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In this study focusing on human–environment interactions, we analyze the use of an immersive visualization
theater (IVT) for exploring how humans use and value cultural ecosystem services provided by natural land-
scapes in Israel's Carmel Forest. Our goal in this inductive, exploratory study is to assess the impact of the IVT
on the quality and content of stakeholder discussions held in the theater.
We facilitated 10 focus group discussions in the IVT, where a series of high-resolution photographs were
projected. Participants were asked (in writing and orally) to choose from among the scenes where they would
prefer to spend time, and then asked to explain their answers. Next, they were asked to describe activities in se-
lected scenes inwhich they were likely to participate.We suggest that the immersion theater, due to screen size,
photo resolution, social interaction, and group isolation within the theater, elicited attention to detail and trig-
geredmemories and sensory responses to various landscapes. The qualitative data derived from focus group dis-
cussions add to our understanding of the diverse meanings and importance that different people attribute to the
landscape, contribute to understanding the social processes and conditions through which participants attribute
value to cultural ecosystem services, and allow us to generate testable hypotheses for continuing research.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

In this research, we assess the utility of a relatively new research
venue – the immersive visualization theater (IVT) – for experimental in-
quiries into public preferences regarding natural landscapes and the
cultural ecosystem services derived from these landscapes. Three inter-
connected fields of scholarly inquiry converge around our experimental
venue, including 1) ecosystem services (ES) assessment (cultural ES in
particular), 2) human perceptions of landscapes, and 3) the potential
role of stakeholders in land use planning and policy. The first is a rela-
tively new science, while the latter two are well-established research
foci that have traditionally utilized visualization (Steinitz, 1990, Oh,
1994, Daniel & Meitner, 2001, Lange, 2001, Lange & Bishop, 2005,
Sheppard, 2005, Lewis & Sheppard, 2006).

Utilizing high-definition photographs of landscapes from Israel's
Carmel Mountain in an IVT has enabled us to form insights regarding
the potential utility of the IVT as a research tool. Further, using the IVT
(rather than other visualization tools) has challenged us to reconcile
the benefits and shortcomings of this technology. Here we ask: What
are thepossible advantages and added value of using the IVT for research
on landscape preferences and perceptions? By addressing this question,
we add to the emerging literature that assesses the contribution of
stein),
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advanced-technology visualization tools to the study of landscape
perception and planning (Sheppard, 2001, Paar, 2006).

We begin with a short overview of related work concerning cultural
ES assessment, human perceptions of landscapes, and visualization
theory and research applications. We then describe the experimental
venue, the IVT, and the experimental methodology, focus group
discussions. Next, using the predominant themes that arose during
focus group discussions, we outline the suggested contribution of our
IVT – called the VIZ-Lab – in eliciting responses from participants to
our research questions. We conclude with a discussion regarding the
proposed strengths and weaknesses of the experimental venue com-
pared to those of other potential media and venues as described in the
research literature.

2. Background

Cultural ES are defined as processes and characteristics of an ecosys-
tem that provide benefits to humans in the formof spiritual, educational,
social and recreational value (Reid et al., 2005, Church, Burgess, &
Ravenscroft, 2011). The ES conceptual framework (which also includes
provisioning, supporting and regulating services — all crucial to human
survival and wellbeing) has proliferated across the research, planning
and policy-making communities (Braat & de Groot, 2012, Maes et al.,
2012). While the framework has gained popularity, understanding of
cultural ES has remained rather generic, partially due to the dearth of so-
cial scientists participating in ES assessment and research (Duraiappah &
theater: A new tool for ecosystemassessment and landscape planning,
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Rogers, 2011). With the recent influx of social scientists into this realm,
definitions of cultural ES and the methodologies for assessing them are
becoming increasingly nuanced and structured (Chan et al., 2012,
Daniel et al., 2012, Tengberg et al., 2012, Gould et al., 2015).

The study of cultural ES demands a focus on the non-material values
derived from ecosystems, including spiritual and aesthetic values, cul-
tural identity, social cohesion and heritage value, among others
(Church et al., 2011, Chan et al., 2012, Gould et al., 2015). Since cultural
ES provide non-material benefits (e.g., experiences, activities) as an out-
come of socio-ecological interactions, there is a crucial need for under-
standing peoples' ways of life, and especially the meanings and
interpretations that people relate to the benefits they experience from
their interactions with natural environments )Tilley, 1994, Chan et al.,
2012, Tengberg et al., 2012). As such, cultural ES research builds upon
existing bodies of knowledge provided by environmental psychology,
human geography, anthropology and landscape architecture. Further,
cultural ES research borrows from the research methodologies of
these disciplines, including observations, ethnographies, surveys and
interviews, and guided group discussion.

With the recent increase in social research on cultural ES, ES research
has begun to focus on the landscape itself, rather than on its particular
biotic components (e.g. Fagerholm, Käyhkö, Ndumbaro, & Khamis,
2012, Tengberg et al., 2012). Several studies investigating ES through a
social lens revealed that aesthetic and cultural landscapes were the
most highly-valued components of the ecosystem (Gee & Burkhard,
2010, Tengberg et al., 2012, Sagie, Morris, Rofè, Orenstein, & Groner,
2013, Orenstein & Groner, 2014). This discovery poses a particular chal-
lenge for land use and natural resource management and for ES
scholars, who have tended to focus on ecosystem services that could
be measured in ecological terms or valued in economic terms, and
who were criticized for these reasons (Spangenberg & Settele, 2010,
Luck et al., 2012). New questions have been raised, including: What ES
should be managed within the landscape? What biotic components of
the landscape provide cultural ES? Does a particular species composi-
tion or level of biological diversity create more favorable landscapes?
Do people appreciate landscapes regardless of their biological composi-
tion (Orenstein & Groner, 2015)? These questions bring cultural ES re-
search closer to the disciplines that have traditionally studied
landscape perceptions including, in particular, landscape architecture,
natural resource planning and management, and environmental psy-
chology (and have led some researchers to adopt the term “landscape
services”, e.g. Termorshuizen & Opdam, 2009, Brown, Montag, & Lyon,
2011). Likewise, these disciplines have been engaged in the theoretical
and applied development of visualization methodologies.

The use of visualization for research of natural and constructed land-
scapes has a long and rich history (Ribe, 1989, Daniel, 2001, Lange &
Bishop, 2005, Lange, 2011), and interest in its use continues to rise
alongside growing interest in public participation in natural resource
management and environmental planning (Bell, 2001, Sheppard,
2001). The reasons provided for employing visualization in landscape
research, planning and design fall within a spectrum ranging from the-
oretical research for understanding aesthetic preferences and percep-
tions to applied research aimed at procuring stakeholder opinions
regarding specific planning, design andmanagement issues. But overall,
there is a strong bias towards applied research for planning and man-
agement. The oeuvre of Zube et al. is noted for its focus on the develop-
ment of a theory of human perceptions of landscapes (Zube & Pitt, 1981,
Zube, Sell, & Taylor, 1982, Zube, 1984), but even they emphasize applied
value as their motivation; “Inquiry centered on the landscape itself is
most strongly motivated by the pragmatic concerns of environmental
management, planning or design” (Zube et al., 1982; p. 6).

Visualization, regardless of the medium, uses visual imagery to en-
gender a response from the viewer. Bell (2001) asserts forthright that
“people tend to judge things on the basis of what they see as much as
or more than on what they know”. If this is true, then simply showing
someone a given landscape could be the first step in obtaining their
Please cite this article as: Orenstein, D.E., et al., The immersive visualization
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opinion of the site, and should elicit amore germane response than ask-
ing them about a scene in the absence of a visual image, actual or
reproduced.

There are diverse tools for employing visualization, themost common
ofwhich are the use of photographs,which are generally small enough to
be held in one's hand or to have several spread across a table in front of
the viewer (e.g., Arriaza, Cañas-Ortega, Cañas-Madueño, & Ruiz-Aviles,
2004, Natori & Chenoweth, 2008, Shipley & Feick, 2009, and others). As
early as 1967, Sonnenfeld (cited in Zube & Pitt, 1981) used photo-slides
for comparing native and non-native residents' landscape preferences
for residential settlement in Arctic and non-Arctic environments. Apart
from actual site visits, photographs were the first medium to be used in
experiments assessing the aesthetic preferences of individuals for land-
scapes, which sometimes attempted to establish mathematical relation-
ships between landscape characteristics and aesthetic preferences
(Shafer & Brush, 1977, Ribe, 1989). In other early work, photographs
were shown to park users as a basic strategy in developing a visual pref-
erence model, which then was used to produce concrete recommenda-
tions for landscape planning (Steinitz, 1990).

Landscape visualization techniques underwent a substantial shift
with the development of computer graphics and 3D capabilities (Lewis
& Sheppard, 2006, Paar, 2006). This shift included the growing utilization
of computer-generated images or photographs – ‘photo-realistic land-
scape visualizations’ (Lewis & Sheppard, 2006) – displayed on a comput-
er screen or projected in either 2D or 3D. The rise of 3D landscape
simulations and other technologies greatly improved the quality of virtu-
al reality (VR) environments (Bowman &McMahan, 2007) and their po-
tential utility for stakeholder-integrated landscape planning.

Some research of the past two decades has focused on the relative
strengths and weaknesses of various visualization tools for planning
purposes. For example, Bailey, Brumm, and Grossardt (2001) compared
the efficacy of three visualization modes for computer-generated im-
ages, including 2D, 3D and VR, each projected on a computer screen,
for use in collaborative highway planning. They found that users pre-
ferred 3D images, citing realism and functionality among their primary
advantages (in particular, the ability to observe a scene from multiple
angles). Lewis and Sheppard (2006) compared the use of photo-
realistic images to GIS maps in planning and found that use of images
led to a more in-depth, lively and meaningful discussion regarding in-
terviewees' landscape preferences.

The comparative response of individuals exposed to different visual-
ization tools is an ongoing topic of dispute and research (Daniel &
Meitner, 2001, Sheppard, 2001, Lewis & Sheppard, 2006, Paar, 2006).
Zube and Pitt (1981) provided evidence that landscape evaluations
usingwide angle photographs yielded results that were highly correlat-
ed with evaluations made in situ. Daniel and Meitner (2001) provided
an inventory of additional research that supported this finding. Howev-
er, noting exceptions to this claim, they conducted their own study of
landscape perceptions using various levels of photorealism. They con-
cluded that more abstract representations of landscapes do not provide
correlating results with those produced using photographs. In contrast,
Paar (2006), who surveyed planners regarding the efficacy of 3D land-
scape simulations, found that photorealism ranked relatively low in im-
portance, while ease of learning and interoperability were ranked the
most important characteristics of 3D visualization software.

The immersive visualization theater (IVT) provides a unique venue
for visualization. While the technical profile of each theater is unique,
we refer to a theater-like environment that includes a large surround
or semi-surround projection screen and high-definition projectors.
The immersive aspect of these theaters can, as stated eloquently by
Fraser et al. (2012), have “the ability to dominate the viewer's senses,
focus the viewer's attention on the stimuli, provoke the senses, and
cause the viewer to become absorbed by the story and characters”
(Fraser et al., 2012, p. 4‐4). IVT can include a range of features and capa-
bilities, such as 3D projection, tracking cameras for allowing partici-
pants to interact with the projected images, internet and conferencing
theater: A new tool for ecosystemassessment and landscape planning,
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Fig. 1. Blueprint for VIZ-Lab.

Fig. 2. VIZ-Lab projection screen (photo courtesy of Haim Singer).
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capacities, sound system and furnishings to facilitate for group interac-
tion and discussion. VR systemsbuild upon the benefits of IVT, including
exploitation of the IVT's wide field of view and shared group experi-
ences (Brooks, 1999, Bowman & McMahan, 2007).

IVT are used by military agencies (for training purposes), commer-
cial enterprises (includingmarketing research and entertainment), gov-
ernment agencies, and a growing number of academic institutions.
Recently, several research institutions have constructed such theaters
as research tools for stakeholder-integrated land use planning and
policy-making (MacEachren et al., 1999). Arizona State University's De-
cision Theater Network (https://dt.asu.edu) is notable in this regard,
where researchers are exploring the purported advantages of visualiza-
tion tools and theaters for public participation in policy decisionmaking
(see, for example, Edsall & Larson, 2009, Guhathakurta et al., 2009,
Larson & Edsall, 2010, White et al., 2010). Early examples within an ac-
ademic setting include the Immersive Visualization Laboratory of the
University of Toronto's Centre for Landscape Research (Danahy, 2001)
and the Swiss Federal Institute of Technologies “VISDOME” (Lange,
2002). Other examples include the Visualization Center at Helmholtz
Centre for Environmental Research (http://www.ufz.de/index.php?
en=14171), The James Hutton Institute's Virtual Landscape Theater in
Scotland (http://www.hutton.ac.uk/learning/exhibits/vlt), and the
University of British Columbia's Hydro Theater (http://calp.forestry.
ubc.ca/bc-hydro-theatre/). While the technical parameters and the re-
search applications vary from site to site, in general, IVT enables the
use of panoramic, high-definition photographs of landscapes to offer
an advanced research tool and a new venue for interactive landscape
planning and assessment.

Several advantages to such immersive theaters have been suggested
in the literature when compared to smaller-scale visualization media,
including 1) enabling viewers to use their entire field of view to scan
and understand landscape detail and structure (Danahy, 2001); 2) in-
tensifying the emotional impact of the media on the observer (Reeves,
Lang, Kim, & Tatar, 1999, Codispoti & De Cesarei, 2007); and 3) facilitat-
ing synergistic energy betweenmultiple audiencemembers that gener-
ates a more visceral collective response to the media than what an
individual would experience watching alone on a small screen
(Hanich, 2010). Meitner (2004) found that use of panoramic imagery
improved the ability to quantify scenic beauty as compared to the use
of individual photographs. IVT is claimed to accentuate the power that
visualization has on human perceptions of knowledge, attention, emo-
tional processing, interpretation of and inference on reality (Daniel &
Meitner, 2001). In the educational realm, the quality of immersive expe-
riences conveyed via large screens has been shown to have positive im-
pacts on educational experiences due to increased interest, engagement
and motivation on behalf of the participants (Fraser et al., 2012).
Immersive theaters, provided with the necessary data input, can thus
be said to optimize the desired factors for creating a virtual reality as de-
fined by Hein (cited in MacEachren et al., 1999), which include immer-
sion, interactivity, information intensity, and intelligence of objects.

Danahy (2001) and others emphasize the important role of periph-
eral vision and scanning in the assessment of visual images. The IVT
venue allows “the eye of an observer to robustly move the focus of at-
tention” across the scene andunderstand the spatial detail and structure
of a scene (Danahy, 2001, p. 133). The immersive theater emphasizes
these qualities, thus giving such a venue a potential research advantage
as compared to other forms of visualization.

Despite its popularity, controversies regarding visualization as an
experimental framework have also grown, particularly with regard to
its usefulness in integrating the public into planning. Sheppard (2001)
provides an inventory of ethical challenges presented by the use of visu-
alization in planning. These include possible misuse of visualization
arising from the newness of the methodology and general lack of rules
and ethical guidelines framing its use. Another debate, relevant to the
use of the IVT, questions the utility of studying landscape perceptions
via representations of landscapes removed from the actual site
Please cite this article as: Orenstein, D.E., et al., The immersive visualization
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(Sheppard, 2005). Wergles and Muhar (2009) compared computer vi-
sualization to on-site research, arguing that visualization introduces de-
ficiencies to research because images are pre-selected, thereby directing
the attention of the respondent to a specified scene, dictating what the
observer focuses on. Visualization is also unable to convey attributes of
objects such as their material content, surface texturing and age, and
any perceptual impressions related to interactionwith the environment
and movement, either of the observer or of the objects. Further, neither
sound nor scent is conveyed via visualization (Wergles & Muhar, 2009,
Lindquist & Lange, 2014). These arguments refer to all types of visualiza-
tion, though we claim here that immersive visualization, especially
when coupled with prior, real-life experience, may overcome some of
these weaknesses.

In this exploratory research, we assess the utility of IVT for the study
of cultural ES in forested landscapes in Israel. In doing so, we both pro-
vide evidence in support of some of the advantages of IVT for research
noted above, and suggest testable hypotheses regarding the utility of
IVT as compared to other visualization techniques.
3. Methodology

The Technion Faculty of Architecture and Town Planning IVT (VIZ-
Lab; http://viz-lab.net.technion.ac.il/) is located in a 9.2 × 6.8 m room,
with a 2.4 m high, curved screen providing a 7 m radius and 75° field
of view (Figs. 1 and 2). Images are projected across the entire expanse
of the screen using three high-definition projectors (5740 × 1200 pixel
resolution). A high-resolution camera equipped with a wide-angle lens
was purchased to collect images that match projection resolution. The
theater: A new tool for ecosystemassessment and landscape planning,
16/j.compenvurbsys.2015.10.004
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theater was designed by Antycip Simulation and the total cost of the
primary equipment in 2013 was approximately 200,000 Euro (not in-
cluding the expenses of retrofitting the space).1 While the VIZ-Lab has
3D and interactive capacities, the current research used high-definition
still photographs, thus taking advantage only of the immersion and in-
formation intensity aspects of the virtual environment (MacEachren
et al., 1999).

Our field site is the CarmelMountain, a Mediterranean forested area
and one of Israel's largest and most-visited national parks, which has
been subjected to intensive human recreational and agricultural use
and which experiences periodic forest fires (Naveh & Carmel, 2003).
This mountain forest also contains and abuts large human settlements
(including Israel's third-largest city, Haifa). The funding agency for our
research, the Israel Ministry of Environmental Protection, was interest-
ed in post-fire restoration and the aesthetic implications of tree type,
mixed-use development, fire breaks and other post-fire land use
decisions.2

Our experimental protocol was based on focus group discussions
(Bloor, Frankland, Thomas, & Robson, 2001) around a series of
projected, high-definition photographs of various landscapes from the
Carmel Forest (Appendix 1). We collected 350 photographs of various
landscapes of the Carmel at diverse scales of resolution (from close-up
photos of shrubs and trees to panoramic views) and chose 15 from
among them for use in focus group discussions (10 photographs were
used as the basis for each discussion). Photographs were selected to
cover a range of landscape characteristics that were of interest to man-
agement agencies and had relevance to post-fire restoration efforts.
These included 1) open views of mountain vistas (including sea view)
versus landscapeswith limited visual range; 2) dense versus sparse veg-
etation cover; 3) undisturbed landscapes versus constructed landscapes
(e.g. parking lots, camping areas, picnic tables and other recreational fa-
cilities); 4)monoculture and diverse forests, and; 5) diverse proximities
from urban environments. Overall, we attempted to adhere to general
and relevant principles of data selection for visualization research, in-
cluding accuracy, representativeness, visual clarity and interest
(Steinitz, 1990, Sheppard, 2001). All but two of the landscape photo-
graphs were devoid of human presence (these two were not used in
most of the discussions). The projected photographs matched the pro-
jection resolution, thereby utilizing the entire screen. The 15 photo-
graphs utilized in this research, along with their geographic
coordinates, are provided in Appendix 1.

We then invited stakeholders to structured focus group discussions
within the VIZ-Lab. We used focus group methodology to organize
and conduct the meetings. In this methodology, small groups of stake-
holders are assembled in a forum in which participants offer their per-
spectives and interact with one another, with an emphasis on
dialogue between all of the participants and with an underlying as-
sumption that there are no “correct” answers to questions of interest
(Bloor et al., 2001; Shipley & Utz, 2012). Participants included 74 indi-
viduals of diverse, pre-selected backgrounds grouped into ten focus
groups of six to ten people each. Characteristics of the participants in-
cluded university students, researchers and practitioners from the fields
of landscape architecture, architecture, urban planning, ecology, and ar-
cheology, land use managers, high school students (including a group
from a scouting organization), and residents of the communities in
and around the Carmel Forest, including Jewish and Druze participants.
Forty men and 34 women participated, and ages ranged from teenagers
to retirees. The groups varied in their degree of heterogeneity, although
most were comprised of a relatively homogenous demographic group
1 An additional 100,000 Euros were spent on a software package that adapts and pro-
jects two-dimensional images in three dimensions, but this software was purchased for
other applications and is not used in the current research. It is important to note, however,
that the multiple, synergistic uses of the facility made the initial investment more
palatable.

2 The funding was provided to the Ministry to support post-fire research following the
destructive 2010 Carmel Fire; see Tal (2013) regarding the fire and its legacy.
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(e.g. university students, high school students, ecologists, local
residents).

For each discussion, participantswere led into the VIZ-Lab and asked
to sit in a semi-circle opposite the screen. They were given a question-
naire and asked to look at the ten visuals projected in randomized se-
quence on the screen (Appendix 2). They were then asked to give a
name to each of the ten photographs and to select four of the photo-
graphs as places where they “would like to spend time”. Each picture
was projected for enough time to allow participants to complete the
task (usually less than one minute per picture). This stage enabled
each participant to formulate her or his opinion individually without
being affected by group pressure. Next, the participants were asked to
write about their preferred activities for each of the places they chose
for the previous question. The facilitator then initiated an open discus-
sion asking each participant to discuss one of the scenes they chose as
a place they would like to spend time and to explain why they selected
that scene. The picture thatwas beingdiscussedwas re-projected on the
screen while it was being discussed. Other participants were free to re-
spond with their own reactions and opinions. The moderator ensured
ample opportunity for all participants to speak. As will be noted, discus-
sions transcended simple assessments of like or dislike, and the selected
scene provided the backdrop for a discussion of several minutes. In ad-
dition to the facilitator, two additional researchers (visible to the partic-
ipants) observed the discussions, one observing the non-verbal
reactions and interactions of the participants, and one observing signif-
icant (emotional, confrontational, etc.) verbal interactions during dis-
cussion. An additional staff member operated the visualization
equipment. Each session lasted approximately 90 min.

Discussion sessions, which were both audio and video recorded,
were transcribed and thematically and quantitatively analyzed together
with the questionnaire results (Strauss, 1987, Strauss & Corbin, 1990).
Transcribed data were coded and underwent thematic content analysis,
noting dominant recurring terms. Similar terms were grouped under
more general themes. Major themes that were identified from the
data included “ecology and biodiversity”, “orderly nature and the ‘per-
fect balance’ between humans and nature”, “a meeting place versus a
place of solitude”, and “calm and relaxation”.

In addition to the thematic analysis, researchers observed partici-
pant conduct, individual behaviors, and interactions among the partici-
pants during each session. Through analysis of these data, we identified
three qualities of the VIZ-Lab that appeared to have enhanced the expe-
rience of the users and heightened their emotional responses to the vi-
sual images. The IVT qualities relevant to the research were projection
size, isolation (within the theater, thus undistracted by activities uncon-
nected to the research), and social venue (for group discussion). We
suggest that these qualities contributed to drawing out and highlighting
the themes that emerged in the research. These qualities are presented
and discussed in detail below.
4. Characteristics of immersion visualization theaters and their
suggested impact on research of landscape perceptions

4.1. Size and detail

The first, and perhaps most intuitive, suggested benefit of the IVT is
the size of the projected images. The entry into the theater was consis-
tently accompanied by a display of excitement and anticipation (the
“wow-factor”). The first projected photographs further stimulated this
response, as participants' eyes scanned across the expanse of the screen,
taking in the holistic image, following which participants began to look
at fine details. Landscape perception starts with the reception of stimuli
which are then processed by the brain, a phenomenon influenced by the
intensity and wavelengths of light energy (Bell, 2001). Greater stimula-
tion has been shown to lead to a more visceral response (Reeves et al.,
1999, Codispoti & De Cesarei, 2007).
theater: A new tool for ecosystemassessment and landscape planning,
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After the researchers requested participant opinions regarding the
images, conversations often focused on particular (and seemingly irrel-
evant) objects in the picture, including, for example, a trash can, an
assemblage of boulders, a table, and even a small piece of trash. In an ex-
pansive forest image, one participant pointed to the very top, left corner
of the scene and expressed annoyance that there was a house behind
the trees (barely noticeable except by those sensitive to exurban
development within natural areas; Appendix 1, photograph #10).
Immersion within the scene also seemed to trigger sensitivity to colors,
hues, and shading. An image of the understory of an oak forest, with
individual rays of light prodding through the canopy, elicited, on several
occasions, references to a magical, fairy-tale-like scene (Appendix 1,
photograph #12).

Under our analytical theme of ecology and biodiversity, it was
apparent that size and high-definition of the image allowed participants
with knowledge of the local vegetation to identify the various plants in
the picture. This emphasizes the suggested advantages of high accuracy
and high-clarity data (Sheppard, 2001) and of large scale projections
(Danahy, 2001, Fraser et al., 2012). Forestry in the Carmel region
(like elsewhere in Israel) has a contentious history, in particular regard-
ing the species used in planting (introduced pines rather than native
oaks; Tal, 2013). Ecologists and nature enthusiasts responded with dis-
dainwhen a pine plantationwas projected (Fig. 3),while they gave pos-
itive responses to an oak forest. Non-experts generally expressed
appreciation of forests, regardless of their species composition, and re-
lated to other characteristics of the images including, for instance, the
presence of paths, the proximity to roads, and the quality of light com-
ing through the trees.

In the foreground of a picture of an expansive view of the sea, the
size and detail of the image seemed to allow participants to notice and
appreciate the recovery of vegetation following a destructive 2010 for-
est fire (Appendix 1, photograph #5). Ironically, some observers who
responded negatively to pine plantations (e.g. Appendix 1, photograph
#13), responded positively to these same species sprouting from the
charred earth following the fire. “Despite the fire”, expressed one re-
spondent, “there is regeneration, along with a beautiful view”. In this
same image, ecologists noted the presence of charred vegetation amidst
the undergrowth, and one noted, “A sad place after the fire. I chose this
place anyway [as one of my preferred images] despite the fact that it
causes sadness associated to loss of life… because it stirs curiosity
about how the fire influence the area, and what will grow in its wake.”

Many comments that fell under the theme of orderly nature and the
‘perfect balance’ between humans and nature reflected the ability of
participants to discern small details. These observations were related
to the degree to which each scene was orderly and to the dilemma of
whether or not the presence of human-made objects constituted
“balance” or “disturbance”. While garbage was universally viewed as
negative, objects such as stone paths, paved roads, and picnic benches
became foci of discussion. For instance, during a discussion around an
image of a picnic site within an olive orchard (Appendix 1, photograph
#1), one respondent (who did not choose the image among his pre-
ferred sites) said, “the tables and the green garbage cans are so promi-
nent that they bother me.”

The panoramic views catalyzed emotional and sensory responses of
participants based on past experiences in the projected landscapes or in
Fig. 3. Cursed monoculture or
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similar ones. The images sparked memories that connected the visual
scenewith other senses— olfactory, auditory, and kinesthetic (i.e. bodi-
ly feelings) and hearkened feelings of calm and relaxation. Images of
sunny hilltops prompted comments about the heat and the desire to
look for shade, while shady forests were discussed positively as a
place to cool off. The most popular image of the series, a small pool
collecting spring water (Appendix 1, photograph #2), provoked refer-
ences to rest and drinking tea and coffee. Many participants expressed
that one or more of the scenes gave them a sensation of calm. Multiple
terms conveying this sensation were used, including pastoral, harmoni-
ous, clean, aesthetic, shady and cool, restful, quiet, serenity, tranquility,
intimacy, breeze, pleasant wind, calming light, and warmth. Again, the
immersive experience seemed to have had a physical impact on the par-
ticipants, akin to the actual experience.

Exposure to imageswithin the IVT seemed to trigger powerfulmem-
ories for a place. Memories of social gatherings were frequently noted,
as were experiences of solitude in nature (collected under the theme
of a meeting place versus a place of solitude). One particularly symbolic
image was a close-up of heavy vegetative undergrowth blocking a foot-
path (Appendix 1, photograph #8). The undergrowth depicted in this
image became a symbol of division between individuals who looked
for potential social settings among the images and those who were
looking for solitude in the forest (“I'm going beyond those shrubs
where I can be alone and explore what's there” or “I can pass through
the shrubs and no one else will follow”). Interestingly, one participant
saw a residential neighborhood in the skyline of an otherwise open
view to the sea and relayed the security he felt knowing that, while he
is alone in nature, he's glad to see a populated area in the background.

The size of the projected image seemed to enable participants to
refer and get attached to parts of the scene even when they disliked
most of it. For example, referring to an image of a picnic site (Appendix
1, photograph #1), one participant noted: “See that mountain in the
back of the picture? That's where I'm taking my kids.” The participant
wanted to get away from the foreground (a picnic site that would po-
tentially become crowded) and flee to the background (a mountain
that rose from behind the picnic site). Others saw the foreground of
this same image as the ideal venue for a social interaction, “Soon this
place will be full of people, with laughing and music and the smell of
meat cooking.” In this way, a more complex understanding of the qual-
ity of the landscape became apparent to us.
4.2. The collective, social experience

Upon inaugurating the VIZ-Lab, architect and dean of our faculty,
Prof. Yehuda Kalay asked the question, “Why do people continue to go
to movie theaters when movies are expensive and wide-screen TV
and movies are available at home?” His answer was that the collective
experiencewithin the theater further heightens the emotional response
of the viewers, regardless of whether there is personal contact among
them. Kalay's comments are supported by Hanich (2010), who notes
“When we sit in a movie theater, we sit there with others; when we
watch a film with others, we experience it in a way that differs from
watching it alone. In other words, the cinematic audience is always
more than the sum of its individual viewers.”
beautiful patch of green?
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While the size of the images seems to have heightened participants'
emotional response, the group discussion also seemed to have had this
effect. The technology of IVT facilitates a different group experience
than other forms of visualization technologies. It is an experience of
“besideness” or proximity; the whole group is surrounded by the
same visual stimulus together (rather than each looking at his/her pho-
tograph or computer screen). When one participant draws attention to
a certain point in the image, everyone else it is drawn to it, thereby pro-
viding an immediate experience of the scene together. For example, one
of the most controversial scenes that catalyzed heated discussion was
an image of old couches and tables distributed on a patch of dirt next
to an olive orchard (Fig. 4). This scene was the most beloved by some
participants and catalyzed comments such as “the perfect balance be-
tween nature and humans”; “I want to stop and eat pitta and labane
(yoghurt) here”; “the couches lend a homey feeling to the place, and
even though it looks a bit strange, it's a spot where I would be happy
to sit and relax. The place is shady, and except for the road at the right
side, it looks quiet there.” For other participants, the same image evoked
the opposite sensation and they didn't agree with their fellow partici-
pants, claiming that: “The place looks like a dump.3 I don't like it”, or:
“Is there even a trash can lining in that trash can?”

A second example of this group experience was a passionate argu-
ment among landscape architects regarding the aforementioned pool
collecting spring water. The architects argued among themselves
about a seemingly minor detail of the picture, and then proceeded to
point and scan across the photograph, referring point by point to per-
ceived design flaws in an otherwise widely popular site among
participants.

The methodology of a focus group is used mainly for the purpose of
understanding how knowledge, norms, and cultural meanings of a phe-
nomenon (in our case, forest landscape) are constructed together, in a
group. The use of focus group methodology with the collective experi-
ence provided by the IVT seems to have a synergistic effect on one
another.

4.3. Isolation

The fact that visualization directs the subject to a particular object or
scene is noted as a disadvantage (Wergles &Muhar, 2009), but we sug-
gest that it is also an advantage. The subjects are directed to a particular
scene and due to the expanse of that scene, a focused, in-depth discus-
sion can be generated. In combination with the impact of size, isolation
within the theater, with only the panoramic image and the participants,
prevents the subjects fromdistractions thatwould occur in thefield and
focuses their attention on the selected scene; the dark room with the
huge photograph is the only stimulus. Although some of the younger
participants became jumpy in their seats (and some older participants
began to check their smart phones— to no avail, as there is no reception
in the theater), we suggest that these same participants would have
been even more distracted in an outside setting. The isolation within
the theater allowed subjects to focus on the images and on the
conversation.
3 The respondent used the Arabic/Hebrew slang “zoola”, referring to a small shack and
assemblage of old chairs and couches for relaxing outdoors, in this case as a pejorative.
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An additional, related, benefit of the IVT is that it is exciting (see the
“wow-factor” above). Participants generally respond with anticipation
as they enter the theater (even though the dimensions of the theater
are, as noted, relatively modest). People generally seem to enjoy evalu-
ating scenes and sharing their opinions (Pinto-Correia, Barroso, Surová,
& Menezes, 2011), and virtual environments can augment positive
emotions (Edsall & Larson, 2009). Relative to the potentially tedious
process of filling in opinion surveys, based on our observations, visual
assessment of immersive landscape scenes seemed to generate excite-
ment among the participants. This excitement may translate into
deeper engagement of participants in the visual and verbal content of
the research.

Along with the purported impact of size, the intense focus on the
visual scene triggered other senses. Participants would speak of sounds
and smells associated with the scene before them. When looking at an
image of the collection pool, one respondent exclaimed, “I can almost
smell the [Turkish] coffee brewing.” Another respondent noted regard-
ing the picnic area in the olive grove, “this looks like a nice place to
spend time with the family among the short trees — it feels very
Mediterranean. It seems like there is shade, and the place is orderly.”
Despite the fact that the participants were sitting in a darkened room,
the intense and uninterrupted focus on a given image could stimulate
the sensory responses – via memories of experiences – of being
outdoors.

5. Discussion

The primary question we address in this paper is whether the IVT,
with its suggested advantages, provides added value to research on
landscape preferences and perceptions and on cultural ES. Following
use of the VIZ-Lab for hosting focus group discussions on the topic of
natural landscape perceptions, we have identified qualities of this tech-
nology that may engage different stakeholders and help bring out their
feelings and perceptions regarding diverse characteristics of the natural
environment. In particular, we identify the size of the images, the social
interaction and the isolation effect as potential catalysts to both deep
engagement of participants with the landscape and deep and revealing
discussions among participates. It seems that the combination of these
three qualities, unique to the IVT, are interdependent and synergistic
in providing rich insights into stakeholders' perception of landscape
and the kind of cultural services that landscapes provide. While we
have drawn corroborating evidence from the research literature to sup-
port these conclusions, follow up experimental research will be re-
quired to empirically confirm them.

Current public policy and planning theory proscribes engaging com-
munities and integrating them into the planning andmanagement pro-
cesses (Clark, 2011, Shipley & Utz, 2012) and visualization has been
repeatedly cited as a communication tool for catalyzing this engage-
ment (Bailey et al., 2001, Bell, 2001, Sheppard, 2001, Meitner, Gandy,
& Sheppard, 2005, Lewis & Sheppard, 2006, Edsall & Larson, 2009,
Larson & Edsall, 2010, Schroth, Hayek, Lange, Sheppard, & Schmid,
2011). We suggest that the combined strengths of the theater create a
productive setting for both research and engaging stakeholder commu-
nities regarding questions of planning relevance (Edsall & Larson, 2009,
Larson & Edsall, 2010). The collective experience in the lab facilitated a
theater: A new tool for ecosystemassessment and landscape planning,
016/j.compenvurbsys.2015.10.004
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dialogue and exchange of opinions relating to positive and negative
characteristics of the natural environments. This exchange allows us
to explore the preferences and perspectives of the participants in a dy-
namic, revealingway. The theater environment can engage its audience
and catalyzes emotional response and passionate (though civil) group
discussion. The researcher (or planner or policy maker) can utilize
such a setting for garnering insights on how the public (or publics) per-
ceives and uses landscapes.

Given the recent proliferation of interest in the study of cultural ES,
much of which points to the importance of group deliberation and
other social methods of research (Wilson & Howarth, 2002, Chan
et al., 2012, Brown, 2013), the immersive theater offers exciting oppor-
tunities. The information yielded through focus group discussions in
VIZ-Lab helps us understand what aspects of the natural environment
and natural and cultural landscapes are valued (Tengberg et al., 2012),
where trade-offs in service provision may exist, and how values differ
between population groups and individuals (Zube & Pitt, 1981, Natori
& Chenoweth, 2008). These will be explored in greater depth in subse-
quent articles. Here, we confirm the existence and significance of cultur-
al ES as reflected in the main themes that arose in our focus group
discussions: a place of both solitude and social interaction, a place of
calm and relaxation, a place of cultural heritage and a place of explora-
tion and scientific curiosity (Church et al., 2011, Sagie et al., 2013, Gould
et al., 2015).

There are legitimate criticisms of this technology with regard to the
study of landscape perceptions. One critique of the IVT is that photo-
graphs or pictures projected on a computer screen could be equally or
more efficient, considering that photographs are mobile. As such,
more respondents could be surveyed more efficiently and for lower
cost. Likewise, Paar (2006) suggests that very high level photo-realism
is unnecessary for employing visualizationmethods for landscape plan-
ning (although he distinguishes this from the need for realistic repre-
sentation of plants and habitats). While these critiques are legitimate,
they may have less relevance for theoretical research than for applied
professional purposes. In this study, we suggest that the quality of the
discussion and the participants' attention to fine detail was increased
by using high-definition images projected on a large screen. Due to
the inductive structure of this research, such conclusions remain to be
proven in a comprehensive comparative study, although they do have
support from the literature, including studies that conclude that large
screen viewing and IVT environments can augment emotional reactions
(Reeves et al., 1999, Codispoti & De Cesarei, 2007, Fraser et al., 2012,
Kim, Rosenthal, Zielinski, & Brady, 2012). Gruchalla (2004) found that
users could perform complicated tasks more quickly and with higher
success rates in an immersive virtual environment as compared to
working on a desktop computer. Bowman and McMahan (2007) cor-
roborated these results, concluding that “display size and resolution
had a significant effect on task completion time, with a large, high-
resolution display producing the best results” (p. 42).

Another critique is that the immersive theater cannot replace the
multi-sensory experience of being in the field (Wergles & Muhar, 2009,
Lindquist & Lange, 2014). This may be true, but not without an important
caveat. Participants in our study often recognized places where they had
had a positive social experience, often at a picnic site or spring. These
would generally be positive, pleasant memories of a family gathering or
a rest stop with friends during a hike. Our results suggest that the experi-
ence of immersion, with a large, high-definition image combined with
prior experience in the area (or an area like it) triggered other sensory
memories (hence references to smells and heat/cold). There is also sup-
port in the literature that landscape evaluations using wide-angle and
panoramic photographs yielded results that were highly correlated with
evaluations made in situ (Zube & Pitt, 1981, Meitner, 2004).

We do not dispute the utility of other approaches to visualization,
nor the need to conduct comparative landscape perception research in
the field. Indeed, other methodologies can be utilized both within the
theater and outside it, to supplement and/or verify insights from the
Please cite this article as: Orenstein, D.E., et al., The immersive visualization
Computers, Environment and Urban Systems (2015), http://dx.doi.org/10.10
VIZ-Lab. For instance, using many small photographs can allow respon-
dents to compare and order preferences efficiently, providing quick in-
sight into a larger number of scenes and scenarios (Arriaza et al., 2004,
Natori & Chenoweth, 2008). In-depth personal interviews using land-
scape visuals can be conducted in the IVT (utilizing the advantage of
size) to more fully understand individuals' narratives, but using this
method would lose the insights yielded via group discussions and reve-
lations that arise from dialogue and argument. On-site evaluations
(group or individual) provide a different set of perceptions that are
not directed by visualization and that allow for much more freedom of
response. Such activities can be conducted in conjunction with focus
group discussion within the immersive theater; it is our intention, for
example, to continue the current research with follow-up in-depth in-
terviews on site. Employing this methodology will allow us to verify
or dispute hypotheses proposed here regarding the utility of IVT.

A final open question is whether the relative advantages outlined
here justify the high initial construction and maintenance costs when
compared to other visualization approaches (Danahy, 2001). Fraser
et al. (2012) concluded with a similar open question as to whether the
reported advantages of large-screen educational films justify the capital
investment in the technologies that deliver them, and they call for fur-
ther research to provide a more definitive answer. VR researchers sug-
gest that there are advantages and disadvantages to the range of
immersion technologies (at a range of prices), and that technologies
should be selected according to particular research needs (Gruchalla,
2004, Bowman & McMahan, 2007).

In the meantime, the use of the IVT is already providing initial in-
sights into applied and theoretical knowledge regarding which aspects
of the forest ecosystem provide cultural ecosystem services to local
communities. Analysis of discussion protocol reveals recurring themes
that are common among various community groups, as well as some
crucial differences. We suggest that technology of visualization using
high-definition photographs in an immersive environment assisted in
accentuating focus group discussions, thereby highlighting the most
significant social and cultural values that individuals and groups derive
from the forest.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.compenvurbsys.2015.10.004.
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