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Landscape architecture is a potentially powerful profession and discipline: a field poised to transform
the planet for the better. This possibility will only be realized through a more robust research agenda.
The authors of Research in Landscape Architecture have produced just such a framework. They
present a helpful, thoughtful roadmap for landscape architecture scholars.

— Frederick Steiner, Dean and Paley Professor, School of Design, University of Pennsylvania, USA

As a practice-led discipline, landscape architecture faces a challenge when trying to impose
methodology on a somewhat theory-resistant subject. This new book presents cases of landscape
architecture research in their methodical context. We learn how landscape architecture research
questions are formulated and how evidence for answering them can be found. We live in an era
of ever increasing complexity on the one hand and strong specialisation on the other. Where to
position the holistic perspective of this domain? This book will give valuable orientation for anybody
looking for systematic knowledge production in landscape architecture. It will inspire especially
early-career researchers.
— Ellen Fetzer, Niirtingen-Geislingen University, Germany, International Master of Landscape Architecture
(IMLA)
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Chapter 10: Virtual environments

Sigrid Hehl-Lange and Eckart Lange

INTRODUCTION

Virtual environment technology has great promise to be used for purposes of basic and applied
research in the wider field of the planning and design disciplines in general and in landscape
planning and landscape architecture in particular. Virtual environments can be broadly characterised
as computer-generated, three-dimensional environments providing interactivity and immersion (cf.
Gaggioli 2001). Virtual environments are used for static or dynamic landscape representations;
they are in essence descriptive and synthetic models of real environments, and they typically focus
on external representation (Ervin 2001; Deming and Swaffield 2011, p.89). In order to represent
possible future landscape developments, as required in all forms of landscape planning and
design, virtual environments need to be linked to a simulation model, or they might follow a
normative scenario approach with a particular target concerning, for example, environmental,
social, economic and cultural factors (cf. Bérjeson et al. 2006). In experimental settings, such as
presented in this chapter, virtual environments are modelled to give participants the experience of
computer-synthesised landscapes.

In landscape planning and design static scenes are commonly used (e.g. Downes and Lange
2015). In addition, animated walks or sequences are increasingly utilised in order to enhance
communication with stakeholders. In the first experiment presented here, people are invited to go
on a virtual walk that follows a path leading through an agricultural landscape; alternative scenarios
of future landscape development are presented and rated using preference scores. In the second
experiment a mix of quantitative and qualitative approaches is pursued to investigate how real-time
virtual landscape models might be used in a participatory setting, such as a stakeholder workshop
(see also Stokols 2011; Schroth et al. 2011).

Sophisticated visualisation has become increasingly important in the context of participatory
planning and designing of landscapes. At policy level the foundations for democratic and bottom-
up decision making include the Rio Declaration on Environment and Development (1992), the
Aarhus Convention on Access to Information, Public Participation in Decision-Making and Access
to Justice on Environmental Matters (1998) and, most prominently for the field of landscape, the
European Landscape Convention (2000). Much is still waiting for public involvement to have greater
impact on planning and design practice (Lane 2005, p.283). Resulting from increasing demands for
experts to transparently communicate with members of the public, we need to have more research
in three dimensional (3D) landscape visualisation to support planning and design processes.
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In the remainder of this chapter, a short history of visualisation techniques in landscape
architecture is given, concluding with the current status of research in landscape architecture that
employs virtual environment technology. Then, a conceptual framework is provided upon which
virtual environment research might be based. Two detailed examples of research using virtual
environment technology in an experimental setup are presented and discussed. Finally, the chapter
identifies directions for improving the way that virtual environment supported research in landscape
architecture can contribute to knowledge building of the discipline.

HISTORY OF VIRTUAL ENVIRONMENTS IN LANDSCAPE ARCHITECTURE

Research in landscape visualisation and related fields has advanced considerably in the previous
decades. The turning point in terms of methods and approaches came during the late 1980s and
early 1990s. It was then when the shift from analogue to digital techniques started to take effect.
Before that time, landscape architects and planners communicated their ideas mainly by using
hand-drawn sketches and perspectives or physical models (e.g. Markelin and Fahle 1979).

During the early ages of digital 3D landscape imagery several major issues had to be tackled.
First, hardware that could deal with complex graphics was very expensive (Danahy and Wright 1988)
and such graphics still were far from real time. Second, software specifically dedicated to landscape
visualisation purposes was largely missing (as e.g. in Orland et al. 2001). Third, the relatively small
number of trained experts in this domain was a limiting factor (see Lange 2002, p.14). As a result,
digitally rendered visualisation was, at best, used as a tool for a crude visual representation of landscape
and landscape change (e.g. Nickerson 1979), or purely for visualising the results of a planning process.
At the same time, digital 3D visualisation was not yet appreciated as a methodological opportunity
that could potentially enhance landscape planning and designing together.

However, landscape architecture soon made great progress in 3D modelling and visualisation.
Within a relatively short period of time the field has come a long way: starting with the laborious
production of static images, either through digital photomontages (Vining and Orland 1989) or,
more sophisticated, through digital modelling of 3D environments (Hehl-Lange and Lange 1993)
visualisation has, particularly with the advancement of real-time visualisation software, become more
and more interactive (Danahy 2001). As a result, new opportunities arose for landscape architects to
be better prepared to engage with the public in planning and design. Currently, research in virtual
environments includes investigating multiple use of virtual reality models for on-site display on
mobile devices (Gill and Lange 2015), novel approaches in augmenting the real world with digital
3D data (Haynes and Lange 2016) and studying the effects of multi-sensory environments on user
perception (e.g. Lindquist et al. 2016).

CONCEPTUAL FRAMEWORK

Landscape architects are challenged by both the need to involve different stakeholders in planning
and design, as well as wishing to establish linkages between participatory methods with 3D
landscape visualisation. Provided that stakeholders have been properly identified (through systematic
stakeholder analysis) and invited, the main research question that needs answering in this context
is: "How should visualisations be prepared and presented for stakeholder involvement?’ (see e.g.
Scottish Natural Heritage 2014).
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The particular research gaps we are addressing in this chapter relate to the experience of
dynamic movement through virtual environments. While static visualisations have a predetermined
viewpoint, virtual environments offer opportunities for users to move around and explore their
virtual surroundings. Gibson (1979), in his "Ecological Approach to Visual Perception’, underlines
how important it is for people to be looking around and moving about. He argues that we normally
perceive the world dynamically and that human perception is not confined to a particular frame
of view (see e.g. Nassauer 1995). Any person exploring real environments is used to being able to
move freely in and through the space and to view whatever attracts their attention. When it comes
to virtual environments, there is a need to learn how ‘real’ people experience and explore them.
We must, through research, also try to better understand how such experience can affect decision
making, particularly from a planning and design perspective.

Humans experience their daily environment while in motion (see e.g. Burckhardt 2006; Thwaites and
Simkins 2007). Heft and Nasar (2000) point out three important aspects of our visual perception while in
motion. The optical flow causes a streaming of features from a centre of expansion in the field of view
accompanying forward movement. Motion parallax stands for the rates of ‘'movement’ of static objects
as a function of their relative distances from the perceiver. This means near objects seem to move faster
than far objects. Through occlusion objects are gradually covered and uncovered while in motion.

Considering an experience of space while in motion is typically not explicitly taken into account
in planning and design. However, there are a number of famous Chinese examples, for example the
Garden of the Master of Nets in Suzhou (see Henderson 2012) and Japanese parks including, for
example, Katsura Imperial Villa and Shugaku-in Imperial villa in Kyoto, that are designed especially to
be experienced in a sequential way (see Johnson 2003). Similarly, in the English landscape style there are
purposefully designed vistas, which open up to visitors, in sequence, when driving or walking through a
park. A more recent example where the notion of movement, in this case in architectural space (Samuel
2010), is taken explicitly into account is Le Corbusier’s concept of the ‘promenade architecturale’.

In previous research studies Appleyard et al. (1966) analysed the perception of car drivers along a
highway by using a set of photographs or perspective sketches combined with written descriptions of
this sequential experience. In the Berkeley Environmental Simulation Laboratory (Appleyard and Craik
1978) a miniature endoscopic camera was used that was hung from overhead gantries. This setup
gave users freedom of movement through the physical model of central San Francisco at eye level.

Building on such research involving analogue technology in the planning and design disciplines the
research described in the next section looks into the effects of static versus dynamic representation
in virtual environments.

COMPARISON OF DYNAMIC MOVEMENT AND STATIC REPRESENTATION IN AN
EXPERIMENTAL SETTING

Research question and hypothesis

The aim of the study is to better understand which effect different visualisation modes (i.e. static or
dynamic) have on landscape evaluation and on people’s assessment of scenarios of future landscapes.
The main research question in this experiment is: ‘Does the way of exposure to a landscape have an
effect on how landscape is rated?’ The underlying hypothesis is that scores will differ when people
are experiencing static images in comparison to dynamic sequences.
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A virtual walk through different landscape scenarios: the Ziirich case study

For the purpose of this experiment we aimed at exposing participants to a virtual walk allowing
navigation in real time. The virtual walk takes participants along a path leading through a rural
landscape at the urban fringe near the university campus of ETH Zurich-Hénggerberg, Switzerland.

The status quo is a farmed open space with a few fruit trees scattered about the fields and
meadows. In addition to the status quo, three scenarios of possible future landscape change were
developed: ‘agriculture’, ‘recreation’ and ‘nature conservation’ (see Lange et al. 2008). In the
scenario ‘agriculture” all of the fruit trees within the fields and meadows are removed, and instead
fruit trees are newly planted at the edges of the plots and along the paths crossing the farmland. In
the scenario ‘recreation’ additional single trees and new hedges of variable height and length have
been added, compared to the status quo. The main feature of the scenario ‘nature conservation’
is a large new forest that could function as a wildlife corridor between the currently disconnected
forests located east and west of the campus. Additionally, for the ‘nature conservation’ scenario, a
new wetland with a buffer of shrubs is also created.

The visual stimuli

The virtual model was constructed using Polytrim visualisation software from the Centre for Landscape
Research at the University of Toronto (e.g. Danahy and Hoinkes 1995). The model consists of a digital
terrain model with a draped orthophoto at a resolution of 0.5 metres (m). 3D objects such as ETH
Zurich-Honggerberg buildings and vegetation were visualised with geo-specific textures.

Static images

The status quo and each of the three scenarios were represented with five still images (identical to
the respective frames in the animations) spread evenly along a public path (Figures 10.1 and 10.2)
including the start and endpoints. Thus, in total, the participants saw 20 images.

Dynamic walkthroughs

For the status quo and each of the three scenarios, participants were presented with an animated
sequence (Figure 10.3) of 60 seconds duration consisting of 856 single frames, leading viewers
along an identical path of 131 m in length. This frame rate still provides fluid motion. The speed of
the animation is equal to 7.8 kilometres/hour (km/h) which corresponds to the speed of a jogger or
a slow cyclist (cf. Teknomo 2002).

Study participants

The participants in the experiment (n=62) were recruited from the Department of Landscape at the
University of Sheffield. The sample included staff as well as graduate and doctoral students. The
participants were deliberately chosen for their unfamiliarity with the landscape they were going to
be exposed to during the experiment, thus avoiding potential effects related to local knowledge.
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Figure 10.1
The path in the virtual model. The numbers indicate the locations of the five viewpoints of the still images
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Figure 10.2
Still images of the status quo and the three scenarios and five viewpoints

Scenario
Agriculture
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Figure 10.3
Filmstrip representing the animated walkthrough

Study design and protocol

Before the experiment started all participants received a participant information sheet and a short
questionnaire (four questions) to record their scores. The participants were briefly introduced
to the task of rating a set of images or walkthroughs showing a virtual representation of an
agricultural landscape at the urban-rural fringe of the City of Zurich, Switzerland. The actual
purpose of the study, the comparison of static versus dynamic mode of representation, was not
revealed. Neither was it mentioned to the participants that they would be looking at different
scenarios for the same landscape.

The participants were split up randomly into five separate groups (12-13 persons per group).
One group saw the static images only. Each of the four other groups saw one of the walkthroughs
only, that is one of the three scenarios or the status quo. No group saw more than one set of stimuli.

As a warm-up for the group looking at the static scenes, four images from within the virtual
model were shown. These four images were not considered for the results of the experiment. As a
warm-up for the four groups looking at the sequences, an animation along a public footpath within
the same landscape model was shown. This animation was not rated in the experiment. All images
were shown with a data projector on a projection wall (approx. 3 m x 2 m). Each of the static images
was shown for 30 seconds. During this time the participants ticked the boxes with their respective
scores. To avoid an ordering effect the images were shown in random order.

The walkthroughs were presented in real time using a laptop and a data projector. After seeing
the walkthrough once, participants responded to all four questions. Participants were using a
verbally anchored five-point rating scale, ranging from very little (1) to very much (5). For each of
the 20 images the same questions (addressing preference) were asked:

e How much do you like this landscape?
e Would you enjoy walking in this landscape?

After all participants rated all of the images, two further questions (addressing orientation) referring
to the entire set of images were asked:

e To what degree do the images help you to envisage the landscape?
e To what degree do the images help you to understand where you are in the landscape?
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As the participants were not familiar with the site, assigning scores for orientation when just looking
at single images is impossible. Thus, for the last two questions the whole set of images was scored.
For each of the four animations the same four questions (as above) were asked, that is questions
referring to walkthroughs instead of images.

Results

The results are looked at in terms of representation type (walkthrough vs static) and in terms of the
ratings of the status quo and the three scenarios.

For the questions ‘How much do you like this landscape?’ and "Would you enjoy walking in this
landscape?’ (Figure 10.4), the scores obtained for the walkthroughs are consistently higher than
those given for the images. The difference in the scoring ranges from 0.14 (status quo, 2.46 vs 2.32)
to a maximum of 0.62 (scenario ‘recreation’, 3.42 vs 2.8).

As mentioned earlier, the questions ‘To what degree do the images / walkthroughs help you to
envisage the landscape?’ and ‘To what degree do the images / walkthroughs help you to understand
where you are in the landscape?’ (Figure 10.4) were asked after one group of participants saw all
images. This is why the values for the images across the scenarios are the same. For the question
‘To what degree do the images / walkthroughs help you to envisage the landscape?’, with the
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To what degree do the images/walkthroughs To what degree do the images/walkthroughs
help you to envisage the landscape? help you to understand where you are in the
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Figure 10.4

Participant’s ratings of four different landscape scenarios, dynamic walkthroughs versus static images
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exception of the status quo, the walkthroughs scored lower in the other three scenarios than the
images. For the question "To what degree do the images / walkthroughs help you to understand
where you are in the landscape?’, the walkthroughs scored consistently higher than the images.

The scores for the individual scenarios regarding the questions addressing preference, ‘How much
do you like this landscape?’ and "Would you enjoy walking in this landscape?’, show highest ratings
for the scenario ‘nature conservation’, followed by the scenario ‘agriculture’ and then the scenario
‘recreation’, with the status quo scoring the lowest. Animations of individual scenarios consistently
receive higher scores than static images. Regarding the two questions addressing orientation there
is no clear pattern of scores for animations versus static images.

Discussion

The way visualisations are presented, that is static images or dynamic walkthroughs, has an effect
on ratings for landscape preference and on people’s assessment of scenarios of future landscapes.
Given the setup, the experiment could be conducted in a timeframe of approximately 15 minutes.
Such a relatively short duration keeps the attention levels of the participants high and prevents
fatigue, which is known to potentially have an effect on the results (Rathod and La Bruna 2005;
Galesic and Bosnjak 2009).

As the images were shown in random order and not identified as part of a particular scenario, it was
not recognisable for the participants that the images were part of different scenarios. Also, because
the static images were shown randomly and the sequences only once to one set of participants, it was
possible to exclude an ordering effect. The disadvantage is that one needs a relatively large number
of participants for the overall number of responses generated, that is there are rather low participant
numbers (12—13 per test set), but this was accounted for by the rather homogenous composition of
the participants. In terms of ranking the status quo and the three scenarios, the scoring pattern for
the two landscape preference questions is fairly consistent (i.e. either as walkthroughs or as static
images) with the scenario ‘nature conservation’ receiving the highest scores.

Regarding the two questions addressing orientation in the model, there is a slight tendency that
walkthroughs score higher, but the results do not support a conclusion that either of the two modi is
better than the other. The reason for this could be a slight ambiguity in the phrasing of the question:
that is “To what degree do the images / walkthroughs help you to envisage the landscape?’ is perhaps
rather similar to ‘understand where you are’. On the other hand it may well be the case that a static
image is better for focussing on particular features in order to envisage the landscape. Animations
resemble walking. This might explain the comparatively large differences between high scores for
walkthroughs and lower scores for images when asked ‘would you enjoy walking in this landscape?”

There are some important factors with a likely influence on the results that merit further research
investigation. It would be interesting, for example, to repeat the same experiment with people from
different backgrounds (e.g. laypeople only) and with larger numbers. There is a potential effect
of comparing a predetermined path (as in this example) with a freely navigable environment. The
predetermined movement itself, without free navigation, does not seem to be sufficient to support
the assumptions used in the theory of ecological perception (Gibson 1979). Also, the length of
the path or the duration of the experience could play a role. Another important factor could be
connected to the complexity of the landscape that is studied, especially when it comes to the
questions that relate to navigation and orientation.
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Further research is also needed in comparing an image to a walkthrough in a truly immersive
environment in 3D that is freely navigable. There have been a number of examples in which
immersive and dynamic visualisation with a public participation approach is applied to real-world
case studies (e.g. Orland and Uusitalo 2000; Stock and Bishop 2002; Danahy 2005). But, to date,
there is still a considerable gap in empirical research in investigating whether people respond in
a 'natural’ way when moving or driving through a virtual model, considering sequential and/or
immersive experiences in the landscape.

Participatory stakeholder workshop with freely navigable virtual environments:
the Alport Valley case study

In this study the Alport Valley forest landscape management project in the Peak District National
Park (UK) is used as a real-world case in order to look into the potential use of immersive and freely
navigable virtual environments, as opposed to predetermined animation paths, when engaging with
stakeholders. A time series of future landscapes was developed from a forest management plan
and translated into 3D visualisation models. These were explored and assessed in two stakeholder
workshops in an immersive environment facility supporting 3D vision.

The Alport Valley is a steep sided valley carved into the upland gritstone plateau of the Dark Peak
area of the Peak District National Park, which was established in 1951 as the first national park in
the UK. While the surrounding upland plateau is very exposed and without any trees, in contrast,
the Alport Valley is a sheltered and forested landscape. It is one of the largest and essentially “traffic-
free’ valleys in the Peak District and has therefore an important function of tranquil enjoyment for
walkers and hikers.

As a result of policies to provide the UK with a strategic timber reserve (see e.g. Essex 1990),
mostly in the first half of the twentieth century dense coniferous forests dominated by non-native
species including Sitka Spruce (Picea sitchensis (Bong.) Carriére), with smaller stands of Japanese
Larch (Larix kaempferi (Lamb.) Carriere), Lodgepole Pine (Pinus contorta Dougl. Ex Loud.) as well
as native Scots Pine (Pinus sylvestris L.) were planted for fast growth. Not only are large areas
dominated by non-native trees in conflict with the notion of a national park in general, nowadays
forest policies also take into account the social and landscape benefits as well as benefits for plant
communities and wildlife.

Because of the overall unique landscape character, initial proposals for large scale timber
extraction, including the construction of suitable access roads for heavy timber trucks, caused
major opposition. Subsequently, a joint planning approach integrating the key stakeholders and
landowners as well as the views of the public was pursued. As a result of the collaboration among
the stakeholders the Alport Valley management plan (Figure 10.5) was developed. This includes
unconventional measures such as trees felled to rot on site as well as ring-barking of trees (see
Lange and Hehl-Lange 2010a). Both measures had been introduced because of the predicted
impact on the tranquil valley associated with the removal of the logged trees and construction of
new access roads.

In line with forests requiring adaptation to climate change, the overall aim is to establish native
woodlands mostly by natural regeneration through the preservation of individual native seed trees
and partly if necessary through active plantings and seeding with material of local provenance. This
process will take place in a period spanning several decades.
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Figure 10.5
Long-term forest management plan indicating the year when felling takes place

The visual stimuli

Some decades ago Dame Sylvia Crowe used hand-drawn sketches to illustrate forest management
options (Crowe 1978). In the Alport Valley example, a virtual landscape model of the valley is
constructed that consists of a digital terrain model (DTM), an orthophoto and a range of object
types such as trees, dry stonewalls, buildings, paths and the sky as a backdrop. The DTM is based on
an original map scale of 1:10,000 and has a resolution of 10 m. The resolution of the orthophoto
is 1 m. This orthophoto is draped over the DTM using the visualisation software Simmetry3d. The
terrain along the path was edited manually to provide a smooth animation. The geometry of the
buildings is constructed in Sketchup. In order to achieve a realistic representation of the built objects
they were photographed in the field and their textures applied to the building geometry. Similarly,
for the vegetation, a library of geo-specific textures that were acquired on site is used. In addition to
the billboards, in prominent locations along the main access to the valley, trees with texture-mapped
3D-geometry (see Paar 2003) were also included. The visualisation of several thousand trees while
still being able to move around in real time was a major challenge that required fine-tuning with
several iterations of model improvement. The landscape is shown in several stages over time (Lange
and Hehl-Lange 2010b): '2005" before forest management activities began, ‘2020 after harvesting
most of the existing woodlands, ‘2030’ when new woodlands have started to be established and
‘2090’ the proposed ‘final state’ with oak—birch woodland.

Study participants

A key issue for a success in conducting stakeholder workshops as in the example of the Alport Valley
is to identify and involve the relevant stakeholders. Also, this ensures that management planning
takes into consideration local experience. If the key decision-making parties are involved early there
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is strong potential for the discussions in stakeholders’” workshops to lead to concrete action on
the ground. The relevant stakeholders are the National Trust (the main landowner), the Forestry
Commission, the Peak District National Park Authority (PDNPA), the British Mountaineering Council,
the Campaign to Protect Rural England (CPRE), Friends of the Peak District and The Kinder and High
Peak Advisory Committee.

Study design and protocol

The workshops were held in the virtual reality studio of the University of Sheffield. To provide
unobstructed views for the participants, chairs were placed at the back of the room approximately 3-4
m away from the screen (3 m x 2.5 m) in a semi-circular arrangement. Prior to the actual stakeholder
workshops a test run was conducted in order to eradicate any potential issues and provide a smooth
operation. An essential requirement is a skilled operator of the system and a moderator guiding and
structuring the process (Figure 10.6). In order to keep a record of the workshops, they were recorded
with photographs and video. Also, a researcher took written notes during the workshops.

A practical hurdle was finding a time slot in which everyone would be available for a workshop.
In order to arrange the date a preparatory meeting was held with the main stakeholders, that
is the National Trust and the Forestry Commission. Because of the limited availability of the
stakeholders it turned out to be impossible to find a joint single slot, and therefore the workshop
was conducted twice. In total 11 persons representing different stakeholder groups participated
in the workshops.

The workshops gave the stakeholders the opportunity to see, for the first time, and in three
dimensions, the management plan and the landscape as it would develop over time. Workshop
participants were presented with 4 x 5 static images (Figure 10.7). Each of the four landscape
models were represented through five images, with five seconds showing time per image and

3D-Visualisation

Moderator \ Navigator
Facilitator Operator

Stakeholders
the Public

Figure 10.6
Setup of the participatory workshop using 3D visualisation
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Figure 10.7
Static images of the four landscape models represented through five images along the path

animations at 20 frames/s leading participants along a stretch of approximately 200 m of the sole
access route in the Alport Valley. The speed of 8 km/h corresponds to the pace of a jogger. In
addition, participants had the opportunity to explore the virtual environment on their own by using
devices such as a joystick as used in computer games and stereo glasses for 3D immersion.

After they had seen and explored the virtual environments on their own, participants were asked
to fill in a short questionnaire and to answer four questions for which the answers could be given
using a five-point rating scale with tick boxes (ranging from ‘not at all’ equalling 1 to ‘very much’
equalling 5). The four questions were: ‘To what degree do the following types of visualisations
help you to envisage the landscape?’, ‘To what degree do the following types of visualisations help
you to understand where you are in the landscape?’, "To what degree do the following types of
visualisations help you to understand the visual transformation of the landscape in the future?’ and
‘How helpful are the different visualisations for you to participate in the forest management plan
for the Alport valley?”

Results

In the second experiment particular focus was put on gathering qualitative feedback (e.g. Lewis and
Sheppard 2006; Schroth et al. 2011). When the stakeholders saw the images and the walkthroughs
along the pre-recorded animation path they were sitting quietly, focussing and concentrating on
the screen. Only a few comments were whispered. The stakeholders were then encouraged to get
up from their seats and move towards the screen to try exploring the virtual environment at their
own pace and along their own routes. They got a short introduction of how to use the joystick
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for navigation. In particular, when they moved away from the path and explored the whole valley
they engaged much more and spontaneously commented on the visualisations, for example ‘It's
fantastic, this is brilliant’, ‘The river there! That's actually the view!’, ‘Look, the ridge there!’, that
is they were immediately interacting more with the landscape and relating their own experiences
and geographic knowledge to what they saw on the screen, or even deliberately going to particular
locations that they wanted to explore.

In comparison to the still images ('the still images added very little, whereas the real time
navigation was amazing and added real value’) the stakeholders made it clear that the navigation
brought the landscape to life (‘captures the visual sensation of being in the valley from different
vantage points’), because it gave them a sense of place and scale, expressing a feeling like being
in that landscape, as well as a sense of ownership and control as they could explore the landscape
freely ("being able to navigate through the valley was a useful experience’). The visualisations were
seen as providing a good representation of how the landscape might look in years to come.

Some study participants wanted to see more foreground details including shrubs or bracken
as well as boundaries such as fences (‘good to show some more boundaries’) to give more reality
to the visualisation. For the majority of the stakeholders a high level of foreground detail was not
considered to be important. For them the overall impression of the landscape as a whole is the key
factor (‘at the scale of grand landscape the model is at its best’) as well as the ability to show how to
manage large landscapes (‘overall it has given me great benefit and understanding on the impacts
that the proposed felling and plantation will have’; ‘the visualisation will help to consider whether
the landscapes we are working towards will meet our original objectives’; ‘it is an excellent tool to
“get over” to people how you intend to manage large landscapes’).

For a detailed quantitative analysis the sample with 11 stakeholders is rather small. However, the
analysis of the responses shows clear patterns in terms of how the different representation media
are rated by the individual stakeholders (Figure 10.8). Also, the results show that the scores overall
tend to be between 3 and 5, that is clustering around 4. In general, there is a clear trend for all four
questions that the real-time navigation scored higher than the animations, whereas the animations
scored either equal or in most cases slightly higher than the images. Depending on the questions, in
some cases the stakeholders treat the three representation methods as equal.

Discussion

The results provide quantitative and also qualitative information of people’s perception regarding
the use of static imagery, animations and interactive computer visualisations as a basis for making
decisions about future landscapes.

All stakeholders participating in the study were directly involved in the Alport Valley management
plan. They know this landscape well. Because of their high level of local knowledge and their
familiarity with the site they were able to target specific locations they wanted to explore in order
to view the landscape from different perspectives. For them, the question about orientation in
the landscape, whether it is related to imagery, animations or self-navigation, in statistical terms
did not have a distinct discriminatory effect. For the question referring to the role of visualisations
for participation in the management plan, for the majority of the stakeholders (6 out of 11) both
visualisation approaches resulted in high scores averaging clearly above 4, whereas 5 out of 11 clearly
favoured the real-time navigation over images and animations. In particular the open comments
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Stakeholders’ ratings of different representation media

that were gathered beyond the rigidly structured questionnaires, especially when the stakeholders
themselves took over and experienced the virtual landscape on their own, gave further insights that
would not have been received by only relying on a typical questionnaire format.

In terms of scheduling participatory events, a key effort is needed for organising them. This
should not be underestimated, and thorough preparation and scripting needs to be done by the
hosts. In addition, workshops and surveys need to be approved by the respective ethics committees.
All this can take a considerable amount of time and needs flexibility in planning ahead and also in
addressing alternatives in terms of timings.

When digital landscape visualisations are used as an integral component of the process (e.g. Gill
and Lange 2013) this complicates the setup even more. In such a case, because of the interactive
nature of the involvement of the public this is very challenging and needs skilled operators and
moderators. Detailed choreography is absolutely essential but can only account to a certain degree
for the unpredictability of the focus of the aspects investigated when involving the public. While the
level of complexity is relatively low when only static landscape visualisations are used, the challenge
when using interactive landscape visualisations increases considerably. Also, as a virtual landscape
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model can be freely explored, it needs a relatively high level of detail throughout (rather than
providing detail only along certain routes) which increases rendering time.

Compared to a workshop setting that does not rely on interactive 3D landscape models, this
needs a skilled operator and a moderator who recognises the role of the visualisation. It also needs
participants willing to engage. For digital natives the interactive nature of computer games is
something they are used to and probably expect. For novices the moderator will have to be patient
and encouraging in order for the workshop participants not to shy away.

In the process of the preparation of the management plan, as part of the ongoing stakeholder
involvement, the tree felling method was changed to ring-barking. As a result the dead tree trunks
will be standing for some years in order to prevent erosion. As a consequence, the virtual model
‘2020’ (after harvesting most of the existing plantations) had to be adapted. Instead of visualising
areas where harvested trees were lying on the ground to rot, these areas were populated with trunks
of dead trees still standing. In this example dead tree trunks as seen from a distance are displayed as
thin lines and when their positions change slightly from each pre-recorded image to the next image
flickering appeared in parts of the animations. This was noticed by some of the stakeholders and is
a common problem in computer graphics. It does not occur in still images.

In forest management long-term planning decisions are made today but they will impact future
generations. 3D visualisation gives us the opportunity to decide on the effects of forest management
decisions today and to experience what future generations will potentially experience.

GENERAL DISCUSSION AND CONCLUSIONS

The setup of both of the experimental studies reported on above was exploratory in nature, and with
the experience gained from them we were able to transfer the approaches as role models to other
research settings (see e.g. Hehl-Lange et al. 2012; Gill et al. 2013; Hehl-Lange et al. 2015). Decisions
to be made in planning and design processes are often complex. This requires sophisticated decision
support techniques and favours the use of visual communication techniques that can potentially
simplify and explain complex settings and spatial information in order to improve design and
decision making.

Landscape visualisation not only has the potential to visually communicate spatial characteristics
of possible future landscapes to stakeholders, it can also be used to explore conflicting interests by
involving the relevant stakeholders early on, for example by adapting models for public involvement
such as focus groups, public hearings, round tables, workshops, design charrettes and so on or,
further, it could be the basis to integrate adaptive, analytical and systematic approaches (see Milburn
and Brown 2003) in research into a design context.

Regarding the presentation mode perceived by the user/stakeholder, it seems not so much a
question of static (an image) versus dynamic representation (an animation along a predetermined
route). The real benefit lies in the possibility to explore virtual environments freely. More than any
other form of virtual reality exposure, the self-determined exploration most resembles the behaviour
of a real person in a real landscape. Moreover, it may even go beyond real world exposure, as
in virtual representations of real environments, a user can easily navigate to, perhaps, otherwise
inaccessible locations.

The visualisation approaches in the research presented rely on representing the real world
through a virtual surrogate. In the future, other approaches are likely to play an important role as
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well (e.g. Gill and Lange 2013, 2015). In particular, this includes developments for augmenting the
real world with textual or graphical data. In combination with increasingly ubiquitous mobile devices
such as tablets and smartphones, augmented reality for planning and designing our environments
is likely to develop into a new field of research in the near future.
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