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Abstract: Surface mining activities support socioeconomic development but also cause significant
landscape alteration and degradation. By definition, the concept of landscape requires observers;
thus, the way mining landscapes are actually observed needs to be taken into consideration for
mitigating visual nuisance from open pit mines. This paper utilizes eye tracking techniques for
recording and rendering the actual attention patterns of observers, along with saliency models that
‘predict’ the focus of attention in mining landscape photographs. As it turns out, saliency models can
aid in reliably anticipating the attention focus across a range of different mining landscapes.

Keywords: mining landscape; visual nuisance; eye tracking; visual attention; saliency

1. Introduction

Mining has been a necessary human activity for the survival and development of
the earliest societies and for the thriving of the modern economy [1,2]. However, surface
mining, in particular, is also one of the greatest landscape offenders [3], typically induc-
ing landscape alteration [4] accompanied by intense “geomorphological and aesthetic
effects” [3] (p. 185).

Landscape is “an area, as perceived by people, whose character is the result of the
action and interaction of natural and/or human factors” [5]. As a consequence, landscape
effects are landscape alterations that can be ‘translated’ in the appearance of these alterations
and in the subsequent effects in the visual amenity of any potential observer [6].

In this sense, the examination of visual perception is of utmost importance. Recent
scientific research reveals that human vision depends on the gradual integration of small
regions of each observed scene into a coherent whole [7]. Visual attention focuses on
these small regions so as to reduce the perceived complexity and to further facilitate the
processing and interpretation of visual scenes [7]. Therefore, the potential of anticipating
the focus of attention is theoretically interesting and can be of crucial use in practice.
Especially in the domain of surface mining, approximating in advance the visual attention
behavior of potential observers may foster strategies for mitigating visual nuisance from
open pit mines.

Saliency models have been developed with the aim to predict visual attention based on
certain (low-level) attributes of the stimulus: each feature in a visual scene is attributed
a visual saliency value depending on its intensity, color, and orientation compared to the
respective information of its surrounding features [8]. The resulting saliency maps have
been found to provide, in several cases, “reliable predictions of the human observation
pattern and [of those] elements in a landscape [that] will catch the attention” [9] (p. 17).

On the other hand, the actual recording of gaze movement and attention allocation
can be obtained through eye tracking techniques, e.g., [10,11]. Gaze movement consists of (i)
rapid eye movements (saccades), whereby the fovea is reoriented through a visual scene,
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and (ii) in-between “periods of relative gaze stability (fixations)”, during which pattern
information is acquired [10] (p. 593). In fact, “humans [ . . . ] direct [their] fixation through
a scene [ . . . ] in the service of ongoing perceptual, cognitive, and behavioural activity” [10]
(p. 593). An intuitive and aggregate means to visualize the focus of attention—usually
based on fixation duration—are attention/focus heatmaps; such types of heatmaps are most
appropriate, since they not only reveal the areas being attended in a visual scene, but also
constitute robust indicators of the degree of the involved cognitive processes [7,12].

The general effectiveness of these heatmaps is specified by two factors: the usage
of a color graduation that corresponds to the everyday sense of warm and cold colors
(red hues: greater attention attraction, blue hues: lesser attention attraction); and the fact
that “heatmaps show the data directly over the stimulus” [13] (p. 30). What is more, the
patterns of focus heatmaps are comparable to the patterns resulting from saliency maps,
as saliency also refers to bottom-up perceptual mechanisms of attraction. Hence, these
comparisons can be used to study whether and to what extent the attention allocation
derived from experimental eye tracking data can be reduced to saliency maps; in other
words, whether and in which cases the actual attention attraction can be predicted by the
computational models.

In this paper, visual nuisance—i.e., subjective impression of landscape disturbance—
caused by mining operations is addressed. The fundamental premise to this end is that
if the perception of an open pit mine is adequately low, then its visual nuisance is also
reduced [9,14]. To this end, both saliency models and eye tracking techniques are used
across different mining landscape photographs in order to derive information for both
the anticipated and the actual allocation of attention. This research study aims at testing
whether the saliency maps are adequate substitutes of the focus heatmaps resulting from
the eye movement analysis. In a more practical sense, the key research question is: can
one anticipate the visual behavior of actual observers while viewing mining landscapes by
means of appropriate computational models? Additionally, if yes, under which conditions?

2. Materials and Methods
2.1. Visual Stimuli, Participants and Viewing Procedure
2.1.1. Visual Stimuli

The visual stimuli for conducting this eye tracking experiment were 12 mining
landscape photographs, i.e., natural (not simulated) landscapes within which certain
views/aspects of mining areas (open-pit mines) were present (Figure 1). The photographs
were captured using DSLR (digital single-reflex lens) cameras with a sensor of > 10 megapix-
els and in a manner that certain requirements were satisfied, contributing to the aims of
the research. The line of the horizon was, in general, at the upper third of the photographs,
in order for the rule of thirds to be satisfied, e.g., [15] and for the terrestrial landscape to
be emphasized. Additionally, the season of the year (May–June 2017) and the time of the
day (2 p.m.–4 p.m.) that the photographs were captured were similar, and so were the
atmospheric and lighting conditions.

Regarding the ‘character’ of these landscapes, there was a purposeful endeavor to
capture photographs from mining landscapes characterized by different:

• composition and level of heterogeneity/diversity (e.g., different vegetation cover
percentages, presence/absence of water elements, human-made elements, etc.);

• textures (e.g., sometimes uniform textures, some other times alternation between
coarse and fine textures, etc.);

• degrees of chromatic contrast between the excavated surface and the rest of the
landscape;

• shapes and sizes of the excavated surface, etc.
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Figure 1. The 12 mining landscape photographs that were used as visual stimuli for the eye tracking 
experiment. The characteristics of these landscapes are different so as for the represented landscapes 
to be substantially differentiated. Photographs (A,C) represent mixed agricultural/mining land-
scapes; (B,F) are mining landscapes dominated by the water element; (D,H,J) represent mixed for-
est/mining landscapes; (E,G,I,K,L) are mining landscapes including artificial elements. 

2.1.2. Participants and Viewing Procedure 
For the eye tracking experiment, 20 participants–observers—between 21 and 55 years 

old, 9 females and 11 males, 9 experts and 11 non-experts—participating voluntarily were 
asked to attentively observe the 12 mining landscape photographs, displayed in a com-
puter monitor at a random order for 10 s each, under free-viewing conditions. Thus, the 
participants were not asked to perform any cognitive task (e.g., to compare the excavated 
surface with its surroundings) but rather to view the landscape photographs at their own 
will, as if they were observing a landscape in everyday life. In addition, the participants 
neither had any particular familiarity with the photographs displayed nor were informed 
about the aims for carrying out the experiment; they were only given the necessary infor-
mation regarding the experimental apparatus and “regarding the requirements for the 
orderly and effective experimental performance” [12] (p. 613). The vision of the partici-
pants was normal or corrected to normal (participants wearing eyeglasses were asked to 
wear contact lenses instead), whereas the use of mascara or eyelash extensions was for-
saken for avoiding erroneous eye movement recordings. Lastly, for the separation be-
tween experts and non-experts, the criterion of expertise by [16] (p. 69) was used and ex-
tended, and therefore, “participants who [were] actively working or studying in land-
scape [or environmental mining] related fields were assigned to the [expert] group”; oth-
erwise, the participants were assigned to the non-expert group. 

2.2. Methods 
2.2.1. Eye Movement Recording and Processing 

The eye movement (gaze) recording procedure was carried out with the aid of a set 
of experimental apparatus consisting of the eye tracking system—Viewpoint Eye Tracker® 
by Arrington Research—a PC, and two computer monitors. A 19 inch monitor with a res-
olution of 1280 × 1024 pixels was used as the display monitor for conducting the eye track-
ing experiment. The distance between the display monitor and the participants’ eyes 
(while the participants were appropriately seated) was 60 cm. The system’s sampling rate 
was 60 Hz (gaze records every 16.67 ms), while its spatial accuracy was between 0.25–
1.00° of the visual arc. Detailed characteristics and information about the eye tracking 
equipment and the calibration process can be found in [17,18], whereas the specific in-
structions given to the participants are similar to those described in (12,16). 

The initial (raw) data collected during tracking the 20 participants–observers’ gaze 
was transformed into main eye tracking metrics, i.e., fixations and saccades, using 
OGAMA (Open Gaze and Mouse Analyzer) (5.0), an open-source software designed for 
the manipulation and analysis of eye movements [19]. Further analysis of the gaze record-
ings was based on visualization techniques enabled by the creation of focus heatmaps. 

Figure 1. The 12 mining landscape photographs that were used as visual stimuli for the eye tracking
experiment. The characteristics of these landscapes are different so as for the represented land-
scapes to be substantially differentiated. Photographs (A,C) represent mixed agricultural/mining
landscapes; (B,F) are mining landscapes dominated by the water element; (D,H,J) represent mixed
forest/mining landscapes; (E,G,I,K,L) are mining landscapes including artificial elements.

2.1.2. Participants and Viewing Procedure

For the eye tracking experiment, 20 participants–observers—between 21 and 55 years
old, 9 females and 11 males, 9 experts and 11 non-experts—participating voluntarily were
asked to attentively observe the 12 mining landscape photographs, displayed in a computer
monitor at a random order for 10 s each, under free-viewing conditions. Thus, the participants
were not asked to perform any cognitive task (e.g., to compare the excavated surface with
its surroundings) but rather to view the landscape photographs at their own will, as if
they were observing a landscape in everyday life. In addition, the participants neither
had any particular familiarity with the photographs displayed nor were informed about
the aims for carrying out the experiment; they were only given the necessary information
regarding the experimental apparatus and “regarding the requirements for the orderly
and effective experimental performance” [12] (p. 613). The vision of the participants was
normal or corrected to normal (participants wearing eyeglasses were asked to wear contact
lenses instead), whereas the use of mascara or eyelash extensions was forsaken for avoiding
erroneous eye movement recordings. Lastly, for the separation between experts and non-
experts, the criterion of expertise by [16] (p. 69) was used and extended, and therefore,
“participants who [were] actively working or studying in landscape [or environmental
mining] related fields were assigned to the [expert] group”; otherwise, the participants
were assigned to the non-expert group.

2.2. Methods
2.2.1. Eye Movement Recording and Processing

The eye movement (gaze) recording procedure was carried out with the aid of a set of
experimental apparatus consisting of the eye tracking system—Viewpoint Eye Tracker®

by Arrington Research—a PC, and two computer monitors. A 19 inch monitor with a
resolution of 1280 × 1024 pixels was used as the display monitor for conducting the eye
tracking experiment. The distance between the display monitor and the participants’ eyes
(while the participants were appropriately seated) was 60 cm. The system’s sampling rate
was 60 Hz (gaze records every 16.67 ms), while its spatial accuracy was between 0.25–1.00◦

of the visual arc. Detailed characteristics and information about the eye tracking equipment
and the calibration process can be found in [17,18], whereas the specific instructions given
to the participants are similar to those described in (12,16).

The initial (raw) data collected during tracking the 20 participants–observers’ gaze
was transformed into main eye tracking metrics, i.e., fixations and saccades, using OGAMA
(Open Gaze and Mouse Analyzer) (5.0), an open-source software designed for the manip-
ulation and analysis of eye movements [19]. Further analysis of the gaze recordings was
based on visualization techniques enabled by the creation of focus heatmaps.
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2.2.2. Qualitative Analysis: Attention Heatmaps vs. Saliency Maps

Initially, attention (focus) heatmaps were produced per landscape photograph for (i)
all the (20) observers and (ii) the two sub-groups of the observers (9 experts and 11 non-
experts). These aggregate visualizations—12 for the experts, 12 for the non-experts, and 12
for all the observers (36 heatmaps in total)—were calculated and visualized in the OGAMA
(5.0) software, based on the fixation duration of each observer [19], revealing the main
trend of the attention allocation of these three (sub)groups for each one of the 12 mining
landscapes. More specifically, the areas of increased focus of attention in each mining
landscape were identified. On the other hand, the corresponding 12 saliency maps were
also produced for every mining landscape photograph, based on the GBVS (Graph-Based
Visual Saliency) model, by utilizing a MATLAB ® scripting provided by [20].

Afterwards, the focus maps of all the observers and of the two sub-groups were exam-
ined to identify the main areas of focus. Additionally, these focus maps were compared
to the saliency maps for each photograph; visual inspection was conducted to decide
whether and to what degree the aggregate results of the experimental procedure matched
the theoretical predictions of the attention attraction. Further qualitative comparisons were
made between the focus maps of the two sub-groups and the saliency maps.

3. Results

The focus heatmaps of the two sub-groups (experts and non-experts) and of all the
observers are displayed in Figure 2, per mining landscape photograph, along with the
corresponding saliency maps.

3.1. Focus Heatmaps

At first, by visually inspecting the heatmaps, the actual focus of attention of the
participants was allocated very heavily inside the quarries’ excavated areas in almost all
cases, regardless of the observer group. Both experts and non-experts focused their visual
attention mainly within the mining areas. Nevertheless, in a more detailed examination,
some differences between the observation patterns of experts and non-experts emerge: in
general, it appears that the experts present much more concentrated observation patterns
within the quarry areas.

Especially for landscapes characterized by great heterogeneity or complexity and in
which attention ‘distractors’ are present, the variations between such observation patterns
are more intense; the attention of non-experts may be allocated on other elements of
the landscape, aside from the excavated surface. Contrarily, the attention distribution of
the experts remains rather “compact” and almost dominantly focused within the quarry.
Typical examples are the mining landscapes represented by photographs E and L. In these
photographs, the other human-made constructions or elements/activities of the landscapes
significantly attract the attention of non-experts, while the observation patterns of experts
remain quite robustly within the excavations. However, in landscapes with a great deal of
uniformity and where the quarry is an element of differentiation, the observation patterns
of experts and non-experts are almost identical (photographs: H, J, D, and F).

3.2. Focus Heatmaps and Saliency Maps: Comparisons

Saliency maps predict the attention in a very effective way, precisely when the quarry
is a distinct element in an otherwise uniform background (photos H, J, D, and F). Other
landscapes (photos G and I) are of particular interest, since they are characterized by
a moderate heterogeneity, while the corresponding saliency maps render the attention
distribution in a fairly enlarged area—including the excavations. Nonetheless, the experi-
mentally determined distribution of attention occurs in a rather concentrated area, chiefly
within the quarries. It seems reasonable to hypothesize that the presence of roads (axes) in
these landscapes (axial) may affect the attraction of attention; the formation of conditions
of directionality may affect the actual—yet not the anticipated—focus of attention.
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Figure 2. Focus heatmaps and saliency maps for each of the 12 mining landscapes of Figure 1 (rows). 
The focus heatmaps result from the gaze movements of the experts, non-experts, and all observers. 
The saliency maps at the rightmost column of the figure are computed based on the GBVS model.  

Figure 2. Focus heatmaps and saliency maps for each of the 12 mining landscapes of Figure 1 (rows).
The focus heatmaps result from the gaze movements of the experts, non-experts, and all observers.
The saliency maps at the rightmost column of the figure are computed based on the GBVS model.
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In general, saliency models reflect the attention of non-experts better than that of
experts. This finding is more pronounced for more complex and semantically rich land-
scapes (e.g., photographs E and L), where the more expanded observational patterns of
non-experts are better simulated by the theoretical predictions. Of course, for some land-
scapes (especially A and C), saliency maps predict quite different attention concentration
areas than those obtained experimentally. In any case, overall, for half of the represented
landscapes, the saliency maps render quite satisfactorily the experimentally recorded vi-
sual attraction, while for a third of these landscapes, the experimentally derived attention
patterns and those of the computational models almost coincide.

4. Discussion

Saliency maps can constitute adequate—or even appropriate—substitutes for antici-
pating the visual attention focus, yet not in all cases. Landscape composition and structure,
along with other meaningful cues included in different mining landscapes, differentiate
the effectiveness of the visual attention prediction. In practice, saliency maps (GBVS) ‘yield’
almost identical patterns with those of focus heatmaps of actual observers in more ‘typical’
mining landscapes, i.e., where the excavated surface dominates upon an otherwise uniform
landscape. This echoes the findings of research studies regarding urbanization: saliency
models’ “predictions of the viewing pattern in rural landscapes with a limited [number]
of buildings [are] most reliable” [9] (p. 16). Increased levels of diversity and complex-
ity tend to induce more expanded viewing exploration and more dispersed observation
patterns [21], further engaging top-down processes.

Aside from the mining landscape type, saliency maps tend to better simulate non-
experts’ observation patterns. This is especially pronounced in less ‘typical’ mining land-
scapes that are more diverse and complex. This finding accords with the theory too,
since non-experts’ viewing behaviors are less affected by domain-specific knowledge
(top-down processes) while observing landscapes where quarries and other mining in-
frastructures/operations exist. In this sense, non-experts’ observation patterns while
free-viewing mining landscapes tend to be affected mainly by bottom-up processes [22],
and that is why their patterns are better approached by the saliency maps, which, by
definition, reflect the informational content and the purely bottom-up properties of the
visual stimuli [8,9].

5. Conclusions

One of the most important aspects towards approaching the visual nuisance from
open pit–pit mines is the way that the latter are visually perceived. In this paper, the
experimentally derived attention patterns from the observation of a range of different
mining landscapes were compared to the predicted focus of attention derived by saliency
models for the same landscapes. By combining these novel techniques in the domain of
environmental mining, it was shown that one can anticipate to a fair extent the focus of
attention across several mining landscapes. However, the reliability of this methodology
will not be equal for all types of mining landscapes, i.e., for typical mining landscapes,
whereby the attention is almost exclusively focused within the excavated areas, saliency
models’ predictions are extremely reliable. This reliability tends to dwindle for more
complex and semantically rich mining landscapes. For such landscapes, the deviations are
conspicuous both between focus and saliency maps and between experts and non-experts’
patterns, with the saliency maps better anticipating non-experts’ visual attention patterns.
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