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Abstract: Human actions in the natural environment create a visual impact. The main objective of this
study was to examine the acceptance of vegetation screens for integrating buildings into the landscape
using new techniques of visualization in three dimensions (3D), videos and public participation.
The status quo of two study areas representative of the Mediterranean climate in Spain (one inland
and one coastal) was modelled, placing vegetation screens around a building typical of the area and
varying the density, species, and layout of plants. After establishing a series of scenarios, videos
showing a simulation of outdoor tourism activities performed at varying speeds were created to
analyse how movement affects the perception of the combination of a building and vegetation screen
in the versions created. The 3D models generated were subjected to a survey for public participation
and to allow respondents to rate their preferences of the videos created. The results show that adding
vegetation always improves the integration of buildings into the landscape. The most highly rated
vegetation screen placed around the buildings in the two scenarios was high density vegetation,
irrespective of the layout or species.
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1. Introduction

1.1. Aproach to the Problem

Integrating scattered rural buildings into the landscape within the framework of a sustainable
territorial model is a challenge for land-use planners. It can also provide an opportunity for
entrepreneurs, particularly in tourism, by responding to a growing social demand and increasing the
added value of products [1,2].

The proliferation of buildings in rural areas, where architectural typologies are often far removed
from traditional models, has resulted in a loss of landscape values in these spaces. Integrating these
buildings into the landscape appropriately is a key step towards preserving the landscape quality in
rural areas, and provides an essential tool for rural development policies [3,4].

The visual quality of a built-up area is important due to the economic and aesthetic connotations.
Because decisions that modify this type of area have long-lasting effects, it is essential to understand
the effects of proposed changes before they are implemented. One way of doing this is to view
modifications using computer simulations to assess their impact [5].
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1.2. Landscape Visualisation

Visualisations have been used throughout history for communication between human beings [6].
Three-dimensional physical models have been in use for hundreds or even thousands of years. In
the Renaissance, perspective gave widespread importance to drawing and painting in representing
existing or imaginary buildings [7,8]. In the history of landscape architecture, Repton [9] can be
considered a pioneer in the field of landscape visualisation [10]. In his “Red Books”, Repton proposed
a technique for rendering a landscape design perspective that is not unlike present day methods.

The emergence of digital computer visualisations in the late 1980s made it possible to create digital
photomontages, and the development and availability of costly software opened up new possibilities
for landscape planners. Since then, landscape visualisation technology has grown significantly,
generating many different techniques and methods for this task [6].

The method of image draping consists of placing a single image or a combination of images over
a 3D terrain representation. Owing to the low complexity of information, this method makes it easy to
navigate freely and at high speed in the setting generated. Although it is convenient for an overview
of large areas, image draping lacks resolution at viewpoints close to the ground [11].

Photorealistic representations of vegetation and other landscape features are used for an improved,
more realistic simulation of an area. A high degree of realism is the main advantage of this approach,
although the output is not interactive [12,13].

The virtual reality (VR) method comprises fully interactive systems that let the user fly or walk
through the composition, obtaining various points of view. This aspect of VR is similar to a real life
experience and gives users the chance to discover a place rather than just seeing and contemplating a
simulated space [14]. However, objects are often simplified to shorten the time for the representation
process, leading to reduced realism and confused orientation.

1.3. Animation and 3D Visalisation

In recent decades, contemporary western society has shifted from a world dominated by digital
immigrants to a society and a professional context dominated by digital natives [15]. The tools and
techniques employed to represent our world in 3D visualization have entered our everyday lives.
Babies can be seen in the womb in 3D scans. Children, parents, and even some grandparents play 3D
video games. Soon we will be watching TV in 3D and viewing 4D multisensory cinema. Google Earth
software (Google, San Francisco, USA) allows us to navigate and explore remote regions in perspective
views using data transmitted via the internet [16], showing 3D representations of the landscape with a
wide range of textual information [15].

Visual representation techniques have become a commonplace research tool, compared to their
sporadic use in previous decades. Physical models, drawings and images have quickly evolved into
internet-based virtual realities and visualisations [15].

3D landscape visualisations have evolved since their beginnings, when they required costly
technology and specialised equipment, into 3D visualisations via free software (Google Earth) using
non-specialist equipment (basic computer skills). Increasing the scope for phone or tablet-based tools
such as Layar [17] offers new opportunities for communication in landscape settings [18]. In the last
few decades, digital landscape representations have shifted from abstract, static renderings to realistic
visualisations that can be explored by dynamic spatial movement. This offers the potential of an
immersion experience in multiple spatial and temporal scales. Computer-generated 3D models can
be seen from all angles, providing the viewer with a visual experience of an environment yet to be
built [19]. Technological advances mean that it is increasingly rapid and easy to sketch out a design
and finalise details with the application of a range of software.

Conniff [19] and Gosling [20] recognized the potential value and the importance of presenting
questionnaire respondents with proposals for “strolls” through an urban design. Some researchers
have questioned the perception of the environment using static images (photographs) when we
normally experience the world around us via a flow of changing visual images. Although the scientific
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community accepts that photographs evoke responses similar to those felt when actually in the
location represented [12,13], Heft & Nasar [21] found that reactions to static screens are not the same
as reactions to screens in motion. These authors reported significantly lower respondent ratings for
static scenes than for dynamic scenes. This finding has implications for the way in which designs are
presented to people, because although a building and its setting may appear attractive in a drawing
or computer-assisted design model (CAD), we do not usually observe buildings statically. It could
therefore be argued that video presentations of future settings conjure up perceptions and reactions that
are closer to what we encounter in the real world, in detriment to those evoked by static images [19].

The use of digital representations based on digital or virtual settings is well established in land-use
planning and has become a common feature of landscape and town planning. However, few studies
have indicated that visualisations can also fulfil the purpose of internal communication between
experts from different disciplines (or within a single discipline) working on a shared project. In terms
of content, landscape visualisations still commonly focus on the final product of a planning and design
process intended to communicate with the public or potential clients [15].

The main objective of this study is to examine the integration of buildings into the landscape
by visualising scenarios in three dimensions (3D) using videos and study techniques that encourage
greater public participation [22]. The 3D scenarios modelled are based on two study areas representative
of the Mediterranean climate, one in the north of Extremadura and the other in the south of Huelva
(Spain). As well as the 3D modelling of the status quo of the two study areas, vegetation screens were
placed around a typical building, varying the density, species, and layout of plants. The 3D models
generated were submitted to a survey to facilitate public participation and assess the respondent
preferences of the videos generated.

2. Materials and Methods

2.1. Study Areas: Plot Selection

Two experimental research zones representative of the Mediterranean climate was chosen, in order
to apply the results of this study to areas with similar characteristics: one representative of rural settings
in the district of Ambroz Valley, in the north of Extremadura (Spain), and another in the south of
Huelva (Spain), corresponding to coastal settings (Figure 1).
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2.1.1. Ambroz Valley Study Area

Ambroz Valley, the experimental zone in a rural setting, is in the municipality of Hervás, in the
north of Cáceres Province (Spain), in the foothills of the Gredos and Béjar mountains.

The physical environment of Ambroz Valley has a natural diversity of high quality due to the range
in altitude, from 400 to 2,102 m. It therefore provides optimum growing conditions for sustainable
mature woodland.

The woodland systems in Ambroz Valley are:

• High mountain woodland, where the climate is favourable for heather, cytisus spp, broom, high
mountain pasture, moss, and lichen.

• Atlantic woodland, which is deciduous and rich in vegetation such as sweet chestnut, oak, holly,
and yew.

• Mediterranean woodland, comprising holm oak and old cork oak woods, areas under crops, and
irrigated flat-bottomed valleys. This system is found at lower altitudes.

After characterising the vegetation in the study area, a field visit of buildings and woodland
masses was conducted to determine the natural and built features of the valley. The objective was
to select buildings in the natural environment where the methodology of the research project could
be applied.

To standardise the method, a search was made for vegetation and building combinations typical
of Ambroz Valley.

Each building and vegetation element within the study plot was measured using the VERTEX
Laser Hypsometer (height of building, height of adjacent vegetation), and the UTM coordinates were
taken for processing in a Geographic Information System.

2.1.2. South Huelva Study Area

Part of the Cartaya municipality was chosen as the coastal experimental area, because it is
representative of town planning activities associated with woodland in coastal areas.

The municipality of Cartaya has 17,424 inhabitants in an area of 226 km2 and an average height
above sea level of 26 m. Although the main urban nucleus is 9 km from the coastline, there are two
urban developments by the sea: El Rompido and El Portil, 7 km apart. Between these three nuclei is
a forest area known as Pinares de Cartaya, comprised of 12,000 ha of pine (Pinus pinea) and juniper
(Juniperus communis). Following the selection criteria for the vegetation and building type in Ambroz
Valley, the next step was to search for vegetation and building combinations found throughout the
Cartaya forest area.

2.2. Analysis of Information Gathered

2.2.1. 3D Scenario Generation

The aim of generating 3D scenarios is to provide the foundations from which a person can analyse,
interpret and react to the visual experience of the landscape [8]. We chose SketchUp 8 Pro © (Trimble,
Sunnyvale, CA, USA) as the modelling software and ArcGis 10 © (ESRI, Redlands, CA, USA) as the
platform for visualising and establishing the scenarios [23,24].

The landscapes were represented in various resolutions to provide an optimum resolution and
ensure the computational efficiency of the digital model [8]. A digital model of terrain elevations with
a 25 m resolution and an orthophoto with a 2.5 m resolution were established for the study scenarios.
The actual virtual model of the sites under study comprised an orthophoto with a 1 m resolution. 3D
objects such as buildings and trees were placed in the ArcScene module of ArcGis 10 © in the digital
terrain model (DTM), which was built as a triangular irregular network (TIN). To obtain an accurate
terrain representation, some embankments, tracks, and paths were edited by hand. The modelling
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and texturisation of the 3D elements was based on data gathered in the field in the two study areas,
as explained in the previous section (Figure 2).Sustainability 2017, 9, 1102  5 of 14 
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Figure 2. Generation process of 3D scenarios.

To obtain an accurate representation of the existing vegetation, the trees inside the study plots
were photographed. The photos were used to compile a textures library of local woody plants such as
Quercus pyrenaica, Pinus pinea, and Castanea sativa. Once the models had been produced as described,
minor alterations in composition could be carried out with comparative ease (Figure 3).
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Figure 3. Left: scenario modelled in 3D in south Huelva and the representation of a pine wood. Right:
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2.2.2. Video Variations and Generation

Steinitz et al. [25] defined a scenario as “a scheme or diagram for a future landscape”. Ringland [26]
emphasised the importance of communicating the contents of the scenario: “The scenarios are the
ideas, and ideas are very hard to communicate”.

In the last 10 years, there has been an increase in the representations of visual scenarios. Some
include digital photomontage [13,27] and the generation of various scenarios and video in 3D [5,28,29].
The use of the 3D generation of scenarios and videos for landscape visualisation and environmental
planning is constantly increasing [30–33].

In this study, two virtual scenarios were modelled and characterised with native vegetation and a
construction typical of the areas. The following variations were added to the scenarios:
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1. For north Extremadura, mixed woodland of oak and sweet chestnut was designed as the most
representative species of the plots under study. A typical building of the area was modelled in
this scenario, and vegetation screens of a varying density (low and high), species (pine, chestnut
and mixed composition: oak and chestnut), and layout (linear and irregular) were placed around
it. Once the scenarios were established, videos were generated at different speeds to simulate
outdoor tourism activities, e.g., hiking, cycling, horse riding, or travelling by quad, motorbike, or
car (Table 1).

Table 1. Each capital letter represents an outdoor activity performed at a certain speed for a specific duration.

Capital Letter Open Air Activity Speed and Duration

A Simulating a person walking 60 s
B Simulating a person cycling or horse-riding 40 s
C Simulating a person on quad, motorbike, car 20 s

This produced a total of nine videos for each scenario, as seen in Figure 4. Each capital letter
represents a video (A, B, C) at a specific speed and tree density around the building. No capital letters
are repeated in the same row or column [34]. This matrix pattern, called “Latin square” (Figure 4),
makes it possible to obtain and compare statistically robust results about which the compositions,
species, and types of activity (speed) are the most highly rated for the integration of each building
into the surroundings. The whole procedure is performed at minimum cost in terms of the number
of simulations.
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scenario modelled for north Extremadura. Each capital letter represents a video with a specific speed
and duration. Source: Compiled by the author from SketchUp 8 Pro © software 3D elements and NCGI
(National Centre for Geographical Information) data.

2. For the south Huelva scenario, a pine forest was designed, as pine is the most representative
species in the study plots. In this scenario, a building typical of the surroundings was also
modelled, and vegetation screens of a varying density, species, and layout were placed around it
for comparison and to determine the most suitable layout and species for integrating the building
into its surroundings. To standardise the method, the video generation process described for the
north Extremadura scenario was repeated.
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2.3. Methodology of the Survey

A pilot study revealed that nine videos per person was too many in terms of respondent
tiredness [8,35]. Therefore, the total number of surveys per study area (north Extremadura and
south Huelva) was three. To complete the matrix design in each survey, three videos were presented
according to the colour of the cells, as seen in Table 2. This makes it possible to compartmentalise the
design, maximising the variability of the cases presented according to the variables under study and
minimising respondents’ visual effort.

Table 2. Latin square design for case analysis. Different colours indicate different surveys. Each
respondent viewed only cases of the same colour.

Tree Density Pine Chestnut Mixed (Oak and Chestnut)
Medium-high linear A B C

Medium-high irregular B C A
Medium-low C A B

The nine videos prepared following the matrix design were submitted to a survey divided into
two sections, and a web platform was designed to host it. The introductory section comprised an
explanation of the survey and an additional page asking respondents for their personal data, such as
their gender, age, place of residence, education, and occupation.

In the main section of the survey, respondents were asked to rate outdoor tourism activities in
three of the proposed itineraries according to a sequence of randomly assigned videos (Table 2). To do
this, respondents had to answer the following question after viewing each video: “How would you
rate this destination for doing outdoor tourism activities?”. To avoid influencing the response, videos
were shown to each participant in a random order [8,36–39]. All videos were displayed horizontally
on separate pages so that they could be viewed in full screen mode. A five-option rating scale was
included below each video: “Very Bad, Bad, Acceptable, Good, and Very Good” [12]. Although rating
scales with smaller intervals can be used (e.g., Roth, [40], who used a 10-point scale), Lange et al. (2008)
pointed out that multiple levels in a rating scale can confuse respondents when they rate scenarios. On
a five-option rating scale, each option corresponds to a verbal description, suggestive of an underlying
quasi-metric scale [8].

The survey concluded with an open question to debug the results: “Would you change anything
in the videos you have just seen? (If so, briefly explain).”

The surveys were conducted in Spanish, the language of the respondents chosen for the study.
The surveys were conducted anonymously over the Internet for users of RedIRIS (RedIRIS is

the Spanish academic and research network that provides advanced communication services to the
scientific community and national universities) [12,27].

Respondent Characteristics

For the south Huelva study area, survey results were obtained from 85 respondents who completed
one of the three surveys specific to this location. Most of the respondents (72) were 25–55 years old
(46 men, 39 women). Most (45) lived in urban areas of 10,000–500,000 inhabitants and were university
educated (58).

In the north Extremadura study area, results were obtained from 84 respondents. Most (62) were
25–55 years old (42 men, 42 women). As in south Huelva, most of the respondents (41) came from
urban areas of 10,000–500,000 inhabitants and were university educated (44).

As the sample was not representative of all ages and levels of education, no analysis was applied
to detect any population effects on these variables. The lack of data for education levels other than
those sampled prevents a more extensive analysis. Future studies could incorporate a greater diversity
of respondents.
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2.4. Statistical Methodology

In the Latin square design, extracted from Table 2, every cell or intersection in the matrix represents
variations in the three factors of analysis: the tree density (rows), species around the building (columns),
and speed of itinerary (cells).

The Latin square is a random design of three independent factors at a minimal sampling cost.
The design is therefore appropriate for a factorial analysis of variances (ANOVA). This was performed
using SPSS 19 © statistical software. The strength of this analysis for the study was reinforced with a
random presentation of three videos per respondent, creating variation in the three variables under
study (density, species, and speed). This minimised the sampling errors and avoided directed response
patterns [13,41].

3. Results and Discussion

3.1. Data Analysis: North Huelva

The responses of 85 respondents were analysed. The five response options were Very bad, Bad,
Acceptable, Good, and Very good. ANOVA was only significant for the factor of density (Table 3).

Table 3. Results of one-way ANOVA tests for the factor of Density in the Huelva sample.

Source Sum of Squares df Mean Square F Sig.

between-subjects 156.078 2 78.039 110.702 0.00
within-subjects 177.647 252 0.705

Total 33.725 254

Dependent Variable: answers to question 1: “Video rating”; Factor: Density; df: degrees of fredom; F statistical test
of Fisher; Sig.: p-value of significance.

The vegetation type and speed of movement through the itinerary (and therefore the type of
associated activity) had no statistical significance in the rating of the videos (data not shown). The only
positive effect was to conceal the building behind vegetation, and this seemed to be independent of
the layout of the vegetation, i.e., regardless of whether the screen is linear or irregular. This can be
deduced from post hoc comparisons between the density factor categories, where a high irregular
density has the same acceptance as a high linear density (Figure 5). The opposite applies to a low
density, which was by far the lowest rated density factor category (Figure 5).
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The level of photo-realism, corresponding to the main objective of this study, was appropriate.
Although many respondents answered that they would improve the quality of the videos, a significant
percentage said they would not change anything, despite commenting on the simplicity of the videos
(Figure 6). Thus, without the need for a high level of realism, the videos shown were sufficient to
identify significant differences in the analyses of the open question asked, corresponding to the main
objective of the study. Therefore, a large budget for equipment and resources does not appear to be
necessary to analyze landscape preferences via quality hyper-realistic simulations [38].
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3.2. Data Analysis: North Extremadura

The responses of 84 respondents were analyzed. The five options were the same as in south
Huelva. The results were similar to those obtained for Huelva, as only the density had a significant
weight in the rating of scenarios or videos (Table 4).

Table 4. Results of the one-way ANOVA test for the factor of Density in the north Extremadura sample;
(rest of the factors without statistical significance for the study are not shown).

Source Sum of Squares df Mean Square F Sig.

between-subjects 201.532 2 100.766 133.851 0.000
within-subjects 187.452 249 0.753

Total 388.984 251

Dependent Variable: answers to question 1: “Video rating”; Factor: Density; df: degrees of fredom; F statistical test
of Fisher; Sig.: p-value of significance.

Post hoc comparisons of analysis reveal that a high irregular density has the same acceptance as a
high linear density. The opposite occurs for a low density, which was by far the lowest rated density
factor category, concurring with the results for south Huelva (Figure 7).
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The most common response to the final question was that respondents would change nothing
or at most change the quality of the videos (Figure 8). However, in the case of north Extremadura,
the frequencies are inverted: more people answered that they would make no change. Therefore,
the results for Huelva could indicate that the videos were perceived as more simplistic, although in
both areas, the simulation was sufficient for the objectives of the study.
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Figure 8. Count of responses to the final open-ended question. Answers are summarised in five
categories by the most common responses (north Extremadura). Under the heading “Others”, these
were: change the speed, duration of the video, and possibility of interacting and moving around the
itinerary with 360◦ movement (360◦ turns).

3.3. Conjoint Analysis of Data

The results obtained in an ANOVA including the two study areas have an almost identical
response factor, corroborating the results obtained in Sections 3.1 and 3.2. Thus, the results of one-way
ANOVA comparing the mean ratings of the videos of the north Extremadura sample versus the Huelva
sample showed non-significant differences (Table 5).
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Table 5. Results of the one-way ANOVA test for the factor of Location.

Sum of Squares df Mean Square F Sig.

Inter-grupos 0.000 1 0.000 0.000 0.986
Intra-grupos 722.710 505 1.431

Total 722.710 506

Dependent Variable: answers to question 1: “Video rating”; Factor: Density; df: degrees of fredom; F statistical test
of Fisher; Sig.: p-value of significance.

The results show that, of the three variables studied, only the density is significant (Figures 5
and 7). Therefore, in the analyses performed, neither the vegetation layout nor speed (or the type of
associated activity) were significant (data not shown). Only the concealment of the building influenced
the respondents’ rating of the scenarios, regardless of the species used.

Answers to the open question show that the level of photorealism in the study was sufficient for
the proposed purpose [42]. Although many respondents said they would improve the quality of the
videos, a significant percentage said they would not change anything, despite commenting on the
simplicity of the videos (Figures 6 and 8). Thus, without requiring great realism, the videos shown were
sufficient to identify significant differences in the analyses of the open question asked, corresponding
to the main objective of the study. The results concur with those obtained by other authors [37,43,44] in
that a large budget for equipment and resources is not necessary for analysing landscape preferences
via quality hyper-realistic simulations, which can in some cases be counterproductive and surplus to
the objective of the study.

The results obtained by comparing the answers for both scenarios show similar answering
tendencies (Table 5). The topography and the use of various tree species for the woodland composition,
where the scenarios differ, had no significant influence on the rating of the scenarios (Figure 3).

4. Conclusions

The indiscriminate proliferation of new buildings is a real threat to rural heritage and touristic
development in areas of great visual beauty. Furthermore, the existing legislation is very vague as
to the visual integration of buildings in the landscape. The criteria proposed are not always the best
and seldom carry out an effective follow-up of legislative compliance [45]. Therefore, these results
represent an advance regarding the layout and density of vegetation that could be applied around the
constructions to minimize the landscape impacts.

The work of authors such as Lange [10], García [12], and Barroso [13] shows static photorealistic
simulations from the point of view of an average observer. The results of this study are a step forward in
landscape visualisation and simulation from the point of view of an observer in motion. The proposed
method, based on the creation of 3D elements in SketchUp 8 Pro © within the DTM created in ArcGis
10 © for the simulation of videos in the ArcScene module, from the point of view of an observer in
motion at varying speeds, has proven to be sufficiently consistent and user-friendly to recommend its
use in studies with similar aims from a landscape planning perspective.

One of the main conclusions of this study is its contribution for planners and landscape designers.
The use of 3D modelling is shown to be a useful tool to facilitate the integration of buildings into the
landscape. In the scenarios of north Extremadura and south Huelva, the highest-scoring vegetation
screen placed around a building was one of high density, regardless of the layout.

The results show that vegetation improves the integration of buildings into the landscape. This
is consistent with findings from previous studies that used photography exclusively [12,36,46,47].
Considering this bibliography, one could conclude that this phenomenon is practically global.
In addition, for the pilot areas selected in this work representative of the Mediterranean climate,
it could be specified that in these territories, the highest-scoring vegetation screen placed around a
building was one of a high density, regardless of the layout.
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The concealment of buildings was rated highly, as neither the species used nor the speed of motion
(and therefore the type of activity associated or topographical differences between the scenarios) were
significant in the analysis of the results obtained.

5. Future Lines

I. Future lines of research could be the incorporation of new native plant species, characteristic of
riverine areas such as alder (Alnus glutinosa) and poplars (Populus alba), in order to expand the
study areas and scenarios considered. It is also possible to advance the method of conducting
the surveys, looking for not only the public opinion, but also recording their behavior and
attitude during the completion of them.

II. Generate an interactive virtual environment that allows respondents to modify the modeled
scenarios and different elements, in addition to allowing them to freely navigate inside the
modeling space.
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