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This article examines the relationship between rock art landscapes and perception. It pays par-
ticular attention to vision and hearing, the two key senses for landscape awareness. Given the
importance of scale in the study of rock art landscapes, a distinction is made between the ad-
jacent landscape and the broader territorial scale. Several methodological improvements are
suggested, including the importance of clipping viewsheds in GIS analysis and measuring di-
rectionality instead of orientation of the rock art shelters. In our case-study we explore the rock
art landscape of the AlicanteMountains (northeastern Spain) during theNeolithic period (ca. 5600
to 2800 cal bc). A new interpretation of how the cognitive and symbolic behavior of communities
changed over time is offered. We argue that the analysis of perception in rock art landscapes can
provide novel ways of understanding communities’ distinctive appropriation of their landscapes,
linking both the tangible and intangible aspects of their culture.
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In the past thirty years, the field of rock art study has increasingly turned its attention
to aspects beyond iconography and chronology, the two main traditional concerns on
which experts had previously focused. Building on these concerns, in the 1980s scholars
became interested in the analysis of rock art landscapes (Deacon 1988; Hood 1988;
Sognnes 1987) and this was very soon complemented by a concern for the visual aspect
of rock art landscapes. This focused on the relationship between visibility and audience,
and the existence of an apparently consistent connection between extensive views and
the most complex panels (Bradley 1991, 1997; Hartley 1992). However, the impor-
tance given to visibility in rock art landscapes contrasted with the scant attention paid
to all the other human senses, reflecting a bias toward sight as a consequence of the
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Western belief that humans are primarily visual beings (Classen 1993; Ingold 2000:
243–87). Nevertheless, in recent years a parallel line of research onmusical instruments
(e.g., conferences organized by the ICTM Study Group on Music Archaeology; see
Hickmann and Hughes 1988; Lawson 1983; Lund 1986) included studies of prehis-
toric musical instruments—for the period dealt with in this article, mainly wind and
percussion instruments, presumably in addition to vocal music—and soundscapes. Re-
garding audibility and vision wewould like to stress recent research highlighting the role
of hearing as the best counterpart of vision for creating spatial awareness (Letowski and
Letowski 2012) and, in particular, for accomplishing localization tasks (Blesser and Salter
2007; Kells 2001; Neuhoff 2011).

Taking into account the new proposals regarding the importance of hearing for
visual perception, in this article we analyze both audibility and visibility in rock art
landscapes. We differentiate between what we call the adjacent landscape—an area
within 1,150 m of the rock art site, or the Higuchi medium-distance threshold (see
below)—and the broader territorial scale. With this distinction we implement Chip-
pindale’s (2004) suggestion regarding the importance of scale in the study of rock
art landscapes. Distinct methodologies are used for each scale of analysis. In the adja-
cent landscape, where visibility does not represent a problem, we use the method de-
veloped by the team in earlier projects looking at the relationship between the rock art
location and the presence of acoustic effects, such as echo and reverberation. For the
study of the wider landscapes, GIS is employed. GIS has been used to examine the
connection between visibility and rock art landscapes (Fairén 2007:293; Gaffney et al.
1995; Hartley and Vawser 1998; Mattioli 2008; Robinson 2010; Señorán Martín
et al. 2014), but we are the first to use it to correlate rock art, landscape, and audibility.
GIS also allows us to test whether the directionality of the view and hearing were factors
the rock art artists considered to be relevant.

The aim of this article is to examine the importance of audibility and visibility for
the perception of rock art landscapes, thus linking tangible archaeological aspects—
landscape and rock art—with intangible elements such as vision and hearing. Instead
of taking the landscape as a whole, our distinction between adjacent and wider areas
reveals nuances that have thus far not been adequately dealt with in rock art studies.

The study area is the rock art landscape of the Alicante Mountains. This unique
area contains three different post-Paleolithic rock art styles—Macroschematic (M),
Levantine (L), and Schematic (S)—all of which were in existence during the Neolithic
period (Martí Oliver and Juan-Cabanilles 2014). This enables us to compare them in
the search for patterns.

THE STUDY AREA: ROCK ART LANDSCAPES
IN THE ALICANTE MOUNTAINS

The Mediterranean coast of the Iberian Peninsula runs NNE-SSW, with a marked
protuberance (Cabo de la Nao) in the northern part of Alicante province. It is created
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by a series of SW-NE mountain ranges that disappear into the sea in the direction of
the Balearic Islands. In this region rock art researchers have discovered a large num-
ber of sites with motifs that have been classified as belonging to three different rock
art styles (Figure 1). The presence of the Levantine and Schematic has been known
for many decades (Breuil 1933–1935 [4]:67–69; Jiménez de Cisneros 1922; Ponsell
Cortés 1952; Visedo Moltó 1959), but the discovery of the Macroschematic rock art
tradition only occurred in the late 1970s (Hernández Pérez and Centre d’Estudis
Contestans 1982). Despite much searching, this unique style has only been found in
a limited area in the mountain ranges of Alicante, with a buffer zone in which a few
motifs may be related (Hernández Pérez 2009:68). This limited extent of the Macro-
schematic style clearly contrasts with those of Levantine art, which can be found over
a wide area parallel to theMediterranean coast, and Schematic art, which is found across
most of the Iberian Peninsula and in southern France and Italy (de Marinis 2012;
Hameau 2002; Mattioli 2007). A recent inventory of rock art sites in Alicante province
identified 128 painted rock art sites (Hernández Pérez et al. 2014) (Figure 2). Most
(105, or 82%of the total number of sites) only have one style—Macroschematic (10 sites),
Levantine (17 sites), or Schematic (78 sites). In contrast, 23 sites (18%) have two or
three styles: Macroschematic and Schematic (MS) (6 sites), Macroschematic and Le-
vantine (ML) (2 sites), Levantine and Schematic (LS) (12 sites), and all three styles
(MLS) (3 sites) (Table 1).

Macroschematic art is characterized by large, schematic motifs up to a meter high
(Figure 3A). They represent anthropomorphs with raised arms, normally located in the
center of the shelter; snake-like figures usually formed by a few parallel lines and some-
times surrounded by dots and short lines and other geometric motifs and also finishing

Figure 1. Areas where Macroschematic, Schematic, and Levantine rock art styles are found.
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Figure 2. Map of the Alicante study area showing rock art sites and styles.

Table 1. Number and percentage of sites by style: Macroschematic (M),
Levantine (L), Schematic (S), and combination. All M, All L and

All S indicate the number of sites with M, L, or S motifs,
both in isolation and in combination with other styles.

Style N of sites % of sites

M only 10 7.8

L only 17 13.3

S only 78 60.9

MS 6 4.7

ML 2 1.6

LS 12 9.4

MLS 3 2.3

Total 100.0

All sites with M 21 13.6

All sites with L 34 22.1

All sites with S 99 64.3

Total 100.0



with what look like fingers and other bars; and less easily identifiable geometric forms
(Hernández Pérez andCentre d’EstudisContestans 1982:64–69). Schematic art is com-
posed of smaller, more basic figures of anthropomorphs, animals, geometric motifs
(such as lines, zigzags, dots), and symbols (Martínez García and Hernández Pérez
2013) (Figure 3B). In contrast to the two previous styles, Levantine art has a more nat-
uralistic and narrative nature (Figure 3C). The size of motifs varies, but in our area the
figures are typically less than 10 cm in height and depict humans and animals, often in
scenes. Most of these motifs are found in larger panels with one or more scenes, often
depicting actions such as running, hunting, and warfare (García Arranz, Collado, and
Nash 2012).

The chronology of these artistic manifestations has been the focus of fierce debate,
partly because there are opposing views regarding the Neolithization process on the
Iberian Peninsula (Cruz Berrocal and Vicent García 2007; McClure et al. 2008).
Macroschematic rock art has been dated to the early Neolithic, mainly because of

Figure 3. Rock art motifs in the Alicante study area: (A) Macroschematic, (B) Schematic,
and (C) Levantine motifs.
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the similarities of some of its motifs to those impressed on the Neolithic cardial pottery
found in caves such as Cova de l’Or and Cova de la Sarsa (García Borja and López-
Montalvo 2011; Martí Oliver and Hernández 1988:51–85). The earliest cardial pot-
tery found in the area dates from ca. 5600 cal bc and was in use for 400 years until
ca. 5200 cal bc, when the style gradually changed into the so-called Epicardial (García
Atienzar 2010:44–45). Superimpositions show that Macroschematic motifs are always
beneath either Schematic or Levantine motifs (Martí Oliver and Hernández 1988:51–
85). It is thought that the Schematic tradition also originated in the earliest Neolithic
but continued into the Chalcolithic and even later (Martínez García and Hernández
Pérez 2013). Absolute radiocarbon dates have been obtained for the layer of calcium
oxalates beneath and above some of the schematic paintings in the Abrigo de los Ocul-
ados rock shelter, producing a terminus ante quem date of 3520–3370 cal bc (1r) and a
terminus post quem date of 890–595 cal bc (1r) (Ruiz López 2012: Table 4). Regard-
ing Levantine art, most believe it has a Neolithic affiliation (Guillem Calatayud et al.
2011; Hernández Pérez 2009; Martí Oliver 2008), although some researchers have
claimed that its origin may be in the final stages of the Upper Paleolithic (Viñas et al.
2010). However, superimpositions in our area seem to indicate that this was not the
case, at least in the montane area of Alicante. Absolute radiocarbon dates have been
obtained for the layer of calcium oxalate covering some paintings at the Marmalo III
rock art site: 5890–5770 cal bc (1r) (Ruiz López 2012: Table 4, although see Mas
et al. 2012). Another radiocarbon date has been reported for the Cueva del TíoModesto
site (5230–5010 cal bc), with both Levantine and Schematic motifs, plus some wavy
parallel lines that have been compared with the serpent-like motifs of the Macro-
schematic style (Ruiz López et al. 2006). In summary, unless a future analysis of the
microstratigraphic superposition of painting layers proves to the contrary, in the moun-
tains of Alicante there is a general consensus that the earliest paintedmotifs wereMacro-
schematic, followed by both Schematic and Levantine, all of them dating to the Neo-
lithic period (ca. 5600 to 2800 cal bc). This means that, at least for a period of time,
both Schematic and Levantine rock art styles were produced in the same area.

TESTING THE SONORITY OF THE LANDSCAPE
ADJACENT TO ROCK ART SHELTERS

The first phase of our study of the acoustics in the Alicante Mountains followed the
method we had previously developed to analyze other rock art areas in Spain and first
tested in the Valltorta Gorge (Castellón Province) (Díaz-Andreu and García Benito
2012). This method is useful for measuring the sonority of the landscape adjacent to
the rock art shelters. The test assesses the importance of echoes and reverberation,
two types of acoustic effect that cannot be measured using GIS, as the tools currently
available are unable to model sound reflections. The fieldwork for this phase, under-
taken in May 2014, was carried out at a selection of rock art sites in the areas of Fa-
morca, Malafí (including the areas of Pla de Petracos, Sorellets, and Covalta), Infern,
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and La Sarga. These areas are characterized by unimpeded visibility, a situation that
may be generally similar to that of the Neolithic, although there was more vegetation
at that time (Carrión et al. 2010). As in our previous work, in order to measure rever-
beration and echoes we used a low-tech device—an M-AUDIOMicroTrack II digital
recorder with a T-shaped stereo electret microphone—which has the advantage of be-
ing efficient and cost-effective. The spectrograms resulting from the recordings in the
field were later analyzed using the free Sonic Visualiser software (sonicvisualiser.org).
The results were converted, in the case of reverberation, into values of between 0 and 2:
0 (fair, no reverberation), 1 (good, meaning short and soft reverberation of one second
duration or less), and 2 (excellent, longer reverberation). The number of echoes was
also recorded and counted using both the device and the software mentioned above,
for comparison with results that had been perceived in the field. In the field, reverber-
ation and echoes were produced by six types of sound impulse in each test location:
repeated clapping; two whistles with tones of C7/C#7 and G7/G#7 played together;
the G7/G#7 whistle played at intervals; male and female voices together using the
“a” sound (as in mat); a solo male voice; and, finally, a solo female voice. However,
in the analysis of the results from other areas in Aragon, Catalonia, and the Valencian
region, where we worked after completing our Alicante fieldwork (Díaz-Andreu and
García Benito 2015), we realized that some of these measurements were largely redun-
dant. For the sake of simplification, therefore, in this article we will only include the
results of the tests of the sounds that, as explained in our previous articles, produced
some of the most significant results: two whistles together and solo male voices for re-
verberation, and clapping for echo (Díaz-Andreu and García Benito 2013:237, 2015:
50–55). As in the previous experiments using this method, two types of tests were car-
ried out. The first attempted tomeasure the sonority of the painted shelters themselves,
in order to compare the values of each of the styles (Figure 4, Table 2). The second
consisted of testing the sonority of the area around the sites and adjacent to them, with
the purpose of checking whether the sections of the landscape with painted sites were
special from an acoustic point of view. Tests were made at the lowest points in the land-
scape next to the rock layer; the shelters were at varying distances, depending on the
landscape, but no more than 300 m away (Table 3).

The first experiment, that carried out in the shelters, generally showed good to ex-
cellent results for all the rock art styles. Excellent and good reverberation values and the
presence of echoes were the norm (Table 2, Figures 5A, 6A). The comparison between
the three styles in terms of what type of sound engendered longer reverberations
showed that two whistles played together was usually the best method for obtaining
higher reverberation values, although the male voice also produced very good results
(Figure 5A). The highest reverberation values for whistles were obtained at Schematic
and Macroschematic rock art sites, rather than at Levantine ones. At Levantine sites,
however, a slightly higher number of echoes was achieved (Figure 6A). The second ex-
periment consisted of tests undertaken in the area adjacent to the shelters, both in front
of the decorated shelters (and, we could add, within their line-of-sight) and between
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them (in areas from which, although this was not our intention, we were unable to see
the rock art shelters) (Figures 5B and C, and 6B). As was the case with the first exper-
iment, the two whistles produced higher reverberation results than the male voices
(Figure 5B). Measurements taken in the area adjacent to the rock art sites generally in-
dicated that Schematic and Macroschematic sites had better acoustic qualities than
Levantine sites, even if the last yielded slightly higher male voice reverberation values
(Figure 5B). Echoes were likely to be present in every test performed in front of the

Table 2. Results of acoustic tests at rock art shelters of the Alicante Mountains.
A: reverberation values for two whistles (0 5 Fair, 1 5 Good, 2 5 Excellent);

B: male voice reverberation values (0 5 Fair, 1 5 Good, 2 5 Excellent);
C: total number of echoes. For style abbreviations see Table 1.

Style

Reverb Values N of Echoes

A B C

Barranc de l’Infern

Conjunto I del Barranc de l’Infern (Abric I) S 2 1 2

Conjunto II del Barranc de l’Infern (Abric I) MS 2 2 1

Conjunto III del Barranc de l’Infern (Abric I) S 2 2 3

Conjunto III del Barranc de l’Infern (Abric II) S 2 2 3

Conjunto IV del Barranc de l’Infern (Abric I) MS 2 2 5

Conjunto IV del Barranc de l’Infern (Abric II) MS 2 2 5

Conjunto V del Barranc de l’Infern S 2 2 2

Conjunto VI del Barranc de l’Infern (Abric I) L 2 2 4

Conjunto VI del Barranc de l’Infern (Abric II) LS 2 2 4

Famorca

Abric V del Barranc de Famorca MS 2 2 3

Abric VI del Barranc de Famorca L 2 2 3

Abric VII del Barranc de Famorca M 2 1 0

La Sarga

Abric I de La Sarga ML 2 1 2

Abric II de La Sarga MLS 2 0 1

Abric III de La Sarga MS 2 2 2

Malafí

Abric I del Pla de Petracos L 2 2 4

Abric III-VIII del Pla de Petracos M 2 2 5

Abric I del Racó de Sorellets ML 1 0 2

Abric II del Racó de Sorellets L 1 1 2

Abric I de Covalta MS 1 1 0

Abric II de Covalta LS 1 1 1
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Table 3. Results of acoustic tests in the immediate vicinity of
rock art and non-rock-art shelters in the Alicante Mountains.
A: reverberation values for two whistles (0 5 Fair, 1 5
Good, 2 5 Excellent); B: male voice reverberation values
(0 5 Fair, 1 5 Good, 2 5 Excellent); C: total number

of echoes. For style abbreviations see Table 1.
For locations see Figure 4.

Test Type

Test number/Site name Style A B C

Barranc de l’Infern

1. (no rock art) 2 2 2

2. Conjunto VI L 2 2 2

3. Conjunto V S 2 2 1

4. (no rock art) 1 1 2

5. Conjunto IV MS 2 1 1

6. Conjunto IV MS 2 1 1

7. (no rock art) 1 1 1

8. Conjunto II MS 1 1 3

9. (no rock art) 1 1 0

10. Conjunto III S 2 1 1

11. (no rock art) 1 2 0

12. Conjunto I S 2 1 0

13. (no rock art) 1 1 1

Famorca

1. Abric VII M 1 1 0

2. Abric VII M 2 1 2

3. (no rock art) 2 1 2

4. (no rock art) 2 1 2

5. (no rock art) 2 1 2

6. Abric V MS 2 1 2

La Sarga

1. (no rock art) 0 0 0

2. (no rock art) 2 1 1

3. La Sarga II MLS 2 1 2

4. La Sarga II MLS 2 1 1

Malafi

1. (no rock art) 1 1 0

2. Pla de Petracos IV-VI M 2 1 2

3. (no rock art) 1 0 0

4. Racó de Sorellets II L 1 1 1



shelters (Figure 6B). Interestingly, the tests carried out in the sections of the valley in
between rock art sites resulted in poorer values (Figures 5C and 6B). In conclusion, the
outcome of the fieldwork acoustic tests in the adjacent area allows us to suggest that a
connection can be established between acoustics and rock art in the Alicante Moun-
tains. Looking at particular styles it can be argued that, although they all gave excellent
results, those obtained fromMacroschematic and Schematic rock art shelters were gen-
erally better than those of Levantine sites. This means that the most effective acoustic
experience took place in Macroschematic and Schematic shelters. The connection be-
tween acoustics and rock art was further reinforced when the results obtained in the sec-
tion of the valleys with no rock art were taken into account, as, although the values were
still good, they were not as good as in the areas with rock art (Table 3).

The fieldwork in this first phase of our analysis only took into account the land-
scape adjacent to rock art shelters and the territory in between, and it focused on mea-
suring the acoustic perception in the area where the sound was produced. The land-
scape in the Alicante Mountains made visibility unproblematic, as all the rock art
sites are visible from the adjacent landscape. However, with the type of tests performed
it was not possible to study the broader territorial scale in which sounds produced in
the rock art shelters were likely to be heard. In order to undertake this analysis, it was
decided to adopt a different approach, namely the use of GIS.

GIS MODELING OF ROCK ART AUDIO-VISUAL
PERCEPTION ON A TERRITORIAL SCALE

The Use of GIS in the Study of Perception in Rock Art Landscapes
The first phase in the analysis of the perception of the adjacent rock art landscapes in
the Alicante Mountains was followed by a second phase dealing with the larger ter-
ritorial scale, which will be described in this section. By larger territorial scale we
mean the soundshed—the wide area in which a sound produced in one location can
be heard before it drops below the environmental noise—and the viewshed. Soundsheds
have been modeled in archaeology with the help of GIS, which allows a raster map to be
produced of the areas affected by sound waves coming from a sound source at a given

Table 3. (Continued )

Test Type

Test number/Site name Style A B C

5. Covalta IV S 1 1 0

6. Covalta I MS 1 1 1

7. Covalta II LS

8. Covalta II-III LS 1 1 2

Table 3 (Continued )

Test Type

Test number/Site name Style A B C

5. Covalta IV S 1 1 0

6. Covalta I MS 1 1 1

7. Covalta II LS

8. Covalta II-III LS 1 1 2

9. (no rock art) 1 0 0
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point in the landscape (Demers 2009:282). The increasing amount of scholarly litera-
ture on archaeological soundscapes has focused on a diverse range of topics, although
prior to this article rock art was not included on the list. Constantidinis (2004), for ex-
ample, investigated the way in which people at Mycenaean sites communicated with
each other and their surrounding areas, andMlekuz (2004) explored the sonorous space
produced by church bells in Slovenia during the late medieval period. The effect pro-
duced by water in Sámi (“Lapp”) sacred ritual sites was the focus of a study by Äikäs

Figure 5. Weighted percentages of reverberation values measured (A) in the rock art shelters,
(B) in the nearby area within line-of-sight, and (C) outside line-of-sight of the rock art shelters.
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(2015:112–19), and a final example is an investigation of the soundscapes of outdoor
assembly sites in early medieval England (Baker and Brookes 2015). Our use of GIS to
examine the soundscapes of the rock art in the AlicanteMountains is the first attempt to
study audibility in rock art landscapes.

Our analysis of GIS audibility takes into account the influence of the natural eco-
system for sound propagation. Natural ecosystems not only are composed of landscape
relief, but also vegetation and climate. In an ideal environment (one with no interfer-
ence), sound waves spread geometrically and equally in all directions and the sound
pressure level (SPL) decreases according to the inverse square law (ca.26 dB for each

Figure 6. Weighted percentages of the number
of echoes obtained (A) in the rock art shelters
and (B) in the surrounding area.
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doubling of distance from the sound source) (Rossing 2007:115). However, in natural
environments sound propagation is affected by multiple factors, including ground ef-
fect, trees, foliage, wind, and temperature (Naguib and Wiley 2001; Neuhoff 2011;
Rossing 2007:113–43; Zahorik 2002). The interference caused by these factors has
not been taken into account in previous attempts to model soundsheds in archaeolog-
ical contexts; our analysis is the first to do so.

The most common use of GIS methods to assess perception in archaeology is not
related to audibility, but to visibility. Most commercial GIS software currently offers
a set of standardized techniques allowing the exploration of sight. With techniques
first developed in the 1990s (Baldwin et al. 1996), visual perception can be modeled
through viewshed analysis, either via a raster binary map that represents the areas
seen from a viewing location in the landscape or the degree of visibility of the given
location from the surrounding areas (Kvamme 1999:177). As mentioned above,
however, in localization tasks, visibility has been proved to be complementary to hear-
ing (Blesser and Salter 2007; Kells 2001; Neuhoff 2011). This, together with the ex-
istence of previous work using GIS to analyze the visibility of the rock art in our study
area, led us to add visual perception to our analysis, both on its own and in combina-
tion with audibility. In the field of rock art landscapes, viewshed analysis has been ap-
plied to the study of rock art in Britain (Fairén 2007:293; Gaffney et al. 1995), Italy
(Mattioli 2008), the USA (Hartley and Vawser 1998; Robinson 2010), and Morocco
(Señorán Martín et al. 2014).

In Spain, several authors have used GIS to assess visibility in rock art landscapes. In
her work on the Valltorta and Gasulla areas in Castellón, María Cruz Berrocal argued
that the visibility from the rock art sites, all of which had Levantine paintings, was local
and only covered the territory adjacent to the sites (Cruz Berrocal 2004:55–56, fig. 5,
2005:266–69). Sara Fairén’s research of the rock art of Alicante included sites with
Macroschematic, Schematic, and Levantine styles. She began her study by dividing
the sites into five types, regardless of the style painted in them, and only taking into
account variables such as location, accessibility, and visibility. She then identified which
styles were present at each site type. The results showed that the painters of each style
had preferences in the selection of the sites to be decorated. Those sites with extensive
views (Types 1, 4, and 5) were mainly used for the painting of Schematic motifs. In
Type 2 and 3 sites it was also possible to find Schematic motifs, although they also con-
tainedMacroschematic and Levantine style paintings (Fairén 2004). In contrast to Cruz
Berrocal and Fairén’s results indicating low visibility levels for Levantine rock art in the
areas of Castellón and Alicante, Manuel Bea’s use of viewshed analysis in Aragón indi-
cated the opposite. He demonstrated that in his study area at least some of the Levantine
sites visually dominated the surrounding area (Martínez Bea 2006).

Visibility can range from 0 to infinity; in the latter case, this introduces analytical
bias. In order to avoid this, Cruz Berrocal (2005:266) divided her study area into dis-
tances of 0–5 km and 5–20 km from the sites, although no apparent reason was given
for this classification. In any case, she did not find a clear difference between the results
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from the narrower and wider areas. Sara Fairén (2006:72–75) also considered the areas
within 1 km, 5 km, andmore than 5 km of the sites separately (0.6, 3.1, and >3.1miles,
respectively; see Fraser 1983). However, she then gave priority to the closest distance
for her interpretation of, for example, the natural corridors, saying that the results if
one considered the medium and longer distance were similar to those of the closest
distance (Fairén 2006:222). Fairén referred to Wheatley and Gillings (2000) but did
not follow their advice regarding how to analyze viewsheds. Instead of Fraser (1983),
Wheatley and Gillings (2000) preferred to follow Japanese landscape planner Tadahiko
Higuchi when they suggested replacing undifferentiated viewsheds with a field-of-
view calculation structured around a number of quantifiable view-distance classes (vi-
sual ranges), which were based on Higuchi’s proposal. Higuchi’s visual ranges are based
on the dimension of potential targets and the horizontal angle gaze, and they are struc-
tured into three components (short-, middle-, and long-distance; Higuchi 1983:13–
14). In the short distance, potential targets are recognized as individual entities, imme-
diate and close to the viewer. In the middle distance, targets are visible but not in detail.
The long distance is the horizon, in which there is no more sense of depth and individ-
ual targets are not perceived. As shown in Ogburn (2006: Table 1), the Higuchi class
distance can be calculated for targets with different sizes. In our study we also used
Higuchi’s proposals.

One of the factors that some authors have paid attention to when explaining the
location of rock art has been the orientation of the shelter. Philip Hameau, for ex-
ample, speaking about schematic art in southern France, pointed out that the shelters
chosen to be painted were mainly south-facing (Hameau 1999:620–21, fig. 2). Most
of the comments regarding the orientation of post-Paleolithic rock art in Spain under-
score a similar preference to that observed in France, although the variation in choices
usually ranges from east to south to west, depending on the area (Alonso Tejada and
Grimal 1996:288; Martínez Bea 2006:174; Mateo Saura 2001; Soria Lerma et al.
2012:312; Utrilla Miranda 2000:26; Viñas andMorote Barberá 2011). The exception
to this is Ladruñán, an area about 200 miles north of our study area where the sites
appear to have faced north. Cruz Berrocal also indicated a preference for a northerly
orientation of shelters in the Júcar basin, an area that includes the Alicante Mountains
(Cruz Berrocal 2005:183, Map 11, 213, Graph 31), a result that contrasts with our
observations in the field.1 The orientation of the shelter, however, is not a good indi-
cation for analyzing perception—in particular, seeing and hearing—and therefore, in
contrast to the authors mentioned above, we look instead at the directionality of the
viewshed. A shelter in a gorge may be oriented toward the south but may have its vis-
ibility impeded by the cliff in front, and in this case it is likely that the best visibility—
in other words, the directionality of the viewshed—will be toward the east and west. A
review of the literature, including that in which GIS analysis has been used, reveals
that, although it is a measurement known in other fields of archaeology (Gillings
2009), we are the first to use viewshed directionality in the study of rock art landscapes
either in Spain or anywhere else.
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VIEWSHED AND SOUNDSHED ANALYSIS
IN THE ALICANTE ROCK ART AREA

The Data Processing Phase
For the GIS analysis of visibility and audibility in the rock art sites of the Alicante
Mountains we used a Digital Elevation Model (DEM) with a cell size of 30.48 m
(100 ft) obtained from the Comunitat Valenciana’s Terrasit Geoportal (the region
in which the province of Alicante is located) (terrasit.gva.es/). The viewsheds were
calculated using the ArcGis 9.3 viewshed toolset. For each point we set a terrain off-
set of 1.6 m (5.24 ft) to simulate a viewpoint consistent with the average height of an
adult. As explained above, we limited our analysis to an area of 1150 m (0.71 miles)
around the site—theHiguchi medium-distance threshold for 1-m-high targets (Ogburn
2006: table 1). This means that visibility of rock art sites and even specific panels (but
no motifs, unless they are made in Macroschematic style) is possible. For the sound-
sheds we used the full area, as there is no problem with values to infinity introducing
bias. The full area was calculated using SPreAD-GIS 2.0 in ArcGis 9.3 (Reed et al.
2010, 2012), one of the most versatile and ready-to-use GIS toolsets that takes into
account the majority of the variables affecting sound propagation (Reed et al. 2012).
This open-source toolset was originally developed for modeling noise propagation in
natural environments. User-specific sound source characteristics and commonly avail-
able datasets on land cover, topography, and weather conditions allow the calculation
of sound propagation patterns and excess sound above ambient conditions. This is done
for one-third octave frequency bands (0.125 to 2 kHz) around one or multiple sound
sources.

Some decisions needed to be made before the analysis of soundshed in a natural
ecosystem could be undertaken. As explained earlier in the article, the difference in
vegetation cover between the Neolithic and today was not very significant as shown
by pollen analyses (Carrión et al. 2010). Nevertheless, we needed precise figures for the
SPL and the frequency of the sound source. These are the two most crucial acoustic
variables in sound modeling. Regarding SPL, the higher it is, the greater the area in
which the sound impulse is likely to be heard before it drops below the environmental
noise (Rossing 2007:115). In terms of the frequency of the sound source, the attenu-
ation of sound waves is a dependent variable. Low frequencies can travel farther be-
cause they are less affected by atmospheric absorption, whereas for the propagation
of sound over large outdoor distances, the atmospheric absorption is very significant and
leads to the attenuation of higher frequencies (Rossing 2007: 116). We finally decided
that the most suitable values were 90 dB at 1 m for SPL and a frequency of 1500Hz, for
this frequency is suitable for modeling prehistoric percussion instruments, a large num-
ber of wind instruments, and human voices (Aiano 2006; Hepp 1985; Ibáñez et al.
2015; Meyer 2005; Olsen 1998; Pearsons et al. 1977; Rainio and Mannermaa 2012;
Reznikoff 2014).

In addition to deciding about SPL and frequency values, a second decision was
how to deal with the decrease in SPL from the source point due to ground and veg-
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etation absorption. For this we used the SPreAD-GIS tool, which calculates absorp-
tion on the basis of the rate of foliage and ground cover loss, computing absorption
as a function of the predominant land cover type (conifer, hardwood, shrub, grass,
barren, water, or urban) and distance from the sound source. The vegetation cover
considered in our analysis was derived from the Corine Land Cover 2006 of the
Terrasit-WebGIS of the Comunitat Valenciana, whose methodology can be found on
the web (http://www.eea.europa.eu/publications/COR0-part1, accessed June 2016).
It was reclassified as shown in Table 4. The decrease in sound level can also be affected

Table 4. Table showing the correspondence between the Corine Land Cover
and SPreAD-GIS values for vegetation cover.

Corine Land Cover 2006 SpreadGIS

Code Description Code Description

111 Zonas urbanas – Tejido urbano continuo URB Urban or developed area

112 Zonas urbanas – Tejido urbano discontinuo URB Urban or developed area

121 Zonas industriales, comerciales y de
transportes

URB Urban or developed area

131 Zonas de extracción minera URB Urban or developed area

133 Zonas en construcción URB Urban or developed area

211 Tierras de labor en secano BAR Barren land

212 Terrenos regados permanentemente HEB Herbaceous or grassland

213 Arrozales WAT Water

221 Cultivos permanentes – Viñedos HWD Hardwood or deciduous forest

222 Cultivos permanentes – Frutales HWD Hardwood or deciduous forest

223 Cultivos permanentes – Olivares HWD Hardwood or deciduous forest

242 Zonas agrícolas heterogéneas – Mosaico
de cultivos

HEB Herbaceous or grassland

243 Zonas agrícolas heterogéneas HEB Herbaceous or grassland

311 Bosques – Bosques de frondosas HWD Hardwood or deciduous forest

312 Bosques – Bosques de coníferas CON Coniferous forest

313 Bosques – Bosque mixto HWD Hardwood or deciduous forest

321 Espacios de vegetación arbustiva y/o
herbácea

SHB Shrubland

323 Matorrales esclerófilos. SHB Shrubland

324 Matorral boscoso de transición. SHB Shrubland

332 Rocas desnudas BAR Barren land

333 Espacios con vegetación escasa BAR Barren land

411 Humedales y zonas pantanosas WAT Water

512 Láminas de agua WAT Water
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by the atmospheric absorption variables, and these relate to the time of the year in which
the analysis takes place. We decided to provide values corresponding to a typical sum-
mer day in July with no wind. Air temperature, humidity, and prevailing wind direction
data were taken from the Spanish National Meteorology Agency (www.aemet.es),
which resulted in the following values: temperature 25.5 7C (77.9 7F), humidity
65%, and no prevailing wind.

Soundshed and viewshed binary maps of each rock art site were intersected to cre-
ate a new raster map showing only their overlapping areas (Figure 7). However, since
we had used the Higuchi medium area for viewshed and the full area for soundshed,
in order to make the intersection possible we had to clip the soundshed area by the
same Higuchi medium area previously used for viewshed. This final map represents
the portions of landscape in which rock art sites are likely to be visible and audible at
the same time. We worked with this new map in two ways: first considering it as a
full surface and second in order to check the directionality of the viewshed in relation
to the cardinal direction, which we deemed to be important, as reclassified surfaces
according to four directional cardinal points.

The Post-Processing Data Phase
In the post-processing data phase we began by analyzing the soundshed area and the
clipped viewshed area of each site expressed in hectares. In order to verify whether
audio and/or visual patterns were linked to each of the rock art styles (M, S, and
L), the central tendency and variability of each style was determined using MiniTab
v. 17.1 statistical software. The central tendency of each style refers to the mean values
of the geographical area in which each of the shelters was visible and/or a sound made
in it was audible. The variability for each style refers to the range covered by 95% of
sites. The central tendency and the variability are represented as interval plots: a graph-
ical summary of the distribution of each of the three style groups and combinations of
styles (Figure 8). The exception to the latter are ML sites (n52) and sites with all three
styles (n53), whose low numbers make any calculation statistically unreliable. For this
reason they have not been included in the graphics.

A second step in the post-processing phase was to verify whether different view-
shed directionality patterns might have existed for each of the rock art groups. To ac-
complish this task, we performed the same statistical calculations on weighted surfaces
reclassified according to the four directional zones of interest, centered on the main
cardinal points (Figure 9).

Interpreting the GIS Results
GIS was used in the study of the Alicante rock art landscapes to assess both acoustic
and visual perception. In the first, the soundshed analysis showed a clear difference
between Macroschematic rock art sites, on the one hand, and Schematic sites on the
other, with values ranging from 12–33 ha at Macroschematic sites to 33–44 ha at
Schematic sites. These results indicate that Schematic rock art artists appear to have
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Figure 7. Raster maps of Site 109 (Barranc de l’Arc):
(A) soundshed binary map, (B) viewshed binary map,
(C) intersection of soundshed and viewshed binary maps
within the Higuchi medium-distance threshold.



Figure 8. Interval plot (central tendency and variability of the data) of sites with Macroschematic
(M), Macroschematic and Schematic (MS), Levantine (L), Levantine and Schematic (LS),
and Schematic rock art styles (S): (A) audibility area in hectares in the buffer zone, (B) clipped
visibility area in hectares, (C) intersection of clipped audibility/visibility areas in hectares.



taken great interest in audibility in the wider landscape, whereas Macroschematic art-
ists were less interested. This contrasts with our previous findings in the adjacent
landscape which showed an interest in close-range audibility on the part of both
Schematic and Macroschematic artists. Levantine artists, who appeared not to be very
interested in close range audibility, seemed to have more value for the wider landscape,
with a range in between that of the Schematic and Macroschematic sites (20–39 ha).
A close inspection of sites with two or more styles draws interesting results in the case
of sites with both Macroschematic and Schematic: among all sites previously painted
in the Macroschematic style, Schematic artists tended to choose those that had higher
audibility. The values for the combination of Levantine and Schematic styles are less
defined, perhaps because these two styles were contemporary, at least during the Neo-
lithic, and the results may reflect the relative irrelevance of audibility for Levantine
artists (Figure 8A).

As regards visibility, all the styles showed similar values, with Levantine rock art sites
having the highest mean value, but also the widest value range, followed by Schematic,
with a lesser mean value but closer homogeneity, and with Macroschematic sites yield-
ing the lowest results, which, in any case, were better than those for audibility. Generally
speaking, the values for the three styles were higher than those for the whole surface of
audibility, thus confirming previous authors’ emphasis on this type of perception (Fig-
ure 8B). The analysis of the audibility and visibility intersection reflects the findings

Figure 8 (Continued )
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Figure 9. Mean values of the directionality of the viewshed,
soundshed, and their intersection by style: (A, C, E)
audibility area in hectares in the buffer zone; (B, D, F)
visibility area in hectares in the buffer zone; (G, H, I, L)
intersection of audibility/visibility areas in hectares.
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Figure 9 (Continued )
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for audibility—Schematic artists were more interested in this combination (choosing
sites with both high visibility and high audibility) than Macroschematic ones, with
Levantine artists somewhere in the middle (Figure 8C). In conclusion, the higher val-
ues for visibility toward the wider landscape than those obtained for audibility seem
to indicate that, generally speaking, prehistoric artists were more interested in visibil-
ity than audibility, with Schematic artists being most interested in both seeing and
hearing, followed by Levantine and then Macroschematic artists.

The analysis of soundshed and viewshed directionality and the area encompassing
the intersection of both provides interesting results. Regarding soundshed, both
Macroschematic and Schematic rock art sites have better results in southerly direc-
tions, and sites with both styles repeat this predilection (Figure 9A and C), contrast-
ing with the northerly direction of Levantine rock art sites (Figure 9A). However,
when Schematic artists chose sites already painted with Levantine motifs, the results
do not show any preference (Figure 9C). The analysis of the viewshed is again the
most significant. Whereas Levantine artists did not have any preferences (Figure 9B
and F), Macroschematic artists favored sites looking both southward and westward
(Figure 9B and F). In turn, Schematic artists clearly preferred south-facing sites, and
when Schematic artists decided to paint in shelters that had already been decorated
with either Macroschematic or Levantine motifs, they tended to select only those fac-
ing in that direction (Figure 9F). The examination of directionality in the soundshed
and viewshed intersection area confirms that Macroschematic and Levantine sites do
not have any marked preferences whereas Schematic sites prioritize those that are
south-facing. In sites where Schematic motifs are found together with either Macro-
schematic or Levantine ones, this trend is also present, seemingly indicating a selec-
tion by Schematic artists of sites that fulfilled their perceptual requirements (Figure 9G
and H).

DISCUSSION: THE CHANGING PERCEPTION OF THE ROCK
ART LANDSCAPES IN THE ALICANTE MOUNTAINS

The analysis of the perception of rock art landscapes in the Alicante Mountains exam-
ined audibility and visibility and the connection between them in an area in which three
rock art styles were produced during the Neolithic period (ca. 5600 to 2800 cal bc).
These styles were only partially contemporaneous, as the analysis of superimpositions
has demonstrated (Martí Oliver and Hernández 1988:51–85): an earlier Macrosche-
matic (M) style was followed by the overlapping Levantine (L) and Schematic (S) styles.
Our study looked at perception in both the adjacent and the wider landscapes, compar-
ing the results obtained in the tests undertaken for each of the styles. The relative chro-
nology established for these three styles allows us to propose that throughout the Neo-
lithic period intangible aspects of the landscape—vision and hearing—had a changing
role in the Alicante Mountains.

The acoustic analysis of the adjacent landscape followed the method we had al-
ready applied in other rock art areas (Díaz-Andreu and García Benito 2012, 2015),
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looking at the degree of reverberation and the number of echoes. The results showed a
relationship between acoustics and rock art both in the painted shelters and in their
surrounding areas, and that it was particularly significant in both Macroschematic
and Schematic rock art shelters. This means that when the first Neolithic artists (those
painting Macroschematic motifs) decided to decorate the landscape, they were inter-
ested in the acoustic effects of intentionally produced sounds in the rock art shelters
and their adjacent areas. Later in the Neolithic, the communities living in the region
changed styles, with Levantine (L) and Schematic (S) motifs being produced, at least
partially, in the same period. Despite being more interested in visibility, the artists of
both were also interested (although not as much) in acoustics, although Levantine
painters slightly less so. Nevertheless, the results from the Levantine sites are good
enough to verify the outcome of the tests made in the other Levantine areas we exam-
ined in our previous work in the Mortero Gorge, the Godall Mountains, and the
Valltorta Gorge, which are located 218, 162 and 145 miles, respectively from the cur-
rent project area (Díaz-Andreu and García Benito 2015). Also, as observed in those ar-
eas, tests undertaken in Alicante in places with rock art produced better results than
those where no rock art was present. Since there are no known hidden rock art shelters
in Alicante, regardless of the style painted in them, it is possible to say that visual per-
ception at close range was important for the whole of the Neolithic period.

Interestingly, the GIS analysis undertaken to examine the perception of rock art
landscapes in a wider area provided a slightly different picture. The results indicate
that when Macroschematic artists first approached a landscape, although they were
interested in shelters with good close-range acoustic phenomena, as seen above, they
paid little attention to audibility in the wider landscape. Although slightly more at-
tention was paid to visibility in this wider landscape, this did not seem to have been a
key issue for the selection of rock art to paint. In fact, the opposite may be true, as
the comparison with the later styles makes it clear that the Macroschematic rock art
sites have the lowest values for both types of perception—audibility and visibility—
in the wider landscape. Nevertheless, it is extremely interesting to note that theMacro-
schematic creators were very concerned with the directionality of the site viewshed,
preferring those sites with better views toward the west and south. It seems remarkable
that the literature thus far produced on this rock art style has ignored this pattern. In
our opinion, it is very significant, as it is the only style that favors this type of viewshed
directionality, a subject that may be worth developing in future research.

In a later period, when the Neolithic artists painting in Levantine and Schematic
styles had to decide where to paint, their choices were different than those of the pre-
ceding Macroschematic painters. Both paid greater attention to wider audibility, and
especially wider visibility. Levantine artists appear to have been less interested in the
directionality of the site viewshed. Schematic rock art creators, however, showed a
definite preference for the south, and they clearly selected—among shelters that had
already been painted with Macroschematic and Levantine motifs—those with a south-
facing viewshed. In the case of Levantine and Schematic shelters, it is also possible to
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interpret the data as the result of Levantine artists deciding to paint in shelters already
decorated by Schematic artists that happened to favor south-facing viewsheds. The anal-
ysis of the combination of audibility and visibility shows that audibility, despite its lower
values, is in fact a key element when audibility and visibility are analyzed together, es-
pecially in the case of Schematic rock art landscapes.

The analysis of how visibility and audibility were used by each of the groups that
produced the three rock art styles in the Alicante Mountains during the Neolithic
period shows that the cultural differences were not only tangible—the different styles
and different places in the landscape chosen for decoration—but also intangible. This
is because each community valued visual and hearing perception, as well as the di-
rectionality of the view and soundshed, in distinct ways.

Throughout the Neolithic there was an interest in both audibility and visibility at
close range. However, when the perceptual values in the wider landscape are examined,
it becomes clear that the cognitive maps of the communities who produced each of
these styles were different, especially in terms of audibility and the intersection between
audibility and visibility. This is because of the striking differences in the choices made
by Macroschematic and Schematic artists. The former were notably less concerned
with their perceptual presence in the wider landscape, whereas Levantine painters
were somewhere in the middle. This has implications for how we are to understand
the continuity between the communities that produced Macroschematic and Sche-
matic rock art proposed by Valencian scholars (Hernández Pérez 2009; Martí Oliver
and Juan-Cabanilles 2014:36–41). Cultural transformation in this area was not, how-
ever, related to a change in populations, as DNA analyses have indicated a continuity
between early and later Neolithic communities in areas farther to the north, in Med-
iterranean Spain, in Aragon and Catalonia, and, at the same time, a genetic break with
previous populations (Fernández et al. 2010; Gamba et al. 2012).

CONCLUSION
This article has examined rock art landscapes, paying particular attention to visibility
and audibility, the key senses for landscape awareness. These intangible aspects may
have a major influence on the way tangible landscapes are experienced and consid-
erable impact on the selection of places to produce and experience rock art. Archae-
ologists have thus far studied each of these perceptions separately, and this article has
endeavored to fill the resulting gap in our knowledge. This has been done taking into
account Chippindale’s (2004) suggestion regarding the importance of scale in the
study of rock art landscapes. Consequently, our analysis distinguished between the
adjacent landscape and the broader territorial scale, using the Higuchi (1983) medium-
distance threshold—1150 m (0.71 miles)—as the dividing line between them.

In comparison with previous studies, this work represents a twofold qualitative
step forward, in both methodology and interpretation. Methodologically, three dif-
ferent proposals have been made. First, it has been argued that clipping viewsheds in
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a meaningful manner should become standard practice in GIS analyses of visibility.
Related to this, we have suggested that the use of the Higuchi medium-distance
threshold—the area within 1150 m (0.71 miles) of the site—brings a higher degree
of confidence in the results. Second, we have also contended that measuring the di-
rectionality of the viewshed is more significant than measuring the orientation of the
rock art shelters because directionality is a better reflection of actual visibility. Third,
since research indicates that senses other than vision are used for the spatial percep-
tion of place, and that hearing is, after vision, the next most important sense, we have
devised an innovative method not only to analyze audibility in the wider landscape
thanks to GIS but, more important, to examine both visibility and audibility together.
We have done this by intersecting the viewshed and soundshed and undertaking the
same studies we had previously carried out separately.

Our study has also shown that the investigation of perception can provide new per-
spectives for understanding the different ways in which communities appropriated
their surroundings, paying attention to both tangible and intangible aspects. In our
case study we have shown that the way in which landscape was perceived by the Neo-
lithic communities living in the mountains of Alicante went through changes revealed
by the diverse perceptual patterns exhibited by each of the three rock art styles in the
area. DNA analysis seems to indicate that these transformations were not related to a
change in population, which led us to conclude that communities may decide at a cer-
tain point in their history to make radical changes to their cultural traditions. The rea-
sons behind this major makeover of their cognitive and symbolic behavior open up
new questions for scholars to investigate in the future, hopefully not only in our study
case area but also in other rock art landscapes around the world.

NOTES
The research reported in this article has been partly undertaken within the frame-
work of the People Programme (Marie Curie Actions) grant of the European Union’s
Seventh Framework Programme FP7/2007-2013/ under REA Grant Agreement
No. 627351. Thanks to Laura Sirvent for her assistance in the field, to Manuel Bea
for his suggestions, toCraig Alexander for his help with statistics, and to Apostolos Sarris
for sharing his knowledge of GIS to complement ours. Fieldwork in Alicante was un-
dertaken with permission from the Conselleria d’Educació, Cultura i Esport, Gener-
alitat Valenciana, Exp. 2013/0656-A (SS. TT.).

1. There may be several ways to explain this difference. First, Cruz Berrocal was
taking into account a larger area, including other rock art areas to the north in the
Valencian region that we have not considered. Second, a comparison between Cruz
Berrocal (2004:48) and Hernández Pérez et al. (2014: fig. 1) makes it evident that
Cruz Berrocal was using the coordinates submitted for the UNESCO file when the
ARAMPI nominationwas proposed in 1998 (see whc.unesco.org/en/list/874). Unfortu-
nately, the list contained a few serious errors (Fernández López de Pablo 2009:133;
Hernández Pérez et al. 2014:171, fig. 1), which sheds doubt on any analyses based on it.
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