inhabitants of Akrotiri have profited by the 

production of textiles in large quantities that could have been valued items within 

interregional exchange networks. Sherratt and Sherratt (1991, p. 359) have 

suggested that in Late Bronze Age the concentration of the textile production in 

urban centres rather than in farms or villages would have benefited elite members 

capable of distributing the manufactured items. This situation entails the 

potential of social conflict (Sherratt and Sherratt 1991) and may require the 

establishment of power relationships through the production of material culture 

artefacts aimed at conspicuous consumption and display (cf. § 7 .2); In the 

following chapters is going to be argued that the study of the social and symbolic 

functions of mural decoration could be instructive regarding social relationships 

in Theran society (cf. Chapter 1). Social aspects of the reception of Theran 

murals will be discussed in Chapters 4 to Chapter 7. Chapter 3 that follows is 

concerned with the methods in which aspects of the visual experience of the 

paintings can be investigated. 
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Chapter 3 
Methodology: Visibility analysis in fully 3D spaces 

3.1 3D modelling and Virtual Environments 
3D digital reconstruction is a necessary first step to the investigation of 

visual experience in partially preserved and visually complex archaeological 

environments such as that of Akrotiri. The advantages of using solid modelling 

and animated 3D graphics in archaeology have been identified as early as the 

1980s (Reilly and Shennan 1989, p. 157; Reilly 1990, p. 133). Especially in 

recent years, however, computer based 3D modelling techniques have been 

widely utilised for the visualisation of 3D spaces or even the creation of 'virtual' 

environments, and have become well established tools for the reconstruction of 

elements that once defined the appearance of archaeological sites and 

monuments. Computer-assisted 3D modelling can indeed proved useful for the 

investigation of the visual properties of space, as it enables the creation and 

exploration of high-quality digital reconstructions that take into account the 

physical properties of real world features and environments (for instance texture, 

illumination, and atmospheric effects) which are essential to the shaping of visual 

perception. Digital models that can be viewed via pre-rendered walkthroughs or 

enable real-time interaction have additional advantages over computer-generated 

stills, as they give an impression of movement within the reconstructed spaces. 

Such an impression is created at the very least via the continuous alteration of the 

point of view from which the model is observed, a process which, it can be 

argued, offers a sense of what Gibson terms 'visual kinesthesis' (Gibson 1979, p. 

183). This could be defined as the experience of the changes in an individual's 

optical flow that occur during hislher movement in the environment, which is 

constitutive of the sense of the moving self (ego locomotion) (Gibson 1979, p. 

123, 183). However, a 3D model can offer much more than that depending on the 

system in which it is viewed. Such a system can be projected (the image fills the 

viewer's field of vision), desktop or table-top (Fernie and Richards 2002). The 

various systems differ in the level of immersion, physical movement and natural 

vision they provide users. For example, projected systems that enable interaction 

with the virtual world by means of natural movement, such as head movements 
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in the case of head-mounted displays, are considered immersive in contrast to 

systems that allow navigation solely through a keyboard and/or a mouse. It is 

interesting to note that despite significant differences among the various systems 

on which a 3D model is viewed, some first experiments have shown no apparent 

discrepancies between the ways people navigate in desktop virtual environments 

and immersive systems (Ruddle et al. 1998; Ruddle et al. 1997; Ruddle et al. 

1996). 

For the needs of archaeological research, the use of a desktop system is 

most often the preferred option. Archaeological interpretations are constructed 

through interaction with the virtual environment, and meaning is constructed 

within a framework of inference that is similar to that used in physical 

encounters with archaeological remains. Space and the objects of interest are 

approached from many different viewpoints and emphasis is given to human­

scale perspective and the observation of phenomena such as illumination and 

movement. It is true that desktop virtual reality cannot offer the users the 

complexity (auditory, olfactory, tactile etc.) and depth (intensity of stimuli) of 

real experience. In addition, there are differences between the visual perception 

of an environment that surrounds the perceiver and the visual inspection of 

images projected on a computer screen, for example regarding foveal and 

peripheral vision (cf. § 1.1.1). Nonetheless, the computer-based method has 

profound benefits over the natural engagement with historic and prehistoric sites 

in cases where the present appearance of the object of study is substantially 

different from that it has had in the past. On these occasions, a 3D model can 

bring the observer one step closer to human-scale experience of the environment 

and facilitate the formation of subjective, intuitive, and qualitative statements 

about human perception in space. It should be noted, however, that a walk­

through or even immersion in a VR model does not necessarily entail a better 

interpretation of the past. It has been noted that meaning is an internalised 

understanding, culturally embedded, which is essentially different from the 

experience of interacting or even being immersed in a VR world (Lock 2003, p. 

261). Of course, if one is going to suggest, as archaeologists do, that past 

meanings can be mediated by the study of material remains, then it has also to be 

assumed that something of that meaning can be revealed in the reconstruction 
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and exploration of the material circumstances that used to be associated with past 

human practices. Nonetheless, in this case the knowledge and preconceptions of 

the archaeologist for the culture under study are what in the end contributes to a 

meaningful interpretation of what is seen in virtual space. Therefore, the utility of 

a VR model heavily depends on what is already known about the people that 

inhabited the spaces being reconstructed. 

The contribution of VR models to the understanding of past ways of 

thought and action is also subject to many of the methodological limitations that 

can be attributed to physical encounters with historic or prehistoric spaces as 

means of interpreting the past. For instance, a virtual walk-through can lead to 

vivid and insightful observations concerning the visual impact of Theran wall 

paintings within their original setting. It is obvious, however, that whatever 

insights derive from this approach depend on the user's arbitrary decisions on 

how to experience the virtual environment, which involve choices regarding the 

speed of movement, stopping behaviour and the selection of viewpoints from 

which the different scenes are appreciated. One could argue that arbitrary 

decisions concerning how to move in a digital reconstruction leave a lot of space 

for biases that can seriously undermine the validity of the interpretation; 

SUbjective choices regarding which viewpoints should be recorded and discussed 

are likely to reflect preconceptions of the researcher, while perceptions from 

alternative locations might remain completely unnoticed and unregistered. 

Furthermore, as has already been suggested (cf. § 1.3), movement in space is 

embedded in everyday human practices. Visual impressions derived via a 

walkthrough that does to consider the social context of movement in the past do 

not necessarily conform to the visual experience of an individual in prehistory. 

Finally, interpretations based on the exploration of a virtual environment 

are likely to be related to SUbjective understandings of what is seen, and the use 

of descriptive terms with often vague and ambiguous meanings, such as, 

'monumental, 'spacious', 'private', 'isolated', 'prominent' etc. Ultimately, the 

lack of rigour in such descriptions limits the level of explanation and 

interpretation that can be offered by 3D computer-based representations, and 

consequently their research potential. It would be of great interest, for instance, if 

subtle and yet meaningful variations in the visual qualities of space that 

encourage certain behavioural responses were systematically and precisely 
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defined and recorded. Such possibility could permit a more comprehensive 

investigation of the visual experience in past environments that will consider 

comparisons between distinct built forms and the effects of transformations in 

architectural configuration through time. Eventually, these lines of inquiry might 

permit a gradual distillation of some basic causal factors that would have shaped 

human behaviour in historic and prehistoric space. Considerations of this kind 

have motivated the development and use of computing methodologies that can 

analytically approach aspects of visual perception. 

3.2 Analytical approaches to visual perception 

3.2.1 GIS-based visibility analysis 
Computer-based analytical approaches to the visual perception of past 

environments have mainly been applied in a landscape context and are based on 

the use of Geographical Information Systems (GIS.). These hardly ever refer to 

urban spaces which is the main focus of this research. Nonetheless, GIS-based 

approaches have often been concerned with the visibility of built structures 

situated in the landscape and they are discussed here since they mirror theoretical 

and procedural concerns regarding the visual experience in past environments. 

GIS were introduced into the investigation of the visual experience in 

past landscapes at the beginning of the 1990s, because they enabled the easy 

calculation of 'line-of-sight', 'field-of-view' and 'intervisibility' from several 

points of interest in a digital terrain representation. Such concepts and similar 

heuristics were already being used in a number of non-computational 

archaeological works (Renfrew 1979; Fraser 1983; Drewett 1982; Devereux 

1991; Fraser 1988) that aimed to explore the cultural formation of prehistoric 

space by laying emphasis upon the visual experience of individuals situated in 

the landscape. Using a similar interpretive framework GIS-based studies sought 

to explain in a formal way the relationship between visual perception in the 

natural environment and the spatial distribution of sites and archaeological 

remains, such as watchtowers, funerary mounds or monumental architecture 

(Gaffney and Stancic 1991; Wheatley 1995, 1996; Lock and Harris 1996). In 

these approaches, the visibility, non-visibility or intervisibility of landscape 

features are considered of possible significance for the choice of location on 

which built structures were erected and the constitution of places that were 
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redolent with symbolic meaning. It is noteworthy that, in parallel with the first 

applications of visibility analysis, the importance of vision and sight for the 

formation of cultural landscape was acknowledged by the exponents of 

phenomenology in archaeology, although they disputed the benefits of computer­

based analysis in the interpretation of past environments (Thomas 1993a, 1993b; 

Tilley 1993, 1994,2004). 

The calculation of viewshed, that is, the area visible from a certain 

location in a landscape, is nowadays a standard procedure in GIS software 

packages. It requires mainly a digital representation of the landscape under study 

(Digital Terrain Model-DTM) and a point in that model that represents an 

individual's position. A GIS can then calculate the viewshed of the given 

location by interpolating a line (line of sight) from the observer's point at eye 

level to every other cell in the digital terrain model. Depending on whether this 

line is obstructed by the height of landscape features or not, the different areas of 

the DTM are classified as non-visible or visible respectively, and results are 

presented in a binary map (viewshed) (fig. 3-1a). The estimation ofintervisibility 

between locations is implemented in a similar manner, although the viewer's 

height is considered for all locations of interest so as the reciprocity of results to 

be ensured. GIS-based analyses of visibility and intervisibility are presently 

routinely used in archaeological investigations. 

Following the widespread adoption of viewshed analysis by 

archaeologists, many of its limitations have been highlighted over the years 

(Conolly and Lake 2006, p. 228-233; Lake and Woodman 2003; Wheatley and 

Gillings 2000; Wheatley and Gillings 2002, p. 214-216; Van Leusen 2002; 

Fisher 1991, 1993). The development of visibility analysis from the beginning of 

the 90s until today has more or less aimed at addressing some of these 

shortcomings with various levels of success: 

a) Uncertainty in viewshed analysis 

Since the early 90s a number of criticisms have focused upon the 

limitations of binary viewsheds which produce an undifferentiated field of view 

that does not conform well to the real-life experience of seeing within a 

landscape (Fisher 1994, 1992; Wheatley and Gillings 2000). Concerns about the 

accuracy of DEM models that are greatly dependent upon the scale and 
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resolution of the represented topographic information, have repeatedly been 

expressed. In addition, there has been an increased awareness about the existence 

of factors that can significantly determine the visibility or non-visibility in 

natural environments that are not considered by line-of-sight calculations. 

Vegetation, for example, could have completely obstructed the visibility of 

archaeological features in the landscape, while atmospheric conditions, distance, 

as well as the colour and texture of landscape features, might have impeded 

object recognition in a natural environment. It is by now well established that any 

estimation of visible areas in the landscape that is grounded on viewshed analysis 

embodies a certain degree of uncertainty, a fact that should be made explicit in 

interpretations. 

More importantly however, probability and fuzziness can be made 

evident in viewshed representations. Fisher has suggested ways of incorporating 

uncertainty in the outcomes of the analysis, such as the probable and fuzzy 

viewshed (Fisher 1991, 1992, 1993, 1994, 1995, 1996). The former is a raster 

grid that expresses the probability with which each cell in the viewshed is visible 

from the observer's location. It aims to allow for uncertainty caused by errors in 

the DEM and discrepancies between different visibility algorithms. Fuzzy 

viewsheds, on the other hand, purport to deal with the issue of visual clarity of 

objects in a landscape by applying formulas that take into account the effects of 

distance decay, weather conditions, and atmospheric haze (Fisher 1994). 

Wheatley and Gillings (2000), following the work of Tadahiko Higuchi (1983), 

also dealt with the issue of visual clarity and recommended ways of determining 

distinct visual ranges in a binary viewshed (Higuchi viewshed) (fig. 3-1c). 

b) Quantitative and inferential rigour 

Given the amount of uncertainty that exists in viewshed calculations and 

the debatable significance of visibility as a factor that determines the locations of 

past monuments, means of testing the significance of the results of visibility 

analysis have been suggested. Notwithstanding its limitations, the binary 

viewshed has remained a useful heuristic, forming the basic unit of advanced 

products of analysis that encompass considerable inferential rigour, such as 

cumulative (Wheatley 1995, 1996) and total viewsheds (Llobera 2003; Llobera et 

al. in press). These form summary maps of the visual characteristics of a group 
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of sites and the entire terrain respectively. A cumulative viewshed (fig. 3-1 b) 

indicates the number of specified locations that can be seen from each cell within 

the study area and can be utilised for the interpretation of the distribution of one 

group of sites in relation to the visibility characteristics of another. The meaning 

of the resulting spatial patterns in this case can be assessed not solely with visual 

inspection, but with statistics as well, which can explore the probability of 

occurrence of the observed spatial distribution and determine whether a proposed 

association is 'random' or not. Wheatley (1995, 1996) used cumulative 

viewsheds and statistical testing to investigate the distribution of Neolithic 

funerary monuments in the A vebury and Stonehenge regions concluding that 

many of the Stonehenge barrows were situated in locations from which other 

barrows are visible. On the contrary, statistical testing did not allow the rejection 

of the hypothesis that barrows in Avebury area were randomly distributed 

(Wheatley 1995, 1996). Fisher et al. (1997) and Lake et al. (1998) also evaluated 

the results of cumulative viewshed analysis for site locations on the island of 

Mull and in Rhinns of Islay respectively by means of statistics. 

c) The visual properties of the entire terrain 

Recently, the calculation of the total viewshed of the study area has 

permitted an even more rigorous validation of cumulative viewsheds. In total 

viewsheds visibility is considered from all locations in the landscape, namely 

from each cell in the raster that defines the study area. In the final outcome of the 

analysis the value of each grid unit represents the number of locations (cells) that 

can be seen from it (or from which it can be seen, depending on the location of 

the viewer). In this way total viewsheds (Lee and Stucky 1998; Llobera 2003; 

Llobera et al. in press; Llobera 2006) summarise the visibility characteristics of 

the popUlation of the area of interest against which the significance of the results 

of cumulative viewsheds can be tested. 

Besides enhancing the inferential ngour of viewshed analysis, total 

viewsheds are useful analytical products per se expressing a shift of interest from 

the visibility of sites to the visual structure of the whole environment. They are 

indicative of locations that have similar visual characteristics, and can be further 

analysed to produce additional information on the visual qualities of the study 

area, such as topographic prominence, as it has been demonstrated by Llobera 
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(2003,2005). Given the fact that they take into account this infonnation for each 

location in continuous space, they can also be suggestive of the visual experience 

from the point of view of a mobile observer, if, for example, they are intersected 

with possible walking paths (Llobera 2003, p. 36). The latter is a promising 

development in visibility analysis, as the consideration of mobility has often been 

a concern of archaeological investigations in past landscapes. 

d) The experience of the mobile observer 

Real-life encounter with natural environments has since long encouraged 

scepticism regarding the "static" approach to visual perception implicitly adopted 

in most applications of visibility analysis, which focus upon the visual impact of 

landscape features as seen from a limited number of discrete viewpoints. These 

approaches ignore the constantly changing visual impressions of the individual 

moving in the landscape. Gibson's ecological approach to visual perception, and 

his emphasis on the importance of movement in the shaping of visual experience, 

further motivated an interest on the issue of mobility in the studies of past 

environments (Gibson 1979). 

As a consequence, some studies have attempted to develop a line of 

inquiry that links visibility with the experience of a moving individual. Issues of 

interest in this case include the role of the perception of monuments in fonning 

patterns of movement in a landscape or the social significance of the emergence 

of new features in relation to existing paths or wider areas of human activity and 

practice. One of the most comprehensive archaeological studies in this area was 

curried out by Llobera (2000) who built on the theoretical works of Pred (1986) 

and Hagerstrand (1970). Llobera uses the concept of constraint as defined by 

Time-Geography to create raster maps in which each cell indicates the 

probability of an individual moving into or through that cell. In the determination 

of the probability values presented in these maps, the visibility of built fonns, 

which would have attracted or repelled movement, is essential. 
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Figure 3-1. Visibility around the River Danube, Iron Gates Gorge, from an observation point near the 
prehistoric site of Vlasac. (a) A simple binary viewshed, (b) A cumulative viewshed, (c) A Higuchi 
viewshed showing short, mid and long ranges in all directions, (d) A directional viewshed showing 
binary visibility in eight directional sectors. From Lock (2003, fig.5.3). 
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e) Moving beyond two-dimensionality 

While a number of criticisms concerning viewshed analysis have been 

successfully addressed by recent methodological and technological advances, 

others have been less so. Perhaps the most often discussed shortcoming of the 

method, and the most difficult to deal with, is the dependence of viewshed 

analysis on the reductionistic and two-dimensional character of GIS 

representations that significantly limit its usefulness at the human scale. It is 

obvious that a reduced and abstract description of space can only provide an 

equally restricted understanding of visibility within the study area. In 

archaeological applications of GIS two-dimensionality has always been 

identified as a significant limitation (Harris and Lock 1995, p. 355; Claxton 

1995; Gillings and Goodrick 1996; Gaffney and van Leusen 1995; Wheatley and 

Gillings 2002, p. 241; Harris and Lock 1996, p. 307) and has been considered by 

some as the main reason why GIS use is restricted to landscape studies and much 

more rarely expands to intra-site analysis (Harris and Lock 1995, p. 356). It is 

also one of the main reasons why GIS studies have been criticised by post­

processual theorists that generally disregard the map perspective as a "God trick" 

(Haraway 1991, p. 189) and "a picture of past landscapes that the inhabitant 

would hardly recognise" (Thomas 1993a, p. 25). 

The fact that viewshed analysis makes use only of 2 YzD 20 does not only 

raise theoretical issues, but also pragmatic concerns. The effects of the absence 

of the third dimension are made apparent if one needs to consider the visibility of 

built structures in the natural environment. The representation of buildings as 

points forces a Boolean inquiry into the data (e.g. the object of interest can either 

be seen as a whole or cannot be seen at all). In real life, however, buildings 

situated in the landscape are never seen in their entirety, as they are always 

perceived from a certain perspective that reveals only part of their form, while in 

most occasions they are obstructed by topography, vegetation or other built 

structures. Nevertheless, even the partial views of landscape features could have 

a symbolic significance, and their gradual revelation to the viewer is essential in 

shaping the experience of space and place. Good examples are the large Andean 

ceremonial complexes, whose presence, according to Moore (1996), mirrored the 

20 Here the shorthand '2 ~D' is used to refer to the common practice of using attribute data to 
represent the third dimension within an essentially 2-dimensional data structure. 
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exerCIse of power within Andean societies, or buildings in Mayan towns 

(Hohmann-Vogrin 2005, p. 287). If one is going to investigate the symbolic 

significance of such structures, it would be important to know for example which 

parts (e.g. fayade, side walls, architectural details and decorations etc) of a 

building are visible from the surrounding urban and natural environment. Such 

inquiries could determine which features of the buildings were meant to be seen 

and the possible intentions of those who built these structures. 

At this point, it would be useful to clarify that, although recent versions 

of GIS offer more opportunities for 3D visualisation, they are still based on 2D 

or 2 'liD data structures (Wheatley and Gillings 2002, p. 241; Harris and Lock 

1996, p. 307) that significantly limit the usefulness of visibility analysis. GIS 

software still cannot differentiate between two points which have the same x and 

y coordinates, but different heights and does not permit the representation of 

complex built structures or building interiors. Furthermore, since a viewshed is a 

2D raster grid representing space as seen from the top, visibility analysis is 

essentially restricted to two dimensions. This can be demonstrated if one 

considers the extreme example of a GIS representation of near vertical walls. In 

this case, when the results of visibility analysis are visualised in 3dimensions by 

draping the viewshed on Triangulated Irregular Network (TIN) of the space 

under study, quantisation errors could be observed on the faces of the walls (fig. 

3.2), a consequence of the fact that a viewshed calculation represents as a line 

what in real world is a surface. 

• visible 
• non-visible 
o quantization errors 
• viewpoint 

Figure 3-2. Quantisation errors in GIS-based visibility analysis that is applied on almost vertical walls. 
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To conclude, five basic trends can be noted in computer-based 

archaeological visibility analysis over the years: a) the realisation and explicit 

representation of the uncertainties inherent in viewshed calculations, b) an 

interest in developing analyses with an increased quantitative and inferential 

rigour, c) the consideration of visibility from all locations in the study area d) an 

emphasis on investigating the experience of a mobile observer and, e) the 

demand for a less reductionistic and more human-centred approach to past 

environments. Although these trends have been eminent in the study of past 

landscapes, they are indicative of an archaeological reasoning that might also 

profit the investigation of visual experience in past urban spaces. On the other 

hand, computer-based visibility analyses specifically aimed at the study of built 

spaces have been developed in the field of architecture and urbanism, mirroring 

primarily the research interests of those disciplines. 

3.2.2 Visibility analyses in urban spaces 
The development of visibility analysis within the fields of architecture 

and urbanism differs from that of archaeological GIS-based methods in two 

respects: firstly, visibility analysis in built environments has always focused 

upon the visual properties of spatial configuration rather than the visibility of 

individual objects situated in built space; secondly, it was from the very start 

created to investigate the experience of a mobile observer. The first attempts at a 

formal analysis of the visual qualities of built environments were made by 

Benedikt (1979), who introduced the concept of the isovist, the set of all points 

visible from a vantage point in space21
, into the study of architectural 

configurations (fig. 3.3a). Benedikt associated this term with Gibson's ecological 

optics and the notion of an 'optic array', defined as "the nested complex of 

visual angles that have their apex at the eye of the observer and their base at the 

surfaces of the environment that surrounds her" (Gibson 1979, p. 65-71). 

Following the basic Gibsonian premise that postulates that the visual experience 

of the environment is constituted via the perceived variants and invariants in the 

changes of the optic array, which occur due to the observer's movement (Gibson 

21 Although the isovist as initially discussed by Benedikt (1979, p. 52), was defined as either a 
3dirnensional or a 2dimensional entity, isovist analysis is based on the production of two­
dimensional isovists. 

- 64-



1979, p. 73-75), Benedikt aimed to investigate the interplay in the isovist 

properties among contiguous points in space. He suggested, therefore, a spatial 

analysis based on the examination of isovist fields (fig. 3.3b), which are scalar 

fields, similar to topography contour lines, indicating various isovist properties 

(area, perimeter, occlusivity, variance, skewness and circularity). It was argued 

that these measures were significant in the formation of certain perceptions and 

behaviours related to the concepts of privacy, surveillance, prominence, visual 

access and exposure (Benedikt 1979, p. 52). Benedikt and Burnham (1985), later 

managed to experimentally demonstrate that isovist properties affect human 

perception, but they were not able to generalize their results. More recently, 

Conroy (2001, p. 207) in her investigations of movement within virtual 

environments also observed correlations between large isovist areas and 

pedestrian stopping behaviour. At the same time, Batty (2001) further extended 

isovist analysis regarding simple geometric measures (distance, area, perimeter, 

compactness and convexity), in order to study the visibility characteristics of 

different building and city types, which could allegedly influence the perception 

of individuals moving in those spaces. 

In addition to isovist analysis, Turner et al. (2001) drew on the theoretical 

framework developed by Benedikt, as well as on social theories of networks, 

such as those proposed by Hillier and Hanson (1984) and Watts and Strogatz 

(1998), and proposed a graph approach to the investigation of visual perception 

in urban space, known as visibility graph analysis (VGA). A visibility graph is a 

set of edge connections that link locations in space that are mutually visible (fig. 

3.3c). This type of representation has the advantage over isovists that it can be 

analysed with local and global graph measures (e.g. neighbourhood size, 

clustering coefficient, and mean shortest path length) which could potentially be 

related to decision-making while navigating in the built environment (Turner et 

al. 2001, p. 118). For instance, Turner has suggested that visually integrated 

areas in urban space (fig. 3d), that is, areas for which the mean shortest path to 

all other location is low, offer better opportunities for pedestrian congregation. 

He also proposed that the clustering coefficient of a visibility graph is indicative 

of the amount of visual accessibility that will be gained or lost in the course of 

the observer movement and may be associated 
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Figure 3-3. Visibility analysis in urban space. (a) An isovist (from Turner et at. 2001 , fig I), (b) 
An isovist field of equal area (isolines connect points in space from which equal area can be seen, 
from Turner et at. 2001 , fig. 4, (c) A visibility graph, from Turner et at. 2001 , fi g. 3, (d) Visually 
integrated areas in built space (analysis performed with Depth Map) from 
http://www.vr.ucl.ac.uk/research/vgaJ accessed March 2006. 

with way-finding in complex spatial configurations. Turner and Penn (Turner 

and Penn 2002) and Turner (2003) have further attempted to investigate the 

relationship between VGA and locomotion with the application of agent-based 

modelling. In the model they propose, agent movement is guided by the viewable 

area that is computed for each point of a dense grid visibility graph. After 

applying their methodology in a region of the City of Westminster in London, 

they find that the agents ' behaviour correlates well with observed patterns of 

pedestrian movement indicating that visible area is a factor that could determine 

individuals behaviour in the built environment. 
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Isovist and Visibility Graph Analysis in archaeology 
While GIS-based visibility analysis is a well established approach to the 

investigation of cultural landscape, isovist and visibility graph analysis have been 

utilised in the study of past built spaces in only few cases. The works of 

Stavroulaki and Peponis (2005) and Clark (2007) form characteristic examples of 

how these approaches can be applied for the interpretation of past ecclesiastic 

spaces. Clark' s investigation of visibility in Byzantine churches in Jordan (fig. 3-

4) considers the measures of spaciousness (area), openness (isovist 

perimeter2/area) and complexity of isovists calculated from the altar, assembly, 

ambo and precider's chair for six distinct church types (Clark 2007). He then 

makes comparisons between the respective values of each location through six 

subsequent time phases and forms statements regarding the level of visual 

integration of these features and the relationships between assembly members 

and the clergy. It is characteristic, however, that Clark neither attempts a detailed 

description of what exactly would have been visible from each location nor 

makes a precise estimation of the suggested measures. As he notes: "Often, 

(A) 

Figure 3-4. St Theodore church, Jerash West, VGA (light- darklmost-least integrated) with 
chancel screen. B. St Theodore church, Jerash West, VGA (light-darklmost- least 
integrated) without chancel screen (from Clark 2007, p. 98) 

screens, ranging from 0.80m to I.30m in height, and chancel post-collonettes 

often 2m in height, with or without balustrades or architraves, impeded the 

assembled view without totally blocking it" (Clark 2007, p. 86, original 

emphasis). VGA does not permit the consideration of occlusive effects of these 

features, even if they are represented in a very abstract way. As it produces solely 

a two-dimensional slice of visible space at the eye level of the viewer, it cannot 
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allow for the possibility that one can see beyond obstacles that would have 

partially hindered visibility below or above the horizontal. In that sense, VGA 

offers a rather crude description of visibility in built space. 

The adoption of isovists and VGA for archaeological purposes is not 

unproblematic. Although it has been proposed that these methodologies could 

possibly reveal social and aesthetic aspects of the visual experience of space 

(Turner et al. 2001; Batty 2001), it has been rightly argued that some of the 

statistical measures they suggest cannot always be interpreted in a meaningful 

way (Llobera 2003, p. 27-28). Furthermore, there are still few empirical studies22 

of how exactly isovist and visibility graph measurands can be associated to 

human behaviour and perception of the environment. Agent-based models that 

aim to explore the links between VGA and pedestrian movement at fine spatial 

scales similar to those mentioned above seem promising and could potentially 

motivate new lines of inquiry into the experience and social significance of past 

environments. However, in many situations the 2dimensional nature of VGA and 

isovist analysis does not meet in the most efficient way neither existing demands 

of archaeological inquiry regarding visibility in built spaces (cf. Chapter 1), nor 

current trends in archaeological visibility analysis that aim to take into fuller 

account the 3D nature of space. This is of course hardly surprising, as they were 

not created with archaeological obligations and goals in mind. 

Considering the third dimension in built spaces 
It is noteworthy that the two-dimensional limitations of the existing 

methods of visibility analysis seem to be of greater concern to the archaeologist 

than the urban scientist. Demands for the consideration of the third dimension are 

more frequently expressed in relation to GIS-based archaeological applications 

(Llobera 2003; Gillings and Goodrick 1996) rather than analytical approaches to 

visual perception developed within the field of urbanism. This is probably 

mainl/3 due to the fact that visibility analyses employed in the built environment 

have focused on the study of unoccupied space among buildings and walls which 

22 For example, such as those carried out by Benedikt and Burnham (1985), Conroy (2001) and 
Franz and Wiener (2005). 
23 Computation and time constraints related to the 3dmodeling and analysis of very large data sets 
(e.g. town plans) have also been issues of concern. 
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is seen as potential for movement (Benedikt 1979; Hillier and Hanson 1984, p. 

272). 

That said, in recent years there have been attempts by urban scientists to 

develop analytical approaches that can be applied in 3D spatial representations. 

Consistent with these trends is the idea that the analysis of the 3D visual 

properties of urban or natural landscapes is essential for the understanding of 

human perception of the environment. It has been also maintained that 3D 

methods coincide better with Gibson's definition of the optic array and 

Benedikt's original description of the isovist as a 3D entity (Benedikt 1979). The 

description and analysis of 3D isovists has until now been attempted with the 

development of spherical analyses that mainly aim to examine open urban 

spaces. 

Fisher-Gewirtzman and Wagner (2003) introduced a metric tool that was 

developed using the JAVA programming language and VRML modelling in 

order to calculate a Spatial Openness Index (SOl), which they defined as "the 

volume of open space potentially seen from a given point" (ibid, p. 39). The 

method is based on the count of visible voxe1s (cube units) of open space that fill 

up a sphere around the observation point. Fisher-Gewirtzman et ai. (2003) have 

attempted to demonstrate via a preliminary test that SOl is correlated to 

"perceived density" in urban space which they suggest is an important indicator 

for environmental quality. It is characteristic however, that this test, which 

involves comparisons between a number of alternative spatial configurations, 

tends to approximate spatial openness measurements with two dimensional 

viewing angles estimated from horizontal and vertical sections, rather than 

calculate the visible volume for each observation point, as the latter would be 

"extremely complex" (Fisher-Gewirtzman et ai. 2003, p. 581). Another spherical 

tool created by Yang et a1 (2007) as an extension for GIS software is similarly 

aimed at the creation of 3D indices that are allegedly closely related to the sense 

of spatial enclosure (ibid. p. 989). Their technique, however, works only with 2 

YzD data and it cannot deal with real 3D objects. As a result, its applicability is 

limited to exterior open spaces and does not extend to building interiors (ibid. p. 

975). Teller (2003) has also demonstrated a method that permits the 

measurement and analysis of spherical projections of visible sky area as seen 

from specific viewpoints in a 3D model of an urban environment. 
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Despite the fact that spherical metric tools, such as those described above, 

have been primarily created for the study of modem environments, they could 

also be useful for archaeological investigations. In the past, aesthetic aspects of 

prehistoric built spaces have been explored by measuring and analysing urban 

open space. Palyvou (2000), for example, comments on the proportionality of 

mass (built space) versus void (open space) in Minoan Architecture noting that 

the latter exceeds the former in Neopalatial buildings. It should not be precluded 

that spatial openness measures may also be associated with social aspects of 

space. For instance, an urban area with large visible open space volume would 

give more opportunities for visual access to the surrounding natural or built 

environment enhancing the communicative impact of features of symbolic 

significance situated within it. Similarly, concepts analogous to sky openness 

have been associated with archaeological interpretations in past landscapes; Lake 

and Woodman (2003, p. 695), for instance, maintained that the placement of 

prehistoric stone circles may have been determined by the amount of visible far 

horizon seen from these sites, which could have contributed to the shaping of an 

impression of 'circularity' that is echoed in the configuration of the monuments. 

Although spherical metric tools could potentially benefit archaeological 

interpretations of past environments, they are only useful in the case when the 

visibility of surfaces, rather than that of open space, is of interest. 

On the other hand, a fully 3D technique that focuses upon the visual 

perception of objects within their surrounding environment has been suggested 

by GroB (1991), who proposed the analysis of rendered scenes derived from a 3D 

model. His approach was later enhanced by Bishop et al (2000; also Bishop 

2003), as a completely automated method for visual impact assessments in a 

landscape context, although it could be equally used for urban space analysis. 

The application of this methodology requires, as a first stage, the creation of a 3D 

model and the allocation of discrete colours to the objects or features of interest. 

In a second stage, the amount of visibility of individual features is estimated by 

calculating the counts of the colour-coded pixels in a number of rendered camera 

views. Depth-information that indicates the distance of visible objects from the 

camera is also extracted from the images. Bishop's methodology offers an 

effective approach into the investigation of the visual properties of objects within 

their surrounding environment for a finite number of observer viewpoints. Far 
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from being restricted to Boolean operations, it can determine how much of the 

object is visible or how much it cuts the horizon. Furthermore, according to GroB 

(1991, p. 408) and Bishop (2003, p. 685), it has the potential to take into account 

atmospheric conditions that could affect the perception of objects, although no 

applications have been presented in this area. Nevertheless, contrary to some 

GIS-based approaches, Bishop does not attempt to estimate this information for 

all locations within the area of interest or map it back in space, because this 

"would require prohibitive computing time" (Bishop 2003, p. 686). This restricts 

the usefulness of his approach, as the spatial component of the data cannot be 

subjected to further analysis and interpretation. 

3.3 A new approach to visibility analysis in fully 3D spaces 
The above review of current methodologies of visibility analysis in the 

fields of archaeology and urbanism reveals a lack of approaches that can 

effectively take into account and analyse the visual properties of complex 3D 

spaces and objects. It is now well established that computer-based analysis in 

archaeology should not be restricted by the functionality of existing systems that 

were not designed to serve archaeological goals, and that new methods which 

meet the particular requirements of archaeological research in a more efficient 

way should be developed (Gillings and Goodrick 1996; Moore 1996, p. 228; 

Lake et al. 1998; Wheatley and Gillings 2000, p. 24; Lake and Woodman 2003, 

p. 69; Wheatley and Gillings 2002, p. 237). Besides being motivated by 

theoretical concerns, the move towards methodologies that aim to investigate 

space from a human-scale and three-dimensional perspective emanates from the 

nature of inquiry related to the meaning and experience of past environments, 

especially when built structures situated within urban contexts or landscapes are 

considered. 

The problematic that was developed concerning the Theran wall paintings 

is a good example. The reconstruction of the decorated spaces is a necessary first 

step in any approach of assessing their communicative impact. However, the 

mere descriptive use of 3D models, although in many ways illuminating, is of 

limited utility, mainly due to the lack of methodological rigour in the users' 

interaction with the 3D model and the ambiguity of terms used in interpretations. 

On the other hand, it is also true that the study of human cognition cannot be 
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restricted to observations derived from abstract representations, and statistical 

and physical measurements. In the past, the synergy of visibility analysis and 3D 

modelling has been described as promising, as has the potential to make use of 

the benefits that both approaches have to offer ·(Gillings and Goodrick 1996). In 

practice however, the integration of such diverse technologies (Table 3-1) in a 

meaningful way entails obstacles, as quite often visual impressions that are 

derived from a 3D and human-scale perspective of space cannot be explored in a 

meaningful way with the established methods of spatial analysis that are 

restricted to 2 and 2 Y2 dimensions. 

3D modelling approaches: 

Aim to explore visual space through 
virtual interaction with 3D models 

. Seekto'stUdy yisual space in an 
experiential mode and are interested in 
the direct impressions that space 
creates the observer 

Look into visibility issues from a 
human-scale perspective 

Facilitate the formation of subjective, 
intuitive, and qualitative statements 

. about human perception in space 

Spatial analysis (GIS, urban studies): 

Aim to explore properties of space 
through products of analysis 
(viewsheds, calculation of 
intervisibility, isovists, visibility 
graphs, statistics) 

Investigate and measure the properties 
of space, which are implicit in the form 
and structure of the built environment 
and may not be immediately 
perceivable 

Adopt a CartesianJ2dimensional view 
of space 

Enable formal and quantitative 
approaches to the study of visual 
expenence 

Table 3-1 Comparison between 3D modelling and analytical approaches to visibility. 

For example, in the investigation of the visual experience of the wall 

paintings, it is obvious that the faces of the walls, rather than their 2D footprints, 

are of interest. Furthermore, the research questions of this work focus upon the 

visibility of painted features that would be seen through architectural elements, 

such as door openings and windows. In this case a visibility analysis in fully 3D 

spaces is required that conforms better to the impressions created by looking at 
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the 3D model, allowing for the fact that an observer is able to see above obstacles 

such as furniture, through windows or below door lintels. 

In order to approach these issues this research proposes new methods of 

visibility analysis in fully 3D spaces that couple 3D modelling and GIS 

functionalities. These methods explore visibility in 3D computer-generated 

representations of space and permit the consideration of uncertain knowledge 

regarding the geometry of space, and of certain factors that affect visual 

experience, such as the angle of view, distance and illumination. A basic premise 

that underlies this work is that 3D models and 3D modelling software can have 

more than a descriptive use in archaeological investigations, also forming useful 

analytical tools. 

3.3.1 Visibility recording and analysis in 3D digital environments 
Benedikt (1979), in his seminal article on isovist analysis, attempted to 

visualize the behaviour of an isovist along a path by moving a point light source 

across a 3D model of an environment. He defined the set of illuminated points in 

3D space as the isovist calculated from the location of the light source. Although 

Benedikt did not further build on this association, and went on to describe the 

isovist as a 2D entity, the comparison is particularly instructive. The connection 

between point-source illumination and visibility in a 3D digital environment 

makes sense, as in computer graphics views of virtual scenes are produced by 

simulating the propagation of light (Bittner and Wonka 2003). Figures 3.5b and 

3.5c show this association clearly; if a light source emitting rays in all directions 

is positioned at the observer's location at eye level, the illuminated and 

shadowed areas in the model will correspond to the visible and non-visible 

surfaces seen from a camera positioned at the same location as the illumination 

source (Paliou and Wheatley 2007). 

It is, therefore, possible to develop a visibility analysis of virtual scenes 

based on simulations of light propagation. It has to be noted that although 

information on the visibility of features can apparently be derived from the 

camera view (cf. §3.2.2), in the way that has been suggested by Bishop et al 

(2000) and Bishop (2003) for example, the simulation and recording of light 

distribution offers greater opportunities for spatial mapping and analysis, as it 

will be demonstrated later in this chapter. 
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Figure 3-5. a) Room 3 of Xeste 3 on the ground floor. b) A view of the wall painting of the 
Adorants (fig. 3-5a i) from a camera positioned in Room 3 (fig. 3-5a, 4-2, 4-3 , 4-4) c) A light 
source has been positioned at the location of the camera and an image is rendered by a second 
camera positioned perpendicularly to the wall. d) The binary viewshed from the same observer 
point. 

As is the case with camera views, information about the illumination of a 

surface can be extracted by rendering as raster image. For single flat objects such 

as wall surfaces, illumination maps can be created by placing a camera 

perpendicular to the target object and using it as vantage point for the recording 

oflight distribution on the surface of interest. Alternatively, if the visibility ofthe 

entire environment is of interest, the textures of all wall surfaces with 

information on illumination can be extracted as lighting or shadow maps, as has 

been suggested by Earl (2005). The latter process is the only option if non-flat 

objects are of interest. 
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3.3.2 The binary viewshed 
Illumination maps, being raster images containing spatially referenced 

information, can be imported and analysed using a GIS24. For example, they can 

be turned into a binary viewshed by reclassification so that the visible areas (all 

areas that a ray of light has reached) are indicated by 1 and non-visible areas by 0 

(fig. 3.5d). For the investigation of the visual properties of wall paintings this 

process is particularly useful, as the projection of the outlines of painted features 

on the viewshed and further map algebra operations can determine the visible 

area (in cell count or per cent) of an entity from a given observer point (Fig 3.6). 

It _ ' lx - - ,- -
. I· 

I _ i 

l~~_~ t:J._. II =it 
_Non-visible _ Girl with necklace _ Wounded girl _ Girl with veil 

c=J No data 

Figure 3-6. The calculation of the viewable area for each feature of interest. 

This process can be repeated for each viewpoint of interest. In the context 

of this research the suggested operations are performed for every location in the 

study area, as long as all locations can be potentially occupied by an observer. In 

each case the space in which the observer may have been located is sampled at 

regular intervals defined by a grid, whose centroids mark possible viewer's 

positions. It is important that the resolution of the grid is fine enough to describe 

changes in the visibility of the features of interest to the detail that the research 

problem requires. If the analysis is perfOlmed at the appropriate resolution, the 

produced viewsheds will provide the population, rather than just a sample of 

visibility measurements. For visually complex interior spaces, such as Xeste 3, it 

was discovered that a fine grid of 20x20cm is more suitable to describe rapid 

changes in visibility that could occur due to the observer's movement than a 

50x50cm or a 1x1m grid, that are often used for visibility analyses in built spaces 

(cf. Turner et at. 2001). 

A great number of single viewsheds will reveal that visibility changes 

constantly in many cases depending on the observer's location. The question that 

24 3D modelling and spatial analysis in this research were implemented using 3ds Max (versions 
8,9 and 2009) and ArcGIS (versions 9.1 , 9.2). 
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rises at this point is, which features will be more frequently within a viewer's 

field of view, and therefore more likely to be seen? The invariants of the visual 

experience in built spaces can be shown up by summarising the visibility 

information incorporated in individual viewsheds. 

3.3.3 'Times seen' 
'Times seen,25 (fig. 3-8) can help identify parts of the target object (in 

this case a painted wall) that are less obstructed by other objects or architectural 

features and therefore have greater potential to be seen. These are maps created 

by summing up binary viewsheds (equation 1, fig. 3-7) with map algebra 

operations. If viewsheds are recorded from all locations of interest as described 

above, their sum will correspond to a total viewshed, namely a raster in which 

each cell indicates the number of times the target object can be seen from the 

study area. As applies to total viewsheds in landscape studies (cf. § 3.2.1), the 

raster created in this case determines the characteristics of the population, and 

hence statistical testing for the evaluation of the significance of the observed 

patterns is not necessary. 

m 

(1) Yij = LXijc 
c=l 

where y is a cell at row i and column} and m is the number of binary viewsheds (x) to be 
combined. 

The projection of the outlines of individual painted elements on the total 

viewsheds permits comparisons between the visibility of different elements of a 

composition (fig. 3-8). The amount of visual exposure of each feature can be 

determined with the application of zonal statistics, as well as visual inspection. 

Total viewsheds can describe the likelihood that a particular painted feature will 

be encountered by a viewer moving in the space of interest (less obstructed 

features are more likely to be seen). They can also help to identify invariants in 

the divergent perspectives of multiple observers standing in space during public 

gatherings (cf. Chapter 4). Moreover, 'times seen' can be created by summing up 

25 The term 'times seen' is used by Fisher (1994, p.169) to define simply "the sum of all binary 
viewsheds". In this research unless otherwise stated, 'times seen' are synonyms to total 
viewsheds, as they are the result of the summation of binary viewsheds derived from all location 
in the study area. 
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only viewsheds from locations that intersect a walking path. This could enable 

the creation of useful visual summaries that can reveal the most exposed features 

in the course of particular routes (Earl 2005). 

Figure 3-7: Some of the binary viewsheds that were added to create the total view shed of the 
wall surface of the Adorants. 

Figure 3-8: Cumulative map that was created by summing 213 individual viewsheds. It indicates the 
relative differences in the visual exposure of the three female figures of the wall painting of the 
Adorants from Room 3 ofXeste3 . 

3.3.4 Managing uncertainty and error: probable and fuzzy viewsheds 
It cannot be overemphasized that, as in the case of landscape visibility 

studies, in most situations there is some degree of uncertainty as to whether a 

target feature is visible or not from a particular location. This lack of confidence 

in the results of the analysis is caused by possible errors in the reconstructed 
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geometry ofthe digital model of the built space under study. Errors in a proposed 

reconstruction are likely to be caused by imprecise recording of the extant built 

features on site, or during the digitisation process (e.g. when calibrating site 

plans). The main source of uncertainty, however, is the partial preservation of the 

archaeological record and the lack of knowledge concerning features that are no 

longer preserved. On some occasions assumptions can be made regarding such 

features with a certain degree of confidence. Even then, however, details of the 

missing elements, such as the exact dimensions, cannot be known with precision. 

Ultimately, it has to be acknowledged that a great deal of detail about the 

geometry of past built structures that may have influenced visibility in space is 

simply unknowable. 

That said, it is important to establish whether uncertainty in a particular 

context can substantively affect statements and interpretations concerning the 

visibility of the features of interest. For that, probabilistic viewsheds can be 

created that aim to show the likelihood that a certain feature is exposed to the 

viewer, and the propagation of possible error in the analysis outputs. For 

example, one may ask if the lack of knowledge about the exact dimensions of the 

door jambs of poly thyra that would have partly occluded the visibility of the 

wall-paintings of the Adorants in Room 3 of Xeste 3 (fig. 4-3, cf. § 1.1.1) could 

significantly affect an interpretation. In this case, a number of alternative 

reconstructions with variations in the width of the wooden door posts (changing 

for example at ordinal level from 18cm to 25cm) can be created. Visibility maps 

recorded from the same viewpoint in each model can be summed up and divided 

by the number of proposed reconstructions as suggested by Fisher (1994). The 

result will be a probable viewshed (equation 2, fig. 3-9). 

n 

LXijk 

(2) ( ) 
k=l 

P Xij =--
n 

where p(xij) is the probability of a cell at row i and column} in the raster image being visible, and 
xij is the value at the cell of the binary coded viewshed in realization k such as that k takes values 
1 to n. 
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Figure 3-9. A probable viewshed 
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Figure 3-10 a) Detail plan of the ground floor of Xeste 3 with indication of the position of the 
pier (in red ellipse) reconstructed by Palyvou (2005a, p. 120, fig.l66) in Room 3a. The wall 
painting of the Adorants was located on the north wall of the room (i) b, c) The visibility of the 
wall-paintings of the Adorants with (c) and without (b) the wooden pier (fig. 3-10a) (blue-low 
visibility/red-high visibility d) the range of difference between the two maps (blue areas are not 
affected by possible errors/red areas are those that are most affected e) The range of difference 
between maps band c within each individual class (feature) is indicative for the effects of 
uncertainty for individual painted elements (blue-areas are not affected by possible errors/red 
areas are most affected. The visual exposure of the figure at the left is more affected by the 
presence of the pier. 
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3.3.5 Propagation of error in 'times-seen' 
As long as interpretations are based on visual summaries, such as 'times 

seen', it would be more useful if uncertainty and error propagation were 

discussed in relation to these more complex products of analysis. In this case 

measures of dispersion can be used to assess the degree in which error in a 

particular situation is substantive or not. In the simplest situation between total 

viewsheds created from two alternative reconstructions, the error can be 

described as the range of difference between the absolute values displayed in the 

two maps. For example, in figure 3-10d the degree of exposure of areas whose 

visibility is not affected by changes in the form of architectural space (blue 

areas), can be defined with a high degree of confidence. 

Often more than two outcomes will need to be compared, as on occasions 

when a number of visibility maps are derived from alternative reconstructions, 

among which the dimensions of certain architectural elements vary at ordinal 

level (cf. § 3.3.4). In such cases, an indication of the spatial distribution of the 

possible error can be given by the root-mean-square deviation of the cell values 

of the different possible outcomes from the mean (standard deviation) (equation 

3, fig. 3-11): 

(3) 

I(x-x)2 

n - 1 

standard deviation of the cell values of a number (n) of 'times seen' derived from alternative 

reconstructions, where x is a 'times seen' based on a probable reconstruction and X the mean cell 
value of n 'times seen' considered. 

This process averages the discrepancies between a number (n) of 'times 

seen' (fig. 3-11a) that are based on a set of alternative and equally plausible 

reconstructions using the standard deviation of the samples. The result will be a 

raster (fig. 3-11b) whose cell values indicate a plus or minus error in the "times­

seen" value expressed by each cell in the map. In addition, the probability could 

be normally distributed around the most likely value, if the latter is known, for 

example by sampling and statistical analysis of the dimensions of similar features 

that are preserved. This procedure provides an estimation of the range of the 

possible error, as well as its spatial distribution. 
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Figure 3-11: a) Total viewsheds (213 viewpoints) derived from 8 alternative reconstructions in 
which the door post width of poly thyra in Room 3 changes at ordinal level from 18cm to 25cm. b) 
Standard deviation among the cell values in the total viewsheds shows a small maximum error of +/-
9 viewpoints (red areas). N.B. The occlusive effects of the wooden pier in the adyton ofXeste 3 (see 
fig. 3-10) and of the lintel of poly thy ra are not taken into account in the above analysis 
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It is interesting to note that uncertainties in the reconstructed geometry 

can affect the results of the analysis in quite unpredicted ways, as was found 

through the study of the Theran wall-paintings (cf. Chapters 4 and 5). Sometimes 

the potential error is small but distributed across a wide area of the painting. In 

other situations the estimated error is high but affects smaller spatial extents. In 

the end, the way in which the research questions have been formulated in a 

specific context is what determines whether the possible error is substantive or 

not for a particular interpretation. 

The above methodology determines the possibility that a target feature is 

obstructed by the geometry of the scene. Nonetheless, there would have been 

other factors affecting the ease of viewing of wall surfaces, as it was argued in 

Chapter 1. The degree to which a painted feature could be distinguished, and the 

visual effort required by the viewer to attend a theme, would have also been 

affected by angle of view, distance and illumination. Considering these 

parameters regarding visibility in built spaces could be thought of as a way of 

introducing fuzziness to viewshed calculations. 

3.3.6 Angle of view 
Angle of incidence: In Chapter 1 it was maintained that paying attention to 

painted elements located on surfaces that are seen frontally requires fewer bodily 

movements and less effort from the beholder than the observation of features 

placed on walls that are longitudinal in relation to his/her bodily orientation. This 

phenomenon is a consequence of the angle of incidence from which each surface 

is seen (Higuchi 1983). 

In a 3D digital environment, the angle of incidence26 (Fig 3-12) can be 

derived by the intensity values in the lighting maps of a white surface that is 

illuminated by a single standard light which does not attenuate with distance. The 

more a surface inclines away from the light source, the less light it receives and 

the darker it appears. As a result high HSV (Hue, Saturation and Lightness) 

values (approaching 255) correspond to areas that can be seen from a maximum 

convenient angle (90 degrees-frontally), while low values (approaching to 0) to 

surfaces that can be appreciated with more visual effort. Such differences in the 

26 In the user manual of 3ds Max an angle of incidence is defined as the angle between a ray of 
light and the face normal of a surface. This is angle is complementary to what Higuchi terms 
angle of incidence. Here the term is used according to Higuchi (cf. Chapter 1). 
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reception of painted elements belonging to the same context can potentially be 

edifying for pictorial emphasis in a scene, at least in the case where large 

differences in angle of incidence can be observed. 

It has to be noted, however, that in built environment frontal and 

longitudinal surfaces with respect to the position of a viewer situated in a given 

space can In many situations easily be identified from ground plans and, 

therefore, the relative differences in angle of incidence for individual wall 

surfaces is not always necessary to be calculated computationally. 

angle of incidence 

Value 

High : 90 

Low : O 

Figure 3-12. The angle of incidence for frontal and longitudinal surfaces. 

n 
• 

Angle of elevation: Another factor thought by Higuchi (1983) to affect the 

perception of objects in space is the angle of elevation, which is determined by 

the height of the perceived feature above the horizon of the viewer. As has been 

argued, this angle might have been important in shaping the experience of a 

mobile observer (cf. § 1.3); an angle of elevation over 25 degrees, that is above 

the maximum eye rotation, would perhaps require a viewer in a cluttered 

environment to stop walking in order to pay attention to an object. Illumination 

maps created by an ornni-directionallight source are not indicative for the angle 
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of elevation. Nonetheless, thresholds such as those suggested by Martens (1890, 

cf. § 1.3) can be determined by considering the propagation of light distributed by 

a photometric light source. A photometric light casts rays within a fixed set of 

horizontal and vertical angles defined by the user and it can be utilised for the 

creation oflighting maps in the same way as an omni-directionallight (fig. 3-13). 

In this case, areas in 3D scenes that are not within the angular range specified by 

the user will receive no light and will be allocated a null value in binary 

viewshed calculations. The resulting lighting map can complement those created 

by standard point source illumination, defining different levels in the visual effort 

needed to observe the target object. 

Red 
Light sources 

b 

Wall surface 
(side view) 

_ 116°-180° 

_ 91°-115° 

60°-90 ° 

Figure 3-13: a) A wall surface in 3ds Max illuminated by three photometric lights placed at 
the same location that cast rays within three different vertical visual angle ranges (side view). 
b) Light distribution on the wall surface (front view): 0 - 30 degrees below the horizontal 
(red), 0 - 25 degrees above the horizontal (blue), and 26 - 90 degrees above the horizontal 
(green). The ftrst two ranges deftne the areas of optimum and maximum eye rotation. 

Physiologically constrained field of view: As mentioned in Chapter 1 the 

physiologically constrained field of view, that is the angular extent of the 

observable world that is seen at any given moment, is approximately 1800 in the 

horizontal plane and 160 0 (Bloomer 1990, p. 37) in the vertical. This means that 
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people see space in an ellipse in which the clarity of the viewer's sight varies 

within the ranges of foveal and peripheral vision. The physiologically 

constrained field of view can be simulated with the use of photometric lights. 

Defining a precise ellipse of vision might be a useful method of recording 

visibility in the context of hypothesis testing, for example regarding the visual 

experience of people moving along a path, and when assumptions can be made 

about the focus of an individual's attention. Nonetheless, when it comes to the 

interpretation of past environments assigning so accurate thresholds for focal and 

peripheral vision may not always be desirable. The use of a 3600 field of view 

that surrounds the observer, such as the one defined by omni-directionallights, 

brings in mind Gibson's ambient optic array (Gibson 1979, p. 65) which is an 

unbounded field (cf. §3.2.2), and might on many occasions be a more appropriate 

heuristic for analysing the visual experience of past peoples; it requires fewer 

assumptions about the exact movements, intentions and interests of individuals, 

essentially describing what could be potentially seen from a certain location. 

3.3.7 Distance 
Generally speaking, the clarity of what can be seen in space decreases 

with distance. Lights in 3D modelling software can be set to fade as the rays 

move away form the source, and thus intensity decay can be used to determine 

distance thresholds within which the visual clarity of an object changes 

significantly (Earl 2005). Nonetheless, distance decay is not an objective 

measure of visual clarity in space. The intelligibility of an object seen in the built 

environment depends on many factors: the size of the feature of interest, its 

background, the familiarity of the viewer with the object etc. It makes more 

sense therefore, if distance decay is discussed in relation to different visual 

ranges in which the clarity of a certain feature, or the effort required by an 

individual to observe a particular object, can change significantly. The exact 

thresholds that mark substantive changes in the visibility of an object are context 

dependent, and thus hard to define in an objective way, but at least they can be 

discussed on the basis of arguments that are made explicit. As has been 

suggested on other occasions (Conolly and Lake 2006, p. 231), visual ranges can 

be determined with experiments that consider similar targets under comparable 

real life conditions. 
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By setting the light' s attenuation to thresholds specified by the user, three 

visual ranges (foreground, middleground, background) can be determined, 

according to context-specific requirements (fig. 3-14): 

a) Foreground: a spherical region around the viewing location in which an 

object can be seen with ease. 

b) Middleground: a range in which the clarity of the object starts to 

decrease. 

c) Background: a range in which the object, although within the observer' s 

field of view, is not intelligible. 

Such an approach is similar to the one used in the creation of fuzzy 

viewsheds in the context of landscape research (Fisher 1994; Wheatley and 

Gillings 2000). Visibility within a single visual range (for example, foreground, 

middleground, or background) can be calculated using a light source whose 

intensity decreases to zero after a specified distance. In this way binary 

viewsheds can be created in which null values will be given also to those 

locations that do not fall within the desired threshold. Information for 

foreground, middleground, and background can be incorporated into a single 

map by summing up binary viewsheds that express these visual ranges with map 

algebra operations (cf. Earl 2005). 

• 0-11Ocm 

111-150cm 

• > 150cm 

Figure 3-14: Three arbitrary visual ranges: O-llOcm (dark blue), 111-150cm (light blue/green), > 150cm 
(red). 
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3.3.8 Illumination 
Illumination plays a fundamental role in the perception of shape, colour 

and texture of surfaces that shape the visual impression of the environment. In a 

virtual scene, natural illumination can be simulated with a light system that 

follows the geographically correct angle and movement of the sun over the earth 

at a given location. In this way sunlight interaction with built forms can be 

modelled with accuracy and areas that are more likely to be illuminated by direct 

daylight can be identified. Illumination maps that take into account the true 

illumination of 3D environments can be used for showing possible differences in 

the visual clarity of objects in a scene. In theory these can be sampled at regular 

time intervals throughout a day or year, and then averaged, so that the surfaces 

receiving more light within the specified period can be identified. 

Nevertheless, there are a number of pragmatic issues to be considered if 

this approach is to be used for the interpretation of past environments. A realistic 

illumination of a virtual environment requires also that indirect illumination, the 

light that bounces off surfaces, is also taken into account. For the creation of a 

physically accurate illumination model, the physical properties of a surface 

should be known, such as reflectivity, transparency and colour. Furthermore, on 

some occasions the possibility that spaces were illuminated by artificial light (for 

example lamps) should be considered. 

In most cases, a great number of factors that would have influenced the 

illumination of past spaces are simply beyond our knowledge. Akrotiri is no 

exception; information about the height of buildings, as well as knowledge of the 

topography of the prehistoric landscape that surrounded the prehistoric town, 

would be required for accurately estimating the amount of direct sunlight that 

passes through a window. That sort of data is not available. Furthermore, as wall­

paintings are only partially preserved, often with large parts of them missing, the 

exact colour and texture of the wall surfaces cannot be incorporated in a 3D 

model, and hence indirect light cannot be properly accounted for. As a result, 

although interesting questions relating to the illumination of painted surfaces 

could be pursued (for example, the relationship between direct natural light and 

distribution of painted themes) a physically accurate illumination model for the 

rooms with painted decoration in Akrotiri is not possible. Nevertheless, it is 

noteworthy that the suggested methodology of visibility recording has the 
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potential to consider the effects of illumination in archaeological contexts, when 

there are suitable datasets to permit the physically accurate illumination of 3D 

scenes. 

3.3.9 Mapping information back onto space 
The spatial relationship between the human body and the painted scene 

can be much better understood, if information about the visibility of each feature 

of interest is mapped back onto the study area. This can include, for example, the 

proportion of a painted element or a set of painted elements that are visible from 

each observer point considered in the analysis (fig. 3-6, 3-15). The recording of 

this information for all observer locations in the space of interest results in a 

scalar field that shows the changes in the visibility of painted features that could 

occur due to the observer's locomotion (fig. 3-15). The distribution of values 

mapped within the study area could be further explored with simple histograms 

or pie charts. Probability and error propagation can be incorporated into the 

analysis with map algebra operations as it was described in §3 .3.4 and §3.3.5. 

Moreover, the mapping of visibility data onto the study area could enable other 

types of analysis. For instance, it could be used for the implementation of least­

cost path calculations that are determined by visibility information, as suggested 

by Lee and Stucky (1998). This process could perhaps reveal cases where the 

distribution of painted elements was determined by particular ways of accessing 

the decorated spaces. 
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Visible area ("!o) 

. 0 - 10 

. 11-20 

21- 30 

31-40 

041 - 50 

0 51 -60 

061-70 

071-60 

0 61 - 90 

_ 91-100 

Figure 3-15_ Mapping back onto space the percentage of the visibility of the middle figure of the 
wall-paintings of the Adorants. 
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3.4 Summary and Conclusions 
Visibility analysis in fully 3D representations of space, far more than 

other methods of visibility analysis, such as GIS-based viewshed analysis, isovist 

and VGA analysis, meets archaeological demands for a less reductionistic and 

more human-centred approach to the visual experience of space. Although it can 

be applied at various geographic extents, it has significant advantages over other 

methodologies, especially when it comes to very fine spatial scales, since it has 

the potential to accurately represent the 3D geometry, as well as other physical 

properties of the features that archaeologists wish to study. A basic benefit of the 

methodology over experiential approaches to visual experience, (for example 

physical encounter with archaeological remains or walk-through in a digital 

environment) is that it permits the recording of the visual properties of the 

objects of interest for a great number of observer locations in space; visibility 

analysis can be performed at very fine resolutions that could virtually include all 

locations at the eye level of the viewer within the study area. For this reason is a 

more robust methodology that leaves less space for potential research biases 

deriving from a restricted selection of observer locations based on the 

preconceptions of the researcher. 

The outcomes of the analysis can be presented in the form of visual 

summaries that can illuminate aspects of the visual experience in built 

environments. On the one hand, total viewsheds ('times seen') can highlight 

areas in space that are more visually exposed, and hence more likely to be seen 

by an observer. It is often the case that information of this kind is subtle and 

relational and therefore does not always show up solely by walking through a 3D 

model. As a result such summaries could draw attention to some basic qualities 

of space, unobserved otherwise, whose conscious or unconscious recognition and 

knowledge may have guided human action in the past. On the other hand, the 

mapping of certain visual properties back onto the study area, (e.g. percentage of 

area visible of a feature) is particUlarly useful for showing changes in visibility 

that could have occurred in the course of an observers' locomotion. It could also 

indicate the differences in the perception of standing or sitting observers in the 

case of public gatherings (cf. Chapter 4). Thus, depending on how the problem in 

a particular context has been formulated the visual experience of both stationary 

and mobile observer can be investigated. 
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Furthennore, the proposed methodology introduces new fonnal methods 

for considering uncertainty in the archaeological record and its influence on 

suggested interpretations. Although fonnal ways to manage uncertainty in GIS­

based visibility analysis have been proposed (cf. §3 .2.1), similar suggestions 

have not be made in the context of built environments until now. The methods 

presented in §3.3.4 and §3.3.5 aim to encourage new directions of research and 

to respond to purely archaeological concerns related to incomplete data and 

alternative reconstructions-interpretations of past built spaces. The fonnal 

assessment of uncertainty regarding visibility in built spaces and the propagation 

of possible errors in the outcomes of the analysis has the potential to profit 

archaeological interpretations by helping to define the level of confidence with 

which certain statements are made. 

The suggested methodology pennits also the consideration of other 

factors that affect visibility in built spaces, such as distance, angle of view and 

illumination. These could be common concerns in the fields of archaeology and 

urban studies. So in various others aspects, the contribution of the suggested 

methodology could extend beyond the particular aims of this research and the 

more specific demands of archaeological inquiry, having a value of multi­

disciplinary nature. Despite the fact that in the presented examples emphasis was 

given to the description of painted features and wall surfaces, the methodology 

could be used to describe the visual characteristics of any 3D object. It could also 

be utilised to analyse the visual properties of entire building interiors (Earl 2005) 

or even larger spatial configurations, enabling the description and analysis of 

entities similar to the 3D isovist originally suggested by Benedikt (1979). There 

is no reason why the same methodologies could not be applied in a landscape 

context. Their benefits become particularly apparent, when the visual 

characteristics of complex built structures situated in the natural environment are 

considered. In this case not only the visibility of the entire structure but also that 

of individual architectural features can be recorded and analysed. The products of 

the proposed methods of analysis generally fit Llobera's definition of the concept 

of visualscape (Llobera 2003, p. 31-32), as they can describe the visual structure 

of space in both 'natural' and urban 3D environments. 

A shortcoming of the methodology is that it IS computationally 

expensive, since it aims to consider all viewpoint locations of a given study area. 
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Nonetheless, the computation time required depends on the resolution of the 

spatial sampling, and is not prohibitive in most cases, being comparable to other 

methodologies that seek to consider visibility from all locations in the space of 

interest, such as total viewsheds in landscape studies. Besides the resolution of 

the analysis, an issue that needs to be considered if the methodology is to be 

applied for the investigation of visibility within complex large scale 

environments, is the detail with which the environment is modelled. Reduced 

computation times require that the built space of interest is composed from as 

few entities as possible. The implementation of the different stages of the 

analysis can be significantly facilitated and speeded up with the use of scripts 

and batch processes (fig 3-16, Apendix 1). 

It is generally anticipated that the above methodology can enhance the 

research potential of 3D models in the disciplines of archaeology, geography, 

and urban planning, by encouraging their analytical, besides their merely 

descriptive use. The benefits of this approach for archaeological investigations 

will be demonstrated in the following Chapters 4 and 5 through the 

implementation of intra-building and intra-site visibility analysis. 
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create 3d model 
In 3ds Max 

create analysis grid in a 
ArcGIS and define 

viewpoint coordinates 

animation of the light source 
In 

3ds Max through the 
observer points 

(script: animate_light) 

render_to_texture (3dsMax) 
(each animation frame 
records visibility from a single 
viewpoint) 

create binary 
,-----_______ --1~ vlewsheds In ArCGIS j-___ -t~ 

(script: 
binary _ vlewshed) 

Yes 

calculate the visibility 
for each feature 

(script: 
Feature_visibility) 

extract tables 
(script: 

Extract_tables) 

extract the Count values 
from each table 

Into a single table 
(Extract_Count) 

join the table to the 
analysis point data 

convert points to 
raster 

No 

extract tables of 
binary vlewsheds 

(script: 
ExtracCtables) 

join the table to the 
analysis point data 

convert points to 
raster 

Figure 3-16: Flow chart of the steps of the analysis used in this research. 
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Chapter 4 
The visual consumption of mural decoration in 
Xeste 3 

4.1 Introduction 
Theran murals were created to be experienced and consumed within a 

particular architectural environment and thus, examining human engagement 

with the decorated spaces is important to understand their meaning and functions. 

In the proposed interpretation of Theran murals it is frequently suggested that 

visibility in space could indicate the hierarchy of meaning in a scene (cf. § 1.1.1, 

Marinatos 1984; 1993; Televantou 1994; Shaw 2000). Such a relationship is 

likely in visually complex spaces in particular, where the painter/s would have 

had to make decisions of how to best communicate the messages of the paintings 

to the viewer. In this case, both the visibility and non-visibility of the painted 

scenes appear to be redolent with symbolic meaning. 

Some of the most impressive examples of Theran art come from Xeste 3, 

a building that is believed to have been used for public gatherings and 

ceremonies. There are plenty of indications in the material record of devices used 

for controlling physical and visual access in the decorated areas of Xeste 3, and 

more specifically Room 3 on the ground and first floor that was embellished with 

figural paintings of undeniably symbolic significance. These murals would have 

aimed to enhance performances that took place in the decorated spaces and for 

this reason could be suggestive of ritual practices performed in the building. This 

chapter investigates the reception of the paintings in their architectural context, 

and its possible associations with pictorial meaning and ritual practices that could 

have occurred in the decorated spaces. Before examining the more specific 

research questions that are of interest in this case, possible human practices that 

may have taken place in Xeste 3 are discussed. These are inextricably linked to 

movement and action in the decorated spaces, and consequently, with the visual 

consumption of mural decoration. The methodology introduced in Chapter 3 will 

then be applied to illuminate aspects of human engagement with the building and 

the significance of mural decoration. 
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4.2 Architecture 

Figure 4-1 : Rooms 2 an 4 ofXeste 3. A view from the east. Photograph from the excavation 
archive. 

4.2.1 Description 
Xeste 3 (fig. 4-1, 4-2), one ofthe largest units that have been found so far 

at Akrotiri, is situated at the south west edge of the excavated settlement. The 

building, discovered in 1971, is distinguished by its elaborate construction, as the 

greater part of its exterior walls was coated with hewn stones. Only the ground 

floor and parts of the first storey are extant, however, evidence27 indicates that 

there should have been a second storey above the western wing. The plan of the 

building (fig. 4-2) is almost the same for the ground and first floor28
, but space 

articulation differs significantly from the west to the east. The western part 

mainly consists of rectangular spaces that communicate via door openings. On 

27 Bases of poly thyra that connected probably Room 10 with Room 13, and Room 9 with Room 
10 on the second floor have been found (Palyvou 1999, p. 352; Michailidou 200 1a, p. 339). 
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the other hand, in the east wing an area of about 80m2 is divided into smaller 

rooms by polythyra29
. When the doors of the pier-and-door partitions were open 

these rooms formed a single large hall suitable for public gatherings (Palyvou 

2005a, p. 61). The public use of the building is also attested by the low quantity 

of domestic shapes of pottery (Papagiannopoulou 1995, p. 209-215). The spatial 

arrangement, distinctive architectural features, and mural decoration of Xeste 3 

suggest that the east wing was the focus of communal activities, while the west 

wing is more likely to have had mainly a service function (Marinatos 1984, p. 72, 

fig. 51; Marinatos and Hagg 1986, p. 59). 

The east wing 

The entrance to Xeste 3 is located at its south east comer. It leads into a 

relatively large vestibule (Room 5) with benches along the walls and a broad 

staircase, which enabled access to the upper storey. On the ground floor a 

wooden wall (Palyvou 1999, p. 178) used to separate the vestibule from Room 4. 

Admission to the latter was provided via an opening at the west of this partition. 

Room 4 was surrounded from the west, east and north by poly thyra, whose doors 

lead to Rooms 2, 7, 3 respectively. The upper storey had a similar arrangement 

the only difference being that Rooms 4 and 7 were connected by a door opening 

instead of a pier-and-door partition. A paved corridor connected the auxiliary 

staircase, Room 8, with Room 3, which had a special function; in this room two 

perpendicular poly thyra gave shape to the two narrow spaces 3a and 3b, which 

housed the most distinctive features of the building, the lustral basin (adyton, 

Room 3a)30 and wall paintings imbued with ritual symbolism (fig. 4-2, 4-3, 4-4 

pi. 8-16). 

The adyton of Xeste 3 is the only example of this characteristic Minoan 

structure that has been found in Akrotiri. It has a paved floor, 80cm lower than 

the ground floor level, and is accessible by five steps "placed at right angles 

round a built podium or small wall of hewn stones" (Marinatos 1976, p. 25). 

Marinatos (1976, p. 25) had initially suggested that the latter might have served 

as an altar. Although this suggestion has yet to be verified, the connection of the 

28 All rooms of the ground floor repeat on the fIrst floor with the exception of Room 1 which 
appears to be a later addition to the building (Michailidou 2001a, p. 335). 
29 Cf. note 3. 
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adyton with cultic activities is hard to question, as it is surrounded by wall­

paintings whose themes are obviously religious in nature. 

i First floor 

a 1 
b • I I I - 3 

I I I 

-4 2 -

Ground floor 

1 

? 

Figure 4-2: Plan ofXeste 3 (based on Palyvou 2005, p.SS). The east wing of the bu ilding is indicated 
with light grey. 

30 Cf. note 1. 
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Figure 4-3: The adyton. Photograph from the excavation archive. 

4.2.2 Visual and physical access in Xeste 3 
Most buildings in Akrotiri are variations of a typical house model (cf. § 

2.2) and evidence certain construction methods and techniques that can be 

repeatedly attested in the archaeological record. Xeste 3, on the other hand, has 

many distinctive and unique architectural features. Their appearance seems to be 

related to the special function of the building and the need to control visual and 

physical access that appears to be particularly important in this case. A first 

indication of this is the great number of pier-and-door partitions that have been 

found in the east wing: from the nineteen poly thyra recorded up to now in the 

whole settlement (Palyvou 1999, p. 344), eleven, that is more than half, have 

been discovered in Xeste 3. On one hand, this fact indicates the need for a 

unified space that would have been created if all the doors of the pier-and-door 

partitions were open. The necessity of unification of individual spaces is 

suggested especially by an unusual construction detail, the presence of the 

polythyron between Rooms 4 and 7 on the ground floor. This, as already 

mentioned, was replaced at the upper storey by a wall. Palyvou (1999, p. 351) 

notices the peculiarity of this feature; although it is very common in Akrotiri 

walls of the ground floor to support a polythyron, namely a lighter structure, on 

the floor above, the opposite is only attested in this example of Xeste 3. It is 

likely that in this occasion it was the need to expand the unified east wing of the 

building that dictated the construction ofthe polythyron between spaces 7 and 4. 
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At the same time attempts to enable communication between the rooms 

of the east wing are combined with an effort to control physical and visual access 

in this area. The vestibule with benches at the main entrance is the first indication 

of the public function of Xeste 3 and was apparently intended for people who 

were not allowed admittance to the building, at least at certain times or 

occasions. Nonetheless, it is again a unique feature that most eloquently suggests 

the need for controlling movement and visibility in the east wing, namely the 

wooden or clay wa1l 3
! that once existed between the vestibule and Room 4 

(Palyvou 1999, p. 176-179). This wall constituted the limit between Room 5 and 

Room 4 on the ground floor. It was located 70cm northern of the wall that 

marked off the area of the staircase at the upper storey. In this manner, the north 

part of Room 5 on the ground floor and the anteroom which provided access to 

the important spaces of the east wing broadened. The structure had an opening at 

its western limit that provided access to space 4. There are two main 

consequences of the existence of this architectural feature: firstly, the weight of 

the superstructure was transferred northward, on the wooden beams of the 

partition, which might constitute a 'daring' (Palyvou 1999, p. 179), but 

apparently necessary solution from the point of view of the constructors; 

secondly, a person entering Room 4 from the opening at the west of the wooden 

wall would not have direct visual access to the adyton, as it would have been the 

case if there had been no partition seperating Rooms 5 and 4. Palyvou suggests 

that the latter was created to reduce the visual exposure of the adyton and its 

surrounding area (Palyvou 1999, p. 179). The doors of the pier-and-door 

partitions within the main building, when closed, would also have served the 

same purpose through the isolation of the individual rooms. 

In addition, some further architectural details might have been aimed to 

control visibility in Room 3. It is notable that the pier-and-door partition that 

connects Rooms 4 and 3 has a very low lintel (about 1.40m). Although it is 

probable that the presently observed height of this feature is a result of the 

destructive consequences of the volcanic eruption on the building, the possibility 

31 The structure was either a wooden wall consisting of vertical and horizontal beams, or a clay 
partition supported by vertical beams. The indications for the existence of this partition are the 
post holes found on the ground floor between Rooms 4 and 5, which were made by wooden 
beams (tree trunks cut in half) that stepped on slabs sunken in the ground (Palyvou 1999, p. 178). 
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that this is an attribute of the original construction cannot be excluded. In this 

case, the low lintel was meant to mark a liminal area and hinder the visibility of 

events occurring in Room 3. In addition, the eastern openings of the pier-and­

door partition in front of the wall paintings of the adyton seem to have served to 

control visual rather than physical access. Descent to the adyton was only 

enabled from the westernmost opening of the polythyron, and then through the 

stairs. The two remaining doors were followed by a 80cm vertical gap and their 

existence can only be justified if they acted as screens, concealing or revealing 

the murals and the events that took place in the adyton from viewers located in 

Room 3. 

The various means for controlling physical and visual access in Xeste 3 

have supported the theory of successive admittance to the ceremonies performed 

in the building, as well as the existence of separate male and female rituals that 

could have taken place in adjacent spaces at different occasions (Doumas 1987; 

Gesell 2000, p. 950)( cf. § 1.1.2, §4.4). They also indicate there was careful 

consideration of issues of visibility from the constructors of Xeste 3 who did not 

hesitate to apply uncommon construction solutions, so as to create a spatial form 

that satisfied the uses and functions of the building. 

4.3 Wall decoration of Xeste 3 

4.3.1 Description 
Xeste 3 has provided some of the finest and best studied examples of 

Aegean mural decoration, although a great part of the wall paintings unearthed in 

the building still need to be restored and published. Fragments of mural 

decoration were discovered at both the ground and first floor of Xeste 3 in 

Rooms 2, 3, 4, 5, 8 and 9 (Doumas 1992a, p. 128). Of these only those from 

rooms 3, 4 and 5 have been restored, at least partially. The visitor of the building 

would have first encountered the wall paintings of the vestibule (Room 5) that 

embellished the south wall and the two sides of both flights of the staircase 

(Doumas 1992a, p. 128). The themes of these paintings, which are only partially 

preserved, include a mountainous landscape, three male figures that have been 

identified as "huntsmen" and animals (bull and goat)(Marinatos 1976, p. 23; 

The wall in question is unique in Akrotiri and appears to be very rare in Aegean architecture 
(Palyvou 1999, p.l79). 
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Doumas 2007a, p. 113-114). Room 4, being marked off by three pier-and-door 

partitions, would not have offered many opportunities for wall decoration. 

Nonetheless, some wall painting fragments were indeed discovered in this room 

and have been attributed to the horizontal bands directly above the polythyra32 

(Marinatos 1976, p. 25, 27; Doumas 1992a, p. 128). These give an idea of the 

subject of the illustrated scenes, which seems to have been inspired from nature: 

swallows are depicted feeding their young as well as blue monkeys holding a 

harp and a sword (Doumas 1992a, p. 128, fig. 95-99). 

The wall paintings that were unearthed in Rooms 3a and 3b represent 

human figures, females and males respectively. In Room 3a the decorated areas 

were located on the east and north walls just above the adyton. The wall­

paintings were poorly preserved when they were first discovered, laying in 

fragments in the fill of the adyton (Marinatos 1976, p. 27). Their restoration took 

many years, but nowadays their position in space is certain. On the east wall of 

Room 3a an architectural construction topped with horns of consecration was 

depicted (pI. 12), probably an altar or shrine of Minoan type (Marinatos 1976, p. 

27; Marinatos 1984, p. 74; Boulotis 2005, p. 29, fig.6). Red drops, representing 

blood, are dripping from the horns (Doumas 1992a, p. 129). The three female 

figures that are depicted on the north wall of the adyton appear to face towards 

the altar (pI. 13). The first figure on the left represents a woman with elaborately 

dressed long hair, rich jewellery, and variegated Minoan garments. In her 

extended left hand she holds a necklace made of rock crystal beads, which has 

been interpreted as an offering in association with the altar of the east wall. The 

middle figure is seated in a rocky landscape. Her left hand touches her forehead 

while the right hand holds her foot, from which blood is trickling. The gestures 

of the woman and her half opened lips have been interpreted as expressions of 

pain (Marinatos 1984, p. 79; Doumas 1992a, p. 129)33. She also has luxurious 

appearance created by her sophisticated coiffure, elaborate jewellery and 

distinctive clothes. The last figure on the right, dressed in a Minoan bodice and 

skirt, is wholly covered in a transparent veil with the exception of her face and 

part of the head. Her body is turned towards the left, where the other two females 

32 Marinatos (1976, p. 25) mentions that these paintings belong to Room 2 instead of Room 4 
probably by omission (cf. Doumas 1992a, p.128). 
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are located, but her face looks in exactly the opposite direction, where the altar is 

depicted. Her head is shaved except for two long locks at the back and one 

smaller above her forehead. This kind of hair style has Egyptian parallels 

(Marinatos 1984, p. 62; Davis 1986; Doumas 1987, p. 153) and indicates the 

young age of the woman. The exact meaning of the scene is ambiguous, and 

especially the posture and gesture of the figure in the middle. It is widely 

accepted, however, that the female figures represented above the adyton are 

participating in initiation rites that also involved acts of worship to a deity whose 

presence is implied by the depiction of the altar (Marinatos 1984, 1993, 1987; 

Marinatos and Hagg 1986; Doumas 1992a, 1987; Morgan 2000; Gesell 2000; 

Boulotis 2005). For this reason the whole scene has been known as the 

'Adorants' (Doumas 1992a, p. 129). 

The wall decoration of Room 3b on the ground floor consists solely of 

male figures (pI. 8, 9, 10). This room has a rather intricate spatial arrangement, 

since it is divided by thin clay partitions into narrow spaces or corridors. 

Fragments of murals discovered in this area have been attributed to the southern 

half of the west wall, as well as the south wall of the middle and the north wall of 

the north corridor (Doumas 1992a, p. 130)34. On the west wall of Room 3b a man 

is depicted holding a large jug. Contrary to the other three figures in the scene, 

which are completely naked, he wears a white Minoan loincloth (zoma) and he is 

seated. Towards him moves a male figure that is illustrated in the north corridor. 

This is a young man with partially shaved head carrying in both hands a large 

open bowl. The last two figures that complete the scene are depicted on the south 

wall of the middle corridor. The older of the two represents a young man that 

holds a garment with variegated stripes. He also moves towards the man on the 

west wall, though his head faces the opposite direction. He is being followed by a 

very young boy with completely shaved head who holds a small bowl. The 

paintings have been interpreted by Doumas as an initiation scene involving the 

ritual dressing of a male who is going to 'achieve manhood' (Doumas 1990, p. 

33 Contrary to this interpretation, Morgan (2000, p. 932) maintains that the touching of the 
forehead is a ritual gesture denoting "adoration". 
34 Originally, Dournas had suggested that both the figures of the man with the jug and the boy 
with the bowl were located on the west wall (Dournas 1990, p. 208). Later, he (1992a, p. 130) 
and Marinatos (1993, fig. 211, 215; 2005, fig. 9.15) suggested that the boy with the bowl was 
probably painted on the north wall of the north corridor. Palyvou (2000, p. 428, fig. 13) and 
Morgan (2000, p. 929, fig.2) adopted Dournas' original interpretation in their reconstructions. 
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208; 1987, p. 157; 1992a, p. 130). The idea that ceremomes related to the 

initiation of males are represented has also been supported by Morgan (2000), 

and Gesell (2000). Marinatos (1993, p. 210-211), on the other hand, has 

suggested that the males are marginal participants in ceremonies, 'assisting the 

girls during initiation'. 

Room 3a on the first floor of Xeste 3 was embellished with the murals of 

the 'Crocus gatherers' (pI. 14, 15, 16). These paintings are distinguished by their 

unique narrative theme and quality of execution. The scene is represented on the 

north and east wall of the room. A female figure is represented on the middle of 

the north wall, seated on a stepped structure. Like the other females described so 

far she wears luxurious Minoan garments and rich jewellery. However, there are 

plenty of indications that this is not a representation of an earthly figure, but 

rather a depiction of a goddess. Even aside from the fact that she is illustrated at 

a prominent position on the wall at a higher level than the rest of the human 

figures, she is flanked by exotic and imaginary animals, a blue monkey and a 

griffin. For this reason she has been identified as the Mistress of Animals or the 

Great Goddess of Nature (Marinatos 1984; Boulotis 2005). The monkey stepping 

on the built structure on which the goddess is seated offers her a handful of 

crocus flowers. The picking and offering of crocuses are also the activities, the 

rest of the depicted figures, all of them female, are involved in. At the left of the 

north wall a young woman looking at the goddess empties her basket full of 

crocuses into a larger pannier on the ground. At the opposite side of the same 

wall, exactly at the east of the large window that interrupts the scene, another 

woman is depicted carrying a basket on her shoulders and walking towards the 

stepped structure (pI. 15). Two more young females are illustrated picking up 

crocuses within a rocky landscape on the east wall (pI. 16). 

The wall paintings discovered in Room 3b of the first floor are only 

partially preserved. Mural decoration has been attributed to the west wall of the 

room that was embellished with an aquatic landscape. In addition, four 'mature' 

females, who have their hair bound up in a bun and wear elaborate dresses, are 

attributed in pairs to the walls of the corridor that connected Room 3b with the 
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staircase 8 (Vlachopoulos 2003, p. 511). More wall painting fragments that 

belong to decorative themes have been discovered in spaces 8 and 935
. 

4.3.2 Meaning of mural decoration and programmatic parallels 
A number of studies have been concerned with the meaning, function and 

painting technique of the wall paintings ofXeste 3 (Marinatos 1984, 1987, 1985; 

Marinatos and Hagg 1986; Karageorghis 1990; Gesell 2000; Rehak 1999, 2004; 

Doumas 1983, 1987, 1992a, 2000a; Birtacha and Zacharioudakis 2000; 

Chryssikopoulou et al. 2000; Shaw 2003; Niemeier 1992; Davis 1986; 

Vlachopoulos 2000, 2003; Morgan 2000; Tzachili 1994). More often discussion 

has revolved around the murals of the Adorants, and the Crocus Gatherers, and 

less frequently the male scene, while some relatively recent publications are 

concerned with the newly restored wall paintings of Room 3b of the first floor 

(Vlachopoulos 2000, 2003). As already mentioned, it is generally accepted that 

the wall paintings of Xeste 3 represent rites of passage, and more specifically 

puberty rites, and probably acted as 'sign posts' or mnemonic for activities that 

took place inside the building or outdoors. Nevertheless, opinions may vary on 

the exact meaning of individual compositions and representations. It is uncertain, 

for example, which of the human figures are already initiated, before or at the 

stage of initiation, the precise significance and symbolism of their expressions 

and gestures (Morgan 2000, p. 932), or their age (Laffineur 2000, p. 898). 

Furthermore, with the exception of the depiction of the goddess that can 

reasonably be considered the focal point in the crocus gathering scene, the 

relative significance of the other human representations performing ritual acts is 

not immediately clear. As a result interpretive statements concerning pictorial 

emphasis in a composition are often depended on the intuition and individual 

understandings of the researcher. 

It is noteworthy, however, that some programmatic parallels that enable a 

more formal assessment of meaning can be observed among the wall paintings of 

the 'Adorants', the male scene, and the 'Crocus Gatherers' (table 4-1). All three 

consist of representations of human figures that are engaged in ritual acts and are 

located in the most highly controlled spaces of the building (Michailidou 2001a, 

35 These consist of colourful bands painted on white background (Room 8) and an impressive 
decorative pattern that combines relief bands with painted rosettes (Room 9) (Michailidou 200la, 
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p. 394)36. Morgan (2000) has convincingly argued for the existence of analogies 

regarding the posture and gesture of individual figures 37 in these three 

compositions. She notes that the orientation of the gestures of the figures mainly 

converge towards a single seated human representation, which acquires in this 

manner an advantageous focal position within the individual compositions (cf. 

Doumas 2005, p. 74). This also implies a parallel significance among the figures 

in question (Morgan 2000, p. 925). As far as the wall paintings of the 'Adorants' 

is concerned, the focal point is the wounded girl at the center of the north wall. 

Although all three female figures face to the east where the altar is depicted, the 

gestures and bodily orientation of the women with the necklace and the veil 

converge toward the location of the wounded girl. In the painted scene in Room 

3b again the naked males are moving towards the seated man with the jug38 . 

Finally, in the wall painting of the Crocus Gatherers the directional flow of the 

figures' movement clearly guides the eye of the observer towards the goddess39. 

Furthermore, the wounded girl, the man with the jug and the goddess, are 

distinguished by other attributes, such as hairstyle, clothing and jewelry (Davis 

1986; Doumas 1987, 2000a; Morgan 2000; Laffineur 2000): the man with the jug 

is the only one in the male scene that has fully grown hair and is dressed. The 

goddess, besides the fact that she is flanked by uncommon and mythic animals, 

wears two necklaces with ducks and dragonflies which are distinctive among the 

elaborate jewelry of the crocus gatherers. Finally, the costume of the wounded 

girl has been characterized as 'unique in Aegean iconography' (Rehak 2004, p. 

88). Morgan also notes that the goddess and the man with the jug distinguish also 

by scale and position, as they are larger and are placed higher than other figures 

(Morgan 2000, p. 934). 

p.342). 
36 This is confrrmed also by the results of access analysis that Michailidou (2001a, p. 394) 
performed in the building. 
37 Parallels between individual figures of the wall paintings of the 'Crocus Gatherers' and the 
'Adorants' have also been noted by Marinatos (1985, p.226). 
38 This applies to both suggested reconstructions of the painted scenes (cf. note 34) 
39 Morgan (2000, p. 936) also notes sub-scenes of opposite directional flow; in the male scene the 
boy that holds the cloth turns his head backwards, while walking towards the man with the jug. 
Moreover, the two crocus gatherers of the east wall of Room 3a (first floor) face each other but 
both their bodies are oriented towards the Goddess. 
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Wounded girl 

Man with the 

Jug 

Goddess 

Adorants 

Male scene 

Crocus 

Gatherers 

3a, ground 

floor 

3b, ground 

floor 

3a, first floor 

Table 4-1 : Iconographic parallels in the three scenes. 

osition 
seated Focal point 

seated Focal point 

seated Focal point 

The above observations draw attention to some important cues that could 

suggest pictorial emphasis in individual compositions, shedding light onto the 

devices used by the painter(s) to communicate meaning. Nevertheless, although 

in easel paintings the visual structure of a composition is shaped solely by the 

relationships among its various pictorial elements, in mural painting the focal 

point in a theme is determined also by what can be seen by a viewer situated in 

the decorated rooms. This should also be considered in the interpretations of the 

paintings. As mentioned in Chapter 1 none of the scenes would have been seen 

as a whole, as in most cases they would have been occluded by the door-jambs of 

poly thyra. Focal areas within the painted scenes would have also been 

determined by the spatial relationship between the murals and the bodies of 

individuals that would view the paintings in the course of performances enacted 

in the building. 

4.4 Communal performances in Xeste 3 
The exact nature of communal activities that would have taken place in 

Xeste 3 cannot be positively known given the existing evidence and any 

discussion on this issue is a matter of speCUlation. Nonetheless, the architectural 

form, mural decoration and find assemblage could provide some indirect 

indications of the human practices performed in the building. Space articulation 

in the east wing would have simultaneously created large unified and isolated 

spaces, liminal and boundary areas, a fact that suggests there must have been 

rituals that would have involved public display and the communication of 
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symbols, as well as ceremonies that were either hidden from view or revealed to 

a limited number of observers. Paintings of ceremonial significance, such as 

representations of ritual acts ('Adorants', the 'male scene', the 'Crocus 

Gatherers') are located in rooms with restricted area that would have been 

accessed by a limited number of people, perhaps the initiates and some selected 

few. On the other hand, these rooms are not completely isolated from their 

surrounding spaces. In front of the wall-painting of the Adorants a pier-and-door 

partition was built, rather than a wall with a door opening, suggesting the 

paintings and events that took place in the adyton were intended to be seen from 

viewers located in Room 3, and perhaps other adjoining rooms. The restricted 

area of Rooms 3a and 3b also implies that only a few people at a time would 

have been the main actors in the ceremonies, while other individuals would have 

been observers to the occurring events. 

The wall paintings themselves are also suggestive of certain aspects of 

the practiced rituals. The latter would have been closely related to the presence of 

the deity which was induced to the viewer by the depictions of the goddess and 

the altar. Ritual acts associated with these representations and symbols are 

illustrated in the painted scenes. These involve the offering of precious objects 

(woman with the necklace) or crocuses (Crocus Gatherers), veiling or unveiling 

(woman with the veil), and sacrifice (altar with blood) (cf. Marinatos 1984; 

1986). Other gestures, postures and movements of the painted figures are harder 

to interpret, such as those of the seated girl from the wall paintings of the 

Adorants (cf. §4.3.2). The latter suggest that the infliction of pain and bleeding 

may have been also linked to the performed rituals (Marinatos 1984, p. 81; 

Gesell 2000). The male scene, although lacking religious symbols, is of apparent 

ritual character, and alludes to nudity at least for males (nude males) and ritual 

dressing (Doumas 1992a, p. 130). It is also likely that ceremonies in the building 

were associated with the pouring of liquids. Evidence for this is provided again 

in the wall paintings of the males in which the represented figures carry pouring 

vessels. In addition, the pottery assemblage of Xeste 3 also concurs to the same 

conclusion, as it consists in its greater part of pouring shapes (mainly jugs of 

different shape and size among which the nippled jug is often encountered) 

contrary to what applies to other buildings in the settlement (Papagiannopoulou 

1995, p. 214). Similarly, the two bathtubs found in Room 2 seem to indicate that 
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fluids, and perhaps the idea of purification, were not irrelevant to the function of 

the building. The painted scenes clearly suggest that the above acts would have 

been carried out by young people, the principal performers in the activities in 

question that are most frequently identified as the initiates in the rites of passage. 

Music could also have been part of the rituals (monkey with harp). 

Detailed reconstmctions of the movement patterns and performances in 

Xeste 3 have been attempted by Marinatos and Gesell. Marinatos (1984, 1987; 

1993, p. 203-211; Marinatos and Hiigg 1986) suggested that female rituals 

focused on the area of the adyton mainly took place in the building. She 

maintained the principal performers in these events were a group of females at 

the stage of initiation that gathered at the area before the adyton in Room 3. She 

then conjectured that a successive visual revelation of the painted females 

(Marinatos 1984, p. 81; Marinatos and Hiigg 1986, p. 60) and deposition of 

offerings in the adyton would take place. Besides the principal performers in the 

ceremonies, many other people would indirectly participate in these events, from 

rooms 3, 4, 2, 7. Of them, only those situated in Rooms 3 and 4 would have 

direct visual access to the area of the adyton (Marinatos 1984, p. 73). 

Nonetheless, individuals located in Rooms 2 and 7 would be involved in the 

rituals by other means, "by hearing, or by smelling incense, perfume, the odour 

of flowers etc." (Marinatos and Hiigg 1986, p. 60). According always to 

Marinatos (1984, 1987, 1993) the wall paintings of Room 3b suggest that males 

would have acted as marginal participants in the events "assisting the girls during 

initiation" (Marinatos 1993, p. 210-211). She also assumes a parallel ceremonial 

function for the first floor ofXeste 3, which was accessible by the two staircases 

located in Room 5 and 8; the former was intended to be used by the public 

viewers of the events while the latter by the initiates or the personnel of the 

building. 

Gesell (2000), on the other hand, attempts a thorough reconstmction of 

separate male and female rituals that would have taken place perhaps at different 

times of the year. As already mentioned (§4.3.1), the idea that male rituals would 

have also been performed in the building had been proposed earlier by Doumas 
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(Doumas 2001, p. 157)40. According to Gesell the participants in the ceremonies, 

namely groups of either males or females, would proceed in an organized and 

controlled way to Rooms 3a and 3b. They would firstly gather in the anteroom of 

the building (Room 5) and then in Room 4 (and possible Rooms 7 and 2) that 

would be at first physically and visually separated from Room 3 through the 

closed doors of pier-and-door partitions. Eventually, however, the doors would 

open and the initiates would enter Room 3, and subsequently the adyton 

(females) or Room 3b (males), one at a time to perform certain ritual acts 

individually. The female performances would end on the first floor that the 

participants would access through the staircase of space 8, while the male 

performances would have been restricted to the ground floor. 

Although the above detailed accounts of the events that could have taken 

place in the building can neither be verified nor rejected, the proposed 

reconstructions of ceremonies reasonably suggest that the practice of rituals 

would have been very closely linked with the visibility of the paintings. This 

agrees with the architectural context of the decorated spaces and the devices that 

have been used to control physical and visual access to the decorated spaces. 

Some observations regarding the manner in which the spectator was positioned 

in relation to the paintings have already been discussed; a person descending to 

the adyton would have to face the altar, as the women represented on the north 

wall do, while an individual walking through the decorated spaces would often 

find themselves moving in the same direction as the surrounding painted human 

figures41
. Most of the time the wall paintings would be seen in parts, however, 

through the door jambs of pier-and-door partitions, which would have 

significantly interrupted the represented scenes. Initiates and more active 

participants in the events would have appreciated the depicted scenes from a 

variety of viewpoints while moving, and in the pace of the performed acts. While 

ritual performances would have been restricted mainly to spaces 3a and 3b, it is 

likely that other individuals would be present in Room 3 and perhaps Room 4, 2 

and 7. These individuals (initiates waiting their tum to participate more actively 

in the performances, marginal participants, or members of the community that 

40 Morgan (2000, p. 941) also maintains the parallels in the female and male scenes indicate 
analogous performances. 
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would observe the events) would have to stand in space, having a more or less 

fixed view of the wall paintings for great parts of the ceremony, and would thus 

have experienced the murals as a combination of exposed and hidden painted 

surfaces. Their experience would have been as important for the fulfilment of the 

purpose of the rituals as that of the main participants in the events: rites of 

passage, although private in nature, aim to the social cohesion of the community 

by perpetuating the existing social status; the presence of indirect participants to 

the ceremonies would have been crucial, even if they merely observed the 

unfolding scenes. The viewing of paintings depicting rites of passage would have 

elicited a host of associations to the onlooker, both at the level of personal and 

collective memory (Papageorgiou 2000, p. 967). 

In all cases the visual experience of the paintings would have been 

significantly determined by how easy or difficult they were to view. As discussed 

in § 1.1.1, on many occasions pictorial features that were seen with ease in space 

had an added symbolic meaning and formed significant components of a scene or 

narrative. Still, ease of viewing in Xeste 3 is very little understood given the 

visual complexity and state of preservation of decorated spaces. Especially the 

occlusive effects of the door jambs of the poly thyra on the wall-paintings give 

rise to a number of issues regarding the reception of the paintings, its relationship 

to iconographic meaning and ritual practices performed in the building. The 

remainder of this chapter aims therefore to examine: 

a) The modes in which the reception of the painted scenes IS 

affected by the presence of pier-and-door partitions. 

b) The extent to which individual pictorial elements are visible 

and whether there are any features that are likely to be more 

exposed to the mobile or stationary viewer. 

c) The ways in which the visibility of the wall-paintings changes 

for the various spectators (watchers in the rituals) positioned at 

different locations in space. 

d) The relationship between ease of viewing and the suggested 

hierarchy of meaning in the depicted scenes (§4.3.2). In what 

ways visibility in 3D space might have affected the visual 

41 This applies for the younger figures of the male scene and the mature women that embellished 
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structure of the paintings and the rendering of individual 

themes? 

e) Whether the visibility or non-visibility of the paintings could 

provide evidence regarding plausible ritual practices performed 

in the building. 

The above issues are discussed in relation to the wall paintings of the 

Adorants, the male scene and the Crocus Gatherers that decorated spaces 3a and 

3b on the ground and first floor of Xeste 3, since these scenes were the focus of 

attention in the building. Reconstruction of the decorated spaces and visibility 

recording and analysis are necessary for the investigation of the phenomena and 

relationships that need to be examined in this case. 

4.5 The reconstruction 
The process of digitally restoring the paintings III their original 

architectural context entails difficulties, even though it is facilitated by the 

numerous ground plans and sections that record in detail the state of the building 

during various stages of excavation and conservation (Palyvou 1999, 2005a), as 

well as pUblications that argue over the exact location of the paintings in Xeste 3 

(Doumas 1992a). The sources that were used for the reconstruction are: a) 

ground plans and sections of Xeste 3 from the excavation archive b) detail 

drawings from the excavation archive42 c) the restored wall-paintings that give 

indications of the dimensions of walls that have collapsed. The creation of the 

digital 3D model was substantially based upon small scale plans of the space 

upon which the analysis focuses, namely Room 3 (Fig 4-4, Appendix II, Plan 1 

and Plan 2). For the reconstruction of the walls of Rooms 4 and 2, generic plans 

of the ground and first floor of Xeste3 were used. 

The height of architectural elements was occasionally derived from 

sections. For instance, the height of the lintel of the pier-and-door partition 

connecting Room 3 and 4 (about 1.40m) was calculated from section Z-Z 

(Appendix II, Plan 3) that includes the imprints of the wooden frame of the 

structure in the volcanic material (nowadays this pier-and-door partition has been 

restored by pouring cement in the place of the missing timber frame (Doumas 

the corridor that connected room 3b with Room 8 on the first floor (cf. §4.3.1). 
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1984, p. 265). Information of this kind, however, is usually not available, 

because in most cases the walls and pier-and-door partitions are not preserved at 

their original height. 

In addition, the dimensions of the decorated wall surfaces were partly 

deduced from the restored wall-paintings, some of which preserve their outer 

limits. The male scene indicates the original height of Room 3b at about 1.93m., 

as the restored wall-paintings of the two boys and the man with the jug include 

both their upper and lower limits (Athanasiou 2008; Vlachopoulos 2008). It is 

reasonable to assume that space 3a had the same height as space 3b, given the 

fact that both form compartments of the same room. This means that the upper 

limit of the wall-paintings of the Adorants that is preserved (Athanasiou 2008; 

Vlachopoulos 2008) would have been located at about 1.93m above the floor of 

Room 3. It is interesting to note that the positioning of the wall-painting at this 

height suggests once more that it was created to be seen from Room 3, as the 

viewer standing in that space would have an "eye to eye" contact with the 

painted figures as has been observed in other cases in Akrotiri (Palyvou 2000). 

On the contrary, the Adorants were placed above the eye level of the observer 

standing in the adyton, who would not have been able to observe the scene with 

ease (fig. 4-20). 

Although the murals that were unearthed in the fill of the adyton (the 

Adorants and the Crocus Gatherers) were discovered in fragments (Marinatos 

1976), there seems to be little present doubt regarding their location in space (fig. 

4-4). The latter is testified by "the dimensions and shape of the restored parts" of 

the paintings (Doumas 1982, p. 295). The reconstructions that were created for 

the needs of this research take into account the already proposed distribution of 

the paintings in spaces 3a and 3b of the ground and first floor. In the digital 

reconstruction the Adorants (1,43m X 3.91m)43 embellish the north wall above 

the adyton on the ground floor, while the altar is depicted on the east wall of the 

same space. The crocus gathering scene adorns Room 3 a on the first floor; the 

offering of crocus to the goddess (2.30m X 3.22m) can be seen at the west part of 

the north wall, while the girl with the basket (2.17m X 0.69m) at the easternmost 

42 All plans and sections that were used for the reconstruction have been created by Clary 
Palyvou. 
43 All dimensions are given in Doumas 1992a. 
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part of this wall, immediately following the large window that interrupts the 

scene. The two remaining crocus gatherers (2.44m X 2.66m) are located on the 

east wall of Room 3a. This scene extends the limits of space 3a, covering the 

eastern door jamb of the polythyron that marks the south extent of this room, as 

well as the northern part of the east wall of space 3. 

Xeste 3: Room 3 

VI 

3a 
3b 3b 

I I • I 
v -
iii 3 -

111l1li I 
First floor Ground floor 

• wall paintings • pier-and-door partitions 

i Adorants 

iiAltar 

iii Two men 
iv Man with the jug 

v Boy with the bowl 
vi Crocus Gatherers (Goddess) 

vii Crocus Gatherers (east wall) 

30 vii 

I I 

3 , 
I I 

2m 

Figure 4-4: Plans of the ground and first floor of Room 3 in Xeste 3 with indication of the 
position of the restored wall paintings in the room. 

The location of the paintings in Room 3b is less certain and two different 

reconstructions have been suggested. Originally, Doumas (1987, p. 156) 

proposed that the man with the jug (1.93mX1.82m) and one of the nude boys 

(1.75x1.24) would have been depicted in adjacent locations of the west wall of 

space 3b, the former occupying the south part of that wall. Later, however, he 

attributed the boy with the bowl to the north wall of the north corridor (Doumas 

1992, 130) an interpretation that has also been adopted by Marinatos (1993). This 

is a likely reconstruction as the dimensions of the restored wall-painting seem to 

agree well with those of the corridor. The reconstructions of Palyvou (2000, p. 

428, fig. 13) and Morgan (2000, p. 929, fig. 2) represent the boy with the bowl 

on the west wall, as originally suggested by Doumas, matching the yellow ochre 
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band that appears to run along the preserved left limit of the painting to the 

similar band that is depicted at the right of the man with the jug. It is difficult to 

be conclusive about which of the two alternatives is more plausible, as the wall­

painting is incomplete, and neither its left limit, nor fragments connecting to the 

man with the jug have been restored. The reconstruction of space 3b that was 

used in this case was based on the assumption that the boy with the bowl would 

have been located in the northern corridor, and that would have been partly 

visible from Room 3. Nonetheless, the alternative reconstruction is also taken 

into account during interpretation. The dimensions of the mural with the two 

boys (l.92mX1.93m) correspond to the southern wall of the middle corridor of 

Room 3b and its allocation to this space has not been disputed. 

4.5.1 Uncertain features 
In most cases the exact dimensions of many architectural elements that 

have not been preserved can neither be known nor can be reconstructed with 

certainty due to the lack of evidence in the archaeological record. Some of these 

features could have affected the visibility of the paintings of Rooms 3a and 3b 

and are listed below: 

1) Height of the lintel of pier-and-door partitions: Pier-and-door partitions are 

usually identified from their stone bases, often found in situ. As a rule their upper 

structure that was supported by a wooden frame has not survived, and therefore 

details of their construction, including the height of the lintel are in most cases 

unknown. Luckily, three pier-and-door partitions in Xeste 3 have left their 

negative impressions on the volcanic material that filled the building after the 

volcanic eruption (Palyvou 1999, p. 346) giving some indications for the 

dimensions of their upper structure (fig. 4-5). Overall on the ground floor of 

Xeste 3, five pier-and-door partitions have been identified; these were located at 

the north, west and south limits of Room 3 and between spaces 7 and 4, and 4 

and 2 (Palyvou 1999, p. 351-352). The first three would have occluded the 

painted scenes that embellished spaces 3a and 3b. Of these only those located at 

the south and west of Room 3 have left a full imprint (Palyvou 1999, p. 351) 

from which the height of the door opening can be derived. As mentioned above, 

the door openings of the south polythyron of Room 3 was about 1.40m. Even in 
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this case it is not certain if this was the original elevation of the upper structure as 

it may have subsided (the imprints are deformed, cf. Doumas 1984, p. 265) due 

to the effects of the eruption on the building. From the north pier-and-door 

partition of Room 3 on the ground floor only the foundation is preserved, just 

above the level of the ground floor (Palyvou 1999, p. 351). On the first floor, the 

bases of the door jambs of the poly thyra at the west and south of Room3 can be 

seen in situ, but no evidence exists for the form of their upper structure. 

2) Precise location of the pier and door partitions: The bases of the pier-and­

door partitions of both the ground and first floor of Xeste 3 have been found in 

situ and have been carefully recorded in plans and sections. The only exception 

seems to be the basis of the door jambs of the north polythyron of Room 3 on the 

first floor (Palyvou 1999, p. 352). Palyvou mentions that these were removed 

from the building, just before the excavation of the ground floor rooms, but their 

original position was unfortunately not recorded (Palyvou 1999, p. 351-352). 

However, at least two of the door jambs of the poly thy ron (the two westernmost) 

can be seen in plans created by S Iakovides in 1973 (Appendix II, plan 4; 

published in Michailidou 2001a, p.240, fig. 250). Still, the base of the 

easternmost door jamb does not appear in this plan and therefore cannot be 

known with accuracy. 

3) Width of the door jambs of pier-and-door partitions. The width of the 

wooden door posts of exterior doors that have been restored ranges between 

18cm and 26 cm (Palyvou 1999, p. 313). The width of the door posts of the pier­

and-door partitions of Xeste 3 might have been towards the lower values in this 

range, as they belonged to interior doors, which as a rule were of smaller 

dimensions (Palyvou 2005a, p.141). It appears that the open door leaves of 

poly thyra would not have further decreased the width of the door openings, as 

they would have often been placed within a 'T" -shaped encasement carved in the 

wooden door post44 In any case, the exact dimensions of the doorjambs are not 

known. 

44Palyvou (1999, p. 333,481; 2005a, p. 142) notes that door jambs with a stone base at the 
shape of "r"would probably have wooden door posts with a cross-section forming an encasement 
for the wooden doors leaves (0.02-0.025 m thick). 
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In the 3D model of Xeste 3 the reconstruction of the elements that were 

not preserved, such as those mentioned above, is tentative, as far as their 

dimension and position are concerned. Nonetheless, the effects of uncertain 

features were considered in the suggested interpretations using the methods 

described in §3 .3.4, §3.3.5 (cf. §4.6). 

Figure 4-5: The restored pier-and-door partition between spaces 3 and 4 (ground floor) . The 
adyton can be seen in the background. Photograph from the excavation archive. 

4.5.2 The 3D model 
A solid model of the spaces of interest was firstly created in Auto Cad, 

and was later imported into 3ds Max. Some basic textures and materials were 

added to the reconstructed built structures. The materials were included in the 

model so as to make the different architectural elements more comprehensible to 

the viewer and were not aimed to create a photorealistic impression, as this does 

not serve the purpose of modeling at this stage, namely the investigation of the 

reception of the murals from space 3 and 4. 
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Figure 4-6: The door jambs of the pier-and-door partitions seem to frame the figures, when 
someone gazes at them frontally (a, b), while the significantly obstruct the viewing of the 
painting when they are seen from an oblique angle, that is in most cases (c, d, e). 

The viewing of this basic model enables a quick appraisal of the 

occlusive effects of the architecture on the wall-paintings. From Room 3 it is 

apparent that the wall-paintings are significantly occluded by the door jambs of 

the pier-and-door partitions. Although from certain viewpoints the latter appear 

to frame the human representations (fig. 4-6 a, b), in most cases these are seen 

from an oblique angle, and as a result they hinder a great part of the decorated 

wall surfaces (fig. 4-6 c, d, e). The rapid shifting of points of view in the model 

or the mere visual appraisal of many dozens of rendered images that often 

present subtle variation in the visibility of individual painted features can, hardly 

provide conclusive answers to the questions raised above. 

As expected, the model also suggests that the theme of the Adorants can 

only be seen with difficulty from Room 4 because of the low lintel of the pier­

and-door partition between spaces 3 and 4. 

4.6 Visibility analysis 
A more formal approach to the investigation of the visibility of the 

paintings would require the recording of the occlusive effects of the door jambs 

of poly thyra from all locations in space 3 and 4 45
, their quantification and 

45 The paintings would not have been visible form spaces 2 and 7. 
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cumulative evaluation. The above requirements were fulfilled in this case 

through the methodology described in Chapter 3 and more specifically with: A) 

the recording of the visually exposed and occluded areas of the painted surfaces 

from observation points evenly distributed in space, B) the creation of "times 

seen" giving indications of the relative differences in visibility between 

individual pictorial elements C) the mapping back onto space of the percentage 

of visible area for each pictorial element of interest. 

"Times seen" 
"Times seen" were created with the method described in Chapter 3. In all 

cases space in Rooms 3 and 4 was sampled using a 20x20cm grid. A fine 

resolution is necessary in this case to efficiently describe the occlusive effects of 

pier-and-door partitions on the paintings, which cause significant changes to the 

visibility of the individual elements of a composition, when moving from one 

viewing location to another. From each grid centroid (viewpoint) a viewshed was 

calculated that records the parts of the wall surface that the observer could see 

from that location by moving their eyes, or head, or even turning their body. The 

eye level of the viewer was set at 1.55m for the analysis, since the average height 

of an individual in the Aegean Bronze Age, as derived from human bone 

samples, appears to have been around 1.61m (McGeorge 1988; Dickinson 1994, 

p.89). 

4.6.1 The wall paintings of the ground floor 

A) The Adorants 
'Times seen' 

Figure 4-7 presents the "times seen" of the wall painting of the Adorants 

from 213 viewpoints in Room 3. It clearly suggests that the wounded girl is the 

most visually exposed figure of the scene, as it is placed at that location of the 

wall whose visibility is less obstructed by the door jambs of the pier-and-door 

partitions and the wooden pier that has been reconstructed by Palyvou in the area 

of the adyton (2005a, p. 120, fig. 166)46. The estimation of the mean visibility of 

each entity, again suggests that the wounded girl was more visible than the other 

two women. 
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Figure 4-7: Times seen of the Adorants from 213 viewpoints in Room 3 (ground floor, Xeste 3). 

The degree that the painted wall surface is obstructed by the lintel of the 

north polythyron in Room 3 depends on the distance of the observer from the 

painted surface, a phenomenon that can also be experienced by the change of 

viewpoint in the 3D model; the greater distance one stands away from the 

painting the more the visibility of its upper outline is obstructed. The effects of 

the presence of the lintel are mirrored in the "times seen" in the form of a narrow 

horizontal band whose colour changes gradually from blue to yellow. This 

suggests that the visibility of the painting gradually increases from top to bottom 

till the point where the lintel ceases to be an obstruction to the viewing of the 

painting. 

46 It is interesting to note that even in the absence of the latter the wounded girl would still be 

- 118 -



The effects of uncertain features on the visibility of the paintings 

The dimensions of the lintel and the height of the door openings of the 

north polythyron of Room 3 are not known with certainty, as only the foundation 

of the structure is preserved, and its upper part has left no imprint (Palyvou 1999, 

p. 352). In the 3d model that was used for the creation of the 'times seen' of 

figure 4-7, the door openings were tentatively restored at 1.70 m. If the height of 

the openings was at 1.55m47 (same as the assumed height of the viewer in this 

case) the heads of the left and right figures of the Adorants would not have been 

visible from a viewer in Room 3 (fig. 4-8). The visibility of the wounded girl, on 
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Figure 4-8: Times seen of the Adorants from 213 viewpoints in Room 3 when the height 
of the door openings of the north pier-and-door partition is 1.55m (Xeste 3, ground 
floor). 

the other hand, is hardly affected by reconstructing the lintel at 1.55m, as it is 

placed lower than the other two figures, therefore it remains the most visually 

exposed among the female representations of space 3a. Nonetheless a further 

reduction to the height of the opening would have significantly influenced the 

more visible than the other two figures as indicated in fig. 3-10b. 
47 The height of preserved internal doors of ground floor rooms in Akrotiri is between 1.40-1 .60 
(Palyvou 2005, p.142, 143, table 3). 
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visibility of the wounded girl. In any case it appears that the visibility of the 

wounded girl is favoured by its placement on the wall surface and that the figure 

is more visually exposed to a viewer standing in Room 3 than its accompanying 

human representations. 

The width of the door jambs of the pier-and-door partitions in the 

reconstruction was tentatively restored at 20cm. Uncertainty regarding the exact 

width of these elements, however, does not seem to influence the interpretation 

of cumulative visibility maps. This fact is suggested by the results of a sensitivity 

analysis that was carried out with the aim of exploring the effects of various door 

jamb widths on the visibility of the wall painting (fig. 3-11). The "times seen" of 

figure 3-11 show the visual exposure of the painting when different door jamb 

widths are set in the model, increasing at ordinal level form 18 to 25cm. 

As would be expected, the greater the dimensions of the doorjambs the 

less visible are the paintings. Still, in all cases the relative visibility of the 

wounded girl is higher than the other two figures. The calculation of the standard 

deviation of these maps shows a possible error that is distributed on almost all 

areas of the painted surface with a maximum of +-9 in the "times seen" value, 

corresponding to the 4.2% of the sampled viewpoints. These results suggest that 

discrepancies in the width of the door-jambs don't substantially affect the 

relative differences in the visibility values of individual pictorial elements, and 

therefore the basic conclusion of the analysis, namely that the wounded girl is 

relatively highly exposed, remains. 

The "times seen" of the Adorants from Room 4 (fig. 4-10) verifies the 

impressions one has when visiting Xeste 3 at present (fig. 4-9) or walking 

through the 3D model of the building: the standing viewer in Room 4 would not 

have a good view of the paintings due to the low lintel of the polythyron between 

spaces 3 and 4. Here, the effects of the lintel on the visual exposure of the 

Adorants appear quite significant, as it occludes the upper body of all three 

figures, even if the viewer is standing in those locations that offer optimum 

visibility to the painting. It is interesting to note, however, that even in this case 

the part of the wall that corresponds to the location of the wounded girl is the 

most visually exposed. 
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Figure 4-9: The polythyron between spaces 3 and 4. A view from the west (Xeste 3, ground 
floor). Image by the author. 
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Figure 4-10: The "times seen" of the Adorants from Room 4 out of 447 observations (Xeste 3, 
ground floor). 
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Figure 4-11: Above: the lintel of the pier-and-door partition between Rooms 3 and 4 (Xeste 3, 
ground floor) is set to 1.65m. Below: the viewer is seated or kneeling (viewers eye level at about 
I.20m). 

Seeing the results of figure 4-10 it can be argued that the painting was not 

meant to be seen from Room 4, but two more possibilities need to be considered. 

The visibility of the painting of Adorants from Room 4 would greatly increase if: 

a) The original height of the lintel of the polythyron between Rooms 3 

and 4 was higher than it appears to be from its imprint in the volcanic 

material. The possibility that the feature may have subsided following 

the volcanic eruption has already been mentioned. However, the lintel 
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would need to be at least at 1.65m in order for the women of the 

adyton to be fully exposed (fig. 4-11). 

b) The viewer in Room 4 is seated or kneeling (viewers eye level at about 

1.20m). 

Both these conditions would have offered a better view of the Adorants from 

Room 4. In all cases the wounded girl was more likely to be exposed to the 

viewer than the girl with the necklace and the veiled girl. 

Mapping visibility values back onto space 
Further observations on the visibility of individual pictorial elements can 

be made by mapping the percentage of the visible area of each feature of interest 

back onto space (fig. 4-12). Each cell in the maps of fig. 4-12 defines a 20x20cm 

area at the centre of which one of the specified viewpoints is located. An 

observer standing in areas that are marked red in these maps would have an 

almost full view of the feature in question (90-100% of its area would be visible). 

The pie charts that show the distribution of values in these maps demonstrate that 

the wounded girl can be seen, wholly or in parts, from more locations in spaces 3 

and 4 than the woman with the necklace or the girl with the veil. Figure 4-12 

enables some observations regarding the reception of the wall-painting of the 

Adorants: 

1) A viewer would be able to see the girl with the necklace in entirety from 

almost all locations at the left side of Room 3. The wounded girl can also 

be seen from most locations in that area, as a whole or in parts, contrary 

to the girl with the veil who is much less visually exposed. 

2) If the spectator was standing at the central area of the room s/he would 

have a full view of the wounded girl and mostly partial views of the other 

two figures. The girl with the necklace is the feature that is less visible 

from that part of the room. 

3) An observer standing at the right side of Room 3 could easily see the 

woman with the veil, and great percentage of the seated girl. The girl with 

the necklace is almost non-visible from that space. 
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Figure 4-12: Visible area in % for each individual figure of the Adorants (ground floor, Xeste 3)_ 
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In a few words, the depiction of the wounded girl would in most cases be 

visible, even in parts, and it is in that sense that the figure is more visually 

exposed. This phenomenon can be explained as a consequence of the alignment 

of the door jambs of the pier-and-door partition when a viewer looks at the wall 

from an oblique angle, mostly causing obstruction to the visibility of the west 

and east limits of the painted surface. 

Figure 4-12 also suggests that the Adorants would not be very visible to a 

viewer located in Room 4, as was also suggested by the "times seen". The wall­

painting is more exposed to a viewer located at the south end of Room 4, while 

its visibility decreases gradually to 0% to anyone approaching the pier-and-door 

partition between spaces 3 and 4. As discussed above this is the effect of the low 

lintel ofthe polythyron. 

B) Angles of incidence in Room3: the altar, and the male scene 
The altar: The altar that decorated the east wall above the adyton would 

have been an important focal point in the scene of the Adorants, since the 

represented females seem to proceed or look towards this feature. It would also 

be the focus of attention for the individual descending to the adyton who would 

naturally face the altar (Marinatos 1984, p. 74; 1993, p. 206). Nevertheless, this 

is not the case for the viewer situated in Rooms 3 or 4; if the reception of the 

visibility of the Adorants from space 3 is compared to the one of the altar, it is 

obvious that the former can be seen with more ease (fig. 4-20). The altar, besides 

being obstructed by the pier-and-door partition, is never encountered frontally by 

a viewer located in Rooms 3 or 4, and is seen in most cases from inconvenient 

angles. On the other hand, the north wall with the depiction of the Adorants is 

seen by more advantageous angles of incidence from Rooms 3 and 4 and appears 

to have been the focus of attention for those standing in these rooms (cf. § 1.3). 

The male scene: In the male scene where the theme is developed across 

three walls, angle of incidence is an important factor that determines the 

reception of the paintings; although the visibility of all three figures is obstructed 

by the middle clay partition, the man with the jug is the only figure that is placed 

on a frontal surface in relation to the viewer situated in Room 3 or the mobile 

observer that walks from Room 3 towards Room 3b. Thus, this figure would be 

seen from a convenient angle; the other three figures would be viewed 
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foreshortened and from small angles of incidence, and therefore would not have 

been viewed with ease. It is also clear that the person walking through the north 

or the middle corridor of room 3b would have no view either of the wall painting 

with the two males or of the mural with the young boy with bowl, although s/he 

would have been able to see the man with the jug on all occasions. 

4.6.2 The wall-paintings of the first floor 
A) North wall: offerings to the Goddess 
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Figure 4-13: The "times seen" of the Crocus Gatherers (north wall) from 218 viewpoints in 
Room 3 (Xeste 3, fust floor). 

The "times seen" of the north wall of Room 3a on the first floor (fig.4-

13), which sums up the results of 218 observations from room 3, suggests that 

the goddess and the figure of the griffin were placed at the most visually exposed 

areas of the wall surface. The figures have been depicted in close proximity to 
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each other and in fact create a unified meaning, as the presence of the griffin is 

essential for the identification of the goddess as the "Mistress of animals". Thus, 

they should be considered together in the interpretation. The monkey 

approaching the Goddess to offer her flowers has also been represented in highly 

exposed locations of the wall surface. In this way the act of offering to the 

Goddess acquires particular emphasis. On the contrary, the figures of the Crocus 

gatherers that are represented on the same wall are positioned on areas of the 

wall surface that are less visible. 

The effects of uncertain features 

Before a conclusion can be made of the "times seen" the effects of 

uncertain elements in the reconstruction need to be explored. The position of the 

easternmost door jamb of the pier-and-door partition is tentative in the ground 

plan that was used for the reconstruction of Room 3 (cf. §4.5.1). A test was 

performed in this case with the aim of exploring how much sensitive are the 

results of the analysis to small displacements of the east door jamb. The latter 

was moved 10cm and 20cm towards right and left from its suggested position on 

the detail plan of Room 3 (Appendix II, Plan 2). Greater displacements than this 

would result in unusually large or small openings that would create an oddly 

asymmetric structure and therefore were not tested. The results (fig. 4-14) show 

that although the change in position of the easternmost door-jamb affects the 

values that are displayed in the alternative "times seen", the relative differences 

in the visibility of the individual pictorial elements remain the same. In all cases 

the figure of the goddess and the griffin are placed at the most visually exposed 

parts of the wall. In fact, the relative differences do not change if displacements 

of the same magnitude (IOcm to 20cm) have occurred to all door jambs of the 

pier-and-door-partitions (Fig 4-15). This is a useful conclusion as it shows that 

the results of the analysis are not overly sensitive to small displacements of the 

door jambs that may have occurred due to the effects of the volcanic eruption on 

the building, errors in the recording of the position of architectural elements on 

site 48, or during the digitisation process. 

48 The estimated error in the plans is 0.5% (Doumas 1982, p. 399). 
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The height of the lintel of the pier-and-door partition at the north of room 

3 is not known, since the upper structure of the polythyron has not been 

preserved. In the 3D model upon which the analysis was based it was set at a 

height of 1. 70m taking into account the fact that Room 3 on the first floor would 

have been more spacious that that of the ground floor, being at least 2.30m high 

(the preserved height of the wall painting with the goddess). This is a plausible 

suggestion, since the preserved height of door openings on the first floor 

sometimes exceeds 1.70m (Palyvou 2005a, p.143, table 4). 
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Figure 4-14:'Times seen' based on alternative reconstructions that differ in the positions of the 
eastern most door post of the north pier-and-door partition of Room 3 (Xeste 3, ftrst floor). 
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Figure 4-15: "Times seen" based on alternative reconstructions that differ in the positions of all 
door posts of the north pier-and-door partition of Room 3 (Xeste 3, first floor) . 

- 129 -



Room 4 

The "times seen" of the wall-painting from Room 4 (fig.4-16) reveals that 

the figure of the goddess was significantly obstructed by the door jambs of the 

pier-and-door partition between spaces 3 and 4. Since in this case it is certain that 

the goddess would have been the focus of attention, as its importance in the 

particular scene can be safely deduced, it makes sense to assume that the 

visibility of the painting from Room 4 was not considered a priority by the 

painter(s). The figure of the griffm and the monkey are placed on the most 

visibly exposed part of the painted wall surface for a viewer located in Room 4. 
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Figure 4-16: The 'times seen' of the wall painting with the goddess from Room 4 (Xeste 3, first 
floor). 
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Uncertain elements 

The visibility of the wall painting was examined using two alternative 3D 

reconstructions. One was based on a ground plan created by Palyvou (Appendix 

II, Plan 2) and the other on a ground plan drawn by Iakovides (Appendix, Plan 

4). The two plans differ on the exact location of the door jambs of the pier-and­

door partition between spaces 3 and 4. In both cases the figure of the Goddess 

appears to be significantly obstructed by the door jambs (fig. 4-17). 

180 

140 I 
Figure 4-17: 'Times seen' from Room 4 (Xeste 3, fust floor) for two alternative reconstructions 
based on plans ofPalyvou and Iakovides (left and right respectively). 

Mapping visibility values back in space 

Figure 4-18 displays the percentage of the area of each feature of the 

north wall that would have been visible from Rooms 3 and 4. The figures of the 

monkey and the griffin are incomplete, however, and their full visible area (red 

values) represents only their preserved parts. 

The mapped values in figures 4-18 c and d demonstrate that the goddess 

and the griffin can be seen, even in parts, from more locations in spaces 3 and 4 

than the crocus gatherers on the north wall. The figure of the goddess is visible as 

a whole from locations in Room 4 that fall within the axis of the second door 

opening of the polythyron setting the boundary between spaces 3 and 4. The 

greater part of the figure is, however, hidden for the viewer who is not situated 
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within this axis. 

Figure 4-18a also suggests that the crocus gatherer depicted on the left 

hand side of the north wall cannot be seen easily from the east side of Room 3, 

while the one that is depicted on the right end of the wall (fig. 4-18e) is mostly 

hidden from the viewer standing at the west side ofthe room. 

B) The crocus gatherers of the east wall 

The wall painting on the east wall of Room 3a depicting the two crocus 

gatherers would be seen with less ease than the painting of the north wall. Again 

this is because the painting decorates a surface that is longitudinal with respect to 

a viewer located in Rooms 3 and 4. As a result the angle of incidence while 

viewing the painting from these spaces is smaller if compared to the angle of 

incidence from which the mural with the goddess is seen (a frontal surface). This 

suggests that, as it would be expected, it is the north wall with the depiction of 

the goddess that is more likely to be the focus of attention for a viewer situated in 

Room 3. 

4.7 Conclusion/Interpretation 

4.7.1 Visibility and iconographic meaning 
The results of the analysis presented above shed light onto the reception 

of individual pictorial elements in Xeste 3 and draw attention to some analogies 

in the execution of the three pictorial scenes examined, the wall paintings of the 

'Adorants', the 'Crocus gatherers' and the male scene. It was demonstrated that 

the wounded girl and the goddess are less obstructed by the presence of the 

jambs of the poly thyra than their surrounding figures, especially when viewed 

from Room 3. In the male scene where the theme is developed across three walls 

a similar observation can be made regarding the seated man by considering the 

angle of incidence from which the painting is viewed; the man with the jug is the 

only figure that is placed on a frontal surface in relation to the viewer situated in 

Room 3 or the mobile observer that walks from Room 3 towards Room 3b, and 

therefore is the most exposed to the viewer. 
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Results of the analysis in this case are interesting if they are considered 

together with contextual evidence and proposed formal iconographic 

interpretations of the murals ofXeste 3 that were discussed in § 4.3.2. 

Man with the 

Jug 

Goddess 

Male scene 

Crocus 

Gatherers 

Most visually 

exposed 

Table 4-2: Correspondence of visual emphasis in pictorial space with visual exposure in actual space. 

It appears that there is a correspondence in all three scenes between visual 

emphasis in pictorial space and visibility in actual space, which should be 

considered neither accidental nor without significance. Redundancy of visual 

cues is a key to understanding hierarchy of meaning in prehistoric painting and 

the importance of each figure in individual themes is verified not only by their 

place in composition, their posture, hairstyle and dressing, but also by their 

location in real space. The results of the analysis confirm that the examination of 

visibility or non-visibility of Theran murals in their original context can be 

indicative of pictorial emphasis in a composition. 

The above relationship also suggests that the painter(s) of the iconographic 

program of Xeste 3 had taken into consideration visibility issues during the 

painting process. In the case of the wall paintings of the Adorants and the Crocus 

gatherers, the occluded and exposed surfaces of the north wall of Room 3a would 

have been perceivable by an individual, if slhe moved, stopped, and looked at the 

wall from different locations in space. The painter could have observed the 

working surface in this way before making decisions on how to illustrate the 

theme of the frescoes . It has been demonstrated in other cases, as well, that there 

was considerable planning involved in the rendering of Aegean murals (Cameron 

1972; Birtacha and Zacharioudakis 2000; Shaw 2003); incised lines covered by 

colour that would have been visible only to the painter were often used to mark 
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the position of pictorial elements on the wall before the application of the color 

pigments (Cameron 1972; Shaw 2003). It is noteworthy that such lines were 

applied to delineate the forelock and locks of the goddess (Shaw 2003, 183)49 , 

the most exposed feature to the onlooker situated in Room 3. This fact further 

supports the suggestion that the placement of the figure on that location was the 

result of careful consideration. 

4.7.2 Visibility and ritual performances in Xeste 3 
The reconstruction of ritual practices in prehistoric spaces is undeniably a 

difficult and ambitious endeavour. To the extent, however, that the paintings 

were aimed to be seen during ritual practices, some comments can be made here 

about stasis, movement and circulation during ceremonies. Generally we accept 

that ritual performances related to separate male and female rituals would have 

taken place in the building, as has been maintained by Doumas (1987), Gesell 

(2000) and Morgan (2000) (cf. §4.4). The male scene does not seem to be related 

to the female representations and clearly occupies a separated area of space 3. It 

is also held that both active and indirect participants would have taken part in the 

rituals, as the architecture and spatial arrangement of the building (vestibule with 

benches, size) suggest the gathering of a number of people in the east wing of 

Xeste 3. 

The themes of the Crocus gatherers and the Adorants have been executed in a 

way that permits the maximum exposure of the goddess and the wounded girl 

respectively to the viewer in Room 3. This may be taken as an indication for the 

presence of individuals in that space during rituals (cf. §4.4). As proposed 

already, these could be indirect participants-viewers to ceremonies, or initiates 

that would not have been allowed access in Rooms 3a and 3b at least initially. 

Neither the wall-painting of the Adorants nor that of the figure of the goddess are 

conveniently seen from Room 4, a fact that suggests that during public 

gatherings, the pier-and-door partition between spaces 3 and 4 defined a liminal 

area that perhaps marked a change in the use and function of space or signified 

successive admittance to the decorated spaces. As far as the wall-painting of the 

Adorants is concerned it is the reconstructed low lintel of the polythyron in 

49 Incised lines were used for the delineation of the curls of two of the crocus gatherers, as well. 
However, these were intended to be visible, as they were made on a dry pigment and aimed to 
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question that obstructs the visibility of the mural. The height of the door 

openings in this case perhaps mirrors the destructive effects of the volcanic 

eruption on the building, rather than the original form of the polythyron. With the 

existing evidence, however, one has to conclude that unless the onlookers were 

seated or kneeling (fig. 4-11), they would not have been able to observe the 

painting with ease. Moreover, the figure of the goddess seems to have been 

significantly hidden from a viewer located in Room 4, due to the occlusive 

effects of the door jambs of the poly thyra in spaces 3 and 4. Taking the above 

into account it appears that on both floors of the building the paintings were 

primarily created to be seen by someone situated in Room 3 and that the 

performances that took place in Room 4 were less likely to be associated with the 

exposure of the painted scenes. 

The above mainly concern the experience of the individuals that would stand 

or sit in Rooms 3 and 4 during the performed rituals. For the mobile observer the 

engagement with the painted scenes would be different. The most active 

participants in the ceremonies would have focused their attention and movements 

on the performance of ritual acts, not necessarily involving or enabling on all 

occasions the viewing of the paintings, contrary to what applies for the standing 

participants that would have more opportunities to observe both the paintings and 

the performed events. Moreover, in the course of movement 50 occluded and 

exposed surfaces alternate in a rapid rate, and for this reason no part of the wall 

painting would have been perceived as hidden from view, although again 

individuals would have limited visual access to some of the painted features, if 

their actions were controlled and restricted only to certain parts of room 3. 

For example, if one had to enter Room 3 from the westernmost opening, s/he 

would have the opportunity to appreciate more views of the woman with the 

necklace and the wounded girl, rather than the girl with the veil (fig. 4-12). 

Figure 4-19 shows the percentage of the visible area for all three figures of the 

Adorants, suggesting that the theme as a whole would have be seen with more 

ease from locations close to the two westernmost openings of the pier-and-door 

accentuate the hair style of the represented figures (Shaw 2003, p. 184). 
50 Differences in the visual experience of the mobile and standing observer in cluttered 
environments have been verified experimentally by Gibson (1979). He notes: ' ... Hence probably 
a pause in locomotion calls attention to the difference between the hidden and the unhidden, 
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partition that connected Rooms 3 and 4 (fig. 4-20). If decisions concerning the 

placement of pictorial elements were made by taking into account the experience 

of the mobile observer, it can be argued that individuals would enter Room 3 

from that side. The two westernmost openings are also those that offer the most 

direct in terms of physical distance access to the steps that lead to the adyton, as 

well as to the corridor that connects to the auxiliary staircase ofXeste 3 (space 8, 

fig. 4-2). These openings, then, would have been frequently used by the 

inhabitants of the buildings and participants to the rituals; the fact that the all 

three figures can be seen from locations close to these doors is likely not to be a 

coincidence. 
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Figure 4-19: The areas from which all three figures of the Adorants (Xeste 3, ground floor) 
would have been visible (red areas). 

while locomotion makes evident the continuousness between the hidden and unhidden .. . ' 
(Gibson 1979., p. 89). 
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The male scene appears also to have been rendered with respect to the 

mobile viewer in mind. The figures placed on the walls of the narrow corridors 

that lead to space 3b would not have be seen in an optimum way from space 3 

and seem to have aimed primarily to guide movement through space. As already 

mentioned, the man with the jug could be appreciated from a more convenient 

angle by a viewer situated in Room 3, but especially by someone approaching 

space 3b through the corridor. It appears that the male rituals performed in the 

building were not aimed to be exposed to the indirect participants of the events in 

Room 3. This impression is also supported by the fact that generally space 3b 

would not have been visually accessible from a viewer situated in that room. All 

the above indicate that the male and female rituals performed in the building 

would have been of different nature. 

Finally, one must consider other possible factors that could have affected, 

although temporarily, the visibility of the paintings during rituals. Illumination is 

a parameter that should be considered; a number of works to date have 

commented on the possible psychological impact of altering light and shadow 

patterns on individuals during rituals (Doumas 1987, Palyvou 2000). However, 

we can only make hypotheses about the ways in which illumination could have 

influenced the visibility of the paintings in Xeste 3; natural illumination would 

have changed constantly depending on whether the doors of pier-and-door 

partitions were open or closed during ceremonies. Apart from natural 

illumination lamps would have been used, as suggested by the two finds 

unearthed in Room 4 (Marinatos 1976, plate 54~). It seems, however, that the 

painted human figures in Xeste 3 that are almost life sized, are marked with a 

black outline, and are projected on a white surface, would have been 

distinguishable even in a dimly lit environment, especially by the onlooker in 

Room 3. It should not be ignored that even in this case the wall-paintings would 

not have be seen with ease on all occasions, as their visibility would have been 

obstructed by the bodies of other individuals participating in the rituals. The 

degree to which views of the painted scenes could have been obstructed by the 

presence of other people is difficult to appreciate without knowing the number of 

individuals gathered in Room 3. The body of a person located in the adyton 

would not have significantly hindered the visibility of the Adorants, as this 

occupied an area about 1,40m high immediately below the ceiling of Room 3, 
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while an individual would have been located 80cm below the floor of that room 

(fig 4.20). A 3D impression in populated space suggests, however, that few of 

the participants would be able to see the descendent to the adyton, while the wall 

paintings would still be exposed to most of the viewers. This observation further 

enlightens the social importance of wall paintings during the performance of 

communal rituals in Xeste 3, as it seems that often murals would have been the 

main focus of visual attention during the enacted ceremonies, promoting social 

cohesion by perpetuating culturally shared codes and messages. 

Figure 4-20: Left: The body of the person in the adyton would not have obstructed the painted 
scenes. Right: In populated space the viewer could still be able to observe the painted scenes. By 
the author. 

The above application of visibility analysis aimed to shed light onto the 

function of wall-paintings in a building used for public gathermgs. The 

consideration of human practices and possible mobility patterns in Xeste 3 was 

essential for interpreting the results of the analysis. The social context of human 

engagement with the decorated spaces would have been different as regards 

private houses, however. Aspects of human engagement with the wall-painting in 

private buildings are discussed in the remainder of the thesis. 
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Chapter 5 
The wall paintings in the townscape 

5.1 Introduction 
The wall paintings are perhaps the most striking feature of the houses that 

were unearthed at Akrotiri and are a testament to the prosperity of the town 

inhabitants. Aegean mural art in Late Cycladic I1Late Minoan IA period (table I-

1), regardless of the precise messages it aimed to communicate on each occasion, 

was undeniably an expression of the ideology and aesthetics of socially 

privileged classes (Blakolmer 1995; 2000, p. 403; Boulotis 1992, 2000; Chapin 

2004; Gates 2004). The wall-paintings of Thera were created some time between 

the seismic destruction and the volcanic eruption that destroyed the settlement. It 

is believed that these two events define a relatively short time span of about fifty 

to seventy-five years (Morgan 1988, p. 5-10; Doumas 1992a, p. 30-31) during 

which Theran mural painting flourished and the first figurative themes appeared 

(cf. § 1.1, §2.2). Painted plaster fragments dating to an earlier period have also 

been found, illustrating decorative, linear and abstract patterns (Marinatos 1971b, 

p. 33; Televantou 1994, p. 129-130; Doumas 1992a, p. 185). In Late Bronze Age 

the repertoire of Theran painters was much richer including life-sized human 

figures, miniature paintings, and nature scenes, as well as a great number of 

decorative and geometric motifs (Doumas 1992a). The quantity of pictorial 

fragments that have been unearthed, the probable existence of local workshops of 

Theran painters (Doumas 1983, p. 124; Televantou 1992; Morgan 1990; Boulotis 

2000), the repetition and similar rendering of the same decorative and geometric 

themes in different buildings (Vlachopoulos 2007), have supported the idea that 

wall painting in Akrotiri was a popular trend adopted by an affluent society 

(Boulotis 1992, p. 89; 2000, p. 853). 

In connection to this the wide distribution of wall-paintings in the 

settlement is particularly telling. Within the area of the excavation, which is 

slightly larger than one hectare, whole compositions or fragments of wall 

painting have thus far been reported in relation to 15 buildings. These include 

Xeste 3, Xeste 4, Xeste 2, Xeste 5 (pillar pit 68), Beta South, Delta West, Delta 

East, Delta north (Xeste 1), West House, House of the Ladies, the building that 
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housed the "Porter's Lodge" and the "Kitchen", Gamma South, Gamma North51, 

the newly excavated building north east of sector A (at the area of pillar pit 72), 

and the building at the area where pillar pit 70 is located at the north east area of 

the site (Vlachopoulos 2007). To these should be added some fragments with 

mainly linear motifs coming from spaces excavated west and northwest of Xeste 

3 that have been mentioned recently by Vlachopoulos (2007). In many of the 

buildings with mural decoration more than one room is embellished with wall­

painting. In addition, one cannot exclude the possibility that many of the other 

identified buildings in the settlement also had wall paintings, as most of them are 

not excavated. 

The diffusion of mural decoration in the buildings of Akrotiri is 

particularly impressive, especially when compared to the number of known 

contemporary town houses that have had mural decoration in Crete and the 

Cyclades. According to Immerwahr's (1990) catalogue most examples of wall 

painting in Late Minoan IA are restricted to one or two buildings at each site, 

although some of the settlements are much larger than Akrotiri (cf. Branigan 

(200Ib) and Whitelaw (2001) for settlement size) and have been excavated to a 

greater extent. An exception to this rule is the town of Knossos, where besides 

the palace five houses in close proximity to it are reported to have had mural 

decoration (House of the frescoes, South House, Southeast House, Caravanserai, 

and Unexplored mansion) (Immerwahr 1990; Driessen and Macdonald 1997). 

According to Immerwahr (1990) other Cretan settlements that have given 

pictorial fragments dated to Late Minoan I are Amnisos, Ayia Triadha, Chania, 

Mallia, Palaikastro, Pseira, Kommos and Tylissos, while buildings with frescoes 

have also been excavated at sites close to Knossos, for example at Katsamba, 

Nirou Chani, Prasa and Vathypetro. It is noteworthy that not all Minoan towns 

had houses with frescoed walls and that few only fragments have been 

discovered in palaces such as Phaistos or Zakros52; More recently some 

fragments with iconic subjects similar to those found at Knossos and Akrotiri and 

dated to the Late Minoan IA have been discovered in the so-called "Minoan villa 

of Epano Zakros" (Platon 2002), while other fragments have been reported from 

51 According to Vlachopoulos (2007), fragments that were found in Room 10 of Gamma North 
originally belonged to Room 7 of Gamma South. 
52 No fragments have been reported from the palace at Mallia. 
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the palace at Galatas and the nearby Building 1 (Rethemiotakis 2002, p. 73); no 

wall paintings have been reported from the town houses of sizeable urban 

settlements, such as Gournia (Soles 2002, p. 125). In the Cyclades painted 

fragments have been found in the towns of Ayia lrini (Kea) and Phylakopi 

(Melos). At these sites that have a comparable size to the excavated area at 

Akrotiri, 7,500 and 18,000 square metres respectively (Palyvou 2005a, p. 26), a 

few spaces decorated with murals have been unearthed (Immerwahr 1990). 

The above are based on the reported preserved fragments of mural 

painting, but even if one takes into consideration the exceptional taphonomic 

conditions at Akrotiri and the problems of preservation in other Aegean sites, it is 

obvious there was a remarkable investment in wall decoration by the inhabitants 

of the Theran town (Boulotis 1992, p. 89; Blakolmer 2000, p. 399; Palyvou 

2005a, p. 184). This conclusion inevitably raises the questions of the function 

and significance of mural decoration in Theran society, the reasons behind their 

wide diffusion throughout the settlement, and the identity of their consumers. 

To date, discussion on the function of Theran painting has focused on 

whether it had a primarily religious or secular character. Especially after the first 

discovery of Theran murals it was suggested that Aegean wall painting had a 

religious significance (Cameron 1972; Marinatos 1984, 1985; Ragg 1985; 

Niemeier 1992), and the rooms they embellished were considered to have been 

shrines, rooms where paraphernalia were kept or places of temporary house cult 

(Niemeier 1992, p. 103-104). Although it was later strongly questioned whether 

the purpose of mural decoration was solely to serve the cult needs of the Late 

Bronze Age society, the religious connotations of at least some wall paintings, 

for example those of Xeste 3, is widely accepted. In the context of religious 

practices it has been suggested that wall paintings acted as 'sign posts' (Cameron 

1970, 1972) used to guide movement in space, images that perpetuated ritual 

scenes and acts (Ragg 1985, p. 211) or 'attention focusing devices' (Renfrew 

1985). 

The 'sign post' function has been proposed mainly regarding procession 

scenes depicting life-sized males or females walking in line and bearing offerings 

(e.g. vessels, flowers, wooden boxes, idols etc). Procession scenes are very 
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frequent in Aegean wall painting53 (Kontroli-Papadopoulou 1996; hnmerwahr 

1990, p. 114). When there is evidence of their original location in space, it 

reveals their association to staircases, corridors or vestibules (hnmerwahr 1990, 

p. 88, 114-118). The most characteristic example of painted procession adorned 

the walls of the Grand Staircase in the palace of Knossos "directing the onlooker 

from the less important rooms on the lower or ground floors towards the very 

important rooms situated on the upper storeys" (Cameron 1970, p. 165). In 

Akrotiri processional figures attributed to a staircase have been discovered in 

Xeste 4 (cf. §2.3.4, Doumas 1992a, fig. 138-141; 2000b, p. 20). They represent 

men ascending on both sides of the staircase and continue up to three storeys. As 

discussed in Chapter 4, wall paintings that apparently aimed to guide movement 

and action in space also embellished Xeste 3. It has also been suggested that 

some nature scenes without narrative content, such as those that have been found 

in Room Delta 2 and the House of the Ladies at Akrotiri, could have functioned 

as backdrops for ceremonies (Marinatos 1984, 1985; Hollinshead 1989; Foster 

1995; Peterson Murray 2004). 

Nonetheless, many reservations have been expressed to date about the 

attribution of a primarily religious significance to all decorated spaces. The 

architectural context of mural decoration and associated finds suggest at least 

some of the buildings embellished with wall paintings were domestic units. On 

this basis some murals have been ascribed a secular function and are seen as a 

symbolic expression of the privileged social position of individuals or groups 

(Blakolmer 2000, p. 403; Doumas 2005, p. 78-79; Televantou 1994; 2000, p. 

832). According to some of the advocates of this interpretation painted images of 

young males or females, like the Fishermen (pI. 1) and the Priestess (pI. 2) from 

the West House, and the Boxing Children (pI. 18) from Beta 1, depict family 

members of the building owner, while the scenes illustrated in the Miniature 

Fresco are deemed to be representations of the commercial and economiC 

activities ofthe proprietor (Doumas 2005, p. 79; Televantou 1994). 

Despite the different interpretations regarding the function of the 

decorated spaces that have been proposed in the past, at present it is widely 

accepted that in most cases it is very difficult to argue for a merely religious or 

53 Kontroli-Papadopoulou (1996) mentions twenty-four paintings from eight sites at: Knossos, 
Ayia Triadha, Akrotiri, Ayia Irini, Mycenae, Tiryns, Pylos, and Thebes. 
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secular character of Bronze Age murals. Lack of evidence, insufficient 

understanding of the modes in which the sacred and the profane were signified in 

the Aegean Bronze Age, but mainly the often indiscernible boundaries between 

religious and secular life in prehistoric societies (Frankfort 1949), are indicative 

of the difficulties that the process of interpretation entails. The more recent 

theories about the function of Theran wall painting explicitly express this 

ambiguity. As Blak:olmer (2000, p. 399) has maintained, wall paintings 

representing rites of passage were probably linked to social ceremonies with a 

religious background rather than cult in a narrow sense. Such interpretation 

seems plausible not only for the wall paintings that decorated the private houses 

at Akrotiri, but also for Xeste 3, despite the strong religious symbolism of the 

murals discovered in the building, mainly expressed in the depictions of the altar 

and the goddess (cf. §4.3, pI. 12, 14). Furthermore, it has been noted that at least 

some of the Aegean, and especially Cretan murals, could have been created to 

serve the interests of an 'oligarchy with a theocratic orientation' (Gates 2004, p. 

41) or have had a religious symbolism which was used to reinforce the privileged 

social status of the elite class (Chapin 2004, p. 54). Ultimately, however, and in 

spite of the various and often contradicting interpretations, the present 

knowledge regarding Bronze Age Aegean societies is very fragmentary and the 

social functions of mural painting remain obscure. 

Since Theran murals aimed to be consumed by the members of the 

society in which they were created, the issue of visual access to the painted wall 

surfaces could provide important clues for their purposes and functions. The 

obvious consumers of the paintings were of course those who had or were 

allowed access to the decorated rooms, the inhabitants and visitors of the 

buildings. If these were the only individuals that could access the paintings, the 

viewing of Theran murals would have been restricted only to few selected 

individuals and groups (cf. Chapter 1), as Chapin maintains in her discussion on 

the consumption of Aegean landscape paintings (Chapin 2004, p. 60). Doumas 

(2005), however, has drawn attention into the less apparent aspects of the visual 

consumption of Theran frescoes. He maintains that, as a rule, wall paintings, at 

least in the private houses of Akrotiri, would have been visible through windows 

by passers-by outside the buildings, unlike what seems to be the case for 

buildings of public use (Doumas 2005). He, then, acknowledges the existence of 
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a social logic in the distribution of the wall paintings in the settlement and the 

choice of decorated areas. As far as private buildings are concerned, this logic 

reveals the intention of the owner to communicate a message of prestige to 

pedestrians that could potentially encounter the paintings. On the contrary, 

according to Doumas, in public buildings of religious or secular significance, for 

example Xeste 3 and Xeste 4 respectively, wall paintings aimed to address their 

messages to particular groups who had the privilege to access the decorated 

spaces; a person situated outside these buildings could not have visual access to 

their mural decoration. 

The possibility that frescoes, at least in private houses, could be seen by 

pedestrians traversing the street network in the course of their daily activities 

could precipitate new insights into the identity of the potential viewers of the 

paintings and the social significance of mural decoration; at the very least it 

implies frescoes were consumed by a much greater proportion of Theran society 

than usually imagined. However, such an assumption is more easily made than 

confirmed. Even though it is true that some of the decorated rooms had large 

windows that faced the squares and streets of the prehistoric town, in most cases 

it is hard to define the degree to which a painted theme would have been exposed 

to a viewer located in the public spaces of the settlement. One should take into 

account the fact that windows used to have wooden frames and were partly 

blocked with vertical or horizontal beams that are not preserved today (Palyvou 

1990b; 1999, p. 406-407; 2005b, p. 196). Furthermore, frescoes mainly 

embellished rooms of the first floor and, hence, the likelihood of a pedestrian 

encountering the paintings was greatly determined by the location, distance and 

viewing angle that the paintings would have been visible (cf. § 1.3). Finally, 

patterns of pedestrian movement within the settlement should also be considered, 

when discussing the degree to which views of the paintings were enabled from 

outdoors, or the extent to which they were part of the everyday experience of the 

townscape; the presence of pedestrians in the exterior open spaces of Aegean 

urban settlements is not self-evident, as the latter were distinguished by different 

levels of privacy. In some cases access to the public was unrestricted, and open 

spaces seem to have been used by all members of the community; on other 

occasions passage was more or less controlled and their use limited to particular 

groups (Palyvou 2004). Additionally, as is known from common experience even 
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at present, some parts of a public street network, e.g. main thoroughfares, tend to 

be more widely used than others. 

Within this framework a number of questions concernmg the visual 

experience and social meaning of mural decoration can be raised: For instance, 

how much visible were the wall-paintings from the public spaces of Akrotiri? 

Were they visually exposed to the degree whereby one could distinguish 

particular themes? Were they seen with ease from a passer by or did their view 

require the intentional effort of the beholder? Who were the pedestrians or social 

groups that could have encountered the paintings and in which conditions did 

they experience the painted scenes? Were the murals visible from those locations 

of the street network where a pedestrian was more likely to pass through? Was 

the visual exposure of the paintings towards the street network intentional or 

merely an epiphenomenon? All these issues are possibly related to the function 

of the paintings and their consideration could potentially explain the wide 

distribution of these artefacts in the prehistoric settlement. 

Without doubt, it is difficult to answer these questions, not only because 

we have solely an incomplete image of the Late Bronze Age town, but also 

because the evidence concerning the most important factor, the human presence 

in the street network, is limited and indirect. In the following chapters the issues 

raised above will be discussed using the available data. Firstly, by following the 

methodology of visibility recording and analysis described in Chapter 3 the areas 

of the street network from which mural decoration would have been visible will 

be outlined, and the degree of exposure and ease of view of the painted scenes 

will be examined. The issue of pedestrian movement in the prehistoric settlement 

is discussed in chapter 6. 

Windows in rooms with mural decoration 

A necessary condition for the paintings to be visible from the street 

network is the existence of windows in the decorated rooms opening towards 

public spaces. Despite the fact that fragments of painted plaster indicate the 

presence of wall-paintings in a great number of buildings, the exact architectural 

context of mural decoration is in most cases more54 or less unknown due to 

54In some cases the architectural context of mural decoration is unknown. The fragments found in 
Xeste 2 were discovered piled up in a small Room located at the area of the W est fa~ade of the 
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incomplete excavation or poor preservation. Quite often windows in rooms with 

painted decoration have been identified or their existence can be assumed, but 

the spaces towards which these windows face are frequently unexcavated. 

Up to now 85 windows have been identified at the excavated buildings of 

Akrotiri and have been classified by Palyvou (1990b, 1999; 2005a, p.145-152) 

into four distinct types. Openings belonging to Type A (fig. 5-1) are small 

(0,50sq m) with rectangular shape and are found always at the ground floor. 

Type B (Palyvou 2005a, p.14 7 -148) comprises of windows which are longer on 

the vertical axis and have a surface area of Isq m. Such windows can been 

observed at both ground and first floors, as applies for the windows of Type C 

(Palyvou 2005a, p.148-149). The latter are large and longer on the horizontal 

axis (fig.5-2, 5-5), with a surface area varying between 1.43 sq m and 4.35sq m. 

Openings of Type C often have one or two intermediate supports. Finally under 

Type D are listed the pier-and-window partitions (fig. 2-5), which are multiple 

windows usually divided in four parts, occupying almost the entire wall (Palyvou 

2005a, p.149). 

We can positively say that at least in three cases rooms with painted 

decoration had large windows at the first floor (Type C or D) (Palyvou 2005a, 

fig. 216) looking over public spaces: Space Beta 1 of Beta South, room 5 of the 

West House, and the first floor room above the Gate at Delta West had large 

openings that faced towards the Square of the Mill house, the Square of the Ship 

Procession, and the Triangle Square respectively (fig. 1-1). The existence of 

windows in rooms with frescoes has been verified in a number of other 

occasions; the areas towards which these openings face are, however, 

unexcavated and their character remains obscure. We can imagine that the latter 

were mainly public open spaces, but the case of Delta 2 which had a window 

opening towards an interior space suggests that such assumption should be 

treated with caution. In Xeste 5 (pillar pit 68), wall-paintings have been found in 

situ in a room with a large window facing east (Vlachopoulos 2007), but nothing 

has been reported as yet concerning the space outside this opening. The same 

applies to the newly excavated Room 2 located east of Sector A (area pillar pit 

building (Vlachopoulos 2007) and apparently used to embellish another space in the past. 
Furthermore, the architectural context of the fragments recently discovered at the area of pillar pit 
70 (Vlachopoulos 2007) is currently unknown. 
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72). In this case, mural decoration embellished the wall between two windows 

(Vlachopoulos 2007). Finally, a pier-and-window partition facing east (Palyvou 

1999, p. 420, 388, fig 21Oy) used to illuminate the space known as "Kitchen", in 

which a great number of fresco fragments were discovered (Marinatos 1972, p. 

15-16, pI. 14a; Doumas 1992a, p.146; Palyvou 2005a, p. 86). 

Despite the fact that as a rule all rooms in Akrotiri have at least one 

window (Palyvou 2005b, p. 196), in a number of cases the presence of windows 

in spaces with painted decoration can neither be affirmed nor ruled out from the 

available material evidence. Many unexcavated or poorly preserved rooms with 

frescoes adjoin exterior spaces and could have windows facing outdoors. The 

partially excavated architectural context of Gamma 7 (Gamma South), in which 

fragments depicting rosettes were discovered (Vlachopoulos 2007), has been 

recently reconstructed by Palyvou (2005a, 69, Fig.86) as a square room with a 

column in the centre with a probable large window on its west wall. The open 

space that lay to the west of the suggested window has only partially been 

revealed. The recently restored frescoes of the Porter's lodge (Marinatos 1969, 

p. 28) are comprised of two friezes, however, not much is known regarding the 

form of the first floor room that these paintings adorned. It has been observed, 

however, that painted friezes may suggest the existence of poly thyra or pier-and­

window partitions (Cameron 1976, note 17; Palyvou 2005a, p. 184) and it is 

possible that these paintings were in a room with a large window facing towards 

the street. Wall-paintings that have been discovered in the area of Room Gamma 

1 (Gamma South) depict spirals and floral motifs (Marinatos 1970, p. 39-40), 

and some of them according to Doumas (1992a, p. 146) perhaps decorated a 

frieze. As Gamma 1 is delineated on its three sides by exterior walls, one can 

imagine that at least one window facing outdoors would have existed. In 

addition, the existence of windows in the flights of the staircase of Xeste 4, 

whose walls were decorated with the procession scene, should be rather expected 

(Doumas 2005), since these would have provided the necessary amount of 

natural light for those ascending or descending the stairs. Room B6 of Beta 

South, that used to house the wall-painting of the monkeys (pI. 20), was greatly 

damaged by torrential waters and its architectural form at the first floor can only 

be conjectured. The room had a floor covered with volcanic slabs that collapsed 
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together with the decorated wall surfaces (Michailidou 2001a, p. 287). Fragments 

of murals have been found mainly along the north wall. Marinatos (1971b, p. 45) 

has attributed the restored parts of the wall-painting on the north and west wall, 

while Doumas (2005) on the west and south. Doumas (2005, p. 76) assumes the 

existence of a window on the long north wall of the room. A window positioned 

in the middle of this wall, above the two small windows of the ground floor, 

would conform to the typical arrangement of windows at Akrotiri (Palyvou 

2005b, p. 196); nonetheless, the presence of an opening in the east wall of this 

room cannot be ruled out, either. The few fragments of mural decoration that 

have been found in Delta North were also unearthed in spaces that had at least 

one exterior wall. Those coming from Room Delta 17 (Marinatos 1976; Doumas 

1992a, p. 146; Michailidou 2001a; Palyvou 2005a, p. 82) have been attributed to 

a missing upper floor of the building (Michailidou 2001 a, p. 312)55. Some 

fragments have also been found in the area of room Delta 4 (ibid.) that is 

preserved at the ground floor level. 

The above suggests there may have been a great number of cases in 

which a pedestrian traversing the street network would have been able to see the 

coloured surfaces of building interiors. As mentioned above, however, the 

possible presence of windows looking out onto public spaces would not have 

necessarily enabled the viewing of frescoes from outside the building. Regarding 

spaces 1 of the House of the Ladies and Delta 2 of Delta East it can be 

confidently stated that this was indeed the case. Delta 2 has a window that faces 

the roofed ground floor space Delta 21, while Room 1 of the of the House of the 

Ladies on the second floor had a window with dimensions 0.47x0.47m, too small 

to allow visual access to the mural decoration that adorned the room (Doumas 

2005, p. 74). Relative small openings pierced also the walls of Room 4 of the 

West House; Room 4 had a window of Type B facing onto the narrow alley at 

the west of the building (87xI27), and another opening ofa similar size (87x132) 

facing onto the Triangle Square (Palyvou 1999, p. 419). It is unlikely that 

openings of this size at the first floor would have permitted visual access to the 

interior of the house. In addition some paintings in Room 3B ofXeste 3 (pI. 8,9, 

55 Nevertheless, Palyvou (2005a, p.82) notes that Delta 17 did not have an upper floor, since the 
room had a spout at roof level. 
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10) could also have been visible from the Square of the Lustral Basin through the 

large window at the north wall of the room. It is most probable, however, that 

this window was blocked by a dense wooden lattice, as applies for other ground 

floor windows (Room 2) of this building (Palyvou 2005a, p. 150, fig. 229). Such 

a feature would have obstructed the viewing of the paintings of Room 3B from 

outside the building. The presence of lattices blocking the windows should be 

considered possible even regarding first floor rooms, as suggested by excavation 

evidence. 

Wooden lattices 
Urban representations in Aegean iconography and architectural remains 

suggest that windows had wooden frames that were blocked on many occasions 

by wooden lattices (Morgan 1988, p. 79-81; Palyvou 2005a, p.150; 2005b, p. 

196; 1999, p. 396-400). In Akrotiri imprints of these lattices on the volcanic 

material are in some cases preserved, and indicate that such features were 

associated with openings of all four types that have been identified in Akrotiri 

(Palyvou 2005b, p. 196). In small windows of Type A and B at the ground floor 

the lattices were dense and often consisted of two or three horizontal boards that 

left only narrow (up to about 10 cm) gaps between them (Palyvou 1999, p. 397-

399; 2005a, p. 150) (fig 5-1). The imprints of lattices associated with large 

windows of types C and D56 (Palyvou 1999, p. 396-397; 2005a, p. 151) 

Figure 5-J: A window of Type A with a wooden lattice Left: the imprint of the window as 
recorded during excavation, Right: a reconstruction ofthe window. From Palyvou (1999, p. 398). 

56 Namely the windows with a long horizontal axis and pier-and-window partition respectively 
(see typology at the beginning of subchapter). 
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Figure 5-2: The imprint of a wooden lattice of a fIrst floor window (Xeste 2). From the 
excavation archive 

Figure 5-3: The town mosaic. From Evans (1921 , fIg . 223). 

- 151 -



Figure 5-4: Drawing of the buildings of the Arrival town (Room 5, West House). From Morgan 
(1988, pI. 106) 

are rarely preserved. The only example mentioned by Palyvou (1999, p. 396-397) 

comes from the first floor of the north fac;ade of Xeste 2, belonging to a window 

with a long horizontal axis and dimensions of about 1.80x 1.25m; this seems to 

have been blocked by one horizontal and three vertical wooden beams placed in 

the middle of the window (fig. 5-2). It appears, then, that the lattices of large 

windows on the first floor were not as dense on the horizontal axis, as those of 

smaller windows of Types A and B on the ground floor, which apparently aimed 

to prevent intruders from entering the house (Palyvou 2005a, p.150). This is also 

verified by architectural representations in Aegean art (fig. 5-3, 5-4) where in 

many occasions large windows seem to be divided into four or six panes 

(Morgan 1988, pI. 106, Ill). 

However, iconography also suggests that not all windows had horizontal 

boards blocking their opening. Many windows at the Town Mosaic from 

Knossos (fig. 5-3), the Miniatures of Akrotiri (fig. 5-4) and Ayia Irini, and the 

Archanes house model show rectangular or square windows that are either 

simple or are vertically divided in two, three or more lights (Morgan 1988, p. 79-

80). These windows lack horizontal wooden beams. The imprint of the window 

of Al does not support the existence of horizontal boards although vertically it is 

divided into three parts (fig. 5-5). 
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Figure 5-5: Imprint of window from sector Alpha. From the excavation archive. 

Neither iconographl7 nor excavation evidence58 provide any clues for 

the presence of shutters (Marinatos 1970, p. 33; Palyvou 1999, p. 406-407). 

According to Palyvou their existence can be ruled out, if windows had lattices. It 

has been reasonably suggested that parchment, mat, or cloth may have been used 

to control weather conditions when that was necessary (Palyvou 1999, p. 406-

407). These would also have obstructed the visibility to the interior of the houses. 

However, one has to consider that these features would have been used to control 

the amount of light and air coming into the room according to the ephemeral 

needs of the residents, having only transient effects on the visual exposure of 

mural decoration from the street. Generally, it is believed the climate in the Late 

Bronze Age Aegean was not notably different than it is today, while air 

temperatures would have been slightly warmer (McCoy 1980, p. 96). It is also 

obvious that on certain occasions, openness is the prevailing concept behind the 

architectural form of rooms embellished with murals. For example, in Room 5 of 

the West House, or the first floor room above the Gate, the great number of 

window openings exceeds the requirements of any practical function. In these 

cases, one can imagine that pier-and-window partitions would have been used to 

allow for the maximum amount of light and air into the rooms, when the weather 

conditions allowed for it. 

57 Laurence (1973, p. 27) has suggested, however, that the red windows in the Town Mosaic 
might represent solid shutters. 
58 Palyvou (1999, p. 407) convincingly argues against the possibility that the imprints of thin 
wooden boards found in front of the north wall of Room 5 of the West House (fIrst floor) belong 
to shutters. 
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5.2 The visibility of Theran murals from the open public 
spaces 

Inevitably, computational recording and analysis of the visibility 

characteristics of mural decoration can only be implemented when there is 

enough evidence to reconstruct the architectural form of the decorated spaces, 

and only when something positive can be stated about the location of frescoes. 

The cases of room B 1 of Beta South, room 4 and 5 of the West House, and the 

first floor room above the Gate at Delta West fulfil these criteria, even if the 

level of confidence in the reconstructions of these spaces differs. Although the 

sample is small, these rooms are distinguished by common features of Theran 

architecture, such as pier-and-window partitions and Type C windows, painted 

friezes, and entire wall decoration. Therefore, the investigation of the visibility of 

wall paintings from these spaces aims, besides exploring the communication 

impact of the murals in question, to illuminate and draw attention to the general 

conditions under which Theran painting could have been visible. 

5.2.1 The West House 
The most thoroughly investigated building in the prehistoric settlement, 

the West House (fig. 1-1,5-6,5-7), is located at the north edge of the Triangle 

Square, at the west of the excavated area. It is a medium-sized free-standing 

structure, surrounded by three open spaces: the "Square of the Ship procession" 

at the northwest, the "Square of the Cenotaph" at the northeast, and the Triangle 

square at the southeast (fig. 1-1). The "Square of the Ship procession", which 

was named after the famous fresco that decorated Room 5 of the West House on 

the first floor (Doumas 1997, p. 158), is partly covered by the remains of a 

collapsed building (palyvou 2005a, p. 39, 46), and therefore its exact extent is 

not known. A narrow alley running along the southwest outer wall of the West 

House separates it from the other buildings that lay in this area (Palyvou 2005a, 

p.46). 
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Figure 5-6: A view of the West House from the south. From the excavation archive. 

The West House having three storeys, the third extending only to its 

eastern wing, follows the model of a typical Theran house (Palyvou 1990a). It 

has only one entrance facing the Triangle Square which gives direct access to the 

main staircase of the building. As in most houses of Akrotiri, the eight rooms of 

the ground floor, which are relatively small, dimly lit and have no mural 

decoration, would have been used in the past for storage, food preparation and 

other workshop activities (Michailidou 2001a, p. 428, 467, 469). These rooms 

had small windows piercing the outer walls of the building at a height close to 

the level of the Triangle square. In fact, the floors of most of the rooms of the 

ground floor lay up to 1.80 m lower than the street level, and were essentially 

semi-basements (Palyvou 2005a, p. 46). As already mentioned (cf. § 2.2) this is 

mainly the result of the accumulation of debris in the open spaces of the 

settlement after the LBA seismic destruction, which caused a significant increase 

to the street level. 
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Figure 5-7: Plans or the grouna ana rIrst noors or the west House ttrom Palyvou 2005a, pA7) 

In comparison to the ground floor, the second storey of the house has a 

much more sophisticated appearance. Here, rooms are spacious and well 

illuminated, especially those in the south west wing, which is embellished with 

mural decoration. This part of the house, which consists of Rooms 4, 4a, 4b and 

5, is accessible via the main staircase and Room 3, or through the auxiliary 

staircase of Room 7. Room 3, one of the largest rooms discovered so far, is 

distinguished by the great number of loom weights (450) that have been found in 

it, which indicate that it used to accommodate weaving activities. A large 
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window is presently restored in the south wall of the room59 that would have 

provided the appropriate amount of day light for weaving. Room 3 has no mural 

decoration, and its walls were covered with white plaster. At the northwest end 

of this space a door opening provides access to Room 5, certainly the most 

elaborate room of the house judging by its architectural form and mural 

decoration. 

The southwest wing: architecture 

Space 5 had a total of eight windows arranged in two pier-and-window 

partitions, placed at the north and west walls. The east and south sides of the 

room were delimited by a series of cupboards and door openings. The two doors 

at the east side led to rooms 3 and 7 respectively, while the one in the south wall 

gave access to space 4. Room 5 was paved with large volcanic slabs, whose 

interstices had been painted red (Palyvou 1999, p. 207-208), a construction detail 

that further added to the luxurious appearance of this room. 

Room 4 was only accessible through Room 5 and was divided by thin 

mud-brick partitions (Palyvou 1999, p. 165) into three smaller spaces. The one at 

the south-west (Room 4a) housed a lavatory installation, and its walls were 

painted with yellow-ochre plaster (Doumas 1992a, p. 49). On the other hand, 

rooms 4 and 4b were embellished with wall paintings and were illuminated with 

two medium sized windows facing the narrow alley between West House and the 

House of the Anchor, and Triangle Square respectively. In Rooms 4 and 4b the 

mural decoration consisted of a series of variations of the well-known motif of 

the Ship Cabin (pI. 3, Doumas 1992a, fig.49-62). The jambs of the window in 

Room 4 were also embellished with painted flower pots (Doumas 1992a, fig. 63-

64). 

The wall paintings of Room 5 

As already discussed in § 1.1, in Room 5 all available wall surfaces were 

covered with wall paintings (pI. 1-7, fig. 5-8). Painted imitations of variegated 

marble alternating with wood were represented below the window sills (pI. 4, 5). 

Above them at the southwest and northeast comers of the room, the two famous 

59 Palyvou (2005a, p. 47, fig. 46) has lately reconstructed two double windows at that location. 
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paintings of the fishermen were depicted (pI. 1). They formed two panels, each 

one representing a nude young male holding fish arranged in bunches. 

Televantou (1994, p. 173-174) has convincingly argued for the positioning of the 

"Priestess" (pI. 2) at the east door jamb of the opening that connects rooms 4 and 

5. Finally, one of the most impressive examples of Theran art, the Miniature 

Fresco (pI. 4, Doumas 1992a, fig. 26-48), expanded into four friezes located at 

the upper part of all four walls of the room, namely the areas above the window 

and door openings. This mural is a complex pictorial composition 16m long and 

is perhaps the most often discussed example of Theran mural painting, not only 

because it provides unique information about various aspects of life in the 

prehistoric Aegean, but also because it has fostered contentions and controversial 

interpretations. 

• Miniature fresco: 

i West frieze 
ii North frieze 
iii East frieze 
iv South frieze 

• Other paintings 
v, vi Fishermen . 
vii Priestess N 

A 
Figure 5-8: The location of mural decoration in Room 5 (frrst floor) of the West House. 

Considering what is apparent from currently restored fragments (1994), 

the four friezes depict five towns in their surrounding landscape. The scenes are 

populated with about 321 human figures, while domestic, exotic and mythic 

animals, including plants that are characteristic of each location are also 

represented (Televantou 1994, p. 201). Some of the friezes, and especially those 

attributed on the west and north walls, are poorly preserved. The West frieze has 
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been almost wholly perished except from two fragments showing buildings with 

characteristic black triangular projections on their roof. According to Televantou 

(1994, p.201) these belonged to the depiction ofa town (Town I). 

The north frieze is much better preserved, with almost half of the original 

painting surviving (Televantou 1994, p. 171), and although it was discovered in 

many fragments, most of its scenes have now been restored. It depicts a large and 

densely populated coastal town (Town II) that is protected by a wall and is 

situated at the top and slope of a hill. From the harbour and the countryside that 

surround the town only parts have survived. In this setting a number of scenes 

unfold: a meeting of men upon a hill, pastoral scenes of herds-men leading bulls, 

goats and sheep, a procession of soldiers with Aegean weaponry moving towards 

the town. At the bottom of the frieze a fleet of ships can be seen. In their vicinity 

dead naked men and their floating weapons appear in the water. Most of the 

human figures are men, although a few women are also represented: two of them 

are walking close to a well, carrying pots of water on their head. More women 

stand on the roofs of the buildings looking either towards the meeting on the hill 

or towards the direction of the fleet. 

The east frieze, at its well-preserved right part, depicts a sub-tropical 

landscape situated close to a river. Its two banks are populated with reeds, 

papyrus and palm trees, as well as exotic and mythical animals (griffin, jackal, 

wild ducks etc). At the missing left hand part of the frieze another town (Town 

III), has been restored by Televantou (1994, p. 198), suggesting that this 

landscape was also related to an urban scene. 

The south frieze of the Miniature fresco (pI. 4), depicting two towns 

(Towns IV and V), is almost fully preserved. Town IV, at the left side of the 

frieze, is a riverside, as well as a coastal town that is the departure point of the 

large fleet that occupies the greater part of the scene, in the middle of the wall. It 

consists of seven large vessels that are lavishly decorated with emblems on the 

hull, prow, and stem. Six of the ships have sheltered passenger compartments 

under which men with long robes are sitting (Morgan 1988, p. 117). Above the 

heads of the men spears and helmets appear to be attached. Apart from them 18-

20 paddlers are depicted in each vessel. Most of the large vessels have a small 

ship cabin at the stem, similar to the life-sized ship cabins that adorned Room 4. 
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A single male figure is seated in each cabin. The fleet approaches Town V whose 

inhabitants have gathered at the harbour to watch its arrival. 

A great number of diverse opinions have been expressed about the meaning of the 

scenes of the Miniature Fresco. These form a quite extended body of literature that has 

been very well summarised by Televantou (1994) in her PhD thesis discussing the 

reconstruction and interpretation of the paintings of the West House. According to one 

group of scholars (Marinatos 1974, p. 38-60; Televantou 1994, p. 321-349; Doumas 

1992a, p. 47-49; Page 1976; Davis 1983) the scene depicts real and continuous events, a 

long overseas voyage of an Aegean fleet, the ports of call during the journey, peaceful 

meetings and war conflicts with the local population, and finally the return of the fleet to 

the home town. Many suggestions have been made about the identity and possible 

location of the Towns II, III, IV which according to the authors mentioned above were 

located either in Africa or the Near East. Other interpretations suggest, however, that all 

towns are Aegean (Warren 1979b), while some, have argued that the scenes of the north 

and south friezes depict peaceful events, religious or social ceremonies and seasonal 

public festivals, rather than a long journey and war scenes (Sakellariou 1980; Morgan 

1988; Marinatos 1984; Gesell 1980). In many of the above interpretations Town V is 

usually, but not always, identified as Akrotiri itself (Marinatos 1974, p. 55; Televantou 

1994, p. 337; Doumas 1992a, p. 49; Marinatos 1984, p. 54; Shaw and Luton 2000). 

It has been proposed that the owner of the West House was an active participant 

in the represented events (Marinatos 1974, p. 43; Doumas 1992a, p. 49; Televantou 1994, 

p. 349), as either the admiral leading the Aegean fleet, or a priest in the ceremony, 

depicted in the south frieze inside the ship cabin of the flagship (Marinatos 1974, p. 43). 

The suggestion that the proprietor of the house played a leading role in the illustrated 

scenes is mainly supported by the depiction of life-sized ship cabins on the walls of 

Rooms 4 and 4a, that probably aimed to denote participation in sea-faring activities and 

the high social status of the owner of the house (cf. §2.3.5). 

160 



The reconstruction 

Since the West House is the best investigated and published building in 

Akrotiri up to now, there is much evidence for a detailed reconstruction of Room 

5 (Televantou 1994, p. 165-172). The restoration of the paintings, some of which 

were found in situ, has enabled the reconstruction of the dimensions of the few 

wall surfaces of the room. The marble imitations that decorated the space below 

the window sills at the north and west wall (dimensions 0,45x4.10 and 0.45x3.70 

respectively (Doumas 1992a, p. 50), were found at their original position 

(Televantou 1994, p. 52-53). The fisherman of the northwest wall (1,17xO,69) 

was detached from the wall surface it used to decorate, and had slipped on the 

floor just below it (Televantou 1994, p. 54), while the fisherman of the southwest 

wall (1,20xO,55) was recovered in fragments close to the southwest corner of the 

room (Televantou 1994, p. 57). Both wall-paintings have been restored to their 

initial height of about 1,20m. This should have been also the height of the 

openings of the pier-and-window partitions. The Miniature fresco was placed 

above the wooden lintel of the windows, the north and south frieze at 

approximately +- 1,836-1,846m and the east and west at about +- 1,952-1,972m 

above the floor of the room (Televantou 1994, p. 171). The exact vertical 

dimension of the paintings is known after the restoration of the surviving 

fragments: 0.43 for the south frieze, 0.45cm for the north, and about 20cm for the 

east (Televantou 1994, p. 170). Twenty centimetres is also the suggested height 

for the west frieze (Televantou 1994, p. 169), although, as mentioned above, it 

has almost completely perished. 

Details of the form of one of the poly thyra can be seen in a photograph 

that shows its imprint on the volcanic materials; the vertical divisions of the 

opening can clearly be distinguished, but there is no evidence that the window 

had a dense lattice (Palyvou 2005a, fig. 225). In the reconstruction that was used 

for the analysis horizontal wooden boards with a width of 15cm were added at 

about half the height of the openings, as it is proposed in the published paper 

reconstruction of Room 5 (Palyvou 2000, p. 418, fig. 4; 2001, p. 128, fig. 2). 

The height of the window from the public spaces was derived from the 

plan of the north elevation of the building (Appendix II, Plan 5). The lower limit 

of the opening was to be found at about 2.85m above the street level. 
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Visibility recording and analysis 

The visibility of the Miniature Frieze was recorded for about 2500 

viewpoints defined by a 20x20cm grid laid at the areas northwest and west of the 

building. As applies to all implementations of visibility analysis presented here, 

the viewer's eye level was taken into account, and was set at 1.55 m. The space 

at the northwest of the West House has been identified on the topographic plan of 

the excavated area (fig. 1-1,2-4), as the Square of the Ship Procession. Although, 

as mentioned above, Palyvou (2005a, p. 39) notes that the exact shape ofthe area 

is uncertain because it is partly covered by the debris of building Z (fig. 2-4), 

remains belonging to a third built structure have yet to be identified in this area. 

The pillar pit 24A at the northwest of the West House verified the existence of an 

open space in this part of the site, which probably dates to the beginning of the 

LC period (Georma 2008). So, the existing evidence suggests that the area 

among the building Zeta, the West House and the western limit of the excavation 

was a public square. 

The area to the southwest of the West House is marked as a broad open 

space on the general topographic plan of the site (fig 2-4). The House of the 

Anchor is located in close proximity to this space, but the building has not been 

unearthed, and its northern outline is unclear. Palyvou (2005a, p. 35), mentions, 

however, that "a very narrow alley" separates the West House from other 

buildings at the west (Palyvou 2005a, p. 46). Since the form of this public space 

is ambiguous, it is not included in the analysis. 

The visibility of the south, west and east frieze was, therefore, recorded 

from locations in the Square of the Ship Procession only. It is apparent that the 

North frieze would not have been visible from the square. The analysis was 

repeated twice; the first time no angle restrictions were set, while the second time 

only the visible wall surface that could be seen between 30 degrees below and 25 

degrees above the viewer's horizon were recorded. As discussed in Chapter 3 

this is the angular range between maximum and optimum eye rotation. Within 

these limits wall-painting would have been visible with ease by the moving 

observers, namely without necessarily having to lift their head upwards or stop to 

see the paintings. 
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Results 

The results of visibility recording (fig. 5-9, 5-10) suggest that the South 

Frieze, depicting the return of the Fleet, would have been more visible from the 

Square of the Ship Procession. The visual exposure of the painting from that 

space reaches up to 86%. On the contrary, the east and west friezes seem to be 

much less visible from the square (up to 51 %), and are generally seen from fewer 

viewpoints. These results refer to the area of the painted surface that was exposed 

to a viewer located in the street network, and not to the degree that the theme was 

discernible. The later issue will be discussed in the conclusions of this chapter. It 

is also noteworthy that the great majority of the locations from which the 

paintings are visible fall in most cases at least 4 metres away from the walls of 

the buildings. This observation is important and its significance will also be 

examined in §5.3. 

Generally the results of the analysis with the angle restrictions show that 

from almost all locations that would have enabled the visual exposure of the 

paintings the murals were seen within the specified angular range, meaning that 

the paintings would have been appreciated with ease. Exceptions form the 

locations closest to the walls of the buildings from which the west and east 

friezes would have been visible (fig. 5-10). The recording of the visibility with 

the angular restrictions suggests that the viewer in all cases should be at least 3m 

away from the wall of the house and in the case of the south frieze 4m, so as to 

see the murals with ease. 
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Figure 5-9: Top: The visibility of the south frieze from the square without (left) and with angular 
restrictions (right). Middle: The visibility of the west frieze from the square without (left) and 
with angular restrictions (right). Bottom: The visibility of the east frieze from the square without 
(left) and with angular restrictions (right). 
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Figure 5-10: Left: the areas from which the east frieze is visible but not from convenient angle. 
Right: the areas from which the west frieze is visible but not from convenient angle. 

5.2.2 Delta West: The Gate 

Figure 5-11: The gate: A view from the south. From the archive of excavations at Thera. 

The Gate (also known as Pylon) (fig_ 1-1, 5-11 , 5-12) is a built structure 

at the south of the Triangle square protruding from the west fac;ade of Delta 

West It is composed of a wall at its west side and two large openings at its north 

and south. The latter create an unconstrained passageway for the pedestrians 

traversing the Triangle Square, as indicated by the fact that the floor below the 
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Gate has the same cobble paving as the street network (Palyvou 2005a, p. 75). At 

the east this passageway is delineated by the entrance area of Delta West. 

According to Palyvou the Gate was added to the building after the seismic 

destruction; it has a functional purpose, namely to form a retaining wall and 

prevent the flooding of Delta West by rainwater, since the accumulation of debris 

in the Triangle Square caused the level of the plaza to rise above the threshold of 

the main entrance ofthe house (Palyvou 1999, p. 323; 2005a, p. 75). 

First)loor 

Ground floor 

Figure 5-12: Plan of the ground and first floor of Delta West (from Palyvou 2005a, p.76). 
Hatched walls are indicated. 
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The first floor room above the Gate, which has been named after Doumas 

(Vlachopoulos 2007), was accessed through the main staircase of the house. The 

fragments of frescoes recovered in this area depict spirals and rosettes, but the 

compositions have yet to be restored (Marinatos 1974, p.l8; 1976, p.16). 

Immerwahr's (1990, p. 188) catalogue lists fragments of rosettes coming from 

the area of the Gate, noting that belong to a frieze. Palyvou (2005a, p. 80) who 

has reconstructed three pier-and-window partitions at the west, north and south 

wall of "Room Doumas", also suggests that the surviving fragments embellished 

a frieze. Spirals and rosettes appear to be a common theme in Theran wall 

painting and often used to decorate the upper part of the walls. Friezes of spirals 

and rosettes embellished Room 2 of Xeste 3, probably at the first floor (Doumas 

1992a, p. 128, 132, fig.93-94) . The rosettes found in "Room Doumas" are very 

similar to those recovered in sector Gamma and which, according to 

Vlachopoulos (2007) also probably belonged to a frieze. 

• painted friezes 
i north frieze 
ii west frieze 
iii south frieze 

• indicated walls 

Figure 5-13: A plan of the gate (based on Palyvou 2005, p.76). The location of the suggested 
friezes is indicated in red. 
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The reconstruction 
The reconstruction of the Gate was based on the elevations and plans 

created by Palyvou (fig. 5-12, Appendix II, Plan 6). If the fragments belonged to 

friezes, as it has been reasonably suggested, then the mural decoration could be 

attributed to the north, south or west walls of the room above the three pier-and­

window partitions, although it cannot be excluded that more than one or all walls 

had murals, as is often the case in Akrotiri. For the needs of this research a 

recording of the visibility of the wall surface above the windows was performed. 

That part of space was given a tentative height of 45cm that conforms to the 

dimensions of the north and south friezes of the Miniature fresco of the West 

House (Doumas 1992a, p. 66). Nonetheless, one has to bare in mind that the 

areas above the window lintels may not have had the same height, as applies to 

Room 5 of the West House, where the east and west friezes were half the height 

of the south and north. The height of the window openings is also uncertain; a 

vertical dimension of 1m was given in this case, a plausible suggestion if one 

takes into account available data from better preserved contexts in Akrotiri 

(Palyvou 1999, p. 418-420). As a result, the visibility recording can only give 

tentative values in this case, and the aim of the analysis is to shed light into the 

general conditions under which the suggested painted friezes would have been 

visible. 

Visibility recording was performed upon two alternative reconstructions 

of the building that vary as far as details of the window form are concerned. The 

analysis was carried out with and without angular restrictions for both cases. In 

the first proposed reconstruction, horizontal wooden beams were placed at about 

half the window height. In the second case the windows were reconstructed 

without the horizontal elements of the lattice, namely they were given a form that 

is similar to the opening No 40 of the Arrival Town (fig. 5-4). The aim was to 

investigate the degree to which features of the wooden lattice of the windows, 

such as horizontal beams, would have affected the visibility of the wall­

paintings. 
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Results 
The analysis was performed from 2637 points for the south, 2909 for the 

north and 2727 for the west frieze. The results show that the friezes would have 

been visible in the west up to 70% (fig. 5-17), the north 52% (fig. 5-16), and the 

south 76% (fig. 5-14), although due to the uncertainty regarding the exact 

location and dimensions of the friezes the outcomes of this analysis should be 

interpreted qualitatively. It is enough to say in this case that wall decoration on 

the upper part of the walls of "Room Doumas" would have been visible to a great 

extent. 

In the cases where the horizontal wooden beams were added to the 

windows the percentage of each painted wall exposed was reduced for some of 

the observer locations, although not for all. Few viewpoints from which the 

south, and north frieze (at least up to the area of Delta 15) of the Gate are visible 

are affected (fig.5-15, 5-16), while in the case of the west frieze the effects of the 

wooden beam appear to be more substantive. For most of the locations from 

which the mural is visible the visibility values are decreased and in some cases 

the decline of the visible area reaches up to 20 % (fig. 5-17, 5-18). Generally, 

however, the results of the analysis suggest that a wooden frame of that form 

would have obstructed, but in most cases not significantly, the visibility of the 

paintings. 

When examining the spatial distribution of the locations that permit the 

viewing of the paintings, it is noteworthy that the south and north frieze appear to 

have been visible from areas at least five metres away from the walls of the 

buildings, while the frieze of the west wall can be seen from areas that are up to 2 

metres close to the wall. The recording of visibility with angular restrictions 

suggests, however, that the west frieze would only have been seen with ease 

from those locations that are again at least 5m (fig. 5-17b, d, 5-18) distant from 

the Gate. Regarding the south and north friezes the wall-paintings would have 

been seen with ease for almost all locations than enable the visibility of the 

respective painted surfaces (fig. 5-14, 5-16). 
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Figure 5-14: Top: The visibility of the south frieze of the gate without (left) and with (right) 
angular restrictions. Bottom: Alternative reconstruction of the wooden frame with the addition of 
one horizontal beam. The visibility of the painting without (left) and with (right) angular 
restrictions. 
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Figure 5-J 5: Left: The difference in visibility of the south frieze when an horizontal beam is 
added at the window frame. Right: The areas from which the painting is seen but not in 
convenient angles. 
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Figure 5-16: Top: The visibility of the north frieze of the gate without (left) and with (right) 
angular restrictions. Bottom: Alternative reconstruction of the wooden frame with the addition of 
one horizontal beam. The visibility of the painting without (left) and with (right) angular 
restrictions. 
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Figure 5-17: From left to right: The visibility of the west frieze of the gate without (a) and with (b) angular restrictions. (c, d) : 
Alternative reconstruction of the wooden frame with the addition of one horizontal beam. The visibility of the painting without (c) and 
with (d) angular restrictions 



Visibility % N 
Value 

A High : 36 

Low : 0 

No data 
o 1 2 4 - Meters 

Figure 5-18: Left: The difference in visibility of the west frieze when an horizontal beam is 
added to the window frame. Right: The areas from which the painting is seen but not in 
convenient angles. 

5.2.3 Beta South 

Figure 5-19: Beta South. A view from the North. From the excavation archive. 
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Passing through the Gate and moving further to the south one encounters 

sector Beta which consists of Beta North and Beta South (fig. 1-1, 5-19, 5-20). 

Beta North is a building of an as yet unidentified nature and use, being a later 

addition to sector Beta (Palyvou 2005a, p. 68). Beta South, on the other hand, is a 

rather typical Theran house, at least as far as its west part is concerned. It is, 

unfortunately, one of the least well preserved buildings that have been unearthed 

First floor 

Ground floor 

(destroyed by 
the torrent) 

D ?entrance 
t! (destroyed by 

the torrent) 

O ' 2 5 10m 

------~ C.P. 

Figure 5-20: Plans of the ground and first floor of the Beta complex (from Palyvou 2005a, p. 64) 
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in Akrotiri, as its eastern part has been damaged by the torrent (cf. § 2.2) . Two 

rooms of Beta South, Beta 1 and Beta 6 were embellished with wall paintings. 

The spatial arrangement of the building at the western wing, where Beta 1 

is located, is similar to that of the West House; the ground floor consisting of 

small-sized rooms was used for storage and cooking while the upper floor 

accommodated the most elaborate spaces of the house. These would have been 

accessed by the main staircase, which was probably located at the presently 

collapsed southeast part of the building (Palyvou 2005a, p.65). On the first floor 

a large room with a central column (Beta 2) leads to the space with the frescoes 

(Beta 1) via a corridor. Both Beta 1 and Beta 2 had floors coated with volcanic 

slabs that were discovered in an unusually good condition. Beta 1 also 

communicated with the auxiliary staircase of the house (Beta 7a), and the two 

smaller compartments Beta la and Beta 2b. The latter was used as a repository, 

as is suggested by four small cases made of mudbricks (Palyvou 2005a, p. 66) 

and other fmds (pottery vessels) discovered in this space (Marinatos 1971 b, p. 

29). All walls of Beta 1, which had a large window on its north wall facing the 

Square of the Mill house (fig. 5-21), were decorated with wall-paintings (fig. 5-

22). To date, only those of the west and the south wall have been restored. 

Figure 5-21 : The window on the north wall of Beta 1. From the archive of excavations at Thera . 

The wall painting of the Boxing boys (pI. 18) was recovered from the 

floor of Beta 1 in fragments (Marinatos 1971b, p. 31). It used to adorn the south 
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wall at the space between the two door openings that gave access to Beta 1 a and 

Beta 1 b (Doumas 1992a, p. 110). It depicts two children performing a kind of 

boxing game or competition. They have shaved heads except for two tresses and 

two locks at the back and the top of the head respectively, and they are both 

dressed in loin cloths. Their bodies are depicted with red pigment, as it is the rule 

in male representations, and are delineated with dark outlines. The whole scene is 

projected on a white background. Regarding the exact significance of the wall 

paintings of Beta 1 only hypotheses can be made. Doumas (2005) and 

Schachermeyr (1978) have suggested that the "Boxing Boys" depict family 

members of the owner of the house. On the other hand, Marinatos (2005) 

maintains that the painting together with the Antelopes that embellished the 

adjoining walls, aims to suggest ideals of manhood without representing specific 

individuals. 

The Antelopes that used to decorate the west wall (pI. 19) are portrayed 

solely with black outlines of varying thickness on a white background. 

Fragments of wall-paintings that represent parts of animals were found in situ on 

the east and north wall, (Marinatos 1971b, p. 29, 33) suggesting that the whole 

room was embellished with murals (Doumas 1992a, p. 110). More specifically, a 

pair of Antelopes has been attributed to the east wall, and two more animals to 

the north, at the west and east (left and right) of the window opening (Marinatos 

1971b, p. 33). 

N 

A 
• wall paintings 
i Boxing Boys 
ii Antelopes 
iii, iv, v Antelopes (fragments) 

Figure 5-22: The location of wall paintings in Beta 1. Based on Palyvou 2005, p. 64. 
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Room Beta 6 of the first floor was adorned with the wall-painting of the 

Monkeys (pI. 20). As mentioned above the architectural fonn of the room is not 

clear today because the area was badly damaged by torrential waters and for this 

reason a visibility analysis of the Monkeys was not perfonned. 

The reconstruction 
The reconstruction of Beta 1 was based on the published elevations and 

plans of the building (Palyvou 1984, p. 138, fig 2; 1999, p. 87, fig 28; 2005, p. 

65, fig 77, p. 68, fig. 85). To a great extent the original fonn of the interior ofBI 

can be reconstructed with a high degree of certainty, as the wall-paintings have 

been restored to their original dimensions. Although Beta 1 is a room of the 

upper storey the level of its floor is only 0,9-1,00m higher than the level of the 

Square of the Mill House outside the building, while the lower limit of the 

opening on the north wall is about 1.50m above the street (Appendix II, Plan 7). 

This is because Room Beta 1 of the ground floor belongs to the phase before the 

seismic destruction that occurred at the beginning of Late Cycladic I period (cf. 

§2.2); after the catastrophic event this space ended up as a semi-basement, 

because the level of the public open space outside the building was raised for 

about 1.20-1.50 m due to the accumulation of debris (Palyvou 1984, p. 136). The 

first floor of the building was rebuilt after the seismic destruction right above the 

room of the ground floor, which has a low height of 1.90m (Palyvou 2005a, p. 

67). 

Although excavation has revealed many details of the construction of 

Beta 1, there is uncertainty concerning the fonn of the window in the north wall 

of the room. The opening is preserved to a height of 93cm (Palyvou 1999, p. 

419), however it is doubtful that this is its initial height. All other windows of 

Type C that have been excavated appear to be higher than this- for example the 

window of Delta 7, having almost the same length as the window of Beta 1, is 

about 150 cm high (Palyvou 1999, p. 419). In the digital reconstruction of Beta 1 

the window was given its preserved height, so the results of the visibility analysis 

are rather towards the conservative side. 

There is also some uncertainty concerning the wooden frame of the 

window. Palyvou notes that windows of Type C were either simple or multiple, 

and that some of the restored windows, especially those of large dimensions, had 
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intermediate divisions that were not identified during restoration in the first years of 

excavation (Palyvou 1999, p. 383). Although the window of Beta 1 is not listed with the 

known cases where an intermediate partition was not recognised, in the most recent 

published plans of the building the window has been reconstructed with an intermediate 

partition (Palyvou 2005a, fig. 76). In this research the visibility of the decorated wall 

surfaces of the room is considered also for the case where the window would have had an 

intermediate division. Since the first floor room of Beta 1 is obviously very close to the 

street level, the application of analysis with angular restrictions was not necessary. 

Results 

In this case, the visibility of the "Boxing Boys", as well as the "Antelopes" of the 

west and east walls were investigated. The Antelopes of the north wall would not have 

been visible from outside the building. The analysis was performed from about 3000 

locations mainly falling within the Square of the Mill House. In the area outside the 

window of Beta 1 the wall-painting of the 'Boxing Boys' would have potentially been 

exposed to up to 75% - 78% (fig. 5-23, 5-24). The Antelopes of the west wall and the 

wall-painting of the east wall, which is badly preserved and has not been restored, would 

have been visible up to 64% and 59% respectively. 

Looking at the spatial distribution of the areas that enabled the visibility of the 

paintings some interesting observations can be made: 

a) In the case where the window is reconstructed without an intermediate 

partition (fig. 5-23): While the east wall, embellished with the theme of the 

Antelopes, could be seen from the greater part of the Square of the Mill House, 

the paintings of the south and the west wall (Boxing Boys and Antelopes 

respectively) would only have been visible from the area immediately outside 

the window. A greater part of the east wall is also more exposed to a viewer 

situated in this area. 

b) The visibility recording and analysis based on the alternative 

reconstruction of the window (fig. 5-24) with an intermediate partition suggests 

that this form of the opening would have significantly obstructed the visibility 

of the east wall of the room from the Square of 
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the Mill House. Figure 5-25 shows the areas that are most affected by 

possible errors in reconstruction. The visibility of the east wall of Beta 

1 decreases significantly for locations that correspond to a large 

proportion of the Mill House Square, hence, the degree to which the 

painting was visible to someone located in the plaza cannot be defined 

with certainty. Even in this case however, the east wall would be more 

visible from the area outside the window. Although, the visibility of the 

Boxing boys is also affected by the existence of an intermediate 

partition (fig. 5-24, 5-25) the paintings would have still been visually 

exposed to a great extent to someone located outside the window. 

In conclusion we can say that a great part of the painted wall surfaces of 

Beta 1 could have been visible from the public area outside the building. 

Nevertheless, such statement can be made with confidence only regarding a few 

locations of the Mill House Square located close to the window of Beta 1. 

D 

Visibility % 
Value N 

High: 78 A 
Low : 0 

012 4 
No data - Meters 

Figure 5-23: Top: The visibility (%) ofthe Boxing Boys (left) and the Antelopes of the East wall 
(right), Bottom: The area visible of the Antelopes of the west wall. The window is reconstructed 
without intermediate division. 
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Figure 5-24: The visibility of the wall paintings ofBl based upon an alternative reconstruction. 
Left: Boxing boys. Right: The Antelopes of the east wall. The window is reconstructed with 
intermediate division. 
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Figure 5-25: The difference in visibility of the east wall (left) and south wall (right) of Beta 1 
when an intermediate division is added to the window frame. 
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5.3 Conclusions and interpretation 
From the above application of visibility analysis it is deduced that the 

wall-paintings were visible from many locations in the public street network and 

that a great percentage of the area of the decorated wall surfaces could have been 

exposed to the viewer. On most occasions the paintings would have been visible 

within the angular ranges of optimum and maximum eye rotation, in other words 

the viewers could see the paintings without necessarily having to raise their head. 

In a densely built and possibly populated environment, such as a public street, 

looking high above the horizontal might interrupt the pace of pedestrians' 

movement or even force them to stop. It also implies a conscious intention to 

look inside the building interior. Although the latter is a plausible behaviour for 

individuals traversing a street network, it is hard to be justified for all 

pedestrians. The fact that the painted themes were conveniently located within 

the visual field of the onlooker would have reinforced the communicative 

potential of the paintings, and perhaps would have encouraged their viewing 

even when it was not originally intended. 

The concepts of visibility and ease of view are mainly used here to 

describe the visual exposure of the paintings and the degree to which visual 

access to the murals would have been obstructed by architectural features. The 

comprehensibility of the painted themes, however, depends on many different 

factors, such as the scale of representation, the colour and contrast with 

background features, the distance from the viewer (cf. §1.3), and varies for 

different contexts. For example, the South Frieze of the Miniature Fresco would 

have been visually exposed to the viewers, if they were located at least 9m away 

from the painting. If one adds to this the vertical distance between the viewer and 

the mural (it was placed at about 2.50m to 3m above the eye level of the observer 

located in the Square of the Ship procession) and considers also the small scale 

of representation, one has to conclude that the details of the theme could not have 

been discernible. Nonetheless, pedestrians would have had a general impression 

of a room with painted decoration and perhaps could distinguish certain 

distinctive features of the depicted sea vessels, such as the hull or masts. 

However, the visibility of the murals from the public street network 

would have been imbued with meaning even if the theme was not distinguishable 

(cf. §7.2). Wall paintings in LBA Aegean were elite architectural features, and as 
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such they marked the residences of those town dwellers that probably had a high 

position in the social hierarchy. The mere knowledge of the existence of a room 

with frescoes could have conveyed ideas of social order to the viewers, as is 

discussed in more detail in §7.2. In addition, the more precise significance and 

messages of the paintings could still be communicated to those individuals who 

may had been occasionally allowed in the decorated rooms (cf. §2.3.5, §7.2) and 

were already familiar with the contents of the painting. In this case the frequent 

or even daily encounter of the decorated surface in the course of movement 

through the street network would have acted as a mnemonic perpetuating the 

messages of the murals. 

The same could apply to Beta 1, nonetheless, the wall-paintings of this 

room would have been received differently than those of the West House by the 

viewers situated in the public open spaces. The murals of Beta 1 would have 

been mainly exposed to individuals located in areas close to the window and 

would have been viewed from a short distance. Since the paintings depict figures 

that are three-quarter life-sized with black outlines projected on a white 

background, the beholder standing close to the window could have easily 

comprehended the represented theme. On the other hand, the wall-paintings of 

the Gate would have been experienced in very similar conditions to those of the 

West House, as they form painted friezes that would have been visible from a 

distance by pedestrians traversing TelchineslDaktylon axis. The theme of the 

paintings in this case may have been easy to discern and understand by the passer 

by, even if it was partially exposed, because it consists of repetitive motifs. It is 

interesting to note that the wall-paintings of the Gate constitute the only frescoes 

that have been discovered in Delta-West, a house that generally follows the 

"Theran house model" (Palyvou 2005a, p. 80). Room Delta 1 at the first floor 

had the longest pier-and-door partition that has been found in Akrotiri. Despite 

its formal appearance, Delta 1 was probably used for weaving, since 100m 

weights were found in the room, and has no mural decoration (Marinatos 1971b, 

p. 19; Michailidou 2001a, p. 324; Palyvou 2005a, p. 79-80). The fact that they 

decided to decorate the room above the Gate, which is not a typical room of 

Theran houses, is likely not to be without significance. The Gate used to house 

part of the public open area and was in a conspicuous position within the street 

network. A pedestrian traversing the TelchineslDaktylon axis would have to face 
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toward the direction of the Gate and the painted friezes. It seems that in this case 

the paintings were intended to be consumed by those traversing the street 

network, as well as by the residents of Delta West. 

Illumination is an important factor that would have affected the degree to 

which a particular theme would be discernible. In §3.3.8 the difficulties of 

carrying out a physically correct illumination model and analysis for Akrotiri 

were discussed. Although illumination changes constantly within a day, and over 

the year and depends on weather conditions etc., one can imagine that in quite a 

few occasions rooms with many windows, such as the first floor of the Gate and 

Room 5 of the West House would have received adequate light for the paintings 

to be seen by a viewer located outside the buildings. The visual experience of 

neoclassical houses in Greece that also have painted decorated friezes verifies 

that murals are visible and sometimes their themes are discernible through 

windows, even when the interiors of the houses appear dark. Beta 1 would not 

have been as well lit as the other two rooms examined, but still it has a large 

window on its north wall that would have provided plenty of light in the room. 

The fact that the viewer should have been close to the window to see most of the 

murals also suggests that illumination would not have hindered the visibility of 

the wall paintings. Nevertheless, the lack of natural light would not always be 

disadvantageous for the visibility of the paintings. At dusk, if the residents were 

using lamps to illuminate the decorated rooms, such as the portable and table 

lamps discovered at the West House (Devetzi 2007, p. 119-121), coloured walls 

could still have been visible, even if the themes of the paintings would not have 

been distinguishable on all occasions. In the dimly lit or dark townscape 

illuminated spaces with mural painting may have been quite prominent. 

Perhaps the most interesting conclusion from the application of the above 

analysis derives from examining the spatial distribution of the areas from which 

the paintings would have been visible. For the West House and the Gate the 

murals could be seen with ease when the viewer was located at least more than 3 

and in most cases 5 m away from the walls of the building. Taking into account 

that the main roads in Aegean Bronze Age towns, including Akrotiri, often reach 

up to only 2 m., one has to conclude that the likelihood that a pedestrian would 

encounter painted friezes decorating rooms of the first floor greatly increases 

when s/he is located in wider areas of the street network, such as the so-called 
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squares of Akrotiri. It has to be noted that these wide public spaces are a 

distinctive feature of the prehistoric town. As a rule, other Cycladic and Cretan 

towns seem to have much more densely built urban layouts (Palyvou 2005a, p. 

29; McEnroe 1979), in which comparable open spaces are less often 

encountered. Although it cannot be precluded, that other spatial configurations 

would have also enabled the visibility of the wall-paintings (for example open 

urban public space broadens usually at street junctions) it seems that the visibility 

of painted friezes in first floor rooms would have been favoured by the spatial 

configuration of the prehistoric town. 

Palyvou (2005a) notes that the squares of Akrotiri may have been the 

result of an infill process, where no more built structures could be erected 

without violating commonly accepted rules regarding the resident's rights to 

access, light and air. Furthermore, one could add that the creation of such open 

areas in Akrotiri could have been motivated by seismic stress. It is now known 

(Doumas 2003, 2002) that the town inhabitants would often have to cope with 

the destructive consequences of seismic events. Since in the excavated buildings 

there are no open areas within the houses, as applies to some of the LBA 

buildings unearthed in Crete, openings in the street network would have been 

necessary for the protection of the inhabitants from falling building materials 

during earthquakes. Other social factors could also have determined the form of 

the street network. It is characteristic, however, that many of the "plazas" are 

dated to the beginning of LC I period and belong to the modifications that 

occurred in the settlement after the major seismic destruction (Georma and 

Sofianou 2007). In many cases the squares were created over destroyed buildings 

that were not rebuilt after they had collapsed. 

It is also noteworthy that the rebuilding activities in the open public 

spaces at the beginning of LC I created the necessary conditions that permitted 

the visual exposure of the paintings of Beta 1 from outside the building. The 

window is positioned relatively close to the level of the Square of the Mill 

House, and the great exposure of the murals from outside this opening is due to 

this fact. As already mentioned, the rising of the street level in that area is the 

result of the accumulation of building debris. Accumulated debris have been 

found in other areas of the street network (cf. § 2.2), so Beta 1 might not have 

been the only case of a decorated first floor room which ended up close to the 
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street level. So, in the case of Akrotiri, environmental factors seem to have 

greatly influenced the form of the urban tissue and may have played an important 

role in shaping those particular human-environment relationships that permitted 

the visibility of Theran murals from the open public spaces. As it will be argued 

in Chapter 7 the wide dispersal of mural decoration in the prehistoric town may 

have been encouraged as much by these relationships as by certain social 

circumstances. 

Of course, the likelihood that a pedestrian would have encountered the 

paintings in the past is also determined by patterns of pedestrian movement in the 

settlement. It should be examined then how much integrated where the locations 

that allowed the visibility of the paintings within the urban network. The possible 

identity of the viewers of the paintings and the conditions under which the 

murals would have been appreciated need also to be discussed. These issues are 

approached in Chapters 6, 7. 
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Chapter 6 
Human movement in the urban network of LBA 
Akrotiri 

6.1 Introduction 
Visual perception, as applies to all other perceptual systems, has a symbiotic 

relationship with movement through space. This fact has been plainly phrased by 

Gibson: 

'Locomotion is guided by visual perception. Not only does it depend on 
perception but perception depends on locomotion inasmuch as a moving 
point of observation is necessary for any adequate acquaintance with the 
environment. So we must perceive in order to move, but we must also move 
in order to perceive' (Gibson 1979, p. 223) 

What an individual sees or perceives, of course, greatly depends on his/her 

mobility within space. However, movement, besides shaping and being shaped by 

perceptual processes, is also a social activity embedded in the everyday human 

practices, projects and tasks, as it has already been noted in a considerable number of 

works in the fields of social theory, anthropology and geography (Giddens 1984; 

Bourdieu 1977; Ingold 2000, p. 189-208; Pred 1986; Goffman 1969, 1972; 

Hagerstrand 1970). People move for a reason. In modem cities they traverse the street 

network to go to work, do their shopping, meet each other and socialize, activities that 

are essential for the shaping of social relationships. These everyday tasks determine 

the daily routes that individuals take in the urban network. In a similar way the 

everyday paths through the prehistoric town of Akrotiri would have been shaped by 

social and economic aspects of daily life in the Late Bronze Age. 

Moreover, movement is deemed a social process because it involves human 

interaction. People in daily encounters attend to each other and are inclined to adjust 

their behaviour through space in the mere presence of other individuals, even if this is 

expressed simply as an intention to avoid collisions with other pedestrians (Goffman 

1972, p. 26; Helbing et al. 2001). Walkers can also function socially in a number of 

other ways (Goffman 1972, p. 28), for example they can be engaged in a conversation 
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with other pedestrians, move in groups, or work on common tasks with other people, 

like transporting bulky objects or other goods. 

Currently, the movement of visitors within the street network of the prehistoric 

town has been organised by signs in a single direction along a predetermined path. 

The entrance to the archaeological site is located at the south east ofXeste 3 (fig. 1-1). 

Starting from this point the visitor's path then moves east of Sectors Beta and Sector 

Delta until it reaches the Square of the Cenotaph, and then takes a turn towards the 

south, traverses the Triangle square, and ends up at the exit south of the House of the 

Anchor. For a great part of the first half of the tour through the eastern side of the 

excavated area visitors have to move along the modem narrow walkways that are 

raised above the prehistoric street network and sometimes above unexcavated areas. 

However, one can still wander around the Square of the Cenotaph and the Triangle 

Square, as well as move through Te1chines Road. Since entrance into the buildings is 

not allowed, tourists tend to walk along the walls of the houses, often stopping outside 

the door and window openings to look at their interior (fig. 6-1, 6-2). An 

archaeologist investigating the visibility of mural painting from the public spaces of 

the settlement, either by engaging with real space or walking through its virtual 

representation, is tempted to do the same. However, this is an unlikely behaviour for 

pedestrians in prehistory, and totally devoid of the social context of movement in the 

past. 

Figure 6-1: Pedestrian movement in Akrotiri today. Image taken from 
http://community.iexplore.comlphotos/journal photos/akrotiril pretRes.jpg 
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Figure 6-2: Groups of pedestrians in Akrotiri today. a) Image taken from 
http://www.stuartfrew.com/Barefootin/Santoriniiakrotira.jpg, b) from Doumas (2007b, 
fig. 13). 

That said, a visit to the archaeological site does lead to interesting 

observations concerning the process of walking in a built environment. Even 

nowadays one has the chance to watch people wandering around the site sometimes 

individually or in pairs, other times organised into groups. Some walk faster than 

others as they are in a hurry to keep up with a busy daily schedule, others move at a 

slower pace chatting to each other. At peak times on busy days the pace of movement 

in narrow passageways slows down significantly, as they get crowded and pedestrians 

try to keep distances from each other; the broader open spaces offer, however, 

opportunities for some people to pull away from the main stream of movement, pause 

temporarily, or wait for other group members (fig. 6-2). It is obvious that nowadays 

the patterns and speed of movement through the site are greatly determined by spatial 

form as well as pedestrian presence and interaction. 

But can we really know something about the process of movement in the 

prehistoric town during the Late Bronze Age? The archaeological record offers only 

indirect indications about human mobility patterns. The form of the excavated street 

segments, their length and width, the existence of paving, the location of building 

entrances can all help the identification of main and widely used streets in the urban 

network. Evidence on the use of space derived from the study of archaeological finds 

(pottery, loom and lead weights, microfossil remains, cf. Chapter 2) provide some 

indications about the nature of human practices and interactions in the built 

environment, as well as the mobility patterns associated with them. Moreover, the 
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modes of transport and movement in the context of specific tasks can be illuminated 

by the study of Aegean Bronze Age art and iconography (cf. § 6.3.2). Finally, some 

inferences regarding human mobility in past environments can be made via the use of 

formal analytical and computational methods. Before delving into the issue of human 

mobility in the settlement of Akrotiri it will be instructive to discuss the formal 

approaches that have been used up to now to investigate human movement on 

medium and small spatial scales, and the various factors that shape mobility patterns 

in the built environment. 

6.2 Formal approaches to the study of movement in built 
environments 

6.2.1 Aggregate models 
As of now numerous formal methods of studying movement through the built 

and natural environment have been developed within the fields of urban studies and 

geography, and some have been applied to historic and prehistoric space. The existing 

methodologies differ significantly in the exact modelling method used, the scale, the 

specific aspect of movement they seek to investigate, as well as the assumptions they 

make about the main generators of movement patterns. In archaeology human 

mobility has mainly been investigated at large scales and within the context of 

landscape studies, while only relatively few applications have aimed to look into 

aspects of movement in built spaces. For the study of human mobility through past 

landscapes both GIS-based raster models and network representations have been used. 

A detailed description of the methodologies employed for large geographic extents is 

beyond the aims of this study, but the interested reader can refer to a great number of 

published works on this issue (Van Leusen 2002; Wheatley and Gillings 2002, p. 151-

159; Conolly and Lake 2006, p. 151-159; Llobera 2000; Bell and Lock 2000; Bell et 

ai. 2002; Gaffney and Stancic 1991; Harris 2000; Madry and Crumley 1990; Savage 

1990). 

When it comes to the study of human mobility in past built environments, at 

the scale of streets and buildings, graph-theoretic models, and in particular space 

syntax methodologies, have almost exclusively been used. Space syntax is an 

influential theoretical trend in the field of urbanism, which maintains that the 

configurational structure of built space is the most important generator of movement 

(Hillier and Hanson 1984; Hillier et ai. 1993). According to space syntax 
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accessibility, which is defined as topological distance (i.e. the number of spaces 

needed to be traversed to reach a destination) constitutes a major indicator for patterns 

of human mobility. Since accessibility, and hence movement, in the built environment 

is facilitated or hindered by spatial form, it follows that spatial arrangement could 

encourage or discourage respectively human encounters, and participate in the process 

of social reproduction (Hillier and Hanson 1984, p. 140-142). The most frequently 

applied space syntax approach is access analysis, a graph based methodology that 

aims to enable inferences about social structures through the investigation of the 

spatial organisation of buildings (Bonanno et al. 1990; Chapman 1990; Cutting 2006, 

2003; Grahame 2000; Laurence 1994, p. 115-121; Michailidou 2001a, p. 387-398; 

Van Dyke 1999; Fairclough 1992; Foster 1989; Moore 1996, p. 184-205; Thaler 

2005). In Akrotiri this method has already been utilised by Michailidou (2001a, p. 

387-398) to examine possible circulation patterns in private and public buildings, 

leading to the identification of spaces that were potentially used mainly by those 

dwelling in the buildings, as well as rooms more likely accessed by both visitors and 

inhabitants. 

The application of space syntax methodologies for the investigation of 

movement through ancient urban street networks, which are the main focus of this 

research, are relatively limited (see for example Potter 1998; Kaiser 2000; Ferguson 

1996 ; Robb 2007; Craane 2007). At the scale of settlements, a graph-based method, 

known as axial analysis, is employed. Axial analysis aims to identify the most 

"accessible", and therefore most widely used street segments within an urban network 

(Hillier and Hanson 1984, p. 82-142; Hillier et al. 1993). The term "axial" refers to 

the first stage of the analysis in which the built environment is represented in terms of 

axial lines. These are the longest and fewest lines of sight that traverse each outdoor 

space in a continuous urban plan. At the second phase of the analysis axial lines are 

represented as nodes, and their intersections as links in a graph (Hillier and Hanson 

1984, p. 82-142; Conroy 2001, p.12). The average distance (number of steps) of a 

node to all other nodes in the graph is then calculated and an index with the degree of 

integration of each axial line in the system is created. Street segments that correspond 

to axial lines which are of a small average distance to other lines in the spatial 

configuration are termed "integrated", or, if the opposite is the case, "segregated". 

Integrated and segregated street segments are considered indicative of the distribution 
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of traffic volumes in the network with the former signifying the most frequently used 

passageways. 

To date it has been demonstrated that in modem built environments there is a 

good correlation between integration indices and pedestrian movement counts (Hillier 

et al. 1993; Conroy 2001, p. 12; Turner 2003). Most successful predictions of traffic 

volumes are derived when only lines that are three steps away ("radius three 

integration") are considered in the analysis (Conroy 2001, p. 12). Nonetheless, it has 

to be recognised that correlation indicates association and not necessarily causality, 

and in this sense it cannot be precluded that patterns of mobility have been shaped 

under the influence of factors other than spatial form, which are not taken into 

account in space syntax approaches. 

A main problem with the application of axial analysis in archaeology is that it 

requires the urban networks under study to be continuous and complete (all spaces 

must be described in terms of axial lines) which is hardly the case for the great 

majority of past urban spaces, including Akrotiri. Perhaps in the future this can be less 

frequently a problem considering the advances in remote sensing technologies that in 

many situations can give a fairly good impression of past road networks (cf. Branting 

2004). Furthermore and most importantly, however, the premise that spatial 

configuration is the main factor that determines pedestrian movement should be 

treated with scepticism (Haklay et al. 2001, p. 344-345; Steadman 2004). It has to be 

noted here that access and axial analyses are not the only formal approaches that 

acknowledge a primary role to spatial configuration in shaping patterns of human 

mobility. Such an assumption is also implicit in isovist and visibility graph analysis 

(cf. §3.2.2) which maintain that there is a relation between the visibility of 

architectural configuration and human movement (Turner 2003; Turner et at. 2001). 

As already mentioned, such analyses have hardly been applied in archaeology, and 

when they have, they focus upon aspects of visibility rather than movement (Clark 

2007). 

The problem with all the above approaches is that they do not take into 

account that human mobility through an urban network could be influenced by a great 

number of other factors besides spatial form, such as the use and function of space, 

the location of attractors of movement in the urban network, the modes of transport, 

the size and quality of the street segments, physiological parameters of human 

locomotion, pedestrian interaction, as well as culturally specific social perceptions of 
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space (Haklay et al. 2001; Helbing et al. 2001; Steadman 2004). It is characteristic 

that up to now in the field of urbanism the axial map has not been the most popular 

graph theoretic representation for the study of human movement in urban spaces. 

Transportation networks in which junctions are represented as nodes and street 

segments as links (Steadman 2004; Fischer 2003), have more commonly been used. 

The analysis of transportation networks aims to investigate the movement of humans, 

vehicles and goods, assuming that people primarily move in a way that enables them 

to conserve effort, time and expense (Steadman 2004, p. 484), parameters determined 

by Euclidian distance rather than topological proximity. In terms of graph theory a 

transportation network is a valued graph. Contrary to pure networks that focus on 

topological measures, a transportation network also allows for flow characteristics, 

taking into account the direction of movement, capacity constraints (the maximum 

amount of material that can flow between nodes), and link cost functions (Fischer 

2003, p. 2; Conolly and Lake 2006, p. 236-238). Cost in this context can be 

determined by a variety of factors such as metric distance, time, metabolic energy 

expenditure or expense, etc. 

The analysis of transportation networks is the object of study of a newly 

developed and rapidly growing area of research that uses transportation Geographic 

Information Systems (GIS-T) for the investigation of movement in geographically 

referenced networks (Thill 2000; Fischer 2003). Up until now, GIS-T approaches had 

few applications in archaeology, although they have the potential to offer a much 

more sophisticated approach to movement through open urban spaces, incorporating a 

great amount of contextual information related to the use of space and socio-economic 

aspects of transportation. Branting's (2004) study of Iron Age pedestrians at Kerkenes 

Dag is one of the few applications of GIS-T methodologies to prehistoric data. The 

aim of his model is to identify patterns of movement and co-presence of individuals 

that belong to six different groups of age and sex. The model takes into account 

physiological aspects of human locomotion; for each pedestrian group different 

length, energy and time costs are assigned to each segment of the network that 

corresponds to a single human stride. Nonetheless, this GIS-T application does not 

allow for additional factors which are usually considered in transportation network 

analysis, like uses of space and other socio-economic data, because of the lack of 

relevant information at the time the analysis was undertaken. This is also indicative of 

the implications related to the employment of transportation network analysis in 

- 193 -



archaeological contexts, when socio-economic data about the population under study 

are not available. 

CSA, Space Syntax and GIS-T approaches can be called aggregative, as they 

are concerned with the estimation, and analysis of aggregate measures and behaviours 

(e.g. integration or cost values assigned to street segments in the urban grid) to 

investigate aspects of pedestrian movement. Such approaches are better suited for 

describing collective patterns of human mobility or predicting the distribution of 

traffic volumes in medium and large geographic extents, rather than the independent 

movement of individuals along streets. For example, they are not suitable for 

answering questions like what side or which locations along a street an individual is 

more likely to traverse (Haklay et al. 2001). Studies in the sociology of movement 

(Goffman 1972, p. 23-40), as well as empirical observations of pedestrians (Helbing 

et al. 1994; Helbing et al. 2001) in urban environments in the last thirty years, 

suggest, however, that human mobility is not solely affected by spatial configuration, 

energetic or time expenditure; interactions among pedestrians are also important in 

determining the modes in which people move in urban space, especially at very fine 

temporal and spatial scales (Helbing et al. 2001; Batty 2003). Aggregative approaches 

completely neglect spatio-temporal dynamics of pedestrian movement and are not 

suitable to investigate the formation processes of mobility patterns at small spatial 

scales. In recent years the shortcomings of aggregative approaches have given rise to 

the development of individual-level (or disaggregate level) models, that is the more 

recent trend in the study of pedestrian movement. 

6.2.2 Individual-level models: The agent-based paradigm 
Individual-level modelling is founded upon the function of discrete processing 

units, known as automata. In the field of urban simulation two classes of automata, 

cellular automata (CA) and agent-based models (ABM) , have known wide 

applicability (Torrens 2003, p. 62). In CA models each automaton occupies a fixed 

space, which is called a cell, within a lattice structure composed of connected 

automata. Within the boundaries of a cell every CA can have a finite number of 

predefined states which indicate different properties of the system (e.g. land use, 

capacity, population density etc.). During a simulation run the state of CA changes 

following simple local rules, which take into account the preceding state of each cell 

and the properties of its neighbours. CA models are used for the simulation of a 
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variety of spatial processes such as epidemics dispersion, urban growth, land-use 

change and traffic dynamics, where global order is believed to arise ("emerge") from 

local rules (Batty 2005, p. 68). Although they have also been used to simulate 

pedestrian behaviour they are generally not considered the best tool for this purpose. 

This is because each CA is constrained within the limits of a single cell, and hence 

movement in a CA model can only be approximated by diffusion (Torrens 2007, p. 

63), a process that does not describe effectively the dynamics of real-life pedestrian 

mobility. On the other hand, individual agents in ABM are mobile entities and 

therefore can represent pedestrian behaviour in more efficient ways. 

6.2.3 Agent-based models (ABM) of pedestrian movement 

Agent-based modelling is a paradigm and a mindset rather than a specific 

methodology (Bonabeau 2002; Castle and Crooks 2006) which has been adopted by 

many different disciplines (economics, biology, social sciences, ecology, urbanism 

etc) to the study of complex systems. The term basically refers to the case when a 

system is described at the microscopic level and with the emphasis being placed on its 

constituent units (Bonabeau 2002). Due to the versatile use of ABM there is no 

generally accepted definition of the word "agent". In models of pedestrian movement, 

in particular, agents most often represent mobile individuals that at a rudimentary 

level are "autonomous" and "goal-directed", meaning they behave according to a set 

of tendencies or individual goals rather than a user's commands (Ferber 1999, p. 9). 

Agents exist within an environment in which they can "sense" and "act" or even 

"communicate", "learn" and "adapt" depending on the level of cognition that has been 

programmed into them. The environment in ABM can be at the very least a network 

of interacting agents (Gilbert and Tema 2000), but when it comes to simulations of 

pedestrian behaviour, agents are usually situated in an environment representing a 

physical space, a real or plausible setting. Agents can have different levels of spatial 

awareness; they can be "reactive", that is they can merely respond to stimuli in their 

surroundings and adapt to a certain extent, or "cognitive", meaning that they have 

knowledge of the model of their world, according to which they act, as opposed to 

responding solely to local information (Schelhom et al. 1999, p. 4). 

Contrary to aggregative models that are based on a top-down approach, 

simulations of pedestrian movement that focus on agent interactions aim to study 

mobility processes from the bottom up, by examining the non-linear formation of 
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collective patterns of movement that emerge as a result of interactions among 

individuals. A non-linear phenomenon can be understood as a complex system in 

which the whole is more than the sum of its independent components. As such it is 

difficult to predict and can even be counter-intuitive (Bonabeau 2002). ABM that 

consist of agents representing pedestrians are particularly useful for studying complex 

phenomena of human mobility, as they can be used for exploratory purposes as 

"miniature laboratories", where pedestrian interaction and behaviour can be studied 

by repeatedly altering the parameters of the model (Castle and Crooks 2006, p. 11). 

6.2.4 ABM in the field of urbanism 
Agent-based models of pedestrian mobility have been traditionally employed 

in the field of urbanism for studying movement in the built environment at various 

spatial scales. At the micro-scale, they aim to predict the behaviour of pedestrians that 

usually walk along a predetermined direction, and close to certain spatial formations 

of the street network, such as crossroads or bottlenecks (Haklay et al. 2001; Helbing 

et al. 2001). These models aim to simulate common walking strategies, for example 

obstacle and collision avoidance. One of the most comprehensive and influential 

studies on the factors that shape pedestrian behaviour at very fine scales has been 

carried out by Helbing (1992). He has maintained through a number of papers 

(Helbing 1992; Helbing and Molnar 1995; Helbing et at. 1994; Helbing and Vicsekz 

1999; Helbing et al. 2001) that under certain conditions collective patterns of human 

movement are predictable because they are the result of self-organised phenomena 

caused by "automatic" reactions of pedestrians. These phenomena are similar to 

observed animal behaviours associated with the formation of flocks, herds and 

schools (Reynolds 1987). Helbing et al. (2001) supported this suggestion with a 

number of empirical observations of pedestrian movement (direct observations, time­

lapse photography and videos) collected by researchers in the field of urbanism in the 

last thirty years. These reveal that although individuals generally can move in quite 

unpredicted ways, their behaviour often shows certain regularities, especially in 

medium and high pedestrian densities. Such regularities exist because pedestrians 

tend to adopt an optimal behaviour while walking, which is the result of learning "by 

trial and error" (Helbing et al. 1994; Helbing and Vicsekz 1999; Helbing et at. 2001). 

Helbing et al. (2001) described this behavioural strategy in terms of simple rules and 

incorporated them in a single model inspired by gas-kinetics, known as the 
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behavioural or social force model. At the conceptual level the model is simple. It 

states that a pedestrian's position, orientation and velocity in any given moment is 

determined by a behavioural force. This is an acceleration force that is the sum of 

several force terms that express internal motivations of the individual: hislher wish to 

walk towards a certain direction, to keep a desired walking speed, to maintain a 

distance from obstacles and other individuals in the environment, or move together 

with other pedestrians. The mathematical description of this model (fig. 6-3) also 

takes into account variations in the behaviour of pedestrians caused by deviations 

from the optimal way of acting, with the addition of a random factor in the formula 

(~a (t). Such deviations aim to reflect real life situations in which pedestrians have 

different impulses or strategies of how to move on. 

fa(t) = f:(ua) + /aB(ra) + L/ar'> (ra, Ua, rr'>, up) + Lfai(ra, ri, t) + ~a (t) 
p(,<a) 

(Helbing et al. 2001) 

rnew 1 r old 1 Idesiredl rgeOmetriC] [Social 1 [Social 1 
(positior:j= [positionj + LPositioIj+~epulsion +L:epulsionj +lattractionj+ E 

(Batty 2003) 

(i) 

(ii) 

Figure 6-3: (i) A mathematical description of the social force model (Helbing et al. 2001, p. 366), 
wherej/(Ua) is an acceleration force,fajJ (r,) repulsive effects due to boundaries,fajJ (rro Vro rp, vp) 
repulsive interactions with other pedestrians {J, and jro (r ro rb t) attraction effects (ii) A similar 
conceptual model suggested by Batty (2003). 

It has been demonstrated that the social force model, despite its conceptual 

simplicity, can form the foundation of multi-particle and multi-agent micro­

simulations of human crowds which are able to successfully describe and predict life­

like phenomena of pedestrian movement (Helbing and Molnar 1995; Helbing et al. 

2001; Helbing et al. 1994; Turner and Penn 2002, p. 476; Batty 2003). Such 

phenomena occur at the micro-scale, usually at junctions and at the entrance of 

narrow passages. For example, it has been observed that on occasions where a number 

of oppositely moving pedestrians attempt to traverse the entrance of a narrow passage 

(bottleneck), stream-like patterns and deadlock situations alternate between the two 

walking directions (fig. 6-11). Computer simulations following the social force model 

are often used to replicate pedestrian movement under these conditions in the 

planning of emergency evacuation scenarios (Bonabeau 2002). Furthermore, 

assumptions similar to those utilised in the social force model have been incorporated 
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into the conceptual modelling of a number of agent based applications in urban 

studies (fig. 6-3, Batty 2003; Kerridge et al. 2001), that aim to simulate movement in 

a wider range of situations than those originally described by Helbing et al. (2001). 

Nonetheless, pedestrian interactions are not the sole factor affecting the 

movement of individuals in built environments, especially at the scale of street 

networks. The simulation of pedestrian movement during large-scale full trips 

requires agents with advanced cognitive abilities (e.g. memory, knowledge of the 

environment, clearly defined aims, vision) and a well-defined course-determining 

mechanism. Broadly speaking, as far as the latter is concerned, the agent-based 

approaches that have been suggested up to now can be classified into two categories. 

The first includes ABM in which agents are programmed to act with respect to cost­

benefit functions. These models often make use of predetermined activity schedules 

based upon land use distribution and other socio-economic data. In order to achieve 

their goals agents tend to select the shortest route (distance, energy or time 

minimising) to their destination. The STREETS model suggested by Haklay et al. 

(2001) is a good example of this approach. Kurose et al. (2001) also use a cost 

minimising logic in the determination of agent route choices modelling pedestrians 

that are guided by local rather than global knowledge of the environment (namely 

agents choosing the shortest path from shop to shop). On the other hand, ABM have 

also been suggested in which agents' behaviour is driven by configuration properties 

of the built environment, such as the longest line of sight, the minimum angle towards 

a destination (Penn and Dalton 1994) and the visual field (Jiang and Gilbert 2002), 

rather than cost and activity plans. In these models movement, especially at a 

microscopic level, is merely seen as a human spatial variable, (Turner and Penn 2002, 

p. 477), while socioeconomic factors are not considered. For instance, Turner and 

Penn (2002) have introduced an "active walker" model inspired by Gibson's theory of 

direct perception where individuals' movements are guided by "vision"; they 

introduce agents with an "exosomatic" visual system that is based upon the pre­

calculation of dense-grid visibility graphs, which define the urban areas that afford 

"walking" (Turner and Penn 2002, p. 478). Turner, later compares the results of the 

simulation with real pedestrian counts and finds that "the technique performs 

considerably better in predicting human-movement patterns than the use of raw 

visibility-analysis values based on visibility graph methods". Generally such methods 

can be useful for predicting the movement of individuals at small spatial scales and 
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low pedestrian densities, where the presence of other individuals would not have 

influenced significantly the behaviour of a walker. From the above it is obvious that 

ABM of pedestrian movement share similar assumptions and heuristics as aggregate 

models, not excluding some of their weaknesses and uncertainties. 

6.2.5 ABM of pedestrian movement in archaeology 
Simulations that aim to model the behaviour of mobile individuals in non-

urban contexts have appeared in archaeological research since the 90's. Aldendelfer 

(1998) and Lake (2001) review a number of ABM applications in archaeology that 

have been employed at large geographic scales. In these applications the focus is often 

upon primate societies where individuals fonn alliances (Doran et al. 1994) or 

exchange infonnation to procure resources in the landscape. The mobility of the 

agents representing pedestrians is often essential for the fonnation of the observed 

social phenomena, but the models in most cases do not primarily aim to simulate the 

process of movement per se. 

The applications of ABM III archaeological urban environments are more 

recent. They consist of a few simulations of crowd movement that have been 

developed to populate virtual reconstructions. These should not be confused with 

animations of non-autonomous virtual humans whose exact movements are defined 

by a series of user commands. One of the first models that aimed to model pedestrian 

behaviour was employed by HeYgeas et al (2003) who programmed a particle system 

to simulate emergent properties of crowd movement, such as flowing, avoiding, 

jamming and collapsing, in the ancient agora of Argos. In this model mobility is 

detennined by avoidance rules; pedestrians simply aim to keep away from buildings 

and other individuals in their surrounding environment. The obj ective of the 

simulation, however, is again to increase the realism of the scene, rather than face 

archaeological considerations. Nevertheless, besides aiming at the creation of more 

compelling computer graphics, ABM of crowds have been recently utilised to test 

hypothesis concerning the ergonomics of ancient public buildings including the 

building's capacity and circulation mechanism (Shao and Terzopoulos 2006; 

Gutierrez et al. 2005). Gutierrez et aI's (2005) initial results of the study on 

circulation patterns in the Colleseum of Rome indicate that human movement in the 

stadium was not as efficiently organised as originally suggested, while Shao and 

Terzopoulos (2006) with their model question the previously suggested capacity of 
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the Theatre at Petra. Interpretations derived by both these models depend heavily on 

the investigation of interactions among agents at micro-spatial scales, which are 

determined again mainly by the intention of the agents to avoid collisions with other 

individuals. 

ABM in archaeology: Benefits and caveats 

Perhaps the most obvious benefit of the use of autonomous agent approaches 

to the study of human mobility in past environments is that they encourage 

archaeologists to think about human practices, experience and the processes of 

socialisation and movement in inhabited space, as opposed to unpopulated 

environments. Human interactions, such as those of mobile individuals, are hard to 

conceptualise within a framework that takes into account aspects of social life in the 

past without the aid of computer simulation. ABM of pedestrian movement have the 

potential to form a robust and theoretically informed methodology for the exploration 

of various possibilities of moving through the built environment that is capable of 

producing repeatable results. In this sense they do have advantages over other 

approaches to the experience and action in space, such as phenomenology or virtual 

walkthroughs, which usually depend on the sUbjective and individual response of the 

researcher towards an environment devoid of human interaction. 

Of course, there are some caveats regarding ABM applications that must be 

borne in mind. To date, there has been much discussion about the level and nature of 

knowledge that can be offered by ABM, and in particular whether they can be used 

for accurate quantitative analysis, interpretation and prediction, or only to inform 

qualitatively research on human phenomena (Bonabeau 2002, p. 7287; Batty and 

Torrens 2001; Castle and Crooks 2006, p. 15; Gilbert 2004; Kerridge et al. 2001; 

Helbing and Molnar 1995; Torrens 2003, p. 78). The current debate has focused on 

the application of ABM to the investigation of social phenomena in modern human 

societies, but for the needs of this research the particular implications of their use in 

archaeological practice should also be emphasised. 

A basic problem of all ABM applications, utilised for the study of either 

contemporary or past societies, is that human behaviour can be complex and 

unpredictable (Bonabeau 2002, p. 7287) and cannot be easily understood, justified or 

quantified. Furthermore, the parameterisation of ABM requires a variety of 

socioeconomic data for the popUlation under study (Kerridge et al. 2001), which are 

often difficult to obtain and not always available even regarding modern societies. 
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This problem appears on a much larger scale when the aim of the modelling is to 

investigate past human phenomena. It should always be recognised that the 

behavioural trends of pedestrians in the past could have been different than those 

observed nowadays. Even "automatic" reactions of individuals while walking 

(Helbing and Molmir 1995) can be culturally specific. For example, in Germany 

pedestrians prefer to tum towards the right-hand side to avoid an obstacle (Helbing et 

at. 2001, p. 364-365). In American downtown streets, and perhaps in other 

contemporary societies, males take often the road side when passing females, while 

women perhaps in the anticipation of such behaviour wait longer before yielding to an 

oppositely moving male individual (Goffman 1972, p.31, note 12). In addition, in 

most societies there are traffic rules that regulate the interactions (e.g. priority) 

between pedestrian and wheeled vehicles. Similar regulations or non-discursive 

strategies would have shaped the behaviour of individuals and patterns of movement 

in past societies in ways that on most occasions cannot be anticipated. In only a few 

cases, there is evidence about human movement and transportation in the 

archaeological record. A good example is the case of Pompeii where the study of the 

rutting and marks on kerbstones, stepping stones and other street features has enabled 

not only to conclude that traffic in the Roman town was systemised, but also to 

identify two-way and one way streets, as well as the side on which cart-drivers used to 

drive (right-hand side) (Tsujimura 1991; Poehler 2006). Finally, the validation of an 

ABM model employed in past environments is quite problematic. Validity in ABM is 

usually ascertained by comparing the output of the model with comparable data of a 

real-world system (Castle and Crooks 2006, p. 37), presumably similar to the one 

under study. The validation of ABM that use archaeological data therefore entails 

difficulties as past systems cannot be the object of direct observation and are often 

very different to those that can be examined today. Moreover, the validation process 

also requires the calibration of the model, namely to assign values to the model 

parameters that reflect a real world system. The calibration of an ABM that 

investigates human movement in the past could be partly based on values obtained 

from a modem system, but this is not always possible. 

The above caveats do not aim to imply that ABM cannot or should not be 

applied to past environments, but merely that their results should be appreciated from 

a critical stand. The degree of accuracy and completeness in the model inputs should 

determine (Castle and Crooks 2006, p. 15) the inferential framework in which the 
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output of the model should be interpreted. On certain occasions ABM are better seen 

as useful "tools to think with" (Batty and Torrens 2001), which enhance our 

understanding of past space-time dynamics otherwise little understood, rather than 

models that provide an accurate prediction of an alleged past reality. 

Considering the above one has to conclude that human behaviour is difficult to 

be understood let alone be predicted. Analytical and computational models of 

pedestrian movement cannot offer a complete explanation of why people move, nor 

embrace all of the possible factors that could have influenced the behaviour of 

individuals. Nonetheless, such approaches have proved successful in developing and 

employing theoretical and methodological frameworks that can be used for the 

"prediction" of movement patterns observed in real world situations. From the factors 

that affect human mobility mostly spatial configuration, socio-economic uses of 

space, and pedestrian interactions were discussed above. Physiological factors of 

movement related to energy, time and cost expenditure, other modes of transport 

besides walking, the quality of the street network, as well as social perceptions of 

space should also be considered, however, as parameters occasionally affecting 

human mobility in built environments. Although the issue of which factor has a 

primary role in shaping patterns of human movement is still a matter of debate, on 

most occasions the answer depends on the scale of analysis and on the particular way 

the problem is framed. Furthermore, the fitness of an ABM is greatly depended on the 

availability of the datasets that are necessary to inform the model parameters. This 

fact greatly restricts the aspects of human mobility that can be formally investigated 

in historic and prehistoric built spaces that are only partially preserved and excavated. 

In the case of Akrotiri, for example, the application of a formal approach that seeks to 

investigate movement phenomena at medium spatial scales through the examination 

of the spatial configuration of the street network (i.e. axial analysis or ABM with a 

route choice mechanism), could have suggested the most widely used streets in the 

settlement, indicating the degree of integration of those public areas from which the 

paintings would have been visible. The urban tissue of the prehistoric town is, 

however, only partially known and the application of such an approach is not 

possible. Nonetheless, there is plenty of evidence for the use of space in the excavated 

area (cf. Chapter 2) that give an indirect indication of the significance and character of 

the excavated street segments and human movement within them. On the other hand, 

movement at fine spatial and temporal scales in the urban network of the prehistoric 
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town can be studied with fonnal methods. Within the unearthed part of the town an 

agent-based approach could help the investigation of patterns of movement at the 

micro-scale, illuminating those occasions when visual access to the painted scenes 

could have been detennined by pedestrian interaction. Such a case is investigated 

below. Before presenting the model evidence for movement through the street 

network at medium spatial scales should be discussed. 

6.3 Human mobility in LBA Akrotiri 

6.3.1 Pedestrian movement at medium spatial scales 
Studies on pedestrian movement within contemporary environments can take 

into account a vast amount of socio-economic data obtained by direct observation of 

the population under study using video cameras, time-lapse photography, as well as 

interviews and questionnaires (Kerridge et al. 2001). Unfortunately, these options are 

not available for the archaeologist who seeks to investigate movement in past built 

environments and the reconstruction of life in Late Bronze Age towns is a difficult 

task based on an inevitably incomplete archaeological record. 

In Akrotiri, although a small part of the settlement IS excavated, the 

exceptional degree of preservation of the site, and the unique infonnation that can be 

derived by individual contexts enable important insights into aspects of the everyday 

life of the prehistoric town inhabitants including food procurement, craft production, 

exchanges, and social/ritual perfonnances (cf. §2.3). Communication and interaction 

among the town dwellers were essential in all the above situations, and were 

accomplished via movement through the urban network. Besides fonning 

passageways between places, the streets and public open spaces would have been the 

stage of both random and purposeful encounters among the town dwellers or visitors. 

Most human interactions, however, would have taken place along the thoroughfares 

of the street network, which channelled movement through the settlement and 

essentially shaped the human experience and engagement with the townscape. 

In Aegean Bronze Age towns main thoroughfares are often the outcome of a 

slow fonnation process that mirrors the long-tenn use of space rather than elaborate 

planning. This is especially true for settlements that have a long history of habitation 

such as that at Akrotiri (cf. § 2.2). In this case the main streets of the town are often 

shaped by the accumulation of buildings along routes that had been long used for 

human movement and transportation in the course of everyday life (Palyvou 2005a, p. 
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31; Chryssoulaki 1990). In this sense major roads within the urban network already 

suggest the most persistent and enduring patterns of pedestrian movement within a 

settlement. 

Although the layout of Aegean Bronze Age towns is hardly ever completely 

preserved or excavated, major roads can be identified partly because of their form. In 

Aegean Bronze Age urban centres, where streets as a rule are up to a couple of meters 

wide, main roads form the most spacious pathways within the town network. They are 

also likely to be the longest street segments, because they essentially channel 

movement through the town, serving the needs of the community rather than those of 

individual households. Sometimes, they stand out from secondary passageways 

because of the details of their construction, for example the existence of paving or the 

fact they are delimited by elaborate building facades (Palyvou 2005a, p.29, 31). 

Primarily, however, major roads are distinguished because they offer access to places 

of public interest, namely important buildings, open spaces and loci that were 

significant for the daily life of the town dwellers (Chryssoulaki 1990, p. 372) forming 

a fundamental link between the private and public sphere. 

TelchineslDaktylon St. and Koureton St. (fig. 1-1 ), which traverse the 

unearthed part of Akrotiri from north to south and east to west respectively, have 

many of the characteristics of major roads. Telchines/Daktylon St. is about 2.00-

2.20m wide and over 120m (Palyvou 2005a, p. 29) - the widest and longest road that 

has been excavated so far - and seems to extend further to the north and south, 

probably reaching as far as the coast (Palyvou 2005a, p. 65). Parallel to the 

TelchineslDaktylon St axis runs another minor street with a north to south orientation, 

which has been named Daimonon Street. This is about 1.20-1.70m wide and it does 

not traverse the settlement, as it was interrupted at the area between Xeste 2 and Delta 

19 by a retaining wall (Palyvou 2005a, p. 29). Koureton St. (1.60-2.00m wide), on the 

other hand, has an east-west orientation and at least according to Palyvou,6o expands 

beyond the excavated area at both ends, forming the second known major passageway 

of the street network (Palyvou 2005a, p. 31). That said, one has to consider that the 

greatest part of the town still remains to be excavated, and if we are to discuss the 

significance of these roads within the prehistoric town network, or the degree to 

60 Doumas (1998, p. 132) notes that the southeast end of the road is blocked by the walls ofXeste 4 and 
the building I~ that appear to meet at this point. Palyvou (2005a, p. 43, note 14) on the other hand, 
argues that the road is blocked only by building debris, and that Koureton St. would have extended 
further to the east. 
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which they would have detennined patterns of movement in the settlement, it is 

important to consider the connections they establish among important loci in the life 

of the community. 

Evidently, significant places for the dwellers of the LBA port town were those 

associated with essential everyday economic-productive and social activities, namely 

arable fields, pastures, the harbour and the coast. As discussed in § 2.3 the subsistence 

of the households at Akrotiri would have depended on communication between two 

spatially segregated urban and rural districts and the transportation of people and 

foodstuffs from the northern limits of the town, the hinterland, and possibly 

neighbouring islets towards the urban centre. The need for communication with the 

"producing" sites in the north would have been served mainly by the major routes that 

ran through the settlement. Te1chineslDaktylon St., having a north to south 

orientation, certainly appears to be one of them. Sea transport of products coming 

from the northern parts of the island or the neighbouring islets cannot be excluded 

either. In this case, goods could have been imported into the town from the harbour 

(cf. § 2.1), subsequently following the aforementioned north-south thoroughfare. 

TelchineslDaktylon Street would have been used by the community in many other 

occasions when connection to the coast was necessary. As already mentioned (cf. 

§2.1, §2.3.2, §2.3.S), the harbour was also one of the daily destinations for those town 

inhabitants involved in the procurement of sea products and seafaring activities, as 

well as one of the important tennini in the course of communal ritual perfonnances. 

It is also noteworthy that TelchineslDaktylon Street and Koureton Street 

connect important loci within the geographic extent of the excavated area. They offer 

access to public buildings, such as Xeste 3 and Xeste 4 and traverse open spaces such 

as the Square of the Benches and the Square of the Cenotaph (fig. 1-1) that may have 

been used for social/religious ceremonies, apparently of public character (cf. § 2.3). 

Furthennore, Te1chineslDaktylon Street enabled access to buildings that appear to 

have been textile household workshops (West House, Complex Delta, Sector A), 

serving the needs of those involved in textile production, as well as the transportation 

of raw materials and possibly finished trade goods. The presence of public buildings, 

the affluence of the excavated houses, the proximity to the coast and the harbour, all 

fonn evidence that the unearthed part of the town would have been located at the 

centre or close to the centre of the settlement. Thus, Telchines/Daktylon and Koureton 

Streets, by establishing connections between loci and tennini that are important for 
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the social and economic life of the community, appear to have been multi-functional 

thoroughfares and main channels of human movement in the Late Bronze Age. 

The possibility that somebody traversing the street network could have 

encountered the painted walls of the Gate, the West House and Beta South can be 

discussed at this point. The wall-paintings of the Gate could have been viewed by 

those walking along Telchines/Daktylon axis, since the paintings were visible as soon 

as someone approached the Gate from the north or south. For the wall-paintings of the 

West House we cannot be conclusive, as the area to the west of the building is 

unexcavated and there is no evidence suggesting the degree to which this part of the 

town was integrated in the daily routes of the inhabitants of Akrotiri. The only thing 

that can be said in this case is that if pedestrians reached the Square of the Ship 

Procession, they would probably see the painted friezes since they were highly visible 

from the square. The extent to which the murals of Beta 1 were exposed to pedestrians 

is also not evident, however, despite the fact that the Square of the Mill House is fully 

excavated. Figures 5-23 and 5-24 demonstrate that although the wall painting of the 

east wall could have been viewed even partially from many location in the square, the 

south and the west walls (the "Boxing children" and the "Antelopes") would have 

been visually accessed only from a small area at its south east comer, just outside the 

window of Beta 1. It is noteworthy that this area does not fall exactly within the main 

traffic axis that traverses the public open space from north to south (Fig 6-4a). 

FurthemlOre, as already mentioned, the narrow passage outside the window of Beta 1 

which used to separate Beta North from Beta South is a blind alley aimed to meet the 

ventilation and illumination needs of Beta complex, and therefore is not connected to 

other pedestrian routes; the windows of Beta 7 and Beta 6 face towards this space 

(Palyvou 2005a, p. 34). On the other hand, the alley at the west of Telchines Street is 

only partially excavated, but it has been described as "very narrow" (Palyvou 2005a, 

p. 69) a fact that suggests that it may have had a similar function to the alley passing 

along the north fac;:ade of Beta complex. Pedestrians rarely change course without a 

reason (Helbing et al. 2001), and one can argue that individuals walking along 

TelchineslDaktylon Street having a southerly orientation would not have moved 

towards the area of the window and, consequently, they would not be in position to 

see neither the "Antelopes" of the west wall nor the "Boxing Children". Such a 

statement appears to make sense in the case when an individual would traverse the 

square in absence of other people. However, in the most likely situation of inhabited 
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space, the interactions among pedestrians must also be taken into account before any 

persuasive suggestion regarding pedestrian movement along Telchines/Daktylon 

Street can be made. 

b 

a c 

Figure 6-4 a) Telchines Daktylon Street traffic axis at the area of Mill House square (based on Palyvou 
2005a, p. 32) b) Telchines Street; view from the south: artist impression (form Michailidou 2001a, 
p.283 cited Marinatos (1970). c) Telchines Street view from the south (from Palyvou 2005a, p.33). The 
gate is in the background. 

In order to examine the relationship between the locations that could have 

enabled the visibility of the wall paintings and possible patterns of pedestrian 

movement at the area close to the window of Beta 1 an agent-based micro-simulation 

was carried out. Two points should be made before describing the model. Firstly, it is 

necessary to acknowledge that any successful approach to the experience and 

movement in past environments should take into account - or at least attempt to 

discuss - the possible activities that would have occurred in the spaces in question. 

Regarding the nature of practices within the public spaces of Late Bronze Age 

Akrotiri many suggestions have been made (cf. Chapter 2), including public 

gatherings of social/religious significance, processions, and trade, although these 

activities are very difficult to reconstruct in a convincing way given the existing 

evidence. On the other hand, it can be reasonably argued that at a rudimentary level 
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streets and squares would have acted as passageways channelling human movement. 

The suggested model is therefore aimed to investigate tendencies in the mobility 

patterns of oppositely moving pedestrians along the axis of Telchines and Daktylon 

Streets, and especially at the area around Beta South complex, by taking into account 

the simple fact that individuals' walking behaviour would have been influenced by the 

presence of other people in the street network. It is also held that this area would have 

been, at peak times at least, a busy passing point. Perhaps it is difficult to imagine that 

the presently ruined and deserted region around the Mill House Square was once a 

lively district of the prehistoric town. Nonetheless, our current knowledge about the 

settlement seems to support such a suggestion. The square, as applies to the entire 

excavated area, is located at or close to the centre of the town. Furthermore, it is 

crossed by Telchinesl Daktylon Street, a road which as already discussed would have 

been an important multifunctional thoroughfare within the street network. 

6.3.2 Pedestrian movement at the micro-scale: an autonomous agent­
based approach 

Purpose of the ABM 
The above problem definition reqUlres a model that can investigate the 

behaviour of mobile individuals at very fine spatial and temporal scales. The 

conceptual framework of Helbing's social force model appears to be suitable in this 

case, as it describes some very basic modes of pedestrian action and interaction at the 

micro-scale. Pertinent to the employment of this approach is the following discussion 

on modes of transport of people, animals and goods in the Late Bronze Age Aegean. 

This is necessary for shedding further light onto the context of practices related to 

movement in the prehistoric town and for defining the basic elements of the system 

modelled. 

Elements of the model: means of land transport in Aegean Bronze Age 

Evidence of movement and transport in the Late Bronze Age, involving 

pedestrians, human porters, pack and ridden animals, and wheeled vehicles is sparse 

and indirect, and comes mainly from iconography. The miniature paintings of Thera, 

Kea, Tylissos and Crete (hnmerwahr 1990, p. 63-75) constitute rare source materials 
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on human activities and movement, sometimes situated in the built environment61
. 

Yet, at least as far as the paintings from Thera, Kea and Crete are concerned, the 

illustrated events relate to festivities and communal gatherings (Morgan 1988, 1998), 

rather than productive/economic aspects of daily life, which are, as a rule, rarely 

represented in Aegean art. From the Tylissos fresco (Shaw 1972) too few fragments 

survive and the exact theme of the painting is not clear. 

The procession scene from the miniature fresco of the West House (fig. 6-5) 

offers some insights into characteristic modes of human movement during public 

festive events, where a large number of pedestrians would walk in an organised 

manner in the same direction. In the miniature friezes of Kea and Tylissos, however, 

movement of pedestrians is sometimes linked to the transportation of heavy goods, 

which would have been a common activity in the course of everyday life in Late 

Bronze Age. The paintings from the North East bastion at Ayia Irini (Morgan 1998; 

Coleman et al. 1973; Abramovitz 1980) depict men walking in opposite directions, 

some of them carrying pots suspended on poles. Transportation of goods by groups of 

men is also illustrated in a hunting scene that comes from the same room; it shows a 

man carrying a deer slung on a pole, whose other missing end was apparently 

supported by a second individual (Morgan 1998, p. 204). A surviving fragment from 

the Tylissos fresco (fig 6-6), which possibly depicts the transport of amphorae (Shaw 

1972), also shows a man bearing a pole on his shoulder upon which an amphora is 

attached (Shaw 1972, p. 186). Finally, women carrying pots on their heads are 

depicted in the miniature frescoes of Thera and Kea (Morgan 1998; Doumas 1992a, 

fig. 28). 

Figure 6-5: Procession of men from the south frieze of the Miniature fresco . From Doumas 1992a, 
fig.46 . 

61 This can be maintained with certainty for the miniature paintings of Thera and Kea. Only very few 
fragments survive from the painting found at Tylissos; one of them (no 12) depicts part of a building 
(Shaw 1972, p.l78). 
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Figure 6-6: Man carrying a pole from which an amphora is suspended (from Shaw 1972, fig 13) 

Besides these few scenes illustrating pedestrians and human carriers, 

transportation of people and goods in the Late Bronze Age is also attested in a few 

clay and painted representations of pack and ridden animals identified as horses, 

mules or asses (fig. 6-7). Most of these artefacts are discussed by Crouwel (1981) in 

his thorough treatment of transport in Late Bronze Age Greece and date after the 

volcanic eruption that destroyed Akrotiri, the earlier belonging in Late Minoan III and 

Late Helladic III (Crouwel 1981, p. 44). However, the study of osteo-archaeological 

evidence in Bronze Age settlements confirms that asses, which would have been used 

as carriers for land transport, appear already in Lema in the Early Helladic II period 

(Crouwel 1981, p. 35), whereas the presence of horses is first confirmed on mainland 

Greece slightly later in the Middle Helladic period (Crouwel 1981, p. 33). Among the 

bones unearthed in Akrotiri, one specimen belonging to an equid has been reported 

(Gamble 1978; Trantalidou 1990), although the exact species could not be identified. 

It is interesting, however, that Nikolakopoulou (2002, p. 87) observes that the 

morphological characteristics of certain Theran pottery vessels, such as size, shape, 

handles and crescent lugs, would have enabled the use of strings for their easy and 

secure transport on a carrier. 
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Figure 6- 7: Pottery vessel from Phaistos representing an equid carrying a pair of jugs 
(LMIIIC) from Crouwe11981 , pI. 50.) 
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Since both types of wheeled vehicles, wagons and chariots, have been 

associated with some Aegean Bronze Age towns prior to or at the period of the 

eruption of the Theran volcano, their presence in Akrotiri cannot be excluded either. 

Wheel marks that would have been the most direct and apparent indication for 

wheeled traffic (Tsujimura 1991; Poehler 2006) are yet to be reported. Nonetheless, in 

Akrotiri there was a network of roads with cobbled paving and some of them, such as 

TelchineslDaktylon traffic axis, could have been suitable for wheeled traffic; it is 

wide enough for small vehicles, slopes gently towards the south, and passes through 

many open public spaces that would have been adequate for pulling over vehicles. 

Such wagons may have served occasional needs for the transportation of heavy goods 

like imported or local wood and stone, used for building activities, or large quantities 

of farm produce. The existence of chariots in Akrotiri can less easily be assumed, as 

they were prestige items (Morgan 1998, p. 204), usually associated with Knossos. 

Seal impressions showing the representation of a chariot have been found in Akrotiri, 

but they are of a non-local clay, possibly originating form Crete (Crouwel 2005). 

Nonetheless, as already mentioned, a chariot is represented close to the harbour of the 

prehistoric settlement at Ayia Irini, and the presence of such a prestige item in 

Akrotiri, which appears to have been larger and more affluent, cannot be precluded. In 

any case, however, the presence of wheeled vehicles in the streets of the prehistoric 

town should have been rare; the transportation needs of humans and goods were more 

likely to have been covered with pack and/or ridden animals, as was the case in the 

Greek mainland and islands until modem days. 

The elements of the model 

Bearing the above evidence in mind, as well as the socio-economic character 

of TelchineslDaktylon traffic axis, the agent-based simulation that was implemented 

in this case allowed for the presence in the street network of: 

A) Mainly single pedestrians or human carriers. These represent individuals of 

varying age and sex that would have daily traversed TelchineslDaktylon St. to reach 

the coast and the harbour at the south, or arable fields and pastures located at the north 

of the settlement. In addition they could have been the town dwellers residing in the 

houses with an entrance facing TelchineslDaktylon axis, or simply individuals that 

were involved in economic activities that have been suggested for these houses. 
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B) Groups of pedestrians walking together or taking part in a common task, 

for example transportation of heavy goods. Human carriers could have carried bulky 

objects suspended from poles, as represented in the miniature scenes of Tylissos and 

Kea (fig. 6-6). One can imagine that groups of human carriers would not have been an 

uncommon sight in this area that was close to the coast and probably to the port of the 

town. Groups of people in the model do not permit other individuals to move through 

them. 

C) Pack and ridden animals used for the transportation of humans and goods. 

The transportation of raw materials and finished products to and from the buildings 

housing textile workshops (West House, Sector Alpha, Sector Delta) could have be 

made by these means. 

D) Small wheeled vehicles, such as wagons or carts. These could have been 

used for the transportation of building materials or large quantities of farm produce to 

the storage facilities of the buildings accessed through TelchineslDaktylon street 

(Nikolakopoulou 2002), for example the West House, Sector A, Delta West, Delta 

South, Delta North, Sector Gamma, House of the Anchor, House of the Ladies, Xeste 

3. As mentioned above, wheeled vehicles should have been rare in the street network 

of Akrotiri, for this reason they are included in only some simulation runs. 

The model environment and rules of agent interaction 
The agent-based model was implemented with the Crowd simulation engine of 

3ds Max 8 which enables the creation of autonomous software objects with cognitive 

abilities and behaviours, called delegates. Delegates are capable of "sensing" 

obstacles in the environment and other agents in their surroundings, acting according 

to a predefined set of goals and rules. They can also change their behaviour in the 

course of a simulation solution following scripted conditions, demonstrating a form of 

artificial intelligence. During a simulation run the delegates' intentions are expressed 

as repulsive or attractive forces that ultimately determine each agent's position and 

velocity. A force is conceived as a sphere around the delegate that defines the distance 

in which the influence of attraction or repUlsion starts to be exerted. At the conceptual 

level it may, as well, be understood as the agent's intention to avoid or reach 

something. In this respect, the simulation engine of 3ds Max seems to be particularly 
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fitted for the employment of the concepts of the social force model. It is noteworthy 

that the exact specification62 of this model requires that the repulsive forces are 

"asymmetric", because pedestrians "rarely react to situations behind them", and 

"anisotropic" as individuals "need more space in the walking direction than in 

directions perpendicular to it" (Helbing et al. 2001, p. 366). Helbing et al. (2001 , p. 

366) conclude, however, that "all of this is not essential for the resulting self­

organization phenomena". Forces in 3ds Max crowd simulations are symmetric and 

isotropic, as they are diffused within the boundaries of a sphere, this, however, should 

not significantly affect the emergence of collective patterns of human movement. 

Figure 6-9: The ABM environment: agents moving towards the south are indicated in green and those 
heading towards the north in red. The blue object stands for group of pedestrians, pack or ridden 
animals. Forces of avoidance (hard and repel radii) are indicated with light blue. 

62 The concrete mathematical specification of the force terms, is discussed in detail in Helbing and 
Molnar (1995) and Helbing (1996, 1997). 
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The behaviour of agents was set following the principles of the social force 

model. All agents aimed to keep a distance from boundaries in the environment and 

other individuals, animals, and vehicles, while moving in a north or south orientation 

within the Telchinesl Daktylon traffic axis, and more specifically between the area of 

the Gate and the south end of Telchines street. In the model delegates are represented 

by default with a pyramid shape (the point of the pyramid indicates the forward 

direction of the agent), and most of the time represent individuals (fig. 6-9). Larger 

elongated objects attached to delegates were used to represent pack or ridden animals, 

vehicles and groups of pedestrians or human carriers. All delegates were set to act 

following two basic behaviours that are built-in the simulation engine of 3ds Max: 

a) Avoid behaviour: Agents were set to avoid other agents and wall 

boundaries. The Avoid behaviour works as follows: The object to be avoided is 

environed by a bounding sphere (hard radius) that agents cannot penetrate. In order to 

keep away from an obstacle delegates can steer, slow down or even stop. In addition 

to the hard radius, the object to be avoided is encircled by a second sphere with a 

larger diameter within which a repelling behaviour is sensed, making the agent start 

evading the obstacle in question. This sphere only expresses a tendency of avoidance 

and it does not have determinative effects on the delegate's behaviour, meaning the 

agent can still approach the object, if another behaviour or tendency overpowers the 

repelling behaviour. 

While creating the model, the description of a building as a single object 

representing an obstacle appeared to be problematic, as the repelling force is always 

expressed as a bounding sphere that has its centre at the pivot point of the modelled 

object. As buildings in Akrotiri are not spherical, on most occasions the influence of 

the force either does not reach the wall boundaries, meaning the agents could 

penetrate walls, or far exceeds them, and as a consequence the delegates cannot 

approach close to the building. The latter significantly hinders the modelling of the 

scenario that needs to be examined here, since agents traversing Telchines Street in 

opposite directions need to approach in close proximity to the walls of Sectors 

Gamma and Beta. For this reason smaller box-shaped objects whose bounding sphere 

better matched the original building borders were used to make pedestrian evade walls 

(fig. 6-9). 

b) Seek behaviour: Agents were made to follow a constant direction either up 

or down the TelchineslDaltylon traffic axis by seeking targets. A first target was set at 
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the north end of Telchines Street so as to make the agents orientate towards the path. 

Another target was placed at the south end of the study area and two more at its north 

end (one at the north of the Gate and the other further west) pointing at the destination 

of the agents. The agents were programmed first to seek the target on Telchines 

Street. After they reached this they would seek a second target either to the north or 

south following their original orientation. That sort of behaviour was enabled with 

scripted conditionals. 

Parameterisation of agent's behaviour 
During the iterative running of the simulation the values of the parameters of 

the agents' behaviour were altered many times. Self-organisation phenomena were 

observed in medium and high pedestrian densities and are described in detail below. 

Generally, it was found that the emergence of observed collective patterns of 

movement was not sensitive to small, or even sometimes to large changes of certain 

parameter values (for example, the speed of movement, agent's starting position, or 

repel radius). This seems to agree with Helbing's et al. (2001, p. 367) observations 

who note that the generic patterns of crowd movement that emerge with the 

employment of the social force model are not very sensitive to the exact specification 

of the model parameters, as applies for the forces. In the end however, certain values 

were preferred, as they formed a better match to real world data. In cases where such 

data were not available the model was parameterised using plausible random values. 

The effects of altering the parameter's values on the observed general patterns of 

movement were again examined through iterative simulation runs. Below the most 

important variables of the model are described: 

Number of agents: One of the parameters of the model that significantly influences 

the results of the simulation is the number of agents that interact each time. This 

factor greatly affected the pedestrian densities in the study area, and more specifically 

the main areas of interest close to the window of Beta 1. On most occasions, when 

there were less than 10 agents, no collective patterns of movement emerged and 

delegates managed to reach their destination without approaching the area in question. 

On the contrary, it was found that self-organising patterns of movement emerged 

when at least 12 interacting agents standing for single pedestrians were distributed 

more or less equally in both directions of movement. On the occasions when a greater 
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number of pedestrians, and when agents representing groups of people, ridden and 

pack animals or vehicles were included in the simulation, the observed collective 

phenomena of movement were made even more apparent. 

The presence of 12 to 14 pedestrians in the study area is considered plausible 

for peak times, if one takes into account suggested population estimates for the 

unearthed part of the town (300-450 according to Nikolakopoulou (2002, p. 198; cf. 

§2.2) and that Telchines/Daktylon axis would have been a main thoroughfare, used by 

many other town inhabitants or visitors. 

Personal space that a pedestrian wishes to maintain: This is defined by the 

specification of hard and repel radius in the Avoid behaviour. The fact that the widest 

routes in the prehistoric town were up to 2.20m (the north entrance at Telchines Street 

is about 1.70m), while narrower streets were 1.20m-1.70m (Palyvou 2005a, p. 29) 

means that pedestrians would not have kept great distances to each other while 

traversing the street network. Furthermore, the personal space an individual wishes to 

maintain is also dependent on pedestrian density, with pedestrians keeping smaller 

distances in high densities (Helbing et al. 2001). In this case the repel radius of the 

avoid behaviour for single individuals was set at 1m and the hard radius at 50cm, as 

these values would enable agents to move in opposite directions along a street at the 

same time. In the squares of the prehistoric town pedestrians would have kept greater 

distances to each other, but since the model mainly aims to investigate the behaviour 

of individuals while approaching or walking along a street segment the above values 

were considered adequate for the modelling of the particular scenario. 

Speed of movement: Observations of pedestrians in modem environments suggest 

that human walking speed on a level surface can be relatively standard approaching 

1.5m1s (Sutherland et al. 1994; Turner and Penn 2002). However, in many real-life 

situations pedestrian speed varies according to the activities the walkers are involved 

in, their age or gender (Kerridge et al 2001, p. 330). People carrying loads and older 

individuals move slower than young people or pedestrians that do not bear weight. In 

the ABM simulation delegates representing humans were given various speed values 

that deviate from the average walking speed, so as to allow for the possibility that 

individuals of different ages and pedestrians that were potentially involved in 

different activities (e.g. walking, transportation of goods etc.) were traversing the 
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street network. Speed of movement was allocated for each agent randomly before 

each simulation run. 

There are no real life data available regarding the speed of movement of 

wheeled vehicles, pack and ridden animals in a built environment such as that of 

Akrotiri, although one can imagine that speed would have varied depending on 

parameters such as the amount ofload carried, the slope of the street segment, etc. For 

the requirements of the simulation animal and vehicle speed was set randomly around 

the average walking speed of pedestrians. With iterative simulation runs it was found 

that changes in the speed values do not affect the emergence of the observed generic 

patterns of movement. It has to be noted, however, that, generally the presence of 

pack or ridden animals and vehicles was not assumed in all simulation runs, as it is 

not possible to determine given the existing data the frequency in which animals or 

vehicles would have been encountered in the streets of the prehistoric town. In the 

great majority of cases each delegate stands for either a pedestrians or a group of 

pedestrians. The presence of vehicles at least, as noted above, would have been rare. 

In the cases where animals or wheeled vehicles were included in a simulation run, 

they where represented by no more than one delegate. This, as far as animals are 

concerned, might be a rather conservative assumption for certain situations in the past, 

when, for example, the transportation of a considerable amount of goods could require 

the use of more than one animal. 

Starting position: The starting position of agents within the study area was altered 

using random number seeds before each simulation run. This process aimed to allow 

for the possibility that pedestrians would approach the locations of interest from 

different directions. One has to take into account that pedestrians would have entered 

the Square of the Mill House in a north or south orientation following the main traffic 

axis. Some may have come, however, out of the main building entrances, while others 

may have moved in the square in ways we cannot predict nowadays and in the course 

of activities that are hard to envisage. A random starting position accounts for all the 

above possibilities. In any case, it was found again that changes in the starting 

position of the agents do not affect the observed collective patterns of movement that 

occur close to the area of the window of Beta 1. 
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Solving the simulation 
As already mentioned, when the presence of less than 12 agents was assumed 

in the model, they tended to follow the main Te1chines/Daktylon axis and did not 

approach the area from which the wall paintings of Beta 1 would have been visible. In 

medium and high pedestrian densities, however, which could have occurred in the 

area at peak times, self-organisation phenomena were observed, resulting in a 

tendency of the agents to move close to the window of Beta 1 (fig. 6-10, 6-11 , 6-12). 

This was mainly due to encounters and repulsive interactions among oppositely 

moving individuals that would have occurred near the entrance of the narrow passage 

at the west of the Beta South complex. More specifically, individuals walking towards 

the south would often have to move away from the main road when they approached 

Telchines Street, slowing down or even stopping close to the window of Beta 1 (fig. 

6-10), in order to allow pedestrians coming from the opposite direction to enter the 

Mill House square. The patterns of movement that emerge in this case are similar to 

oscillations of the passing direction that are often observed at bottlenecks in real life 

(fig. 6-11 , Helbing et al. 2001, p.370). 

I v 

Figure 6-10: Interactions of pedestrians close to the area of the window of Beta 1. 
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Figure 6-11: 'At narrow passages one finds an oscillation of the passing direction. When a pedestrian 
is able to pass through the door, normally another pedestrian can follow him or her easily (above). 
However, the pedestrian stream arising in this way will stop after some time owing to the pressure 
from the other side of the passage. Some time later, a pedestrian will pass through the door in the 
opposite direction, and the process continues as outlined before' Helbing et al. (2001, p.370, fig.7). 

The emergent collective patterns of movement were investigated with iterative 

simulation runs (1000 frames each) in the way it was described above. The delegates 

trajectories were then exported in ArcGIS 9 and density and speed maps were 

produced (fig. 6-12). For the creation of the speed maps the agent trajectories were 

segmented in equal time intervals before they were imported into the GIS. In this way 

the length of individual line segments gave an indication of the velocity of movement 

(e.g. distance walked over a certain time span - metres/ second in this case). 

Following the application of line statistics, the map of figure 6-12c was created which 

illustrates the average pedestrian speed in the square for 40 simulation runs. The areas 

in which the agents tended to slow down or stop as a result of the geometry of space 

and the presence of other agents, are represented by the low values (light blue-blue). 
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Figure 6-12: a: Agent trajectories derived from 40 simulation runs. b: Path density. c: Average 
pedestrian speed. 
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Interpretation 
The results of multiple simulation runs presented in figure 6-12 suggest that 

pedestrian interactions in the study area could on certain occasions bring individuals 

close to the window of Beta 1 making the visual exposure of the paintings more likely 

than it would initially appear. The fact that the outcomes of the model seem to reflect 

real-world situations (fig. 6-11) is promising. Having in mind, however, the caveats 

mentioned in §6.2.S, the model should be used for qualitative insight, that is as "a tool 

to think with", rather than accurate quantitative prediction. This is because the model 

outputs cannot be easily validated, since the conditions that would have determined 

mobility patterns in prehistoric Akrotiri are hard to reproduce in modem built 

environments. However, it is noteworthy that some of the outcomes of the model 

seem to be supported indirectly by the excavation finds. For example, the observation 

of colliding agents during the simulation suggested that traffic in the street network of 

Akrotiri should have been difficult at peak times or when bulky goods were 

transported, due to the narrowness of the streets. Such observation is corroborated by 

excavation evidence: it is characteristic that Palyvou (1999, p. 90-91; 200Sa, p. 31) 

notices that the lower part of several comers of buildings were rounded in order to 

facilitate traffic and to avoid damage. In addition, whilst deciding how the results of 

the model should be interpreted, one has also to consider that some of the model 

parameters were not calibrated, due to the lack of sufficient real-world data, and as a 

result the simulation has too many random elements. On the other hand it is 

noteworthy that the model did not prove sensitive to small variations in stochastic 

processes. This conforms with the observation that collective phenomena of crowd 

movement, such as oscillations of the passing direction at bottlenecks, are not very 

sensitive to the concrete specification of the model parameters (Helbing et ai. 2001, p. 

367; Helbing and Vicsekz 1999). This also means that the lack of knowledge for 

culturally specific behavioural trends of pedestrians in the past is less likely to have 

affected the emergence of the phenomena observed during the simulation. 

Even the qualitative interpretation of the outcomes of the simulation enhances 

our understanding about human mobility in the prehistoric town. The intention to 

avoid collisions can interrupt an individual's pace of movement and even cause a 

pedestrian or group of pedestrians to pull away from the main traffic axis. At the north 

end of Telchines Street pedestrians or human carriers, with a south orientation might 

have chosen to give priority to individuals, groups of individuals or pack animals 
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coming from the narrow passage at the south by stopping on the much wider open 

space in Mill House Square in the area close to the window of Beta 1. This behaviour 

would have only temporarily interrupted their pace of movement but it cannot be 

precluded that it would have motivated other kinds of pedestrian behaviour and 

interaction, e.g. human carriers could pause to rest for a while by putting down their 

load, and individuals could engage in conversations or other types of interaction. On 

many of the above situations pedestrians traversing the Mill House Square could have 

the opportunity to come upon the painted walls of B 1. As it was demonstrated in 

§5.2.3 in the area outside the window of Beta 1 the wall-painting of the 'Boxing 

Boys' could have been exposed to the degree that one could distinguish the theme of 

the paintings. But even quick glances on the partly occluded painted walls could have 

communicated a variety of messages to the viewer (cf. Chapter 7). The outcomes of 

the ABM application further reinforce the possibility that the paintings would have 

been seen from outside the building, as they suggest pedestrians may have slowed 

down or even stopped close to the window (fig 6-12c). Speed maps such as that of 

figure 6-12c are thus instructive about the temporality of the human experience in 

built space and the pace in which the painted scenes could have been appreciated, 

complementing interpretations derived by the application of visibility analysis. 

6.4 Summary and conclusions 
The visibility of wall paintings from the open public spaces of Akrotiri would 

have been very much dependent on pedestrian movement through the prehistoric 

urban network. A discussion on human mobility in the open streets and squares of the 

prehistoric town is, however, a difficult undertaking, because they are only partially 

unearthed and even indirect evidence on human movement in the settlement is scanty. 

Some statements regarding mobility patterns at the settlement level can be made by 

taking into account the form of the excavated street segments, the presence of paving, 

the location of the main building entrances, the identification of public loci, and 

evidence for the use of space; all these indicate that Telchine/Daktylon St. was a main 

thoroughfare in the prehistoric town. This street would have channelled traffic 

through the settlement in Late Bronze Age shaping the mobility patterns of human 

walkers and carriers, pack and ridden animals and perhaps occasionally wheeled 

vehicles. 
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The application of an autonomous agent approach to investigate pedestrian 

movement and human-environment interactions in the preserved parts of the 

prehistoric network highlighted some plausible mobility patterns close to the window 

of B 1. The social force model offered a useful and theoretically informed framework 

for discussing human behaviour in populated open public spaces, taking into account 

certain social factors that could have influence mobility through space in the past. Of 

course, the possibilities of moving through the street network are not limited to the 

outcomes of the model; depending on the human practices that could have taken place 

in these spaces in the past movement patterns could have been shaped in ways that are 

hard to predict, and the context of experiencing the murals would have changed 

accordingly. 

From the above study and discussion on pedestrian mobility in LBA Akrotiri it 

appears that the paintings of the West House, Gate and Beta South would have been 

occasionally features of the townscape and elements of the public stage on which 

social interactions would have taken place. Murals seen from the street network 

would have embodied a variety of messages whose precise content probably 

depended on the social background of the onlooker. The identity of the potential 

viewers and the social consumption of mural decoration in Late Bronze Age Akrotiri 

are discussed in Chapter 7 that follows. 
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Chapter 7 
Summary and Conclusions 

The final chapter of this thesis serves three purposes: firstly, to 

summarise the outcomes of visibility and movement analyses and to examine the 

implications of the use of the suggested methods and technologies in this work. 

Secondly, to draw upon the conclusions of Chapters 4 to 6 and discuss the 

possible social functions of Theran murals in the prehistoric society of Akrotiri. 

Thirdly, to propose ways in which this work can further be developed within a 

wider academic framework. 

7.1 Visibility analysis in fully 3D spaces: A summary of the 
methodology 

A basic conclusion of this research is that 3D modelling and spatial 

analysis methods can be effectively combined for the investigation of visibility in 

partially preserved past spaces. Visual impressions derived from a 3D and human 

scale perspective of space can be explored and analysed by extracting 

information from 3D scenes. This has been accomplished in this research by 

simulating and analysing the effects of point source illumination produced by a 

single light source in a 3D digital environment. When the light source is placed 

at the height of the viewer's eye level illuminated and shadowed areas in a 3D 

model correspond to visible and non-visible surfaces respectively. Information 

on visibility within a scene can then be obtained by extracting the textures of 3D 

objects that include information on illumination. These textures provide useful 

data regarding visibility and non-visibility, angle of incidence and simulated 

'natural' or artificial illumination in the 3D environment (cf. §3.3). Moreover, by 

changing the parameters determining the way light is distributed in the virtual 

scene various variables affecting ease of view, such as angle of elevation and 

distance, can be measured. 

Visibility information extracted for a great number of locations in the 

study area can be summarised via the creation of 'times seen'. 'Times seen' 

highlight areas in space that are more visually exposed, and hence, more likely to 

be seen by an observer (cf. §3.3.3, §4.6). Furthermore, it is possible to map 

visibility information (for example percentage of visible area) derived from 
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individual binary viewsheds back onto the study area. This sort of mapping is 

particularly useful for showing the changes in visibility that could have occurred 

in the course of an observers' movement (cf. §3.3.9, §4.6, §5.2). Alternatively, it 

could indicate the differences in the perception of standing or sitting viewers in 

the spaces of interest, for example during public gatherings (cf. §4.6). Thus, 

depending on how the problem in a particular context has been formulated, the 

visual experience of both the stationary and mobile observer can be investigated. 

An important benefit of the above methods over experiential approaches 

to the investigation of past built spaces (for instance physical encounters with the 

remains of historic and prehistoric buildings or walk-through in digital models), 

is that they can be applied at very fine resolutions enabling the recording of the 

visual properties of the object of interest for virtually all locations in the study 

area. For this reason they form a more robust methodology that is not restricted 

to a potentially limited selection of observer locations based on preconceptions 

of the researcher. Moreover, visual summaries are valuable for examining the 

visual structure of built environments, as they can highlight visual properties of 

the spaces under study that are often subtle and relational, and do not just show 

up solely by walking through a 3D model. These visual qualities may have 

encouraged certain behavioural responses to the viewers in the past that could be 

manifested in the archaeological record (cf. §4.5). In comparison to textual 

descriptions of space that often use ambiguous terms, visibility recording and 

analysis enables the precise definition and investigation of certain factors that 

may have shaped visual experience in past environments. Ultimately, the 

proposed methods could permit comparisons between distinct built forms and the 

investigation of the effects of transformations in architectural configuration 

through time. 

Visibility analysis applied in this research is performed in 3D 

representations of space that can accurately represent the 3D geometry of built 

environments and objects within them. In this respect it has benefits over other 

methods of visibility analysis employed in 2D or 2.5 D representations of space, 

such as isovist, visibility graph analysis, and GIS-based analysis, when the visual 

structure of fully 3D environments needs to be considered. If compared to other 

methodologies that explore visibility using 3D models, such as those suggested 

by GraB (1991) and Bishop (2003) (cf. §3.2.2), the methods proposed in this 
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research have the advantage that they do not solely create indices of visibility 

values, but pennit the spatial mapping and further analysis of these indices 

through the creation of visual summaries. For this reason, they are more suitable 

for identifying and exploring spatial patterning and relationships in the 

archaeological record. 

The proposed methodology also allows for the consideration of uncertain 

knowledge regarding the spaces under study. The lack of accurate infonnation on 

the exact dimensions or position of built structures could significantly affect the 

results of the analysis and interpretive statements. Even though the precise 

appearance of past spaces is in most cases beyond our knowledge, it is important 

to establish whether possible data inaccuracies in a particular context are 

significant enough to question the validity of proposed interpretations. Maps that 

show the propagation of probable errors are particularly useful heuristics in 

fonnally assessing the effects of uncertainty upon the suggested interpretations. 

Measures of dispersion can be used to detennine whether estimated errors are 

substantive. In the simplest situation between total viewsheds, or other mapped 

data that were created from two alternative reconstructions, the error can be 

described as the range of difference between the absolute values displayed in the 

two maps. In the case that more than two outcomes need to be compared, for 

example when a number of visibility maps are derived from an equal number of 

alternative reconstructions, an indication of the spatial distribution of the possible 

error can be made by the estimation of the standard deviation among the values 

in all maps. The consideration of uncertain knowledge is useful for defining the 

degree of confidence with which statements about the visual experience in past 

environments are made; the propagation of possible errors can help the 

identification of areas that could have been visible (or non-visible) in all 

proposed reconstructions and locations that are greatly affected by incomplete 

infonnation. In the latter case it should be made explicit that proposed 

interpretations should be treated with caution. 

7.1.2 The visibility and non-visibility of mural painting in Xeste 
3 

The above methods proved to be particularly useful for examining the 

relationship between iconographic meaning and the visual exposure of individual 
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pictorial elements in three different painted scenes in Xeste 3: the wall painting 

of the Adorants, the Crocus Gatherers and the male scene. Through the creation 

of total viewsheds and maps showing the changes in visibility of each pictorial 

feature within the study area it was demonstrated that there is a correspondence 

between visual emphasis in pictorial space with visibility in actual space in all 

three scenes. It was established that the figures of the wounded girl, the man with 

the jug, and the goddess are the most emphasised features both within individual 

compositions and in real space, since these are the most exposed painted 

components of each scene to a viewer situated in Room 3. The existence of 

uncertain elements in the reconstruction was also discussed and their effects on 

the suggested interpretation were formally assessed by estimating the distribution 

of the possible errors in the analysis outputs. Error propagation demonstrated that 

variations in the width and the position of the door jambs of poly thyra, namely 

the features that would have mainly hindered visual access to the paintings, 

would still cause the same relative differences in the visibility of individual 

elements of a composition. This is an important finding because if the analysis 

was overly sensitive to these variations interpretations could be flawed. 

The mapping of visible area indices for each painted figure upon all 

observer locations in the east wing of Xeste 3 highlighted possible activity and 

circulation patterns during public gatherings that could have taken place in this 

part of the building, and illuminated aspects of the visual experience of mural 

decoration for stationary and mobile observers. The results of the analysis (times 

seen) on both floors suggested that from Room 4 visual access to the wall 

paintings of the Adorants and the goddess was to a great extent obstructed by the 

presence of intervening architectural elements. As far as the ground floor is 

concerned, the application of the analysis merely confirmed what one suspects 

when visiting the building today: the lintel of the presently reconstructed 

polythyron between spaces 3 and 4 would have significantly hindered visual 

access to the Adorants, providing that the height of the door openings was about 

the same in the past. The application of the analysis, however, on the first floor 

of the building revealed a visual pattern that could not have been observed 

otherwise: the alignment of the door jambs of the poly thyra at the north and 

south of Room 3 would have considerably obstructed the visibility of the figure 

of the goddess, the main focus of the Crocus Gathering scene. This conclusion 

- 228-



was derived after the iterative application of the analysis in alternative 

reconstructions with small variations in the exact position of the dOOljambs of the 

poly thyra (cf. § 4.6), which in this case is uncertain. If the wall paintings were 

the main foci of attention during ritual performances in Xeste 3, then the 

difficulty of seeing the Adorants and the figure of the goddess from Room 4 

implies that the threshold between spaces 3 and 4 was a liminal area that defined 

a different use and function of space. It seems likely that individuals in Room 4 

were not supposed to have visual access to events in Room 3 and that there 

would have been probably successive admittance from Room 4 to Room 3 during 

ritual performances. This finding seems to support a reconstruction of ritual 

practices similar to that suggested by Gesell (2000) (cf. §4.4), while it raises 

doubts regarding the proposal of Marinatos (1984; Marinatos and Hagg 1986) 

that there would have been individuals in Room 4 watching the events. 

Furthermore, the mapping of visibility values in space 3 of the ground floor also 

suggested that the areas situated close to the two westernmost openings of the 

polythyron between spaces 3 and 4, afforded the best view of all three figures of 

the Adorants. These openings would have enabled the most direct access to the 

adyton and the auxiliary staircase of the building in terms of Euclidean distance; 

thus, it is likely that they would have been often used by the residents of Xeste 3, 

and perhaps provided access to Room 3 and the adyton during ritual 

performances. The outcomes of the analysis in this case suggest that circulation 

patterns in Xeste 3 probably played a role in determining the rendering of the 

painted scenes. 

The above application of visibility analysis was instructive for three 

reasons: firstly, because it formally supported the importance of certain figures 

within individual compositions. The significance of the wounded girl and the 

man with the jug is obscure to the modem viewer. In the absence of written 

sources that would illuminate the exact content of the scenes it has been argued 

that hierarchy of meaning is indirectly indicated by the placement of each figure 

in pictorial space, posture, hairstyle and dressing. The study of the visual 

structure of the murals within their architectural context provided additional 

evidence regarding hierarchy of meaning in the paintings, and established that 

considering redundancy of visual cues in both pictorial and real space is essential 

for deciphering the messages of mural painting. Secondly, the results of visibility 
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analysis shed light into the painting process. They suggested that visibility issues 

in actual space did affect decisions regarding the rendering of the painted theme 

and that there was considerable planning behind the execution of the paintings; it 

appears that the positioning of pictorial elements in architectural space was 

carefully thought and aimed to better communicate the intentions of the painter 

or those who commissioned the paintings. This finding confirmed that the 

visibility or non-visibility of Theran murals is imbued with meaning and 

encouraged the further investigation of the various modes in which these 

artefacts would have been received in the past. Thirdly, the employment of the 

proposed methodology in Xeste 3 demonstrated that it has the potential to 

highlight meaningful visual patterns that could not have been identified 

otherwise. In addition, it established that formally considering possible errors in 

archaeological data can strengthen archaeological interpretations in partially 

preserved contexts. 

7.1.3 The wall paintings in the LBA townscape of Akrotiri 
The proposed analysis proved to be as applicable for intra-settlement as 

for intra-building analysis, when it was utilised to investigate the visibility of 

mural painting from the open public spaces of Akrotiri. The visibility maps 

presented in §5.2.l showed that the painted friezes of Room 5 of the West House 

would have been visible from the Square of the Ship Procession, whilst 

suggesting that the south frieze was more likely to be seen by the onlooker 

situated in the square. The return of the fleet, regardless its exact meaning, is 

often considered to have been the most important scene of the fresco (§5.2.1). Its 

visual exposure to the viewer in the square is likely to have had a symbolic 

significance, even if the details of the theme were not distinguishable. The room 

above the Gate was rather tentatively reconstructed, but after alternative 

representations of the window openings were considered, it was concluded that 

painted friezes in that space would have probably been highly exposed to 

pedestrians traversing the surrounding public spaces. On the other hand, it was 

discovered that the visibility of the murals that embellished Room Beta 1 from 

the Square of the Mill House varied considerably. Visibility analysis suggested 

that statements regarding the visibility of the Antelopes of the east wall should be 

made with caution, since the degree to which the painting would have been 
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exposed to pedestrians traversing the square significantly depends on the exact 

fonn of the window of Beta 1, which was only partly preserved. On the other 

hand this painting, the Antelopes of the west wall, as well as the Boxing Boys, 

would have been easily seen from those areas located outside the window (cf. 

5.2.3). 

Generally, it was found that a great percentage of the area of the 

decorated wall surfaces could have been exposed to the viewer. The results of the 

analysis need not necessarily mean that the viewers were able to distinguish 

particular themes on all occasions, as the comprehensibility of a theme would 

have also been depended on the effects of illumination, the distance between the 

viewer and the paintings, as well as the scale of representation (cf. §5.3). The 

application of visibility analysis within pre-defined angular ranges also 

established that the murals would have been viewed within the angles of 

optimum and maximum eye rotation, namely 30 degrees below and 25 degrees 

above the horizon of the viewer that suggests that pedestrians could see the 

paintings without necessarily having to raise their head or move in a way that 

would disrupt their walking pace. This analysis outcome is particularly 

significant as it implies that painted walls could have been seen with relative ease 

and that their viewing would not have required the conscious effort of the 

prehistoric onlooker; pedestrians could have come across the painted scenes even 

without intending to do so. In other words, wall paintings had rather high 

potential in communicating messages to a viewer situated in the public street 

network. 

The systematic recording and mapping of visibility values in the open 

public spaces under study offered new insights into the various modes in which 

the murals were consumed, as it drew attention to a basic condition for the visual 

exposure of the paintings to pedestrians traversing the streets and squares. It 

became evident that nonnally painted friezes decorating first floor rooms were 

visible, only if pedestrians were situated a few metres away from the walls of the 

buildings (usually 3 to 5m). Given the fact that most main roads in Late Bronze 

Age Aegean towns were frequently no more than 2 metres wide, painted walls on 

the first floor of the building would not, as a rule, have been easily seen from 

open public spaces. However, in Akrotiri plenty of broad openings in the street 

network existed, usually identified as plazas or squares, contrary to what seems 
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to be the rule in Cretan and Cyc1adic towns (§ 5.3). Besides pennitting 

movement through locations that made possible the viewing of the paintings, 

plazas were likely to have allowed ample of light in the decorated spaces on 

many occasions; hence, they would have significantly enhanced the visual 

exposure and communicative impact of paintings embellishing first floor rooms 

from the street network. It is quite possible that painted interiors were a 

distinctive feature of the townscape of Akrotiri, at least in the excavated area. 

The issue of pedestrian mobility in the prehistoric town was also 

discussed, since it is indissolubly related to the likelihood that individuals 

traversing the street network would have encountered the paintings. The 

examination ofthe excavation evidence (fonn and configuration of the excavated 

street network, archaeobotanical and faunal remains, loom and lead weight 

distributions etc, cf. §2.3) suggests that TelchineslDaktylon Street was a 

multifunctional thoroughfare related to important socio-economic aspects of the 

life of the town inhabitants and, thus, would have been a widely used passage in 

Late Bronze Age (cf. §6.3.1); as a consequence, it was argued that the paintings 

of the Gate would be highly exposed to pedestrians, since it is situated upon the 

main axis of this thoroughfare. As far as the West House is concerned, this thesis 

did not reach a conclusion, as the area around the house has not been excavated 

and it is not yet clear how the locations pennitting the visibility of the Miniature 

fresco were accessed in the past. The results of visibility analysis for the 

paintings of Beta 1 showed, however, that the locations from which most of the 

paintings were seen, were to be found right outside the window of the room and 

did not fall within the main Telchines/Daktylon traffic axis. Moreover, the 

narrow blind alley that passes from west to east outside the window of Beta 1 

was mainly used for ventilation and not to channel traffic, therefore it is unlikely 

that it would have attracted pedestrian movement in the past. Nonetheless, there 

are many factors that could have influenced human mobility and engagement 

with the built environment, which are worthwhile examination; the agent-based 

model presented in §6.3.2 aimed to illuminate further plausible human­

environment interactions in the area close the window of Beta 1. The application 

was conceptually based upon the behavioural force model suggested by Helbing 

et al. (2001) which takes into account pedestrian interactions assuming very basic 

human behaviours in populated spaces, such as the wish to walk in a certain 
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direction, to keep a desired walking speed, to maintain a distance from obstacles 

in the environment and other individuals, or move together with other 

pedestrians. The iterative running of the simulation suggested that agents 

walking towards the south would often have to move away from the main traffic 

axis when they approached Telchines Street, slowing down or even stopping, 

sometimes close to the window of B 1, in order to allow pedestrians coming from 

the opposite direction enter the Mill House square. The model offered useful 

qualitative insights into possible movement patterns within the area of interest, 

suggesting that the paintings of the Boxing Boys and the Antelopes of the east 

wall were more likely to be exposed to a pedestrian than it would initially appear. 

The agent-based model in this case proved to be valuable because it 

enabled the exploration of possible mobility patterns in a populated street 

network, also taking into account certain socio-economic factors that are likely to 

have influenced mobility in LBA (uses of space, functions of the street network). 

In this sense it had a significant conceptual contribution to the examination of the 

issues that this thesis aimed to tackle, as human behaviour and aspects of 

expenence in inhabited past spaces are difficult to investigate with non­

computational approaches. The dynamic nature of ABM simulations also offered 

opportunities to appreciate the pace of human visual experience within the built 

environment by suggesting locations in the street network at which pedestrians 

could have slowed down or stop. In this way it complemented the viewshed 

approaches that were already employed, as the latter lack a temporal component. 

Generally, the computer simulation showed that agent based models of 

pedestrian movement can offer useful qualitative insights into spatio-temporal 

dynamics in past built environments. 

The discussion on pedestrian mobility in LBA Akrotiri at medium and 

small spatial scales suggested that the paintings of the West House, the Gate and 

Beta South would have been occasionally features of the townscape and elements 

of the public stage on which social interactions would have taken place. This 

realisation sheds new light on possible functions of wall painting at Akrotiri, 

perhaps explaining why murals embellished so many houses in this prehistoric 

settlement. In order to elucidate the symbolic significance of the paintings in the 

townscape, the functions of Theran murals and the social identity of those who 

commissioned and consumed the paintings need to be discussed. 
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7.2 The functions and consumption of Theran wall 
paintings 

There is no doubt that the functions and consumption of wall painting in 

the LBA settlement were related to activities that took place in the decorated 

spaces. The scanty surviving evidence, however, do not speak for themselves, 

and, although a number of suggestions can be made for the use of these rooms, 

they do remain conjectural. In domestic buildings spaces embellished with wall 

paintings, such as Room 5 of the West House and Beta 1 of Sector Beta, could 

have been on occasions the stage of domestic rituals given the frequently ritual­

symbolic themes of the murals. These rooms are also likely to have housed a 

number of other everyday activities, including sleeping and dining (cf. § 2.3.5). 

Moreover, being the most elaborate spaces in the residence they were probably 

the rooms where the inhabitants of the houses received important guests. 

Feasting episodes with the participation of a small group of people could also 

have occasionally occurred in the decorated spaces of the West House and 

Complex Beta, as is suggested by the great number of drinking and cooking 

vessels that have been found in the houses, and sometimes in the vicinity of the 

rooms (Boulotis 2005). On all the above occasions the represented scenes would 

have communicated messages associated with the interests, beliefs, ideologies 

and social identity of the proprietors of the buildings; the themes of the paintings 

mostly express ideas of manhood (boxing children, fishermen, war scenes), an 

interest in seafaring and the promotion of maritime symbols, and a reverence for 

nature. The latter is perhaps associated with a disguised 'religious' symbolism, as 

has been suggested by some authors (Marinatos 1984; Peterson Murray 2004) , 

or more generally to the proprietors' particular understandings and perceptions of 

the world. The obvious receivers of these messages would have been the 

residents of the building and those visitors that were occasionally allowed in the 

decorated rooms. Given the character of the excavated area, which consists 

mostly of structures of elaborate construction, the consumers of the paintings 

should have been elite members, although it cannot be precluded that on some 

occasions non-elite visitors were also allowed in the decorated rooms (cf. Chapin 

2004). 
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The above does not necessarily apply for all painted rooms embellishing 

domestic spaces. Making convincing suggestions regarding the functions of 

Room 1 in the House of the Ladies, Delta 2 in Delta East and Beta 6 in Sector 

Beta is a particularly difficult task because of the poorly preserved or 

problematic archaeological contexts of these spaces. Regarding Room 1 and 

Delta 2, it has been proposed that they could have housed ritual performances or 

been used as repositories for sacred paraphernalia (Marinatos 1984, 1985; 

Hollinshead 1989; Foster 1995; Peterson Murray 2004). Such a suggestion seems 

to be supported by more evidence in the case of Room 1 that was embellished 

with scenes of ritualised female dressing (Doumas 1992a, p. 33-44; Peterson 

Murray 2004), rather than Delta 2, whose wall decoration does not seem to have 

an explicitly ritual content and where a number of artefacts have been found in a 

secondary context (Doumas 1992a, p. 100). Due to the great ambiguity regarding 

the use of these rooms any hypothesis regarding the conditions in which the 

paintings were received appears to be particularly problematic. The decorated 

spaces are small-sized, however and, if they were indeed the background of ritual 

practices, they were probably used for private performances, in which the 

residents of the buildings would have participated. 

The consumption of wall paintings in an apparently public building, 

Xeste 3, was also discussed in Chapter 4. The spatial configuration of the 

building and the themes of the paintings strongly suggest that the murals in Xeste 

3 would have guided action in space during public ceremonies. The visibility 

analysis, as well as the 3D reconstruction of Room 3 (cf. §4.7.2, fig. 4-20), 

indicated that viewing the vivid representations of ritual acts could have been an 

important aspect of the experience of the performed events, which was probably 

shared among many participants; viewers in that space would have many 

opportunities to see the painted scenes and receive their messages, even when 

murals were partly hidden by the bodies of individuals partaking in the events. 

On the contrary, rituals performed in the adyton, the area often considered to 

have been the main focus of attention during ceremonies, would have been 

difficult to observe under these conditions (fig. 4-20). The above suggest that the 

representation of ritual acts on the walls of the building would have played a vital 

role in perpetuating collective values of the community and promoting social 

cohesion during communal performances. Xeste 4 is still not yet fully excavated 
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and the exact character of this public building is not clear. Nonetheless, the 

procession that decorated the staircase seems to have aimed to impress the 

visitors of Xeste 4 as soon as they entered the building. 

The above concerns the possible modes in which the paintings were 

received by individuals situated in the painted rooms. A more careful 

examination of human-environment relationships in the settlement of Alaotiri 

shows, however, that those allowed access in the decorated spaces would not 

have been the sole consumers of wall painting. From the results of visibility and 

movement analysis presented in Chapters 5 and 6 it is deduced that individuals 

situated in public open spaces would have many opportunities to encounter the 

painted scenes that decorated the interior of domestic buildings. In some cases 

they could have been able to distinguish particular themes, while other times they 

would have only briefly come across the coloured walls during the natural course 

of their movement. However, even when pedestrians would not be in a position 

to see the whole paintings and discern the depicted subj ect or the details of a 

composition, the murals would not have totally abolished their communication 

potential and impact. In fact, wall-painting are likely to have elicit multiple 

meanings to the observer in the past that would operate at a variety of levels, and 

go beyond the decipherment of their iconography; this suggestion is based on the 

understanding that mural painting is an inseparable part of the built environment 

and, as such is implicated in the versatile, and often subtle, meanings of built 

space. The existence of such meanings has been recognised by a number of 

authors (Moore 1996). Characteristic is the schema suggested by Rapoport 

(1990), who distinguishes three levels of meaning in the built environment: 

a) "High-level" meanings related to, for example, cosmologies, 
cultural schemata, worldviews, philosophical systems, and the 
sacred. 

b) "Middle-level" meanings, those communicating identity, 
status, wealth, power, and so on - that is, the latent rather than 
the instrumental aspects of activities, behaviour and settings. 

c) "Low-level" everyday and instrumental meanings: mnemonic 
cues for identifying uses for which settings are intended and 
hence the social situations, expected behaviour, and the like; 
privacy, accessibility, penetration gradients; seating 
arrangements; movement and way-finding; and other 
information which enables users to behave and act 
appropriately and predictably, making co-action possible. " 

(Rapoport 1990, p.221) 
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The distinction between vanous levels of meamng, such as those 

proposed above, is in most cases ambiguous; features of built spaces, including 

wall paintings, could have incorporated all the above dimensions - either 

consciously or unconsciously - in past viewers perceptions. Ideologies suggested 

by the represented themes would have been inseparable from social aspects of 

the built spaces and actions within them. To the modem viewer meanings related 

to the cosmology and worldviews of past people (high-level) are frequently 

obscure and difficult to identify and interpret, although they were absolutely 

comprehensible to the viewers in the past. Middle- and low-level meanings also 

followed cultural codes, but their significance can sometimes be deduced by 

studying the archaeological record, as they often function within a system of 

contrasting visual cues. 

Visually explicit codes of this kind can be observed III the built 

environment of Akrotiri. One does not necessarily have to traverse the 

impressive thresholds of Xeste 3 or Xeste 4 to understand that these were 

"important" buildings. This is suggested by their size and impressive fayades 

distinguishing them from the surrounding structures. Their special character is 

further enhanced through the use of colour (Palyvou 2000). All four walls of 

Xeste 4 are made of ashlar blocks. The material used for their construction, tuff, 

is distinctive for its white-cream colour that differs from the dark red-brown 

ignimbrite used for the construction of the fayades of other ashlar buildings 

(Palyvou 2005a, p. 116, 168). In addition, the south fayade of Xeste 3 was 

covered with a yellow-orange pigment (Palyvou 2000, p. 431) that would stand 

out from the rubble walls of other buildings that were not plaster coated. In the 

interior of Xeste 3 and 4 the relatively large number of pier-and-door partitions, 

and the extensive application of wall decoration would signify the importance of 

the building. As already mentioned these features are also attested in the private 

houses in Akrotiri, although they are encountered less often and are usually 

restricted to the most elaborate rooms of the first floor. The presence of the same 

features in domestic and public buildings shows a connection between the private 

and public sphere, and suggests that these architectural elements were aimed for 

conspicuous consumption. 
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This conclusion is corroborated by the fact that poly thyra and mural 

painting were also distinctive architectural features of the palaces and the most 

lavishly constructed buildings in Crete during the same period (Late Minoan lA, 

cf. §2.3). Theran murals, being a part of this wider symbolic architectonic 

system, would have denoted high status in the social hierarchy and participation 

in elite groups, regardless of the particular messages they aimed to communicate 

on each occasion. It is characteristic that other expressions of material culture in 

Akrotiri are redolent with visual codes that have a cultural specific significance. 

The hairstyle, clothing and jewellery of the painted human representations of 

Xeste 3, the West House, the House of the Ladies, and Beta South, seem often to 

signify the differing occupations, age, degree of socialisation, and social status 

among the represented figures, mirroring the existence of distinctive group 

identities (Marinatos 1984, p.62; Morgan 2000, 1988; Davis 1986; Doumas 

2000a; Laffineur 2000; Doumas 1987; Rehak 2004). One can imagine that these 

material expressions made an important contribution to the shaping of social life 

in the LBA settlement, and their mutually shared meaning(s), would have 

determined human behaviour and interactions in daily situations. The human 

representations in Theran murals are also the sole testimonies for the existence of 

prestige artefacts that are absent from the archaeological record in Akrotiri, such 

as lavish garments and j ewellerl3
, confirming the affluent life-style of the town 

dwellers living in the urban core. 

Considering the great number of houses that are distinguished by elite 

architectural features, and also the lack of evidence so far regarding the presence 

of a centralised authority, it appears that in Akrotiri a considerable number of 

town dwellers had access to resources, and a privileged social position in the 

period before the volcanic eruption. This implies the existence - if not of an 

egalitarian polity- at least of a negotiable social hierarchy. In that case, the image 

of prosperity pieced together by the archaeological finds could mask a climate of 

social competition. Political conditions of this kind partly might explain why in 

Akrotiri the investment in mural decoration appears to be very intensive - if not 

exceptional - when compared to other Minoan or Cycladic towns. An 

intensification in the production of elaborate material culture artefacts IS 

63 The inhabitants had probably taken their valuables with them when they abandoned the 
settlement (c£ note 13). 
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characteristic of social structures in which power dynamics are constantly 

negotiated (Hamilakis 2002; Schoep 2002). Of course, an increase in luxurious 

products (architecture, art and crafts) is a phenomenon that is generally observed 

at the beginning ofNeopalatial period (Middle Minoan III-Late Minoan IB, table 

1-1) in Crete (Driessen and Macdonald 1997); nonetheless, the great number of 

painted walls that have been uncovered in Akrotiri is unattested in other Aegean 

urban centres. Even if this is partly due to the exceptional preservation of the site, 

the special interest of the town inhabitants in the production of frescoed walls 

needs an explanation. The investigation into the less obvious ways in which the 

Theran paintings were consumed concluded that human-environment 

relationships in Akrotiri, often determined by the existence of the so-called 

squares, would have enhanced the communicative impact of murals from the 

street network. This could have been one important reason why mural painting 

became so popular in the prehistoric town. But what kind of messages the 

paintings would have communicated to the individuals traversing the open public 

spaces? 

When it comes to understanding the symbolic significance and function 

of the wall paintings within the Theran townscape, the question of who were the 

consumers of the paintings from the street network inevitably arises. The 

discussion on the social life in Akrotiri and evidence on the use of space (cf. §2.2) 

permit the formation of informed hypotheses regarding the identity of the 

viewers of the murals. These could have been: 

A) Individuals living in the excavated area, namely the residents of the 

houses that surrounded the public places from which the wall paintings were 

visible. These would have frequently encountered the murals while traversing the 

street network, perhaps on a daily basis. Furthermore, given the character of the 

excavated buildings, at least some of the dwellers in this part of the town were 

members of the elite and could have been allowed access into the decorated 

rooms of neighbouring houses during social occasions and gatherings (cf. §2.3). 

Hence, they might have been familiar with the painted themes. The frequent 

encounter with the paintings from the public spaces of the settlement would have 

then acted as mnemonic for these social occasions (cf. §5.3) perpetuating the 

messages of the paintings. 
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B) Those who were involved in activities related to suggested functions 

of the buildings (for example in weaving and perhaps in supporting industries 

such as animal husbandry, fulling and dyeing). If organised large-scale 

production of textiles occurred in some of the houses as suggested by the Linear 

A tablets found in sector Delta and the large number of loom weights, discovered 

in the West House (Boulotis 1998, cf. §2.3), then it would have involved the 

participation of people with different roles in the manufacturing and distribution 

of textiles, probably belonging to various social groups; consumers of the 

paintings may have also been dependent labourers of lower social ranking 

participating in the production of textile, who may have accessed the houses 

embellished with murals on many occasions, for example during the 

transportation of raw materials and finished products, or even to enter the spaces 

in which weaving would have taken place. These individuals might not have 

been allowed in the decorated rooms but they would still be able to see the 

paintings from the street network. 

C) As Telchines/Daktylon was a main thoroughfare serving the needs of 

the community, potential viewers of the paintings were also inhabitants of the 

prehistoric town and its hinterland, daily traversing the street network to reach 

the coast, the arable fields and pastures; namely people of various occupations 

and perhaps of different social statuses. 

D) The visitors to the settlement, mainly residents of other Cycladic 

islands, Crete or the Near East, mariners, freelance traders and agents appointed 

by the palaces or other administrative centres with which the inhabitants of 

Akrotiri could have developed contacts and communication. The presence of 

non-locals in the settlement is a natural consequence, if Akrotiri was indeed a 

port of call. It is hard to define the exact relationships of these individuals with 

the local population due to the lack of written sources that could shed light on the 

nature of inter-regional exchanges in Cyclades in the Late Bronze Age. One can 

imagine, however, that permission of anchorage and the procurement of water or 

food supplies, which are necessary for long-distance travelling by sea, would 

have encouraged exchanges between the mariners and the locals. If ships had to 

stay longer to the harbour due to bad weather conditions (cf. Cline 1995, p.149-

150) these exchanges could have lasted several days. During this period shelter 
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and even lodging for sailors could be provided In the town houses (cf. 

(Betancourt 1995). 

Murals seen from the street network could have communicated a variety 

of messages to the above groups. As symbols of high status they would have 

been very efficient agents in strategies of recruitment, social negotiation and 

competition among elite members. Moreover, they would have been involved in 

tactics of exclusion; an organised system of textile production in Late Bronze 

Age was likely to have functioned for the benefit of the elite members capable of 

distributing the finished products (Sherratt and Sherratt 1991, p.359). This kind 

of situation entails the possibility of conflict (.ibid); in this case power 

relationships could have been established and regulated through the use of 

symbols, conspicuous consumption and display. People of lower social ranking 

contributing to the manufacturing of textiles may not have had the right to access 

the decorated rooms, but while traversing the street network they would be aware 

of the existence of mural painting, denoting ideas of both power and exclusion. 

We can imagine that non-local visitors would be impressed by the 

townscape of Akrotiri and the often prominent elaborate decorated rooms of 

Theran houses. The viewing of wall paintings from the street network could have 

then induced an image of prosperity that would be reflected to the local elite 

members, some of which (for example those residing in the West House and 

Delta West) appear to be involved in mercantile and/or seafaring activities 

(Boulotis 1998, cf. Chapter 2). A prosperous port of call could serve more 

effectively sailors in need of supplies whilst perhaps providing a clientele 

interested in acquiring luxurious items, which might have motivated trade in 

LBA in the first place (Sherratt and Sherratt 1991). In this respect the impression 

of affluence suggested by the elaborate interiors of the town houses could have 

contributed in securing the place of Akrotiri within the inter-regional network of 

exchanges and the towns dwellers' access to substantial resources. 

If wall paintings are understood as features of the townscape, it is clear 

that their symbolic function and involvement in power relationships could have 

been much stronger than that assumed by Chapin (2004; cf. Chapter 1), who 

postulates that murals were consumed only by those that had access in the 

decorated rooms. Ideas of group cohesion, power and exclusion, would have 

been communicated not only during the few special cases that non-residents in 
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the house were allowed into the spaces embellished with murals; such messages 

would have been induced to pedestrians traversing the street network perhaps on 

everyday basis, in the course of their daily activities and interactions. 

The above suggested functions of mural decoration do not contradict and 

could operate in parallel with other possible uses of the paintings, for example 

their use as setting in practices that could have taken place in the decorated 

rooms. As a rule we can say that when paintings were encountered by individuals 

in these spaces, they would have been implicated in all three levels of meaning 

proposed by Rapoport (1990, p. 221). On the other hand, the visibility of murals 

from the street network may have been related mainly to more subtle middle and 

low level meanings, since it is likely that the painted themes and the more 

specific messages they express were not distinguishable and understandable on 

all occasions, when seen from the street network. 

An issue that still needs to be tackled is to what degree the visibility of 

the wall paintings from the open public spaces determined the choice of 

decorated areas. In other words, was the visual exposure of the painted walls to 

pedestrians traversing the street network intentional, as has been suggested by 

Doumas (2005), or merely an epiphenomenon? Given the existing evidence is 

hard to give a definite answer to this question. On some occasions at least 

Doumas suggestion is plausible. The often accepted as most important scene of 

the Miniature frieze, the Ship Procession, has been depicted on the south wall of 

Room 5 of the West House. This wall surface is the most exposed to the viewer 

located in the Square of the Ship procession (cf. Chapter 5). Moreover, the first 

floor room above the Gate, which was pierced by windows on three sides, would 

have offered ample opportunities for the exposure of paintings embellishing the 

areas above the window openings. Only assumptions can be made regarding the 

use of this space, whose form is unique among the presently excavated rooms in 

Akrotiri. The great number of windows suggests, however, the idea of 

communication with the public space at the vicinity of the Gate and, in that 

sense, the murals in "Room Doumas", might have been aimed to be consumed by 

the residents of Delta West, as well as by pedestrians passing outside the 

building. The same may be argued regarding the flowerpots that used to decorate 

the windowsills of the West House. These were placed in an area that defines the 

boundary between the interior and the open public space outside the building. As 
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already mentioned the form of the latter is not yet very clear to us, but it cannot 

be precluded that this painting would have been visible from the public street 

network64 (cf. Palyvou 2005a, p.169). 

On the other hand, the distribution of the painted scenes in Beta 1 does 

not show a similar intention for the exposure of the paintings to those traversing 

the Mill House Square. The Antelopes of the east wall could have been partly 

viewed from the square, but it is usually the theme of the Boxing Boys, 

representing human figures, which is considered to carry greater symbolic 

significance (cf. Marinatos 1971b, p.47). This was visible only from a limited 

number of locations in the Mill House Square and, although it could have been 

encountered by pedestrians on certain occasions (cf. Chapter 6), there is no 

evidence to suggest that this was intentional. It is obvious that in this case the 

choice of theme was largely affected by the size of available pictorial space, as 

the subject of the Antelopes was suitable for the longer walls of the room, while 

the Boxing Boys were more appropriate for the much narrower north wall. 

The above support the idea that there were a number of criteria that led to 

the determination of decorated areas. The availability of the painted surface for 

the depiction of the desired theme is one such factor. Another would be the uses 

of decorated spaces. According to the existing evidence, wall-paintings in public 

buildings, e.g. Xeste 3 and Xeste 4, were not likely to be visible from outside the 

buildings (Doumas 2005), implying the paintings were meant to be seen only by 

those who were permitted into the decorated rooms. Also the wall paintings at 

the House of the Ladies and Room Delta 2 could not have been viewed from 

outdoor spaces, and apparently this was not necessary for the fulfilment of the 

special functions of these rooms. Taking into account the variety of represented 

themes, the diversity of archaeological contexts related to the painted rooms and 

the many modes in which the murals were received, it makes sense to suggest 

that in Akrotiri wall paintings were created to serve a range of different 

functions. 

One could argue therefore that in some cases the visibility of the 

paintings from the street network was desirable and intentional, and not merely 

an epiphenomenon, yet it would not have always determined the choice of 

64 The paintings might have been partially hidden by the horizontal beam of a window lattice. 
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decorated areas. Nonetheless, intentional or not, even the momentary visual 

exposure of murals to pedestrians traversing the street network could have 

evoked messages of power and prestige, inducing the idea that wall painting was 

a desired art form. These conditions could have generally encouraged an 

investment in mural decoration, which probably served a variety of functions 

(ritual, decorative, etc.), even when the visibility of the paintings from the street 

network was not necessary, desirable or possible. 

The above attempt to explain the consumption and wide diffusion of 

mural decoration in the houses of Akrotiri was inevitably based on the 

examination of a relatively small number of murals in relation to the great 

amount of painted fragments that have been unearthed in the settlement. The 

restoration of the pictorial compositions in the coming years is necessary for a 

better understanding of the spatial associations of Theran murals, and of the 

modes in which they were consumed. And luckily, the prehistoric town is still 

protected to its greater extent by a mantle of volcanic materials, whose removal 

in the future promises to bring to light new evidence regarding the presence or 

absence of painted rooms in the prehistoric town, further illuminating the social 

functions of the paintings within the Late Bronze Age society. 

7.3 Future directions of research 
The methodologies that were suggested in this thesis are promising, and 

their application in the built environment of Akrotiri showed they have the 

potential to enhance archaeological interpretations both conceptually and 

methodologically. That said, the case studies examined here should be seen, as a 

starting point for continuing research. Visibility analysis was used in this thesis 

to examine aspects of the visual experience within a prehistoric built 

environment that was preserved in an exceptional condition. Following the 

progress of excavation and conservation at Akrotiri the same methodology could 

be applied to new archaeological contexts in the future. In the light of new 

evidence it would be interesting to investigate, for example, whether there is any 

relationship between the quality of execution and the visibility of the paintings 

from the town's streets and squares, or whether figural themes were generally 

more likely to be exposed to the viewer in open public spaces, as opposed to non­

figural paintings. The use of a similar approach in other Aegean prehistoric 
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settlements entails difficulties, as evidence on both architecture and mural 

decoration is very fragmentary. Nonetheless, it is anticipated the suggested 

methodologies have the potential to prompt new research questions in a variety 

of other historic and prehistoric contexts. 

An area that is likely to benefit from the application and further 

development of these approaches is the archaeology of buildings. Visibility 

analysis could be used to investigate human experience in built environments 

that are partially preserved or still extant. For example, it can help examine social 

and symbolic aspects of Mesoamerican built structures, such as large ceremonial 

complexes, pyramids and towns. In this case interesting research questions could 

be pursued for instance, how much of the fayades of a building or other symbolic 

features could be seen from the surrounding built and natural environment. This 

line of enquiry could shed light onto the modes in which territories and 

boundaries were demarcated in these spaces, and the ways in which political 

power and group identities were manifested through the use of visual symbols. 

Moreover, the application of visibility analysis to extant buildings could 

be valuable, as the results of the analysis can be assessed and discussed by 

considering human engagement with real environments. In that case a 

quantitative analytical approach can be combined with qualitative statements 

regarding the experience of these sites. Empirical observations in actual space 

could also help to better understand and describe certain parameters that affect 

visibility in natural and built environment, which could be taken into account 

while performing the analysis; for instance, they could facilitate the identification 

of visual ranges or distances in which the visual perception of an object changes 

significantly (cf. Chapter 3). 

A potentially exciting research direction would be the integration of 

visibility and acoustic mapping; acoustic data derived from extant historic 

buildings can be visualised as scalar fields, similarly to visual data (Durvilli et al 

2007; Knight and Tronchin 2008). The integration of visual and acoustic datasets 

could allow new heuristics to be developed that take into account the synergistic 

relationship between the senses, and meet better the demands of contemporary 

archaeological theory (Hamilakis et at. 2002). One way these data can be 

combined is through data fusion methods (data sum, Boolean intersection) 

performed with a GIS. 
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Another interesting area of research could be the incorporation of 

vegetation information in viewshed calculations performed in digital landscapes, 

as originally suggested by GroB (1991) and Bishop (2003). In recent years 3D 

modelling software has become more effective in rendering vegetation and the 

topography of the terrain. The accurate representation of topographic features is 

an issue that needs to be considered in this case, however the effects of errors in 

topography or lack of knowledge regarding palaeo-vegetation could be 

considered with the application of uncertainty methods similar to those proposed 

in Chapter 3. Visibility analysis that takes into account the occlusive effects of 

vegetation in a fully 3D environment could be an alternative to GIS-based 

analyses suggested by Dean (1997) and Llobera (2007 ). The benefit of this 

approach is that the visual structure of buildings in the natural environment could 

be more precisely represented and analysed. Moreover, the effects of other 

factors that influence visibility in landscapes, such as atmospheric conditions or 

natural illumination, could be modelled and formally investigated. 

The above suggestions for future work involve the visibility analysis 

methods that were proposed and applied in this thesis. Agent-based modelling in 

built spaces could also provide fertile ground for new developments. Depending 

on the research interests and the suitability of archaeological datasets that are 

available in each case various aspects of movement in populated past spaces 

could be illuminated. Most ABM applications in archaeological built spaces have 

been used up to now for intra-building analysis, nonetheless agents with 

advanced cognitive abilities that are able to make route choices in a known urban 

network could be used to facilitate hypotheses regarding movement and mobility 

patterns in past settlements. Such analysis could lead to the identification of 

certain social factors that determined the formation of urban spaces and shed 

light upon dynamic processes that shaped the archaeological record. 

Another possibly interesting research direction is to explore how agent­

based models could further contribute to a more theoretically informed modelling 

of the behaviour and interactions of virtual people in populated 3D 

reconstructions of past environments. The strength of using ABM for this kind of 

modelling lies in the fact that the trajectories and pace of movement of avatars in 

a 3D model would be informed by certain physical (e.g. obstacle avoidance) and 

social factors (pedestrian interaction) that influence locomotion, and assumptions 
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that are made explicit, rather than be determined by the modeller's arbitrary 

decisions. Direct impressions of the experience of a mobile individual in the 3D 

digital environment could then be derived by animating cameras at the eye level 

of virtual people along the agents' paths. 

The research methodology of this work has greatly benefited from 

drawing upon theoretical frameworks and scientific practice that have long since 

been developed in the fields of geography and urban studies. It was found that 

such frameworks can greatly enrich the theoretical basis and research rigour of 

3D visualisations of past environments. On the other hand, it is anticipated that 

visibility analysis methods that were introduced in this thesis could prove useful 

analytical tools for research within the fields of geography and urbanism. Besides 

encouraging the already discussed directions in landscape research, the 

methodology proposed in this thesis could be utilised to describe the visual 

characteristics of fully 3D built spaces, potentially permitting the analysis of 

isovists in three dimensions, as originally envisaged by Benedikt (1979). It is 

hoped that in the future this work will be further developed towards this 

direction, encouraging multi-disciplinary research on the ways humans engage 

with their environment. 
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Plates 

Plate I . The fisherman 
of north wall (room 5, 
West House). From the 
excavation archive. 

excavation archive. 

Plate 2. The 'Priestess' 
(room 5, West House). 
From the excavation 
archive. 

Plate 5. Marble imitation (room 5, West House). From the 
excavation archive. 

Plate 6. Reconstruction of Room 5 (West house)- view 
of the west wall (Paliou 2002). 

Plate 3. Ship cabin (room 4, West House). 
From the excavation archive. 

-----, .... ~ 

Plate 7. Reconstruction of Room 5 (West house)- view 
of the south wall (Paliou 2002). 
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Plate 8. The males ofthe south 
corridor. (Xeste 3, ground floor, 
Room 3b). From the excavation 
archive. 

Plate 9. The man with the jug 
(Xeste 3, ground floor, Room 3b, west wall). 
From the excavation archive. 

Plate J J. The location of the man with the jug and the 
young male with the bowl (Xeste 3, Room 3b, ground 
floor). By Clairy Palyvou (Palyvou 2005, fig.245) 

Plate J O. The male figure of 
the north corridor (Xeste 
Room 3b, ground floor). 
From the excavation archive. 

Plate 12. The altar of the east wall 
(from Boulotis 2005, p.29) 

Plate J 3. The wall painting of the Adorants (Xeste 3, Room 3a, ground floor, north wall). 
From the excavation archive. 
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Plate 14. The Goddess (Xeste 3, ftrst floor, Room 3a, north wall). From 
the excavation archive. Plate 15. Crocus Gatherer 

(Xeste 3, ftrst floor, Room 3a, 
north wall). From the 
excavation archive. 

Plate 16. The Crocus Gatherers of the east wall (Xeste 3, 
ftrst floor, Room 3a). From the excavation archive. 
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Plate 17 .The Spring fresco as displayed in 
the National Museum of Athens (sector D, 
room 2). From the excavation archive. 



Plate 18. The boxing boys. From 
the excavation archive. 

Plate 19. The Antelopes of the west wall of Beta 
I. From the excavation archive. 

Plate 20. Details of the monkeys 
(Room Beta 6). From the excavation 
archive. 
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Appendix I: Scripts 

I. Script: animate_light.ms 

Description 
This script, written in MaxScript, automates the process of visibility recording in a 3D 
environment created in 3dsMax. It animates a light source through a specified 
sequence of locations whose coordinates are listed in a text file. After the keys of the 
animation have been defined, the Render to Texture function in 3dsMax extracts the 
texture of the target object with information on illumination (visibility) for all keys 
(viewpoint locations) of the animation. Each animation frame then contains 
information on visible (illuminated) and non-visible (shadowed) areas of the target 
object from a specified viewpoint location. 

Code listing 
# ---------------------------------------------------------------------------
# animate _light.ms 
# Description: Animates a light source through a specified sequence of locations 
# whose coordinates are listed in a text file 
# Requirements: 3ds Max, Version 8-
# Author: Eleftheria Paliou, University of Southampton, UK 
# Date: 25/10/2006 
# ---------------------------------------------------------------------------

1= $Omni01 
fs = openFile "E:\\xyz.txt" 
seek fs #eof 
numbervalues = (filePos fs)113 
N = (numbervalues - 1) 
fs = openFile "E:\\xyz.txt" 

# Select the light source 
# Open text-file with viewpoint coordinates 

# Find the number of lines in the file (number 
# of viewpoint coordinates) 

while NOT eoffs do # Loop: If you have not reached the end of file 
(animate on # move the light source to the next viewpoint 

) 
) 

(for i= 0 to N do # location 
(at time i l.pos = readvalue fs) 
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II. Script: binary_viewshed 

Description 
The creation of 'times seen' requires that textures with information on illumination 
(visibility) are converted into binary viewsheds in which illuminated areas are given 
the value of 1 and non-illuminated areas the value of o. This script, written in Python, 
generates a batch process in which the input data files are textures maps stored in a 
single directory and the outputs are binary view sheds corresponding to the input 
texture maps. Binary viewsheds are stored in a second (output) directory. 

Code Iisti ng 

1\1 ---------------------------------------------------------------------------
1\1 binary _ viewshed.py 
1\1 Description: Lists textures maps that are stored in a specified directory, and 
1\1 reclassifies illuminated and shadowed areas in each map to convert it to a binary 
1\1 viewshed. All binary viewsheds are stored in a second 
1\1 specified directory 
1\1 Requirements: Spatial Analyst license, ArcGIS 9.2 
1\1 Author: Eleftheria Paliou, University of Southampton, UK 
1\1 Date: 13/1112006 
1\1 ---------------------------------------------------------------------------

1\1 Import system modules 
import sys, string, os, arcgisscripting 

1\1 Create the Geoprocessor object 
gp = arcgisscripting.createO 

1\1 Obtain the parameters 
InWorkspace = sys.argv[l] 
OutWorkspace = sys.argv[2] 

1\IDirectory with texture maps 
1\IDirectory for the output viewsheds 

1\1 Check out any necessary licenses 
gp. CheckOutExtension(" Spatial ") 

1\1 Load required toolboxes ... 
gp.AddToolbox("C:lProgram Filesl ArcGISI ArcToolbox/Toolboxes/Spatial Analyst 
Tools.tbx") 

1\1 Useful functions: Identify the rasterID value from the filename 
1\1 
def get_id_from_filename (stemlength, filename): 

cPos = stemlength 
rasterID = "" 

while len(filename) > cPos: 
rasterID = rasterID + filename [ cPos] 
cPos = cPos + 1 
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return rasterID 

# Main Program 
# 
# Set the workspace. List all of the .tiffiles 
gpo Workspace = In Workspace 
rasters = gp. ListRasters("texture*" ," . tif') 

# Reset the enumeration to make sure the first object is returned 
rasters.ResetO 

# Get the Rasters' name 
raster = rasters.NextO 

print ("") 
while raster: # While the raster name is not empty 

#Get hold of the current rasterID value from the filename 
rasterID = get_id_from_filename (7, raster) 

#Get full filename of raster file 
RasterfileName = In Workspace+"\\texture"+str(rasterID) 

#Set up output filenames 
OutRasterName = OutWorkspace+"\\Rec_text"+str(rasterID) 

#Process: Reclassify the raster 
gp.Reclassify_sa(RasterfileName, "Value", "0 0;0255 1 ", OutRasterName, 

"DATA") 

raster = rasters.NextO 
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III. Script: cumulative_viewshed 

Description 
This script generates a 'times seen' using a set of individual binary viewsheds. The 
script, written in Python, sums up binary viewsheds that are saved in an input 
directory one by one. The outputs are stored in a second directory. The last output 
saved after the script is finished is the sum of all viewsheds stored in the input 
directory, namely the 'times seen' for the specified set of viewpoints. 

Code listing 

#---------------------------------------------------------------------------
# cumulative _ viewshed.py 
# Description: Sums up individual binary viewsheds that are saved in a single 
# directory one by one. The outputs are stored in a second directory. The last output 
# saved after the script is finished is the sum of all viesheds stores in the input 
# directory. 
# Requirements: Spatial Analyst license, ArcGIS 9.2 
# Author: Eleftheria Paliou, University of Southampton, UK 
# Date: 18/1112006 
# ---------------------------------------------------------------------------

# Import system modules 
import sys, string, os, arcgisscripting 

# Create the Geoprocessor object 
gp = arcgisscripting.createO 

# Obtain the parameters 
InWorkspace = sys.argv[l] 
OutWorkspace = sys.argv[2] 

#Directory for input rasters 
#Directory for output rasters 

# Check out any necessary licenses 
gp. CheckOutExtension(" Spatial ") 

# Load required toolboxes ... 
gp.AddToolbox("C:lProgram Filesl ArcGISI ArcToolbox/Toolboxes/Spatial Analyst 
Tools.tbx") 

# Useful functions: Identify the rasterID value from the filename 
#===================== 

def get_id _from_filename (stemlength, filename): 
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cPos = stemlength 
raster ID = "" 
while len(filename) > cPos: 

rasterID = rasterID + filename[cPos] 
cPos = cPos + 1 

return rasterID 

# Main Program 
# 
# Set the workspace. List all of the .tiffiles 
gp.Workspace = InWorkspace 
rasters = gp.ListRasters("Rec_text*", ".tir') . 

# Reset the enumeration to make sure the first object is returned 
rasters. ResetO 

# Get the first raster name 
raster = rasters.NextO 

print ("") 

OutNum= 1 
while raster: # While the raster name is not empty 

#Get hold of the current rasterID value from the filename 
rasterID = get_id_from_filename (8, raster) 

#Get full filename of raster file 
RasterfileName = InWorkspace+"\\Rec_text"+ str(rasterID) +".tir' 

#Set the name of the output rasters,and the map algebra expression. 
Outputmap= OutWorkspace+ "\\cum_text" + str(OutNum) 
Expression= Outputmap + "+" +RasterfileName 
NewOutput= OutWorkspace+"\\cum_text" + str(OutNum+l) 

#Process: Add raster 
gp. SingleOutputMapAlgebra _ sa(Expression, N ewOutput, "") 
OutNum = OutNum + 1 
raster = rasters.NextO 

gp.AddMessage("All Done") 
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IV. Script: feature_visibility 

Description 
In some cases the visual exposure of individual pictorial elements from a given space 

is of interest. As pictorial elements are 2D entities, their outlines can be digitised and 
projected onto a raster representing the painted wall surface for which visibility 
information has been acquired. In an ArcGIS environment these outlines are described 
by polylines that can be converted into a raster using Spatial Analyst. This raster can 
then be multiplied by binary viewsheds of the wall surface with the use of map 
algebra operations. The result will be a binary raster whose cells are either 1 or 0 
corresponding to the visible and non-visible parts of the painted feature respectively. 
The feature_visibility script, written in Python, generates a batch process that 
automates the above procedure. It multiplies each binary viewshed from a set 
viewsheds stored in the same input directory by the raster representing the painted 
feature(s) of interest. Outputs are stored in a separate directory. 

Code listing 
ff---------------------------------------------------------------------------
ff feature _ visibility.py 
ff Description: Multiplies each binary viewshed from a set of view sheds stored in a 
ff single directory with a raster whose values represent the painted feature(s) of 
ff interest. Outputs are stored in a separate directory. 
ff Requirements: Spatial Analyst license, ArcGIS 9.2 
ff Author: Eleftheria Paliou, University of Southampton, UK 
ff Date: 23/1112006 
ff ---------------------------------------------------------------------------

ff Import system modules 
import sys, string, os, arcgisscripting 

ff Create the Geoprocessor object 
gp = arcgisscripting.createO 

ff Obtain the parameters 
InWorkspace = sys.argv[l] ff Directory in which the viesheds are stored 
OutWorkspace = sys.argv[2] ff Directory for the outputs 
Figuregrid = sys.argv[3] ff Raster representing the painted feature(s) of interest 

ff Check out any necessary licenses 
gp. CheckOutExtension(" Spatial ") 

ff Load required toolboxes ... 
gp.AddToolbox("C:lProgram Filesl ArcGISI ArcToolbox/Toolboxes/Spatial Analyst 
Tools.tbx") 

ff Useful functions: Identify the rasterID value from the filename 
ff=================== 
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def get_id _from_filename ( stemlength, filename): 
cPos = stemlength 
raster ID = "" 
while len(filename) > cPos: 

rasterID = rasterID + filename[ cPos] 
cPos = cPos + 1 

return raster ID 

# Main Program 
# 
# Set the workspace. List all of the .tiffiles 
gp.Workspace = InWorkspace 
rasters = gp.ListRasters("Rec _ text*", ".tif') 

# Reset the enumeration to make sure the first object is returned 
rasters.ResetO 

# Get the first raster name 
raster = rasters.NextO 

print ("") 

while raster: # While the raster name is not empty 

#Get hold of the current rasterID value from the filename 
rasterID = get_id_from_filename (8, raster) 

#Get full filename of raster file 

RasterfileName = InWorkspace+"\\Rec_text"+ str(rasterID) +".tif' 
Expression= Figuregrid + "*,, +RasterfileName 
OutRaster= OutWorkspace+"\\Feat_ Vis" + str(rasterID) 

#Process: Add raster 
gp. SingleOutputMapAlgebra _ sa(Expression, OutRaster, "") 

raster = rasters.NextO 
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V. Script: extract_tables 

Description 
Mapping the visibility values back onto the study area could pennit the identification 
of meaningful spatial patterning in the data. A visibility parameter that can be mapped 
onto space is the area visible of a feature of interest (e.g. entire wall surface or 
individual pictorial element). Infonnation regarding the visible area of the target 
feature from a given viewpoint is stored in the Count field of the table of the binary 
viewshed calculated from that viewpoint. In order to map this kind of infonnation 
upon all viewpoint locations in the study area, the values in the Count field for each 
binary viewshed created must be extracted and stored in a single table. This table can 
then be joined to the table of the point features representing the viewpoint locations. 
This process can be automated with the use of two scripts, extract_tables and 
extract_count. Extract_tables extracts the table of each binary viewshed from a set of 
viewsheds stored in the same input directory. It saves the tables in a defined output 
directory. 

Code I isti ng 

j\i ---------------------------------------------------------------------------
j\i extract_tables.py 
j\i Description: Extracts the table of each raster from a set of rasters stored in a single 
j\i directory. It saves the tables in a second defined directory. 
j\i Requirements: Spatial Analyst license, ArcGIS 9.2 
j\i Author: Eleftheria Paliou, University of Southampton, UK 
j\i Date: 25111/2006 
j\i ---------------------------------------------------------------------------

j\i Import system modules 
import sys, string, os, arcgisscripting 

j\i Create the Geoprocessor object 
gp = arcgisscripting.createO 

j\i Obtain the parameters 
InWorkspace = sys.argv[l] 
OutWorkspace = sys.argv[2] 

j\i Directory of the input rasters 
j\i Directory ofthe outputs (tables) 

j\i Check out any necessary licenses 
gp. CheckOutExtension(" Spatial ") 

j\i Load required toolboxes ... 
gp.AddToolbox("C:lProgram Filesl ArcGISI ArcToolbox/Toolboxes/Spatial Analyst 
Tools.tbx") 

j\i Useful functions: Identify the rasterID value from the filename 
"#== 
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def get_id_from_filename (stemlength, filename): 
cPos = stemlength 
rasterID = "" 
while len(filename) > cPos: 

rasterID = rasterID + filename[ cPos] 
cPos = cPos + I 

return rasterID 

# Main Program 
# 
# Set the workspace. List all of the .tiffiles 
gp.Workspace = InWorkspace 
rasters = gp.ListRasters("Feat_ Vis*", ".tif') 

# Reset the enumeration to make sure the first object is returned 
rasters.ResetO 

# Get the first raster name 
raster = rasters.NextO 

print ("") 

while raster: # While the raster name is not empty 

#Get hold of the current rasterID value from the filename 
rasterID = get_id_from_filename (8, raster) 

#Get full filename of raster file 

RasterfileName = InWorkspace+"\\Feat_ Vis"+ str(rasterID) +".tif' 

#Set the output tables path and name 
OutTable= OutWorkspace+"\\Table" + str(rasterID) 

#Process: Add raster 
gp.ZonalStatisticsAsTable _ sa(RasterfileN arne, "Value", RasterfileN ame, OutTable, 

"DATA") 

raster = rasters.NextO 
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VI. Script extract_count 

Description 
This script, \witten in Python, is the second stage of the process for mapping visibility 
data back onto the study area. It uses as input the outputs of the ext Tact_table script. It 
extracts the values in the Count field from each table, and inputs all the count values 
in a single new table. The new table can then be joined to the table of the point 
features representing the viewpoint locations. In this way information on the visible 
area ofthe target object becomes a mappable attribute of the point features. 

Code listing 
j\f ---------------------------------------------------------------------------
j\f extract_ count.py 
j\f Description: Extracts the values stored in the Count field of each table from a set of 
j\f tables in a single directory and stores all the count values in a single new 
j\f table. 
j\f Requirements: Spatial Analyst license, ArcGIS 9.1 
j\f Author: Eleftheria Paliou, University of Southampton, UK 
j\f Date: 2811112006 
j\f ---------------------------------------------------------------------------

j\f Import system modules 
import sys, string, os, win32com.c1ient 

j\f Create the Geoprocessor object 
gp = win32com.c1ient.Dispatch("esriGeoprocessing.GpDispatch.1 ") 

j\f Obtain the parameters 
Workspace = sys.argv[l] j\f Directory for input and output 

j\f Useful functions: Identify the table ID from the filename 
j\f 

def get_id_from_filename (stemlength, filename): 
cPos = stemlength 
tableID = 1111 

while len(filename) > cPos: 
tableID = tableID + filename[ cPos] 
cPos = cPos + 1 

return tableID 

j\f Main Program 
j\f 

j\f Set the workspace. 
gp.Workspace = Workspace 
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#Create a new table and add fields. The table created in this case stores the count 
value for three different features/classes (Featl, Feat2, Feat3) that form three seperate 
rows in each of the input tables. 

try: 
gp.CreateTable(Workspace, "pointvis") 
gp.addField ("pointvis.dbf', "pointID", "long") 
gp.addField ("pointvis.dbf', "No Vis", "long") 
gp.addFie1d ("pointvis.dbf',"Featl ","long") 
gp.addField ("pointvis.dbf',"Feat2","long") 
gp.addField ("pointvis.dbf', "F eat3", "long") 

except: 
#If an error occurred while running a tool print the messages 
print gp.GetMessagesO 

#List all the tables in the workspace 

tables = gp.ListTables("Table*") 

# Reset the enumeration to make sure the first object is returned 
tables.ResetO 

# Get the first raster name 
table = tables.NextO 

print ("") 

while table: # While the table name is not empty 

#Get hold of the current tableID value from the filename 
tableID = get_id_from_filename (5, table) 

# Open insert cursor on the new table 
tJow = gp.InsertCursor(Workspace+ "\\pointvis.dbf') 
tnew _row = t_row.NewRowO 

# Create a search cursor on the table 
rJow = gp.SearchCursor(table) 
rnextJow = r_row.NextO 

while rnext row <> None: 

# Create a new row for the new table and set the "pointID" to be the 
# same as the raster ID and set the "NoVis", "Featl", "Feat2","Feat3" values to the 
# correwspondig counts in the raster table. 
# Values are returned using the field name as property of the row object 
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tnewJow.pointID = int(tableID[:-4]) 
ifmext fow.Value = 0: 

tnew row.NoVis = mext row.Count - -
elifmext row.Value = 2: 

tnew row.Featl = mext row.Count - -
elifmext row. Value = 3: 

tnew row.Feat2 = mext row. Count 
elifmext row.Value = 4: 

tnew row.Feat3 = mext row.Count - -

mextJow = fJow.NextO 

# Insert the row into the new table 
t_row.InsertRow(tnew JOw) 

table = tables.NextO 
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Appendix II: Data sources 

This Appendix contains some of the data sources used for the architectural 
reconstructions that are discussed in Chapters 4 and 5, and are not included in the 
main text of the thesis. 
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Plan 1: Room 3, Xeste 3. Plan of the ground floor (By Clairy Palyvou). From the 
excavation archive. 
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Plan 2, Room 3, Xeste 3. Plan of the first floor (by Clairy Palyvou). From the 
excavation archive. 
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Plan 3. Section of Rooms 4 and 2 (Z-Z). (by Clairy Palyvou). From the excavation 
archive. 
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Plan 5. The pier-and-window partition of the West House, north wall. By Clairy 
Palyvou (1999, fig.39). 
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