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Abstract

Human psydological responseto landscape visual Itering in

animation design

by

Marco Ruocco

Landscae is a valuable visual resourcecharacterizedby a specic
degreeof visual accessibiliy, which a ects the exposureto the resource,
human perception,and the outcomesof exploration. The motion along
atrajectory allowsthe viewer to obtain a more speci ¢ view of the land-
scape, enhancingher information-seekingactivity through a negotiation
with the multiple visual aspects of the ervironment. As a conceptual
tool, we considerthis form of mediated exposureto landscape as a vi-
sual lter that selectsonly part of the landscape and temporarily hides
the rest. This experimertal study aimsat verifying the hypothesisthat
the trajectory of the viewer on the landscape is a determinart factor in
what perceptionsand experiencesare nally achieved. The objective

is to shaw that the visual accessibiliy properties of landscape are not



isotropic, but rather patterned in landscage- and trajectory-speci c
ways. The experiment consistedof the dewelopmen of six computer
graphics y-b y sequencesf three di erent landscapes (an agricultural
plain, a narrow valley, and a steep hill), chosento represen di er-
ent terrain types. Ead landscage was animated at low altitude in
a terrain-following mode, and at high altitude in uniform mode. In
a between-sulject design, two groups of participants were asked to
ewvaluate and self-reprt their perceptions,aestheticalinsights, spatial
knowledgeand senseof placeimpressionson the three landscage in the
two altitude conditions. The results of the experimert suggestthat the
visual landscage is patterned in terms of how accessibiliy determines
experience, sincethere are di erences in speci cally predicted classes
of responses.For example,the e ect of mountain shelteringis felt only
at low altitude in a shelteredterrain, and not in any other condition.
The landscape seemdo o er adi erent \face" (in the many dimensions
that are considered)accordingto the trajectory of motion from which

it is seen.
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Chapter 1

In tro duction

The visual properties of landscape are a valuable resourcethat is
manifest, for example,in the aestheticalreaction that most of us ex-
perienceby viewing striking scenery In fact, the current interest in
visual impact and scenicquality indicates the increasingawarenessof
the community in landscage visual presenation. Acquiring the abil-
ity to accessthe resourceof landscape is as important as the actual
presenceof the resourceitself. Accessibiliy can be seenas the main
factor of an epistemologicalquest that underpinned the ewlution of
psydological human-landsca relationships.

Landscape has been consideredas \a way of seeing” (Lowerthal,



1961). This intrinsic quality might indicate that it is necessaryto
considerthe processof obsenation asa conceptualbasisfor landscape.
This is especially true when obsenation is consideredas a processof
selectionof visual elemerts from the totalit y of the visible ernvironmern.

The interest in dynamic visualization can be related to the recer
attempts to nd novel and more e ective methods of using increasing
amourts of geographicdata. Scieri ¢ visualization has brought for-
ward the idea of \seeing the unseeri', an attempt to exposethe hidden
properties of data, and extracting their information content through
visual represemation (Butten eld and Mackaness,1991). Similarly, it
is arguedherethat the \seeing the unseeri' in a landscape context con-
sists in increasingthe degreeof exposure of landscage to the viewer.
The processresponsible for exposing landscage is strongly related to
the dynamicsof obsenation: it involvesthe selectionof hidden or frag-
merted visual elemens from a seriesof views and their combination in
integrated experiences.

It is suggestecherethat the trajectory of the obsener on the land-
scae is critical in determining the characteristics of the experienceof

landscape. Howewer, reasonablysimilar trajectoriescould suggestto us



how comparablesetsof landscage elemens give rise to di erent expe-
riences. Sud di erence will be patterned enoughto help us determine
their speci c in uence on the obsener's perceptions. The interesting
aspects of comparing the trajectories consideredin this study is that
they vary as a function of the form of the terrain. Sud adaptivity is
what characterizesour tra jectoriesasterrain-basedtra jectories,instead
of the other trajectories that are only an expressionof independen
movemert in space.

Since the interest is placed on trajectory and not on viewpoint,
the traditional approad of measuring preferenceusing static land-
scape photographs was enhancedby means of introducing dynamic
(although passiwe and pre-rendered)video animation. In fact, the ani-
mated landscape-stimulus allows usto addressthe problem of consider-
ing the experienceof landscape with reasonablye ectiv e instrumerts.
The better experience-inducinginstrument of animation alsoallows us
to expandthe front of investigation, which in previousstudieswas lim-
ited to preferenceand spatial cognition.

Finding evidenceof the in uence of trajectory characteristics on

landscape experiencewould assignto trajectory the crucial role of en-



abling the accesdo the visual resourceof landscape discussedabove.
By analyzing the reactionsof participants to animationsit will be pos-
sibleto know whether experiencevariestogether with the trajectory of
approad to landscape, and whether sud relationship varies, in turn,
with the type of landscape being shown.

The cortributing elemens to landscape experienceare constituted
by spatial knowledge, landscape aesthetics,the emotional impact of
ervironmerts, and the senseof place by which locations are charac-
terized. The experimertal framework accouns for sud wide range of
intellectual and emotional facetsthat characterizethe psydologicalre-
lationship betweenlandscape and human beings.

More speci cally, in the abundanceof visual data available from
the landscape, the information that makes us experiencean aestheti-
cal reaction is a deeplyintertwined combination of visual factors. The
cognitive framework adopted in this study relates the aesthetical re-
action to the spatial information about the landscape available to the
obsener.

The creation of trajectoriesover and on a landscape can be concep-

tualized as a Iter that selectsthe possibleonesfrom the impossible



ones(humanscannot y without technological aids sud asairplanes),
and second,those eliciting speci ¢ perceptionsover others. Filtering
is thus consideredto be a rst conceptualstep in determining the ab-
stract conceptual structure that in uences the epistemologicalaccess
to landscape. A Iter is primarily a technological device. Howeer, it
should not be seenas a constrairt to the epistemologicalscope of this

thesis.



Chapter 2

Literature Review

This Chapter will considerin sequencehe history of the concept
of landscape and the theoriesconsideringlandscape aesthetics(Section
2.1); the psydological approadies from ecologicalconceptualizations
to ideasabout emotion and motion (Section2.2); behavioral geograply
conceptsabout spatial knowledge (Section 2.3); a review of visual de-
sign approadies (Section 2.4); the cartographic and visualization per-
spective on this researb problem (Section 2.5); some considerations
about senseof place (Section 2.6); and nally somematerial from po-
tential elds of application of this study, and speci cally cinemaand

photography (Section2.7) and planetary exploration (Section 2.8).



2.1 Landscape

Landscape has beenconsideredan elusive concept. The landscape
conceptoverlapsin part with the conceptsof region and scenery We
can approad the concept of landscape from two main directions of
investigation: it can be seenas an object, that de nes a particular
physical domain and a natural system supporting life; but also sub-
jectively as sceneryto cortemplate from a particular viewpoint (Tuan,
1979).

Lowerthal (1961) explicitly de nes landscape as\a way of seeing”,
which therefore has much to do with the viewer aswith the viewed, a
mediation of the external world through subjective human experience
in away that the conceptsof regionor areado not readily suggest,also
indicating an epistemologicalperspective to the problem of de nition,
dependert on the individual who is approading landscage.

The subjective mediation of objective reality, carried out through
\people's eyes" (Lowerthal, 1966), meansthat the conbination of ob-
jective and subjective takesplacein the mind, or \in the mind's eye"

(Tuan, 1979).



Grane (1929) provides an interesting historical exampleof how the
subjective/objective di erentiation of landscape can be systematized.
He formulated a new discipline called Pure Geography, in which the
regionwas adopted asthe basisof scierti ¢ investigation. In particular
he suggestedo de ne regionsin the ervironment on the basisof the
subjective and perceptual experienceof the individual, thus proposing
an egaertric conceptualizationof the ervironment. Visual, auditory
and olfactory regionswere referredto a perceiving obsener, thus the
subject's experiencede ned the object of study in the world.

Landscape, in Grane's view, was a region de ned by a threshold of
egccertric distancefrom the obsener, and extendingup to the horizon,
making in practice the conceptcorrespnd to the badkground compo-
nert of terrain of a scene(this speci c de nition is not supported in

this thesis).

2.1.1 History

The history of the term \landscape" beginsin the 16th certury
whenthe Middle Dutch word \landskip", at that time usedto indicate

the works of Flemish painters, was translated into English (Lorzing,



2001).

The word \landskip" referredspeci cally to a painting of a prospect
involving elemets like hills, woods, ruins, valleys,and towns (Shepard,
1991). 16th certury Flemish painters did not promote the making of
a faithful depiction of the ernvironment: rather, their paintings had
an overwhelming spiritual and allegorical componert, although their
symbolic cortent wasarticulated in a landscape view. Only in the 17th
certury Dutch painters presetted a more\realistic" and\do cumenary”
attitude than their Flemish cournterpart.

The Dutch \landskip" still resulted from a considerably creative
composition of directly experiencedscenerywith other landscape el-
emens (like buildings and churches). Those elemeits were placed in
semattically \strategic" positions accordingto an underlying desireto
expresstheir interest for their land, and to extend wishful cortrol on
the menacing o oding waters, especially by depicting land which was
not o oded (Adams, 1994).

The term \landscape", which derived linguistically from \landskip",
similarly refersto the de nition of \view or prospect originated from one

point of view" as given in the cortext of artistic painting later in the



Figure 2.1: William Turner. Fall of the Tees,Yorkshire. ¢.1825-1826.
Watercolour on paper. Private collection, UK

18th certury (Cosgrore, 1984).

In the cortext of 19th certury English painting, William Turner was
making useof the variable of viewpoint location in order to distinguish
his works from those of other contemporaries, that were making por-
traits of picturesquescenesadopting a point of view located at ground
level, which correspndedto the typical (and loathed by some)tourist
experienceof the landscape. For example, the painting \Fall of the
Tees, Yorkshire" of 1827,by William Turner (seeFigure 2.1), is based
on a choice of viewpoint location that is placedin mid-air in front of

the waterfall, instead of adopting a standard and ground level view

10



(Helsinger,1994).

The contemporary interpretation of the term \landscape" took shape
in the late 19th certury asa portion of territory that is comprisedin one
view, including its constituting objects in their pictorial aspect (Har-
rison, 1994). This transition signi ed the transformation of the term
from the status of identi er of a represetation to the speci ¢ content
matter of sud represemation. Later it becameattachedto the cultural
elemerts comprisedin the view (Cosgrove, 1984).

According to Harrison (1994), the e ect of a painting is not nec-
essarily dependent upon the location of the viewpoint or the latent
landscape cortent that is disclosedwhen that viewpoint is adopted.
Rather it hasto be found in a \coincidence between thoughtand mak-
ing" that is beyond viewing and latent cortent. By \e ect" it was

meart the ability to corvey a naturalistic impressionto the viewer.

2.1.2 Aesthetics of landscap e

In philosoply, aestheticsare the study of the meaningand the na-
ture of art, but the term hasa di erent meaningwhen applied to the

environmert (seeBerleart, 1992) or to media (seeZettl, 1990). The
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study of the aestheticsof the ervironment nds a theoretical justi ca-
tion in the original interest of aestheticsfor the natural world, even if
historically only a few philosophersdiverted their attention from art to
nature.

First, aninformational interpretation of aestheticss basedon seeing
the ervironmen in its collative properties, that is, the properties that
link structurally the elemens of the ervironment together. Aesthetic
responseis a function of those collative properties (such asnovelty and
complexity) and of the explorative behavior that they consequetty
elicit. In particular, aestheticsinterprets exploration in two ways: spe-
ci ¢, sud asaseart in the landscage for information (i.e., for aspeci c
view) to diminish uncertainty and satisfy arousal;or diversive that is,
aimedat nding a stimulus con guration that grants optimal levels of
uncertainty and arousal(Hartig and Evans, 1993).

Kaplan (1987) expandedthe informational theory of aestheticssug-
gesting that our preferencefor landscape depends on the kind of in-
formation processingthat is necessaryto perceiwe and relate with the
ervironmert. According to this theory, we have ewlved as human

beingsby preferring thoselandscapescharacterizedby a particular bal-
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Understanding Exploration

Immediate Coherence Complexity

Inferred Legibility Mystery

Table 2.1: The information model of ervironmenrtal preference,from
Kaplan (1987)

ancebetweenorder and uncertainty, that arein turn organizedin four
separatefactors: coherena, complexity, legibility and mystery (seeTa-
ble 2.1). The elemen that helpsthe understandingin the immediate
time frame is the coherence of the ervironmert. When the obsener is
instead involved with the environment, sud asduring exploration, it is
the complexity of the environment that engagesaesthetically the indi-
vidual. In casethe obsener is engagedn a prolongedinteraction with
the environmert, the understandinge ort is coupledwith aesthetical
satisfactionif the environmert is legible and, in caseof exploration, if
it generatesnystery (Kaplan, 1987).

The mystery factor is exempli ed by a landscage picture represet-
ing a road in the foreground that turns and disappears from view,
indicating that further environmental information is available as soon

asthe obsener changesher location and movestowardsthe hidden part

13



of the landscape wherethe road turns.

Another classicalexample of promised information is a view on a
landscape that is partially occluded by someforegroundfoliage, sug-
gestingthat more satisfying environmental information is available as
soon as the intervening elemen is removed from view by walking for-
ward. Also, the mystery factor appearsin the literature asthe factor
explaining the greatestvariance when comparedwith the e ect of the
other three, thus indicating its dominancein explaining landscape aes-
thetics.

Appleton (1996) proposedthe theory of Prospect-Refuge basedon
the non-experimertal analysisof landscape paintings, accordingto which
onelikesor dislikesa sceneryor landscape depending on biological con-
siderations of survival. Prospect-Refuge theory is more speci ¢ than
habitat theory and is dependen on the imagination and experienceof
the obsener, aswell ason ervironmental conditions.

In particular the two situations of seeingand being seenare the fun-
damertal building blocks of an aestheticalconsiderationof landscape.
From an ewlutionary point of view we have ewlved by preferring those

areasthat a ord prospect onthe prey and at the sametime refugefrom

14



a possiblepredator (\to see and not to be seeri’). Landscape preference
assuggestedy Prospect-Refugeis not a consciousactivity but in some
ways it underscoresour sensationsof pleasurein the landscape.

Mitc hell (1994)arguesthat Appleton's theory presuppseshe pres-
enceof a universal and \natural" obsener of landscape, leaving out
other categoriesof obsener, sud as woman, gatherer, tourist, etc.
Howeer the author alsosuggest$iow the predatory and violence-based
(hunting, war, surweillance) obsenation underliesany category of ob-
sener. This is in line with a theoretical linkage between Appleton's
theory and ewlutionary psydology, that de nes ewlutionary biasesas
the basisfor landscape aesthetics.

In summary, the variable land surfaceof Prospect-Refuge with places
to hide and prospects cortrolled by topography, nds aestheticaljus-
ti cation by meansof an ewlutionary preferencefor survival. Topo-
graphical features, when they cortrol the obsener's viewpoint, a ord
speci ¢ aestheticalreactions.

Aestheticsis an important cortribution to our experienceof land-
scape. It has also beensuggestedhat landscape aestheticsis not to

be consideredas an applied form of a more generalaesthetics(i.e. the

15



onestudiedin Philosoply), but rather the most fundamenal aesthetics
for human beings,mainly becausenumanshave learnedto evaluate the

external world (i.e. the ervironmert) beforeanything else.

2.2 Psychological approac hes

2.2.1 Ecological psychology

Ecological perception Gibson (1979) proposesthe conceptof eco-
logical perception, that rejects the previous \classical" view adopted
in Psydology that consideredthe human being to be operating as
a passie receptor of strictly sensorialstimuli from the ernvironmern.
According to that view, those stimuli were processedand recompsed
internally to make senseof the external world. Instead he suggests
that the processof perceptionis in reality one of dynamic interaction
betweenthe human being and the ervironment: humanswalk around
the landscape, turn their headsin di erent directions, in a word they
attune to the ervironmert in their cortinuous sear@ for information.
They are active receptors,and they can improve at that by meansof

experience.

16



At baselevel, perceptionis di erent from sensation. Although we
perceiw invariants becausethey are correlated with sensorialstimuli,
we can have perceptionswithout sensations. In fact, an edgeof an
object that disappearsbehind anotheronedoesnot ceasdo exist for our
perceptual system: although we don't receiwe direct sensorialstimuli
from it anymore, we know that it is simply hidden

Perceptionis alsoconsideredoy Gibsonto be strictly relatedto the
natural motion of the obsener in the ervironment, asin reality there
is no sud a thing as a static obsenation, since,even without moving

our bodies, our eyesare always in cortinuous motion (Gibson, 1979).

A ordances  Gibson'secologicalpproahesto the psydiology of per-
ception alsosuggesta functional interpretation of the environmert that
can help explain the processesinderlying the human-landscag rela-
tionships consideredin this study.

The conceptof a or dane was proposedby Gibsonto explain the
fact that humanscan directly perceiwe the functional properties of the
elemetts of the environment without having to completely reconstruct

those from individual percepts. For example,we don't needto recon-

17



struct a complete mertal model of a chair from individual perceptsin
order to deducethat we cansit down onit. Accordingto the ecological
framework of mutual human-ervironment interaction, humansare able
to function accordingto the a ordancesthey perceiwe while interacting
with the ervironmert.

This functional interpretation o ered by Gibson alsoindicates how
perception might underlie all human-landscag psydological relation-
ships, extending the conceptof information pick-up beyond the single

perceptto other more complexorganizing principles (Gibson, 1979).

Perspectiv e and invariant structure A usefuldistinction to make
is betweenthe perspective structure and the invariant structure of the
ervironmert. The perspective structure refersto the changing appear-
anceof the ervironment as an obsener movesthrough it, and can be
descriked in terms of optic ow asindicated in the next Section. For
example,whenwe approad a chair, the actual shape of the legsof the
chair changeand deformsaccordingto the cortinuously changingangle
at which we are looking at it.

The invariant structure, on the other end, consistsof the informa-

18



tion cortent of the ernvironment, articulated in terms of the so-called
invariants. The invariant structure is perceiable through the cortin-
uously changing perspective structure, but it is not any particular in-
stanceof the arrestal optic ow that we can abstract from our experi-
enceof cortinuous motion in the environmert by freezing time to one

instant (Gibson, 1979)

God's view Another conceptthat will be usefulin this study is the
socalled Gad's View of the ervironmert. It consistsin the integration
of all the possibleperspective views available on a given ervironmen,
andit is not simply the \sum" of thoseviews. For example,considering
alandscape, the God's view will consistin the integration of viewsavail-
able along all possibletrajectories (which is an in nite set) described

in the spaceabove the terrain.

Isovist A conceptrelated to the visibilit y-basedview of landscage is
the isovist (Benedikt and Burnham, 1985). The isovist is an exten-
sion of the Gibsonian concept of optic array and it could sene as a
foundation of studiesdealing with the perceptionof space.

In practice, it consistsin all of the information arriving to the eye

19



by direct light rays (that is, without consideringre ections), cortaining
cuesabout the distance of objects and the layout of the ervironmern.
Variations in the isovist induce variations in the perception of the en-
vironmert, in a mannerthat can be cortrolled experimertally.

The geographicalconcept of viewshed, as explainedin the Section
\Visual lands@pe resouce and desigfi below, is related to isovist, and
indicatesin particular the areaof terrain that is visible from onede ned
viewpoint. Viewshal is perhapsmore directly applicableto landscape
modeling approades, but the isovist is more suitable to investigate

perceptual and aestheticresponse.

2.2.2 Psychology of emotion

Environmertal psydology is concernedwith the impact of physical
stimuli on humanemotionsand onbehavior. It is basedonthe existence
of a metric and taxonony for the description of the ordinary physical
ervironmert. This description is based on the two factors of sense
modality and information rate, which are simpli ed by the mediating
variablespleasure, arousal and dominana, correlated empirically with

stimuli and behaviors (Mehrabian and Russel,1974).
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Information rate represets a uni ed measureto integrate the di-
verseconceptsof complexity, randomness,heterogeneiy, novelty, etc.
Thoseaspectsrelate to information in the sensehat they are basedon
the uncertainty that characterizesthe displays. In complex situations
(including video recordings)verbal measurescan extract the informa-
tion rate of the environment (Mehrabian and Russel,1974).

The desireto explorea situation combinesse\eral aspectsincluding
liking, desireto seekout and not avoid a situation (Mehrabian and
Russel,1974). This idea probably transfersto the desireto explore a
landscape, which will be highestwhen arousalis at intermediate levels

and whenthe landscape being exploredis particularly liked.

2.2.3 Psychology of motion

The investigation into the psydiology of motion provides a frame-
work to relate the experienceof landscage to its fundamertal psydo-
logical underpinnings. The objective is to nd a theoretical basisto
analyzevideo animations accordingto visual structure, as captured by
human vision.

An important comparisonto make is between static displays and

21



motion. The information carried by static displays is considerablyhigh,
evenwithout relying on motion. The study of distanceperceptioniden-
tied gradierts of texturesin the optic array asdeterminart elemerts in
perceivingexocertric and egaertric distances. Texture canbe stochas-
tic or regular, and aligned parallel or orthogonal to the picture plane,
generatingrespectively linear perspective and compression. The per-
ception of surfacesis basedon the implicit structure of the optic array
that allows detecting geographicalslart independerly of optical slart
(Gillam, 1995).

Static depth cuesinclude occlusion, relative size and density, and
aerial perspective, while motion parallax characterizesthe ervironmen
in motion (Cutting and Vishton, 1995). Motion hasspecialimplications
for the perception of three-dimensionalstructure (Todd, 1995) while
the framework for self-motioniderti es the type and amourt of motion
information speci ed by the visual eld of a moving person(Warren,
1995).

In particular the optic 0w consistsin the changein structure of the
optic array due to the displacemen of the point of obsenation before

it is sampledby the eye. The optic ow contains information about
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the 3D layout of the ervironmert and about the processof self-motion.
The optic ow speci es alsothe e ect of motion parallax, basedon the
di erent optical velocities of objects located at di erent distances,thus
generatingvelocity gradierts (Warren, 1995).

The invariant structure of the optic ow is important in the for-
mation of survey knowledge,sinceit speci es object-to-object relations
insteadof the self-to-oljectsrelations speci ed by the perspective struc-
ture. This idea results usefulin establishinga link betweenvisual in-

formation and spatial knowledge (Sholl, 1996).

2.3 Spatial knowledge

One aspect of this study is to assesdhe spatial knowledge of the
ervironmert that dewelops after exposureto animation. To adieve
this goalit is important to discussthe nature of the processby which
landscape information becomesspatial knowledge.

The spatial experienceof a landscage through the medium of ani-
mation might involve the dewelopmen of a mental map or sthemathat

includesvisual memoriesof the appearanceof the surface,the location
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of major natural landmarks and the shape of the topography, as well
as the spatial relationships betweenthe visual elemeis of landscare.
Sholl (1996) suggeststhat while much animal navigation takes place
without visual information by the processof dead reconing, instead
in human beings vision is a fundamenal sensemodality for spatial
knowledgeacquisition.

The secondapproad considersway nding to be a processderiv-
ing from the perceptionof the environment, without requiring the con-
struction of cognitive maps. This ecologicalapproad statesthat, while
moving, instead of perceivingstatic snapshotsof the ervironment that
are later integrated into a cognitive map, we rather perceiwe the con-
tinuous optic ow and the invariants of the environmert as they are
picked-up over time. This allows us to acquire a holistic, higher order
perceptionthat is not dependert on the original viewpoints, and which
alsodoesnot require the existenceof a cognitive internal represetation
(Heft, 1996). However, the cortribution of cognitive factorsis acknowl-
edgedin the sensethat memory has a role in certain forms of spatial
behavior that perceptionalone cannot explain (Heft, 1983).

Ead view and eat path in the environmernt is unique, and we can
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distinguish in the perspective ow an alternation of vistas (a set of un-
hidden surfacesseenfrom a vantage point) and transitions (portions of
a route wherean occludedview replacesthe currert view), respectively
characterized by a low magnitude and a high magnitude of change.
This de nes the temporal character of navigation on which perception
is based (Heft, 1996). This is important in landscage animation be-
causeit allows us to formulate the idea that spatial knowledgeis a
higher order perceptionof landscape when perceived within a temporal
structure.

The ancillary e ects of cognitive processe®n perception might ac-
court for the in uence of memory experienceand culture in spatial
knowledge acquisition, storageand utilization. Cognitive maps might
be consideredas a represetation of spatial knowledgerather than as
a fundamenal structure. This solution is interesting becauseit relies
directly upon perceptionto explain spatial knowledge,thus preseting,
together with the previous discussionon aesthetics,an occurrenceof
the fundamenally perceptual nature of landscape experience.

The animation usedin this study can be classi ed as an indirect

source of spatial knowledge, since it corveys spatial information in-
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directly through a pictorial represetation, and it is cortrasted with
direct sourcesthat involve apprehensionof spatial knowledgedirectly

from the ervironmen via sensorimotorexperience.

2.4 Visual landscap e resources and design

The idea of visual resourcestemsfrom a particular interpretation
of landscape that considersdirectly the outcomes(bene ts, or negative
in uences) madevisually available to us by landscape. Theseoutcomes
might depend on the characteristics of both the physical elemens ob-
sened and the cognitive processesvithin the obsener, but including
alsothe particular dynamicsof obsenation.

It is considereddi cult to identify the visual resourceof landscape.
Onedirection of investigation is to shift the attention from the quality
of the landscape to the quality of the personimpacted by a scenicview.
In turn, the properties of viewers, from a visual resourcemanagemen
standpoint, are consideredproducts to be managed. The products
include mood, mertal health, physical health, and learning (Bishop and

Hull, 1991). A managemeht solution is to dewelop a construct of visual
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quality instead of relating ead product to a manageablecharacteristic
of the ervironmert, a procedurethat is impossibleat the actual state
of researt (Bishop and Hull, 1991).

The possibility of learning about the landscame deseres special
attention as an interesting form of visual resource(Bishop and Hull,
1991). This aspect can be related to the processof learning about the
physical elemens of landscape, which, in the cortext of this thesis, de-
pendson the trajectory along which the landscage is seen.Landscape
as a resourcecan be based, in other words, on the idea of knowing
the landscage. The learning componert of resourcesuggestedby the
authors attachesan economicalvalue to the degreeof epistemological
accesdo landscape that hasbeenreadted.

Another interesting aspect involving the visual properties of land-
scape can be found in the areaof landscape design. Here the interest
shifts toward the structure of landscape and the elemens that compose
what we seein the landscape. Visual elemerts like point, line, plane
and volume have beenappliedto the visual interpretation of landscape.
The pattern of changede nes se\eral variables of interest. Shag (or

form when consideredin 3D) is concernedwith the variation of lines
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and the edgesof planesand volumes,and descrikesthe irregularity of
landforms. Time variesin terms of changein landscage attributes, but
it is also involved in motion and the position of a moving obsener:
landscape is in fact often obsened from a moving position (such as a
car or an airplane). Di erent speedsof motion a ect perception: with
high speedsthe eye takes only general picture and focus on distant
parts of the environmen.

Another variable of interest is visual force, which descriteslines of
visual forcesin the landscape that suggestparticular obsenation pat-
terns. Geniusloci is a designconceptsimilar to senseof placeby which
landforms are key de ning elemen when the landscage is predomi-
nantly natural. The issueof sale in uences our feeling of enclosurein
a landscape that dependson the height of the enclosingelemen and
its distancefrom us. Perception of sale changesfrom distant view to
middle ground and foreground where texture is well visible, and the
height of obsenersa ects the perceptionof sale. In fact, down in the
valley the landscape is characterizedby short distances,limited views
and strong senseof enclosure while from a summit the valley is a part

of landscape at a wider scale(Bell, 1993).
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Shape is of particular interestamongthe visual variable for the way
it de nes landscape pro le and landscage form. The manipulation of
height hasimportant consequencesn the feeling of enclosureand the
scaleperception.

Visibility is a certral conceptin the visual studies of landscape.
The conceptof viewshd can be related to the analogouspsydological
conceptof isovist. Despite the fact the two were originated in di er-
ert disciplines, they both refer to an objecti cation of spatial inter-
visibility, respectively in a terrain context and in an architectural con-
text. It might be possibleto link visibility to landscape aesthetics,
but the method will not be deweloped in this thesis. On this front,
the work of Llobera (2003) leading to the conceptsof visual exposure
and visuals@pes allows us to structure spatio-analytically the idea of
perceptually- Itered visibility. The idea hingesupon an observingen-
tity that necessarilymakes explicit the spatial structure of landscape.
Llobera (2003) alsoo ers technical solutionsto represemn and visualize
thosetotal propertiesof landscape picked up by human perceptionand

previously left implicit in obsolete2D GIS models.
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2.5 Cartographic visualization

The display of three-dimensionalcartographic objects, when the
variableis a singleZ surface,is called surfaceexploration. Whenimme-
diate cortrol on the visualization is provided, the exploration becomes
dynamic. While there has beenconsiderableinterest in attempting to
discover an optimal viewpoint over a static terrain, a dynamic display
o0 ers instead a moving viewpoint: the cartographeris not limited by a
xed view, but shehasan almostin nite rangeof optionsfor represeit
ing a terrain surface. The advantage is evidert when the complexity
of the surfaceis so high that no single viewpoint can be su cient for
understanding the surface. All the dynamic changesimplicit to this
approad areto be consideredpart of cartographic design(Moellering,
1980).

In the literature there are examplesof the useof scaleand orienta-
tion/viewing parametersvariablesto study the e ects of spatial knowl-
edgeacquisition from maps(Taylor, 1984),especially in their cognitive
componert (Eley, 1992). They suggestedthat thesevariables have a

strong in uence on the cognitive processe®f map reading.
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Landscape animation canbe consideredasa form of landscape visu-
alization in motion, and thereforeas an extensionof three-dimensional
cartographic represetation. Kraak (1988) investigates whether the
three-dimensionalmap can be consideredwithin the sametheoretical
framework as the ordinary bi-dimensionalmap. 3D maps avoid the
problem of interpretation of more abstract deviceslike cortour lines
and o er depth cuesto the obsener to interpret correctly the image.
A di erentiation is made betweena map that can be understood at a
glancewithout demandinggreat cognitive resources,and a map that
requiresmore careful and non-instartaneousinterpretation. In practi-
cal terms a 3D perspective map with realistic textures drawn on top
might be more cognitively demandingthan a 3D perspective map with
just the fundamenal depth cues. When consideringthe addition of the
fourth dimensionof time, Kraak's framework would probably predict a
cognitive overload. Instead, real-time cartographic animations can be
\consumed" without particular overloads(Kraak, 1990)

In fact, at this point it is worthwhile asking if those animated vi-
sualizationsneedto be consideredas maps requiring interpretation or

rather as the syrthetic courterpart of real world video images,in a
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cinematic framework. Supposedly this dependson the kind of inter-
pretation required of the participant. Spatial knowledge acquisition
requiresa sophisticatedvisual analysisfrom the participant (including
distances, locations, slope, etc.), while aesthetic evaluation probably
requiresa more holistic emotional interpretation, which haslittle to do
with the interpretation of a map asit is normally conceied.

Geuwvisualization as an emergingdiscipline hasthe \time invariant”
objective to provide a framework to extend the scope of researt to
other disciplines and to other non-traditional collaborators including
the entertainment industry (UCGIS, 2000). In this light, the analogies
between certain types of animation and Im can be seenas examples
of situations in which gecwisualization might be related to other media
other than the cartographic-basedepreserations.

Geovisualization literature usesthe important concept of explo-
ration to represenm the earliest phaseof the processof visualization,
namely the one responsible for obtaining a senseof the existing pat-
ternsin a datasetbeforeproceedingto the later stagesof con rmation,
syrthesis and presemation (MacEadren, 1992). It is a processof re-

vealing the unknowns of a dataset, and thus it can be consideredpart
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of the processof information discovery. In this light the \seeing the
unseert’ of visualization can be consideredasa way to gain a new per-
spective on data and deweloping new conceptsbasedon the discorery
of new information.

In recent yearsanimation hasreceiwed increasingattention in geo-
visualization. The three dynamic variables of animation proposedby
DiBiase et al. (1992), namely duration, rate of changeand order, were
devisedmainly for abstract represetations but they can work with
y-b y animations sut asthoseusedin this study.

The useof animation for the exploration of three-dimensionalter-
rain surfaces,as exempli ed by the Jet Propulsion Laboratory (JPL)
planetary y-bys, has military and geologicalapplications, but also
more human-related ones,sud as the represetation of human move-
mert and interaction. Campbell and Egbert (1990) alsoreported that
in the designof terrain animationsit is necessaryo cortrol the e ect of
the overwhelming novelty of the medium. For examplethe animation
\L.A.: The Movie" by JPL, shoning a y-b y onthe city of Los Angeles
and on its mostimportant featuresand landmarks, arguably o ers only

a limited chanceto orient oneselfin the represeted ervironmen due
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to the high speedof motion and the rapid turns of the trajectory of the
camera.

Cartography doesnot considerlandscape only as a terrain object.
Burt (1995) preseis the issueof consideringmaps as devicesfor de-
veloping a senseof place (seealso Section\Sense of plaee™). The emo-
tional involvemen that we can experiencewith a carefully designed
map works as a stimulus to gain new knowledge. When consideringa
work of art, we shov empathy causedby feelingsrelated to what we
nd. In the sameway a map, characterizedby clear presemation of
information and a particular \mood" due to tone and compositional
arrangemem, might provide a new experiencethat links memoriesand
conceptsrelated to place. A combination of map, graphic image and
photographin a multimedia type virtual map may be usedin enhancing
the senseof place (seebelow).

There are seweral examplesin the literature concerning3D visual-
izations of landscape, consideringtechnical aspectsof actual methods of
computer graphics(Graf et al., 1994)and remote sensing(Graf, 1995),
and an overview of techniques(McLaren and Kennie, 1989)and appli-

cations (Berry et al., 1988). Other speci c studies on ervironmertal
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visualizations can be found in the Landscape Planning literature.

The represermation of terrain in three-dimensionakartographicmaps
introducesthe problem of nding a suitable multiplying factor, called
vertical exaggeation, for the z value (elewation) of the terrain on the
map. In fact it was suggestedhat 3D mapslook more realistic when
the vertical exaggerationis chosenaccordingto a measureof relative
relief determinedby the contour interval. This aspect was investigated
experimenrtally in Jenksand Caspall (1967). In one experimert, pairs
of 2D maps with the correspnding 3D topographic maps were pre-
sented to the participants together with a scalefrom which the degree
of over- or under-exaggerationhad to be evaluated. Indicatively, the
greaterthe relief, the greaterthe mapshadto be vertically exaggerated
in order to look realistic.

The underlying assumptionof the latter study is that cartographic
realismis not a property of the geometricalcharacteristics of the map
alone, but is a function of what the viewer expectsto nd in the map
itself. The psydological processused by the viewer (or by the map
maker) in ewvaluating the realism of a 3D map is suggestedo have an

aestheticalcomponert, even if that is not investigatedfurther.
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Howeer, it might be arguedthat it is not corvincing to determine
whether a map is realistic or not by verifying if the condition of \it
pleasesthe eye" is satis ed. In fact, the relianceon aestheticsto evalu-
ate the soundnes®f the spatial structure of a 3D map, evenif compared
to a 2D map, might berelatedto the ideason aestheticspreviouslyillus-
trated. Human aestheticssimply do not respond to the level of realism
of a spatial arrangemen, but rather to those conditionsthat appearto
guarartee adequate chancesof survival, albeit restructured to be ap-
plied to a display that doesnot look like the hunter's savannah. The
di erences in aestheticsbetweenthe non- vertically-exaggeratedmap
and the vertically-exaggeratedmap have nothing to do with realism,
becauseanything corveniert to survival would \pleasethe eye".

In generalwe might suggestthat aesthetics(i.e., strictly what we
like and what we dislike) constitutes a sourceof confoundsasa measure
of realism. For example, vertical exaggerationhas been extensiely
usedin Art to produce aesthetically pleasinglandscapes, dramatically
showing greatly enhancedcli s and extreme formations in portraits of
areasthat in reality were more scaled-davn.

In the cortext of this study, the vertical exaggerationapplied to all
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landscapesusedasmaterialsin the experimert is always equalto 1 (i.e.,
no vertical exaggeration).In fact, it is arguedthat the realismof a rst-
personperspective view of a geometricallyrealistic landscape visualiza-
tion is analogousto its real courterpart, that is, the three-dimensional
projection on the picture plane of the unmodi ed topographicdataset,
whereall the geometricproperties of the terrain are presened.

It must be stressedthat the only sourceof what hereis calledreal-
ism in the gewisualizationsusedin this study is geometrical,provided
by the GIS software, maintaining proportions, spatial structure, and
soundnessf methods of projection in a coheren framework that cov-
ersall landscape designinstancesusedin the study. In turn, this relies

on the terrain datasetused,which was obtained from physical reality.

2.6 Sense of place

Senseof placeis a vagueumbrella conceptincorporating many dif-
ferert aspectsrelated to place. It combinesthe ideasof location, land-
scape and personalinvolvemen in place, includesconceptsof idertit y

and attachmert to an areaand, overall, it o ers a stronger unity than
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the region concept. Phenomenologistslo not de ne the term and leave
the meaningto the user, while operational de nitions were tried for
empirical studies (Shamai, 1991).

Muir (1999)addresseshe issueof landscape and placein the broader
context of landscape studies. Senseof placederivesfrom two main fac-
tors: 1) the intrinsic personality of placeswhich are visually striking
and producepowerful imagesand 2) the emotional attachmert to local-
ities when consideredashomesettings. Landscape makesa substartial
cortribution to the senseof a place,and determinesmany qualities of
it, including the character of the scenery

Tuan (1975) proposesa scaleof classi cation: at oneend there are
placesthat are remote from sensoryexperienceconsideredas points in
a spatial system; on the other end there are placeseliciting visceral
feelingsand rooted in a locality.

Senseof placeis expressedt di erent scalesfrom hometo nation,
constituting multiple certers of meaning. Senseof place has alsobeen
reported to be possibly varying with di erences in age, upbringing,
classand gender. The senseof place for an areamight vary with the

view characteristics,sud asthe perspective of a traveller from the top
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of a hill versusa farmer in the valley belov (Muir, 1999), although
there are few, if any, experimertal studiesinvestigating this aspect of
topographically-degendent senseof place. Howeer, the heigh of a
place as a factor in the perception of the ervironment was considered
from a cultural point of view: for example,the experienceof seeinga
city from the top of an obsenation tower, after being usedto a ground
perspective, is suggestedo changethe relationship with the city itself.
Other examplesarethe artistic panoramasn painting and photography
(Dubbini, 1994).

Tuan (1975) considersthat, in terms of experienceand time, sense
of placeis rarely acquiredin passing,and in orderto know a placewell
a long residenceand deep involvemern is required. Visual qualities,
howewer, are appreciatedin a short visit.

An empirical self-reprt measuremen scale of senseof place was
deweloped by Shamai (1991), and it is basedon a scale from lower
(alienation, homelessnessnot belonging) to higher (identity) sense
of place, subdivided in steps of knowledge, feeling of belonging, at-
tachmert, identi cation, involvemer and, nally, sacri ce. Smith and

Brown (1996) elaborate a senseof place conceptin the cortext of ed-
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ucation amongst sdoolchildren, where placeis listed amongthe core
elements of Geograply. Their version of the conceptdoesnot include
an aestheticcomponert and it seemsentirely basedon a notion of envi-
ronmertal awarenessa form of deeger knowledgeof the surroundings
and the ecologicsystembehind our daily lives. In both examplesthe

role of knowledgeasthe baseof senseof placeis stressed.

2.7 Approac hesin Cinema and Photogra-

phy

Sitney (1993)reports seeral examplesof cinematictechniques. Early
in the history of cinemathe panoramicsweep(or pan shot) emergedio
convey to the viewer the impressionof a boundlessviewpoint. The long
shot, hinging on the subjective view of deepspace,is distant in relation
to the certer of human activity and hasan establishingfunction, locat-
ing an individual in a wider landscape, emphasizinghuman dominance
and diminishing human scale. The long shot has a cinematic mean-
ing in the cortext of other shots and alternate perspectives, wherely

it senesas an establishingshot for other subordinated ones. Zooming
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is another elemen of Cinema and consistsin a virtual movemen of
the camerato traverselandscagesand indicate possibletrajectoriesfor
exploration.

What can be gained from consideringCinemain this study is not
only the useof the speci ¢ techniques,but a level of complexity of deal-
ing with moving elemens for communicating content that is unparal-
leled in the context of dynamic visualization. The concept of spatial
articulation (Johnson,1974)is important in Cinema,and it is basedon
the notion that spatial relations expressedn the screenby a conbina-
tion of cameramovemen and implied Imic spaceare ableto produce
content and to elicit emotions. Spatial articulation comprisesthe main
factors: the rst is proximity of the camerato the target, generating
a set of cortrasting reactionsin viewers sud as removal-involvemen
and conceal-reeal. The secondfactor is the angle of vision, with the
subtle aspect of relative closure,creating patterns able to comnunicate
di erent messagesud asrationality or spontaneity accordingto their
intrinsic movemen. The two factors are in uenced by the timelines
of motion that comnunicate additional messagesesyecially using the

device of montage, i.e. composition and editing of scenesto confer

41



accelerationand eliciting particular experiencesin the viewer.

A parallel can be made between landscage animation and these
generalcinematic elemelts, becausehey are particularly signi cant in
suggestinga direct implemertation in the cortext of this study. For
example, proximity generatesinvolvemen similar to a close-upview
of a landscape, which can then elicit senseof placein the viewer (the
opposite is also true, with aerial views suggestinga senseabstraction
from a place). At this point it is useful to go beyond analogiesand
considerthe way in which Cinema combinesall the di erent elemens
in communicating a precisemessage.Since Lumiere the very location
of the cameraor the lens usedwere the devicesfor communicating a
messagewhich becamemore complexas more elemeits were addedto

the picture (Huss and Silverstein, 1968).

2.8 Planetary exploration

By consideringreseart in planetary exploration we are able to
gain an insight into the conceptsof presence,place and exploration.

McGreevy (1993) reports that the rst Lunar Orbiter imagesof the
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Moon (years 1966-1968)o ered the rst oblique perspective views of
the Moon, making it seem\more of a place". Perspective views add
the componen of placeto an otherwiseimpersonalnotion of terrain,
and thereforea senseof presenceds possiblein sud represetations. A
similar senseof presenceis produced by the lunar photo panoramas,
wherely mosaicsof photographswere displayed on sphericalscreenand
gave an impressionof presenceto the obsener locatedin the certer.

In the terrain exploration tradition, McGreevy (1993) adopts the
view accordingto which the ervironmernt must be experiencedcon-
cretely and directly through personalexperiencein order to appreciate
the a ordancesof an ervironmert. Sud personalexperiencecanbe sur-
rogatedby virtual reality or by other forms of represetation in varying
degreeof e cacy. By exploring a digital represetation of a planetary
terrain it is possibleto gain a speci ¢ understandingof the place rep-
resered, enabling an expansionof the capability of exploration of the
sciertist. The main di erence betweenorbital and surfaceviewsis that
satellite pictures are perceived as a 2D texture, not a habitat or envi-
ronmert, while surfaceviews are the kind of views that humans have

ewlved to perceiwe. As far as motion is concerned,it might be argued
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that without \moving around" there is a diminished understanding of
the spatial characteristics of the place (McGreevy, 1993).

The JPL/DIAL (Jet Propulsion Laboratory/Digital Image Anima-
tion Laboratory) in Pasadena,California, producedsewral y-by an-
imations of the surfaceof seweral planets (speci cally, Earth, Verus,
Mars and Miranda, a satellite of Uranus) (DiBiase et al., 1992). Mc-
Greevy (1993) considersthat all viewers reported a greater visual and
spatial appreciation of the planetary ervironments after seeingthe
videos, and later stressedthat the nature of this appreciationis to be
found in the conceptof presene (personalcommunication). In these
respects, McGreevy (1994) further investigateswhat is the nature of
the understanding of geologicenvironmerts from the point of view of
a eld geologist. The main characteristicsof sud eld experienceare
the continuity of presencethat is, the possibility of traversingthe eld
and observingan object without any discortinuity in the personalac-
tion space. In other words, presenceis related to cortinuous natural
locomotion and seamlesshift of attention from the ervironment to the

individual samplecollectedin the eld.
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Chapter 3

Conceptual Framew ork

3.1 Intro duction

The main focusof this Sectionis to provide soundtheoretical argu-
merts supporting the experimertal designand in particular the choice
of independen variables. The fundamenal factors distinguishing the
two experimertal conditionsfrom ead other arereviewed and evaluated
on the basisof experimertal evidenceand theoretical considerations.In
fact, a di erentiation betweencameratrajectoriesis proposedbasedon
the variable of cameraaltitude, which in combination with cameraele-

vation anglecan be usedto generatetwo qualitativ ely di erent viewing
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conditions (i.e. ground view and layout view). The objective of this
study is to ewvaluate whether the two viewing conditions elicit di erent
responses. A discussionwill be articulated by comparingthe speci c
ability of the two trajectoriesto causedi erent typesof ervironmertal

information to be displayed.

3.2 Theoretical aspects of landscap e

Historically, landscape hasbeenseenasthe result of an act of seeing,
and of framing the ervironment in a painting realized from a speci c
point of view and characterizedby a particular viewing angle, making
an areaof land visually accessiblgo a viewer. In the history of land-
scape painting this selectionoperated not only on concretelandscape
elemerts, but alsoon compositionsof materialstakenfrom spiritual and
conceptualspaceqseel6th certury Flemish painting in the Literature
Review).

It is conveniert to retain the de nition of landscage originated in
artistic painting. Instead of focusingon the characteristics of the con-

stituent elemeits of landscape, the approad is insteadto considerthe
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preliminary step prior to any human-landscag relationship, that is,

the idea of exposureto landscape.

Landscap e exposure Landscape exposurecanbe seenasthe spatio-
temporal description of the information-seekingprocessillustrated by
Gibson by meansof which humans learn about the environmert by
walking on the ground, turning their headstowards interesting areas,
and moving their eyesaround. The adaptive exploration of the envi-
ronmert is suggestedas similarly important as the intake of sensorial
correlatesfor information pick-up.

The adaptive perceptionof a human beingis limited to the heigh of
the eyeswhenwalking, to a turning angleof the headof maximum half
a circle, and to a viewing rangeallowed by the resolution of the eyes. A
pilot of a helicopter, instead, hasa di erent set of intrinsic limitations,
sud asthe eld of view allowed to her by the cockpit, limiting in turn
the potential range of visibility initially o ered by the eyes.

The strategy suggestedn this study is to forcethe participant into
very speci ¢ conditions of limited landscape exposure,sud as a high

altitude and uniform ight, reproducedin a xed resolution anima-
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tion screen.Sincethe perceptualinformation pick-up dependson those
constrainingaspectsrelated to adaptation, we concludethat particular
constrairts on movemen might generatedi erent patterns of informa-
tion pick-up.

For example,if we x in the real world the orientation of the headof
a personin a certral position usinga special device,sothat shecannot
turn it aroundfreely, we might impair the e ciency of information pick-
up for that personin most ervironmerts. In a sense,it is like ruling
out all possiblechoicesof head orientations except for one. It might
be argued, on one hand, that any constrairts on adaptive perception
can changehow well information is picked-up. Similarly, on the other
hand, imposing changeson any variable on which adaptive perception
is articulated, a ects the processof information pick-up.

It would make sensejn other words, to investigate whether a high
altitude y-by is perceived di erently than alow altitude y-by, which
is the main tenet of this study. In fact, it is not only a matter of pre-
dicting how the visual properties of the visible landscage, and in turn
the participants' perceptionsof them, changebetweenthe two trajec-

tories. The issuemight be related to the more fundamenal fact that
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a restricted visual accessimposedby de ning an obsener's trajectory,
might be a constrairt on adaptive perception, or even somethingthat
extendsthe normal possibilitiesof adaptive perception(i.e. ying above
the landscape allows the obsener to gain a layout view which is not
limited in breadth asa ground level view).

The ecologicaland Gibsonian idea of consideringof great impor-
tance the role of adaptive behavior in perception, can be seenas sup-
porting the fundamenal idea of this study, that is, the dependency
of the outcomesof the processof information pick-up on the spatio-
temporal dynamicsof body, head and eye movemer, and thus on the
characteristics of those dynamicswhen constrainedand \packaged" in

de ned obsener's trajectories.

Filtering approach to landscape The framework proposedin this
thesisindicatesthat the God's View of a given ervironmert is the con-
ceptual starting point for any further analysisof the visual landscape.
The totality of views a orded by a given terrain, and articulated in
in nite viewpoint locationsand viewing parameters,can be seenasthe

completerepresetation of all the possibleways we canlook at a given
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terrain.

When we look at that terrain from a single viewpoint, de ning it
from the in nite setof viewpoints available on or above that terrain, the
Gad's View, originally de ning a viewpoint classof ertities, is reduced
to a singleinstance of viewpoint, from which a particular view of the
terrain can be obtained.

This processof de ning a singleviewpoint from the totalit y of view-
points of a God's View can be consideredas a kind of selection. The
conceptof lIter, dewloped in engineeringand usedalso in other dis-
ciplines such as ecologyand psydology, might be usefulin describing
the medanismthat, in its more abstract sensemapsthe ertire set of
sourceviewpoints onto onesingle nal viewpoint.

The important ideais that the immediate result of the God's View-
to-single-viewpint mapping processis the fact that the terrain, from
beingimplicit and object-like, becomewiewablein a generalsense.The
terrain becomesaccessibleghrough the rst-p erson,egaertric frame-
work of the obsener. At the sametime, besidesbecoming\viewable",
it also instantiates a particular view, or optic array, characterizedby

preciseviewing frames. In other words, with the act of de ning a view,
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a speci ¢ perspective structure is alsoexplicitly de ned, through which
the invariant structure of terrain can be perceiwed.

From a philosophical point of view, a Itering processapplied on
the Gad's View determinesthe perceptual accessibiliy of landscape,
which de nes the rst stepto comein touch with the visual resource.
In general,in order to perceiwe landscape, we needto be immersedin
its perspective structure.

In this thesisit is proposedthat the term \landscape" signi es the
instance of a view on the terrain generatedby the Itering process.
This de nition is in line with the historic de nition of landscape as\a

view on the environment".

3.3 Human-landscap e psychological rela-
tionships

Within the landscape framework, the nature of the human-landscag
relationship is measuredasthe psydologicalresponseto the particular
conditions of viewing determined by a speci ¢ instance of landscape

after Itering.
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Human psydological responseis basedon the ecologicalnature of
the human-landscae relationship. Humansare seenin interaction with
the landscape, dewelopingrelationshipsbasedon aestheticalevaluation,
spatial knowledgeacquisition and dewelopmen of senseof place. The
fundamertal aspect is aesthetical evaluation, that is a syrnhetic ele-
mert, while spatial knowledgeis integrated with the other two by pro-
viding a knowledge basefor evaluation and feeling. Senseof place is
consideredherein its aestheticaland evaluative componernt.

Those three elemelts are basedon heterogeneousoncepts, thus
their investigation in combination might presem methodological prob-
lems, sudh as consideringa ect and cognition at the sametime, that
are di cult to tackle in a single study. Howeer, the approat used
in this study makes the researb problem conceptually more focused
and manageable,while preservingthe diversity of anglesfrom which
landscape is investigated.

This researt approad emphasizeshe perceptualand cognitive di-
mensionsof the human-landsca relationships. Aesthetic preference
is consideredto be the result of unconsciouscognitive information pro-

cessing(seethe relationship of this idea with landscape preferencein
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Kaplan (1987), despitethe interesting hypothesisthat a ect isindepen-
dert of cognition (Zajonc, 1980)). The two views reported here agree
on the fact that aestheticsis probably not solely the result of con-
sciousinformation processingof ervironmenal information. Spatial
knowledgeconsistsof the result of encaling of ervironmertal informa-
tion in knowledgestructures, and it is considereda result of cognitive
processingthough the literature presetts discordan views(seethe Lit-
erature Review and Heft (1996)). Senseof place, as explained below,
is consideredhereonly in its cognitive componen of placeidentity and
character, closelyrelated to aestheticsand to an evaluative relationship
with landscape. Non-cognitive interpretations of both aestheticsand
senseof placeare not directly considered.The reasonfor emphasizing
cognition comesfrom the ideathat a fundamertal layer of cognitive in-
formation processingmight underlie spatial knowledge,aestheticsand
senseof place. Thereforeit is interesting to evaluate the proposedas-
pects of visualization primarily consideringthis layer.

Besidesthe cognitive emphasis,this study is also certered on aes-
thetics, which consistsin the ewaluative componert of the human-

landscape relationship. Spatial knowledgeis consideredhere only as
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an auxiliary sourceof information about the human-landscag psydo-
logical relationships, sincethe study is not designedto speci cally in-
vestigatethe processof spatial knowledgeacquisition. It is nonetheless
argued that having an insight into people'sknowledge of the spatial
structure of landscape might inform us on the extert and kind of infor-
mation baseusedfor their aestheticalevaluation of landscape. Senseof
placeis instead consideredin its cognitive and evaluative componert,
rather than in its speci cally a ect-based componert of place attach-
mert. Certral in this context is the idea of landscape character (see
below) and in particular the idea of distinctivenessand uniquenessof
the information basecortained in a landscage. This aspect of senseof
place extendsthe scope of the conceptof aestheticswhile introducing
more holistic and identit y-basedevaluations. In summary emphasizing
aestheticsin this study is justied on the grounds of the exceptional
characteristics of the ewaluative human-landscage relationship. This
relationship is basedon the fact that aestheticsstemsfrom the cogni-
tive processingof environmental information (thus sharinga common
root with spatial knowledge)and also on more holistic judgmerts that

tend to be captured more by senseof place, although they are fun-
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damertally aestheticaland ewaluative in nature. In other words, by
consideringaestheticsasa certral aspect of this thesiswe can have also
a conveniert perspective on the related cognitive dimensionsof spatial

knowledgeand senseof place.

3.3.1 Focusing on aesthetics

Aestheticalexperiencesare, in part, the outcomeof aninnate human
ability of relating with the environmert, which dependson ewlutionary
considerationsof adaptation. Other cortributing factorsarethe human
cognition of stimuli from the ervironment, and culture.

In Gibsonianterms, the Prospect-Refugetheory is a description of
landscape in terms of prospect and refugea ordances, that is, the func-
tional valuesof landscape (Hartig and Evans, 1993). Gibson (1979)in
fact suggestedthat the a ordances of the ervironmert are perceiwed
by an obsener by meansof a processof direct perception that even
precededthe processof classi cation. Although Gibson newer specif-
ically referredto aesthetics,he hinted at the conceptof higher order
invariants that arguably stemfrom the rst-order perceptionof the en-

vironmert. This suggestshow aestheticscould in principle be concep-

55



tualized asakind of higher orderinvariant making useof environmental
information sud asthe a ordances of the ervironmert.

The idea of landscape aestheticshingesupon an evaluative relation-
ship with landscape that refersto the fundamernal and very complex
(although experiertially simple) processof liking or disliking a scene.
Howeer it alsoincludesa range of appreciative relations with the en-
vironmert, sud as for exampleinterest and curiosity stemming from
the visual properties of landscage. The informational interpretation
of landscape aestheticsproposedby Kaplan (1987) and articulated in
the four informational factors of landscape preferencelies at the foun-
dations of this researb approad. According to this line of thought,
landscape aestheticsare a processof ervironmertal evaluation that is
basedon the unconsciousognitive judgmert of the information corntent
of a landscage. Of particular interest to this thesisis the informational
mystery factor that speci cally refersto the amourt of promised in-
formation cortained in a landscape view. In other words, promised
information in a landscage originates from actual ervironmental in-
formation that indicates the availability of further information after a

slight changein the vantage point.
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This researt aims at extending the conceptof mystery suggested
in the literature by consideringthe promisedinformation e ect gener-
ated by the occlusion of topographic forms. For example,a form of
topographic mystery might be the e ect of a foregroundhill that, by
meansof occluding the view on the mountain beyond, actually gener-
ates an attractiv e view basedon the promised information implicitly
made available about the mountain. This form of topographic mystery
is coherem with de ning mystery asa condition in which someerviron-
mertal information is promisedby meansof actual information cuesin
the landscape: for example,in topographicterms, a cue might be the
highesttip of a mountain visible beyond the foregroundlandscape.

In summary the idea is to use not only preferenceas a measure
of aesthetics,but alsoother self-report variablesthat are built around
the information factors of landscape aestheticsand that capture aes-
thetical perception from multiple perspectives (for instance promised
information asdesirefor further exposureto landscape animation). As
explainedin Chapter 5, the experimertal designconsistsof a measure-
mert of landscape preference(in line with the literature) and of lower-

level variables (as an extensionof the researt strategy) in particular
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conditions of actual and promisedinformation sud asthoseo ered by

speci ¢ landforms.

3.3.2 Spatial knowledge

The interest in spatial knowledgein this study is mainly related to
the needof establishinga relationship betweenlandscape information
and aestheticalperception. In fact, investigating how spatial knowledge
is acquired after exposureto a landscape animation is important to
determine the extert of the information baseused by the viewer to
carry out her aesthetical evaluations. In other words, as the viewer
perceiwes the ervironment she dewlops an information basethat is
unconsciouslyprocessedluring aestheticalperception. A way to assess
the extent of that perceptualinformation baseis to verify how it helped
dewelop spatial knowledge. From this point of view, investigating the
extent of spatial knowledgeby meansof analyzingits externalizationsis
likegiving adi erent look at the landscape information that cortributes
to the viewer's cognitionsand feelings. For example,knowing the level
of detail of the viewer's memoriesof the spatial properties of landscape

canbeindicative of the things shenoticed and that might have a ected
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her aestheticalevaluations.

Another componert of spatial knowledgeis related to the spatial
awarenessof the characteristics of the viewer's trajectory. Being able
to remenber the type of trajectory in relation to the ground is an
ability that can be related to the preferencefor the mode of landscape
exploration usedin ananimation. In igh t simulation thereis interestin
modeling the way the pilot perceivesthe motion of the plane (Rolfe and
Staples, 1986). While emphasizingthere the importance of saferand
moree cient ight, in our caseit is interestingto study the perception
of the characteristics of a trajectory as a factor that completesthe
experienceof landscape in more generalterms of self-motionawareness.

The methods usedin this study to investigate spatial knowledge
are basedon self-reprt sketch maps of the plan and pro le view of
the landscape being viewed, and the plan and pro le projection of the
trajectory alongwhich the exploration occurs. The sketch mapsof the
landscape cortain the topographicalstructure of the terrain, including
major topographic landmarks and landforms (see Chapter 5 below).
While most spatial knowledgesketch-maps usedin the literature refer

to the built environment, drawing a sketch map of the natural environ-
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mert is a lesscommontask, especially when referredto a landscape
lacking traditional navigation features,sud asroadsand nodes. How-
ewer the pilot study has shown that participants are able to encale a

good amourt of information about the landscage in their maps.

3.3.3 Sense of place

Senseof place capturesthe feelingsof belongingto landscape, the
cultural and emotive attachmert to landscape and the specialemotional
bondsthat dewelopbetweenobsener andlandscape dueto the in uence
of memoriesof past experiences.ldeally, senseof placewould extendthe
range of human-landsca relationshipssincenot only could landscape
be memorized(spatial knowledge) but also evaluated (aesthetics)and
becomethe object of attachmert (senseof place).

The conceptof senseof place has speci ¢ implications with respect
to time and memory Accordingto the cultural tradition in Geograply,
senseof placeis rarely acquiredin passingand requiresa long residence
and deepinvolvemen. From a temporal point of view it seemsun-
like the quick ewvaluative aestheticalrelationship with landscape, which

instead operates in much shorter (although not instantaneous) time
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frames.

Howewer, it might be argued that while a cognitive map of the
ervironmert starts to be built at a rst exposure,in absolutetemporal
terms it takesmore time to dewelop memories(in a ectiv e sense)and
feelingsof attachmernt to place. The current experiment design,based
on very short exposuresto landscage (mostly 30-secondsequences),
does not allow us to examinethe a ectiv e attachmert dimension of
senseof place,asthe latter would probably not dewelopin sud a short
period of time. In other words, senseof placecannotbeincludedin full
in the sameexperimertal designtogether with aestheticsand spatial
knowledge.

The idea of landscape character is not only related to an apprecia-
tive (aesthetical) relationship to landscape, but alsoto an early form
of attachment, better represeted by senseof place. The questionnaire
deweloped for the experimertal designfocuseson capturing the early
forms of senseof place that do not require a long exposureto land-
scape, but are rather attachedto the idea of character and uniqueness,
which almost fall into the aesthetical categoriesof human-landscage

relationships.
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3.4 Research strategy

The generalstrategy is to compare the psydiological response of
participants to two instancesof viewing trajectorieson three di erent
landscapes, to seeif the dierent Itering processof the two results
in dierent respnses,and how those responsesare patterned. The
speci ¢ strategy is to de ne qualitatively di erent trajectories, with a
speci ¢ framing and cameraattitude, but still in part related in terms
of length on the ground coveredand velcocity. In the Sectionsbelow the
criteria of trajectory and landscape designwill be illustrated in light of

the researt strategy.

3.4.1 Trajectories

The aestheticalmystery factor (seeLiterature Review)indicatesthe
importance of the visual structure of landscage, related in particular
to the characteristics of actual and promisedinformation. The visual
structure dependsin part on the appearanceand arrangemen of fea-
tures in the landscaye; also, it dependson the way the visual elemens

are presened in a view and are available to the viewer's perception.
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Thosetwo factors consistrespectively in absoluteand subjective struc-
ture, which arein reciprocal interaction whenthe landscapeis explored.
We can sa that, for example,the mystery e ect of the mourtain par-
tially hidden by the hill is not only a matter of absolute hill-mountain
con guration, but alsoa matter of obsener's location.

In the exploration of landscape there are certain trajectories that
have the potertial to trigger particular responsesdueto speci c con g-
urations of actual and promisedinformation as suggestedor example
by the mystery factor. The essenceof this experimertal study is to
compare very similar but still qualitatively di erent trajectories. In
generalthe researb questionis to verify whether a slight variation in
the viewing dynamicsis able to in uence signi cantly the perception
of landscaye.

It is not trivial to choosethe proper level of di erence betweentra-
jectories in order for them to still be comparable(i.e. able to showv
reasonably overlapping landscapes) but not so similar as to provoke
inadequateperceptual di erences. Also, designingqualitativ ely di er-
ent trajectories meansthat we have to selectexamplesof trajectories

that have a particular meaningin the exploration of landscage: that
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is, we needto discriminate particular aspects of the landscape space
that instill quality in otherwisein nite and randomly generatedtra-
jectories. Quality, in this study, comesfrom the characteristics of the
terrain, and, in particular, from topographicvariation, but in principle
can be originated from any existing landscape elemen (i.e., vegeta-
tion distribution). Howewer, topograplty is herethe main aspect to be
considered.

More speci cally, by the term trajectory hereit is meart a complex
combination of all the factors characterizing the viewing experienceof
landscape. It includesthe location of the cameraasit changesin time,
the location of the cameratarget asit changesin time, and the angle
of view. The three variables can also be summarizedin an egaertric
framework by meansof variables sud as 3D location, pitch, yaw and
roll, but the former set of variableswas usedbecauset follows closely
the aspects of landscape implementation.

The variable of cameraaltitude is the primary di erentiating factor
betweentrajectories. From a perceptual point of view, altitude in u-
encesthe viewing perspective of the landscape, since the sizesof the

textures change accordingto the distance from the ground, and ob-
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jects tend to be seenvertically from above, thus exposing horizortal
instead of vertical surfaces(for example,the crown of a tree versusa
tree trunk). Moreover, the visual elemens in a ground view appear
larger than in a layout view, and in the latter casethere is a larger
portion of landscape being displayed at a given time.

There is corverging evidencethat cameraaltitude is an important
in uencing factor in our experienceof landscape. As seenin the Liter-
ature Review, the variable of viewpoint height in mapswas found in-
uential for the cognition of the represeted terrain surfaceasa whole.
Moreover, panoramasfrom high obsenation points always con rmed
how the height at which the obsener is located dramatically in uence
the perceptionof, and the experiencein the ervironmen.

Howewer, cameraaltitude is not intended as an absolute variable
(for instance 100 versus200 meters of altitude), becauseit would not
be a very meaningfulmeasuregivenavarying topograplhy. In particular
the absolutealtitude of the camerais conbined with the relationship of
the trajectory of the camerawith the ground surface. A trajectory that
is very closeto the ground, resenbling a low altitude, terrain-following

ight (such asone of a helicopter), is very distinguishablefrom a tra-
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jectory that is high and uniform (such asthe oneof a small plane). The
two are certainly more qualitativ ely di erent from ead other than two
uniform trajectoriesat two di erent absolutealtitudes. In other words,
the variable of cameraaltitude is usedin a more complexand qualita-
tive way than its quartitativ e meaningof \meters above the ground”,
as it combines a componert of absolute altitude, a speci cation of a
relationship with the ground surface. The lack of a \pure" quartita-
tive variable is compensatedby the gain in qualitativ e di erences that
otherwisewould not be captured by quartity alone. In practical terms,
the altitude of the camerain the low altitude condition will be setto a
constan value above the ground. The actual altitude will be setto take
into accourt the needfor a reasonableaaltitude for a\safe ight" avoid-
ing collisionswith the ground, and enoughproximity to the ground to
fulll the designrequiremerns.

In the high altitude ight the altitude is less easily determined.
Eadh landscage stimulus (seeMethods) preserts a di erent setof topo-
graphic characteristics,and the common\cruising” altitude, although
independen of the terrain, will be determined on the basis of a safe

igh t over the highest landform of the set (major landform case,see
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Methods). In the plain, valley and minor landform casesthe camera
will have exactly the samealtitude asthe major landform case,to en-
sure consistencyacrossstimuli.

Another sourceof dissimilarity betweentrajectoriesis the elewation
angle,or pitch, of the camera,that is, the anglebetweenthe horizortal
and the direction of viewing. The elewation angle of the low altitude
cameratra jectory is approximately horizorntal and doesnot changewith
the variations of cameramotion, that is, whenthe obsener movesup-
wards the camerais still horizortal. This behavior resenbles a heli-
copter maintaining its attitude during ight and resultsin a visually
more coheren trajectory becausethe viewing parametersare not de-
penden on vertical motion. The elewvation angle of the high altitude
trajectory discussedabove would be setin sut a way asto corvey a
more pronouncedlayout view of the landscage, which would cortrast
with the ground level view of the rst trajectory. In generalterms the
elewation angle of a camerain uences the apparen depth, relief, slope
and\blo cking" (i.e. degreeof occlusion)of the landscape, and therefore
might help create di erent viewing conditions which are qualitativ ely

di erent. Thus, the cameraof the high altitude trajectory will point
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downwards, with an elewation anglein betweenthe horizortal and the
vertical down to the ground. A cameralooking vertically down would
show very little of the distant landscape beyond the foreground ter-
rain, thus excessiely unbalancing the di erence betweentrajectories.
On the other hand the samecamerawould introduce the interesting
comparisonbetweena ground level perspective and a layout map view.
To counterbalanceadvantagesand disadvantagesan intermediate solu-
tion wasadopted. The camerawassetin sud away that it wasableto
seepart of the distant landscape but alsoo er the viewer a layout view.
The optimal ele\ation angleto look at a static landscape in a block dia-
gramwasfoundto lie between30and 40 degreegSieber, 1996). Within

the 10degreesllowance,the value of 30 degreess preferablesincepart
of the sky would still be presen in the picture, making the layout view
still comparablewith the ground view. On the other hand the amourt
of sky presen in the animation is not cortrolled for in the current de-
sign. The fact that the ground view has more sky in the picture, and
that therefore might tend to be preferred more for that characteristic
alone, is considereda distinguishing feature of that viewing condition.

Instead of cortrolling for the amourt of sky it is preferredto maintain
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meaningful qualitativ e di erences acrossconditions.

Therefore we concludethat the comparisonwill be made between
a trajectory with elewation angle equal to zero (ground view) and a
trajectory with elewation angle equal to minus 30 degrees(aerial lay-
out view), on the basis of the qualitative di erence between ground
perspective and optimal layout perspective, a di erence that indicates
interestingly di erent modesof landscape exploration.

The previousdiscussionon cameraaltitude and viewing parameters
referredto the variablesaccouring for di erences in trajectory. Now,
the aspectsthat are equalacrossconditions are consideredin detail.

First, the velocity of the cameraand the length of the trajectory seg-
mert being own needto beidentical. Unfortunately, the two require-
merts cannot be satis ed at the sametime. In fact, if ead trajectory
covered exactly the samesegmenh on the ground, then the horizonal
velocity of the camerasin the two conditions would be idertical. How-
ewer, in somehilly landscapesthe actual velocity would be necessarily
di erent becausethe low altitude trajectory hasa vertical component,
requiredto climb up or down hilly terrain, that makeslongerthe trajec-

tory distanceactually own. The absoluteamourt of variation of these
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factors variesfrom nonein the plain landscape stimulus wherethere is
no vertical componert of motion, to a maximum of about 30%increase
in the Ynez Peak (climbing landform) landscape stimulus, where the
cameraclimbs up the landform for half of the length of the animation
at an angle of 30-40degrees.The variation is not that greatto change
the self-report measuressubstartially .

The duration in secondsof the animation is equalin all conditions
and for all stimuli. The animations are designedto exposethe viewer
to very specic cortent (climbing a hill, ying over a plain) that is
not the samething as o ering a generalexposureto multiple aspects
of landscape in the samesequence.lt was evaluated that 30 seconds
for ead landscape was su cient to have the required exposureto the
stimuli. A considerablygreaterduration was not really manageabldor
the computational constrairts on the generationof animations.

Amongst the other factors accourting for similarity acrossthe two
conditions, the viewing angle( eld of view) is a variable that in uences
the perception of the scenein terms of the amourt of landscape con-
tained in a view, and the relative sizeof the textures. It is alsorelated

to photographic and cinematographicaspects sud asthe useof zoom
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for enhancingdistant detail. It is proposedherethat the viewing angle
should not be manipulated in this design becauseof the complexity
of the variable and its unpredictable e ects on the overall landscape
experience.

Another elemen of trajectory is the horizontal viewing direction
of the camera. This measure,called yaw, represets the direction the
camerais facing during forward motion. This is another variable that
is kept constart, and speci cally, the cameraalways points towards the
direction of motion.

In summary the two trajectories being consideredhere are a low
altitude trajectory of a camera ying very closeto, and following, the
ground, looking ahead and horizortally (\Low Altitude-T errain Fol-
lowing" or LA-TF), and a high altitude trajectory of a camera ying
horizontally, looking ahead,and down at an angleof 30 degreeq\High

Altitude-Uniform" or HA-U).

3.4.2 Landscap e categorization

The criteria of selectionof three di erent landscape parametersets,

resulting in the three di erent landscape designs,were in part quan-
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titativ e, sudh as for example the terrain characteristics expressedby
landscape prole. Although the general geostatistical descriptors of
terrain were not considereddirectly in the design process,the land-

scape pro les were speci cally chosenin terms of visual complexity.

Landscap e prole  The progressionof landscape elewation from the
start to the end of the animation measuredalong the trajectory of
movemert (i.e. the pro le graph of the trajectory of the obsener over
the landscape) doesnot allow usto have cortrol of the characteristicsof
the full three-dimensionalstructure of the terrain that is visible during
the y-by.

Howeer, the terrain prole is usedin this study to simplify the
conceptualization of the terrain. After all, it is the most signi cant
pieceof information in the ertire terrain, becausat is the onedirectly
involved in the interaction betweenobsener and terrain: in the terrain-
following condition, the obsener \goesup" if the prole \goesup" as
well, even if to the right and to the left of the line of the pro le deep
clis might suddenlyopen up.

In other words, this experimert designhasa minimal, but existing,
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degreeof cortrol on obsener-terrain interaction, at the expenseof a de-
greeof cortrol on the actual information available from the landscape,
which is left open to randomness,necessaryfor ecologicalexperimen-
tation.

Howewer, an analysisof the terrain information available alongtra-
jectoriescomparedwith the information of the rest of the terrain, would
probably give the result that the two aspects are consisten with eadh
other: \going up" in the prole resultsin a\going up" in the ertire
surface(e.g., a trajectory along a steephill correspndsalsoto a steep
hillside surface). This is probably due to intrinsic properties of the
real-world terrain data usedin this study.

In practice, two experimert conditions (Plain Cruise and Ynez
Peak, seebelow) were chosenso that they respectively represeted a
stable, non-increasingpro le, and a gradual, monotonically-rising pro-

le. They wereidenti ed in real-world areas,respectively characterized
by a at plain and a hill. Sud mathematical abstraction of pro le
characteristicswill be useful afterwards in generalizingthe results.

More precisely the two trajectory types, at and rising, result

from a qualitative attempt at categorizingthe obsener's movemens
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on the landscape into fundamental categories,or primitives of camera
movemert on the landscape, that in a previous experimertal design
comprised also desending overcoming minor obstacleand overcom-
ing major obstacle conceptsthat leadto the idea of visual complexity.
Although it will not be investigated here in detail, visual complexity
represets a measureof the aesthetic potential of the landscage. It is
not a geostatisticalmeasureof terrain asa whole, but rather a measure
that usesas determining factors the visual arrangemen (e.g., occlu-
sions) of the landscape.

In practice besidesselectingan areain Ynez Peak wherethe desired
monotonically-rising tra jectory type could be applied, it was also pos-
sible to include a special e ect of nal reval after the gradual hillside
rising, where the limited visual range could be extended inde nitely
after the top of the hill had beenreaded. Although the pro les arethe
cortrol on the generationof the trajectory from the sourceof terrain
form, special casesof visual complexity were addedad-hoc in articipa-

tion of future designs.
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Chapter 4

Pilot Exp erimen ts

A seriesof three pilot studieswerecarried out beforethe nal exper-
iment, basedon a preliminary versionof the following Methods Section,
and aimed at deweloping a better designstrategy.

In the rst pilot test, 14 undergraduateand graduate studerts (11
males,3 females)wereselected.The experimert materialsweremadeof
two animations (LA-TF/HA-U), consistingof a rectilinear 3 Km ight
acrossa carnyon systemon certral Sarta Catalina Island (CA). With
respect to the following nal experimert, the animations were of lower
guality and lessdistinguishable asindependern landscape experiences,

motivating a more thorough design work as a follow-up. The main
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objective of the pilot wasto test the overall procedure,andin particular
the adequacyof the computer animations in allowing the subjects to
remenber details to be later reported in the questionnaires.

The results of the pilot indicated that the two experimertal con-
ditions (LA-TF and HA-U) elicit di erent landscape experiencesat a
signi cant (p<:1 and p<:05) level in at least two close-endedques-
tions, respectively suggestingthat an LA-TF stimulates lesscuriosity
for newly revealedparts of the landscape and a wealer feeling of pos-
sessingnavigational knowledgethan HA-U. The latter result con rms
the superiority of high elewation viewsin conferringat leastan impres-
sion of layout knowledge, while the rst result is in cortrast with an
idea of landscaype that elicits more curiosity becausat is revealedover
time while advancing in a trajectory closeto the ground. One could
infer that a lack of information does not necessarilyelicit curiosity,
and the outcomesof the ow of information in a landscage animation
appearedcomplex.

Participants seemedn generalto be able to encale a good level of
detail in their maps, even if the individual di erences were substartial

and appearedstronger than the di erences acrossexperimertal condi-
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tions. The maps were not analyzed, but it was possibleto determine
the variable extert to which the participants detectedthe characteris-
tics of the experimertal condition. In summarythe pilot suggestedhat
the approad was feasible,and the procedurewas able to extract use-
ful information producing complexresults, although the analysisand
interpretation could be anticipated asdi cult.

The secondpilot study wasertirely addressedo the verbal compo-
nert of the experimert, that is, the formulation and the understanding
of the questionnaire. A group of 10 undergraduatestuderts were indi-
vidually introducedinto an informal but speci ¢ corversationaimed at
ewvaluating their understandingof the questions,after being exposedto
the then already completedanimations of the main experimert. Besides
gaining a better idea of the generalcharacteristics of the participants,
and correcting verbally confoundedquestions,the pilot was useful to
ne tune the wording of the required conceptsto be investigated, by
meansof a trade-o betweenthe participant familiarity with the tex-
tual format, and the linguistic precisionin referring to the ertity being
measured.

A third pilot study involved three undergraduatestuderts. It was
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aimed at chedking whether the overall testing procedure, consisting
of three animations and three questionnairesto be lled in, could be
completedin the allotted test time. It alsoallowedacompleteexecution
of the procedure,inclusive of the multimedia preseration and all the
informational materials sud asinformed consemn and oral brie ngs and

debrie ngs.
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Chapter 5

Metho ds

5.1 Design

This experimenrtal designcomprisedtwo main variables, (1) viewer
(and helicopter) altitude and trajectory type, and (2) landscape type.
The rst variable had two levels, namely (1) low altitude and terrain-
following, and (2) high altitude and uniform. The secondvariable had
three levels (landscapes), namely (1) Plain Cruise, a uniform plain-
based landscape, (2) Silver Canyon a narrow valley, and (3) Ynez

Peak, a mourtain (seeFigure 5.1).
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CONDITIONS
Landscape/ _ _ _
Plain Cruise Silver Canyon Y nez Peak
Trajector vy
Low A ltitude-
_ I—
reran B
Following
PC/LA-TF SC/LA-TF YP/LA-TF
High
U niform
PC/HA-U SC/HA-U YP/HA-U

Figure 5.1: Summary of experimertal design
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5.2 Participan ts

The number of participants in the nal experimert was36 (22 males
and 14 females, distributed in roughly equal proportion in the two
between-sulpect conditions). The averageagewas 21 yearsold. Par-
ticipants weredrawn from the undergraduatereseart pool available at
the UCSB Departmert of Geograply. The pool was mainly composed
by studerts taking the introductory Human Geograply class,and also
by a few junior and seniorstuderts taking more advancedclasseqAp-

plications of GIS, and Geovisualization).

5.3 Materials

5.3.1 Landscap e stim uli
Data sources

The landscapes used in this study were selectedfrom a terrain
database composed of two datasets: the Conception Coast dataset,
and the Sarta Catalina Island dataset. The Conception Coast dataset

was usedto designtwo landscages: Plain Cruise, located in a large
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plain in the north-western area of the dataset (indicated as the San
Luis Obispo area), and Ynez Peak, on the transversemountain range
closeto the certer of the dataset. The Sarta Catalina Island dataset,
covering a much smallerisland areain front of the south-easterncoast-
line of the ConceptionCoastdataset, was usedonly for Silver Canyon,
correspnding to an area on the south-easterntip of Sarta Catalina
Island.

Figure 5.2 shows the two entire datasets,and the inset mapsrepre-

sern the speci ¢ landscape areasbeing used.

Conception Coast dataset The Conception Coast datasetis a 60
metersresolution Digital Elevation Model (DEM) set, basedon freely
available USGS (United States GeologicalSurvey) DEMs, which was
provided by the ervironmertal organization ConceptionCoast.orgas a
singlelarge DEM.

The original DEM wasin the Alb ersprojection, which hadto bere-
projectedin latitude-longitude coordinates(i.e., the projection usedby
the 3DNature's visualization software World Construction Setv.3 on

which the visualizations were made). The latter operation was carried
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out using the Grid re-projection utilit y available in ESRI Arc/INF O
Toolbox. The re-projected DEM was then displayed using ESRI Ar-
cView 3.1 and then saved in Arc ASCII format for import into World
Construction Set.

Using the import functions available in World Construction Setthe
original large DEM was segmeted in a regular grid of 135 distinct
but cortiguous DEMs, appraximately consisting of 300x300cells, and
maintaining the 60 meters resolution of the original dataset. Indica-
tively, just oneof the nal DEMs wassu cient to completelycover one

designedareas.

Santa Catalina Island dataset The Sarta Catalina Island dataset
was not publicly available, and was provided by Dr. Bill Bushing,
formerly at the Catalina Consenancy. It wasoriginally producedfrom
the digitization of USGStopographic maps of the area. The dataset
has a cell resolution of 20 meters.

The original dataset came as a single ESRI Arc/INF O Grid le,
which was loaded in ESRI ArcView 3.1 and exported to Arc ASCII

format.
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Before the import in World Construction Set, it was necessaryto
modify the individual cell valuesfor the non-land areasof the dataset
becausethey were initially set to a zero value. This interfered with
the realistic gradiert rendering of the ocean, therefore a text editor
was usedto setthe bathimetry to a lower value that producedin the
visualization a deepblue color.

The preprocessedDEM was cornverted in World Construction Set
DEM format, resulting in 12 distinct but cortiguous, and slightly rect-
angular, DEMs, all correctly georeferenced Additionally to this land
base,se\eral additional DEMs wereaddedin the westernzoneby means
of creating new oceanicDEMs (with constant negative elewation value)
that were re-georeferencegbrecisely at the external boundary of the
other ocean-de ning DEMs. In sodoing the extert of the waters sur-
rounding the island was enlarged. This in turn allowed the animations
not to shav a suddenand incorrect \end of the world" e ect, which
would have appearedin the nal animation if the oceangave way to

the sky gradiert below the horizon line.
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Strategies for dataset enhancement In order to keep the ren-
dering times low, it was preferred not to fractally sub-sampleevery
individual DEM into a new set of DEMs having four times the spatial
resolution of the original DEM. To increaseresolution in the dataset,
which in somecasesdeterminesthe overall realism of a scene,a less
computationally \exp ensive" solution was preferred. Fractal techniques
addedrandomdetail to the coarseterrain structure de ned by the data
itself, processcarried out at the nal rendering step and not as a data
preparation procedure. Determining the ideal Fractal Depth value con-
sisted of a trial-and-error processthat involved consideringa trade-o
betweenrenderingtime and nal image quality.

On the trade-o0 an intermediate point was chosen,equalto a Frac-
tal Depth of 6 for Conception Coast, and 5 for Sarta Catalina Island,
that leanedtowards moderate rendering costs. This o ered an appar-
ent ground resolution of sub-meterlevel, approximately equalfor both
datasets.

This simplifying solution made the study feasible,consideringthe
almost prohibitiv e (in terms of time) rendering costsof six animations,

besidesthe other additional and numeroustrial versions. Howewer,
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although someof the low altitude animationsshowved occasionalground
polygons, unavoidable without higher fractal depths of subsamplings,
the overall quality was consideredto be good, and adequatefor the

purposesof the study.

Landscap e 1: Plain Cruise

Design objectiv es In the rst landscape, namedPlain Cruise, the
objective of the designprocesswasto provide the participant with stim-
uli originated from a at terrain, while the non-cortrolled variables of
land cover and general appearancewere decidedto give the impres-
sion of a somewhathuman-made and agricultural scenery although

not speci cally urban.

Terrain structure  The topograpty of Plain Cruise is basedon the
Conception Coast dataset. The area that was selectedpresens an
approximately at terrain form, although at a much closerscrutiny it
resultsto be slopingdown very gertly towardsthe West. On the Easter
horizon, the at plain givesway to somehilly terrain.

Plain Cruise topograply was chosento o er the least visual com-

plexity to the participant of the three landscapesconsidered.There are
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(a) Low Terrain Following

(b) High Uniform

(c) Low Terrain Following Zoom 5X

Figure 5.4: Plain Cruise pro le graphs
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(@) HA-U - Frame 000 (b) LA-TF - Frame 000

(c) HA-U - Frame 196 (d) LA-TF - Frame 196

(e) HA-U - Frame 900 (f) LA-TF - Frame 900

Figure 5.5: Plain Cruise sampleframes
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no occlusionsthroughout the animation, in both conditions, and no to-
pographicalmystery e ect is proposedsincethere are not any suitable

topographic con gurations.

Landscap e design elements In this landscage, asin the other two
for that matter, the non-corrolled designelemerts were not chosento
obtain areplicaof the ecologicakharacteristicsof the local environment
represeted, but to de ne useful and distinguished stimuli to shav to
the participants.

The landscape elemets addedon top of the topographicdata com-
prise also an arti cial lake, created by digitization and elevation ma-
nipulation. In the middle of the lake, two irregular islandswere added,
by meansof digitization and areal addition of ele\ation.

The \univ ersal" ground cover wassetto low grass.On the badk and
on the sidesof the lake, seeral irregular \speci c" land cover regions
were manually digitized. They were characterizedby di erent comnbi-
nations of hardwoods, bushes,grassesyocks, and soon. In addition,
a few rectangular elds, setto be lled with corn-like vegetation, were

arrangedin two rows transversally to the direction of motion, accom-
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panied by sketched buildings/greenhouses.

The animation was generatedas if the local time was 3:00pm on
July 11th. The sunwas producing intenseillumination from an almost
vertical position, thus imposing a \ attening” e ect on all landscape

features. For a generalview of the area, seeFigure 5.3.

Trajectories implemen tation  The trajectoriesdesignedor the Plain
Cruise landscape are showvn in Figure 5.4. The HA-U condition con-
sists of a straight trajectory at an averagealtitude of 761 metersfrom
the ground. In the LA-TF condition the trajectory is shovn to be prac-
tically at (it is slopingupwards by a minimal percertage) and always
parallel to the ground, although it is not responsiwe of subtle variations
of topography existing in designedareas. Sample frames of the two

animations are showvn in Figure 5.5.

Landscap e 2: Silver Canyon

Design objectiv es The Silver Canyon landscape wasspeci cally de-
signedto addressa particular aspect of visual landscape designmainly
related to the senseof closureo ered by narrow valleysto obsenerson

the ground. Second the topographicalstructure of a valley, progressing
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Figure 5.6: Silver Canyon site map
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(a) Low Terrain Following

(b) High Uniform

(c) Low Terrain Following Zoom 5X

Figure 5.7: Silver Canyon pro le graphs

94



(a) HA-U Frame 000 (b) LA-TF - Frame 000

(c) HA-U Frame 300 (d) LA-TF - Frame 300

(e) HA-U Frame 900 (f) LA-TF - Frame 900

Figure 5.8: Silver Canyon sampleframes
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downslope towards the oceanwould have allowed us to investigatethe
terrain prole condition of landform desent. Third, the special site
con guration due to the closenesdo the ocean, and moreoser some
more speci ¢ de nition of the non-cortrolled componerts of the land-

scae, allowed us to have a \meaningful" landscape to show.

Terrain structure  After an extensiwe virtual exploration of the par-
ticularly ruggedtopograpty of Sarta Catalina Island, the Silver Canyon
area,in the southwesternpart of the island, wasselected.Silver Canyon
is a very narrow and long caryon, almost perfectly straight, oriented
NE-SW, and leading directly into the ocean. On both sidesof Silver
Canyon, very rugged topography can be found. The valley itself is
characterizedby a thalwegthat gradually descendslown to the ocean
in an almost stepped fashion (probably due to the digital topographic
source).

The visual complexity of this landscape is not due to particular
landscape con gurations encourtered along the direction of motion,
but to the steepslopeson both sidesof the valley, that are perceiable

assud only in one of the two trajectory conditions (seeFigure 5.6).
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Landscap e design elements Silver Canyon is probably the land-
scape whereit is most evidert that the original characteristics of the
sourceervironmert (in this case,Sarta Catalina Island), have not been
replicated, but only usedand transformed accordingto designchoices.

The \univ ersal" land cover was setto a coniferforesttype, reminis-
cert of Oregonor British Columbia landscages, which gave the land-
scape a distinct look with respect to the other two. \Specic" land
covers were digitized along the thalweg of the valley, and in particular
hardwood woodlandsareaswerede ned to suggestsomesort of riparian
corridor.

A streamwasmanually digitized alongthe line of maximum slope of
the thalwegof the valley. Togetherwith the topograpty, Silver Canyon
o ered also the presenceof the ocean, visible in the HA-U condition
only, taking up a large part of the last framesof the animation (there
are alsoa few oceanpixels in the last frame of LA-TF).

The generallook of Silver Canyon was madeto recreatea gloomy
morning (9:00am, May 28th) in somearea of the Paci ¢ Northwest.
The more cortrasted shadavs of the morning time tend to exagger-

ate the topograply, although a preliminary designsetin the ewening
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wasdiscardedfor the too dramatic di erentiation betweenthe opposite
slopesof the valley.

An atmospherice ect, haze,was addedto completethe ambience,
but alsoto hide the so-called\end-of-the-world" e ect, noticeablewhen
a perspective view is seton a datasetthat doesnot read in extert the

horizon line.

Trajectories implemen tation  The trajectoriesdesignedor the Sil-
ver Canyon landscape areshown in Figure 5.7. The HA-U condition for
Silver Canyon s descriked by atrajectory at a constan altitude of 802
meters,that re ects the standard value of altitude above the ground of
763 meters, that in this casewas measuredfrom the end (and lowest
part) of the terrain pro le. The trajectory can be consideredstraight,
although it wasminimally arcuatedto follow the direction of the valley.
The LA-TF condition is characterizedby a referencedistancefrom
the ground of 20 meters. The graph showving the 5-times vertical ex-
aggerationon that condition indicates how the trajectory so de ned
was adapted to o er, at the sametime of the distance-from-ground

constrairt, a non-disconinuous and reasonablygertle motion to the
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obsener. A sampleof the animations' framesis in Figure 5.8.

Landscap e 3 - Ynez Peak

Design objectiv es The landscage of Ynez Peak (short version for
Santa Ynez Peak, the local highest point of Sarta Ynez Mountains,
directly own over in the animations) was selectedto be part of the
nal experimert designmainly for its distinct topography and visual
complexity. Again, the haphazardly-placedlandscape designelemens
did not aim at replicating the local ecology but to createa su cient

visual variety.

Terrain structure  Topographically Ynez Peak o ered a good oc-
casionto examinea pure landform rising structure type of landscape,
which in other sitescould not be found for multiple reasons,ncluding
the presenceof local irregularities which deniedthe possibility of using
a completely monotonic and increasingsurfacepro le.

YnezPeak alsoo ered the interesting landscape con guration based
on the arrangemem of a perfectly transversalmountain range,separat-
ing an internal valley from the ocean. Sud con guration allowed us

to have the aestheticale ect of \landscape reveal”, wherely the short
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Figure 5.9: Ynez Peak site map
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(a) Low Terrain Following

(b) High Uniform

Figure 5.10: Ynez Peak pro le graphs
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(a) HA-U Frame 000 (b) LA-TF - Frame 000

(c) HA-U Frame 145 (d) LA-TF - Frame 145

(e) HA-U Frame 899 (f) LA-TF - Frame 899

Figure 5.11: Ynez Peak sampleframes
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ranged-viewof the mountain while climbing it, gave suddenly away to
the view of the valley and the oceanbelow.

Finally, the fact that the animations took place on the opposite
side of the Sarta Ynez Mountains with respect to the UCSB campus
reducedthe chancefor participants to be excessiely familiar with the
area(if the campuswasincluded asa landscape elemen, it would have

beenvisible in the very last framesof the animation).

Landscap e design elements The \universal" land cover of Ynez
Peak is subdivided in a seriesof ele\ation-basedvegetationbandsthat
de ne a low elewation (baseof the mountain) cover of Oak Woodland,
a mid-elewation (certer part of the hillside) cover of Shrubs,and a high
elewation (hilltop) cover of Grass.

Speci ¢ land coversweredigitized and de ned on the landscae, as
visible on the location map in Figure 5.9. They comprisea burnt forest
area, a local concettration of oak woodland (outside the \univ ersal”
boundsof the sameland cover), and extendedareascoveredwith rocks
and grass(imaginatively, somesort of rockslide). The density of the

vegetationwas set very high to obtain a \lush" e ect.
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A stream was digitized, from the baseof the mountain in front of
the obsener, to the westernside of the mourtain, closeto the top. The
stream was modelled so that it cuts rather deeply the mountainside,
creating in the end a strong separation betweenthe two sidesof the
thick vegetation.

The Sun position was set to the early afternoon of the summer
solstice,thus characterizedby very intenseillumination, bright colors,

and limited shadavs extert.

Trajectories implemen tation The trajectoriesusedin Ynez Peak
are shown in Figure 5.10. The HA-U trajectory is characterizedby a
uniform ight at the constart altitude of 1490meters,which meansan
actual distancefrom the ground correspnding to the oneusedin other
landscape conditions.

The LA-TF trajectory is constartly placedat 20 meters from the
ground, and followsthe pro le of the landscape, which is rather smooth.
There is no needto shav a vertically exaggerated A-TF graph, since
there are no small scalefeatures characterizing the landscage pro le

and the trajectory. Sampleframesof the two animations are in Figure
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5.11.

5.3.2 Instrumen ts: questionnaire

The questionnaireutilized to test separatelyead landscape experi-
encewas madeof 43 questions,mostly written asLikert scalesbut also
openended,or basedon graphical sketches(seeAppendix). They inves-
tigate seweral di erent semartic areasof landscape experience,whose

categoriescan be broadly broken down as follows:

Generalpreferenceand speci ¢ preferencejn generalin the form
of like or dislike of the landscape as a whole or in terms of its
constituting elemerns. This includes also the trajectory as an

item on which the participant can expressa preference(Q1-Q17).

Spatial knowledge questions, including the ability to remenber
the topographical layout of the landscape as altimetry but also
asthe arrangemen of the constituting elemeits. The samecon-
sideration is extendedto the participant's knowledgeof the tra-
jectory alongwhich the landscape was viewed, including pro ling

and relationship with the ground (Q18-Q21).
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Aesthetics, and self-reported impressionsreferring to other con-
structs sud as presenceand excitemen. The term aesthetics
incorporatesthe direct measuremenof the four Kaplan's aesthet-

ical factors (coherence, complexity, legibility, mystery) (Q22-Q43).

The questionnaire aims at collecting data on the totality of the
participant's landscape experience,which, consideringthe framework
of this thesis, is largely mediated by constructs related to aesthetics.
The questionnaireis not the result of designbasedon statistical analy-
ses,ensuringindependencyand a degreeof cortrol on the relationship
betweenquestionsand constructs. Sud analysiswas consideredexces-
sively demandingin terms of the requiredtesting procedure,which was
only preliminary to the core of this researb.

The questionnaireis insteadan extensiwe verbal articulation of mainly
aesthetical constructs all derived from the literature, which howewer
were extendedconceptuallyto form viable questionsin ways that were
aimed at non distorting the original idea. For example,a way to ask
about complexity wasfound in the Likert scalestatemerns \there were
too many thingsin the landscae" and, in the following question,\there

was too little variety". \Num ber of things" and \V ariety” were both
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correlates of complexity, although the relationship was intuitiv e and
structured qualitatively. In the end, questionswere put down in com-
mon English words, and organizedin key statemerns, previously ne
tuned in wording by meansof speci ¢ pilot tests (see Chapter Pilot
Experimerts).

The questionsand sketch maps for the spatial knowledge section
of the questionnairefor ead participant and condition were coded by
meansof grading schemesaimedat capturing the quartit y of landscape
elemetts beingdrawn. Eadh landscape condition hadadi erent grading
scheme: PC presened a total of 19 elemens (crop elds, lake, islands,
etc.), SC was limited to a maximum of 12 elemelts (topographic fea-
tures like valley sides,speci ¢ ecosystemsetc.), and for YP the amourt
of elemens was 15 (river, ecosystemspcean,etc.). Sincethe analysis
was conductedacross-trgectories and not across-landscag, the di er-
ent amourt of elemens wasnot alimitation of the procedure,but rather
a feature that gave adaptivity in the classi cation of ead landscage.

The secondpart of the data collectedfor spatial knowledgerefersto
the accuracyof the depiction of landscape elemetts in the sketch maps.

This was not meart to be a drawing skill test, rather it measuredthe
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precision with which the shapes were drawn, and how accurate were
boundariesand location of arealfeatureslike topography and ecosystem
extensions.Accuracy was measuredfor eat classof items included in

the respective landscape designtemplate, assigningscoresfrom 0 as

\not drawn", to 3 as\p erfectly drawn".

5.4 Pro cedure

The experimerts were carried out using an 800 Mhz laptop PC,
running Windows ME and equipped with the broadcast multimedia
presemation software SCALA iplaySTUDIO (by SCALA Inc.). The
computer had an LCD screenwith a diagonal of 14.1inches, and dis-
played the animations in 24-bit true color. The location of the experi-
mernt wasthe RUSCC lab, madeavailable at the UCSB Departmert of
Geograply. The laptop was set on top of a table and the participant
sat on a chair in front of it at normal operating distance.

The computer presemation that led the participants, one by one,
through the experimert repeated rst the oral and written brie ng in-

structions. The participant had to imagine being in the cockpit of a
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helicopter ying over seeral landscapes, which were declaredto be
taken from the real world, although generatedon a computer. It was
suggestedto the participant to be preparedto report her experience
with the landscapes being shovn, whose number, together with the
number of questionnairesand the overall sequenceof the experiment,

was anticipated. Before being exposedto the rst landscape, the par-
ticipant was already informed of the fact that shehad to draw a map
of the landscape. In fact, although the order of the 3 landscapes was
fully courterbalancedacrossthe ertire pool of participants, there was
an asymmetry in instructions that made the participant unaware she
would have to draw the map in the rst questionnaire, and instead
allowed her to know the details of the task just after the rst question-
naire, for the remaining two questionnaires.

The mouseclick was usedto progressto the next page, and led
the participant to view ead of the three animations twice, and then
to completethe questionnaireon paper after ead pair of animations.
After the third pair of animations was completedby the participant,
shehadto Il in a questionnaireon their personalbadkground.

During the ertire experimertation the systemran smoothly, and
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all the animations were displayed in exactly the samefashionat a full

frame rate.

110



Chapter 6

Results

The results comprisethe responsesto the Likert scale questions,
concerninggeneralpreference speci ¢ preferenceaestheticsand sense
of place. The responsesto questionsare consideredindividually, and
are statistically analyzedby meansof two-tailed independert sample
t-tests, ertirely within landscape conditionsand acrosdra jectory condi-
tions. The resultsalsocomprisethe responsesto the spatial knowledge
guestionshinging upon the sketch maps drawn by participants in the
median section of the questionnaire. In particular, the spatial knowl-
edgequestionsconsiderthe two fundamenal elemeis of quartitativ e

landscape elemen detection, recognition and report, and the average
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accuracylevel in reporting them on the sketch maps.

The responseof participants to speci ¢ designsand conditions re-
sulted extremely patterned. The generalpreferencequestion (Q1) was
the one with the widest scope in the questionnaire, sinceit summa-
rized the totalit y of the aestheticalresponseto the landscage stimuli.
A signi cant result was not predicted beforethe tests, sinceit incor-
porated the variance generatedby many corributing variables. The
YP/LA-TF landscape condition was reported signi cantly more liked
than the HA-U condition (p<:05), while the e ect was not found in
similar across-trgectory comparisonsfor SC and PC.

The questionaddressingthe developmen of a condition of mystery
(Q45) directs our attention to the aesthetical e ect primarily conse-
guertial to the presenceof a high degreeof visual complexity in the
landscape. Re ecting the pattern of Q1, the YP/LA-TF condition
appearsto generatea signi cantly higher e ect of mystery than the
correspnding HA-U (p<:01). Question 39, concerningthe level of ex-
citemert of the participant, readed signi cance alsoin the YP/LA-TF
condition, more exciting than HA-U (p<:05).

Interestingly, question 29, asking about experiencinga surprise ef-
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fect at the end of the animation, did not result signi cant in any of
the conditions, not even in the YP condition were the animation was
constructedesyecially to generatesurprisethrough a speci ¢ landscape
\reveal" e ect.

The SC landscape was primarily designedto investigate the in u-
enceof orographic featureson landscape perception, and two ad-hoc
guestionswere added to the questionnaireconcerningthis orographic
perceptual e ect. Interestingly, the responsesallowed usto nd a sig-
nicant dierence betweenthe SC/LA-TF and HA-U in question 5
(p<:05), indicating a stronger preferencefor the level of closenessn
the LA-TF condition cortrasted with HA-U. Howeer it must be noted
that to se\eral subjectsdid not seenclearwhat wasmeart by a\closed"
landscape, and the minimal explanationin the testing phasemight have
in part a ected the results.

The \sheltering" pattern becomesewen clearerin the speci ¢ ques-
tion 33 askingwhether the participant felt shelteredby the landscape.
Sheltering in the SC/LA-TF condition, characterized by high valley
walls to the left and to the right of the moving obsener, was experi-

encedsigni cantly strongerthan in the correspnding HA-U condition
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(p<:01). This pattern was not repeatedin any of the other two land-
scape conditions (as expected).

The direct questionsgeneratedfrom the four Kaplan's factors (used
as constructs) did not produce signi cant di erences acrosstrajectory
conditions, except for those measuring complexity. In fact, the two
partially overlappingquestionson the degreeof variety in the sceneand
on the quantity of elemelts preset, gave converging results, indicating
that the landscape in PC/LA-TF appearssigni cantly more complex
than the samelandscape seenin the HA-U condition (Q24 p<:01, Q25
p<:01)

While consideringthe across-trgectories di erences of the speci ¢
preferenceguestions,the resultsseemo bethe consequencef the strik-
ing changesin appearanceof landscape when altitude is appropriately
manipulated. For example,the overall relief of the PC landscape was
perceived to be signi cantly higherin HA-U condition than in LA-TF
(Q6, p<:01). In light of the atness of the plain and the mountains on
the horizon the result re ects more of the elemetts being visible than
a di erent ewaluation of the elewation of the sameelemers.

Along the samelines, the speci c preferencequestionsshav how
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the di erence acrosstrajectory conditions are due to the speci ¢ visual
structure of the landscape. Becauseof this reasonvegetation is more
preferredin PC/HA-U than in LA-TF (Q10, p<:05), and, corversely
preferredmorein SC/LA-TF than in HA-U (Q10, p<:01). Also, rough-
nessis signi cantly preferredin YP/HA-U, comparedto LA-TF (Q9,
p<:05).

The questionsrelated to senseof placegave signi cant e ects in the
\unigueness" question(Q35), which indicatesthat, in the HA-U condi-
tion, the arti cially patterned PC landscape resulted more corvincingly
unique than in the LA-TF condition (p<:01).

Some questionsreferred to the concept of perceptual satisfaction
with the landscape experience being shavn. The question address-
ing the degreeof satisfactionwith the extensionof the viewshedavail-
able from the animationsresultedin a signi cantly di erent self-report.
Speci cally, the SC and YP conditions both shaved how the two LA-
TF conditionsgenerateddissatisfactionwith the amourt of information
available (Q41, SC p<:01, YP p<:01). The related conceptof desiring
to know more of the landscape (Q43) givesan inverted pattern, since

LA-TF conditionsfor SC(p<:05) and YP (p<:05) clearly indicate how
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the lower altitudes elicit more curiosity for genericinformation for the
landscape, but also, in the caseof SC (Q40, p<:05), for further visual
exploration. Interestingly, PC doesnot o er signi cant results across
condition in theserespects.

As a generale ect of the animated stimuli, the speedof the anima-
tion (Q46), related to the conceptof information rate, wasreported as
consistetly di erent acrosstrajectory conditionsin all the three land-
scape conditions. In fact, LA-TF igh ts always seemedessexcessiely
slow than HA-U (PC p<:05, SC p<:001, YP p<:01), although the ac-
tual ying speedswere virtually idertical. The confound constituted
by the obsener moving at higher speedwhen climbing hills (seeMeth-
ods) does not interfere substartially with the result, also considering
the non-confoundedconditions of PC and SC giving the sameresult as
the confoundedYP.

In the caseof the spatial knowledge questions,the analysis of the
number of elemelts consistedin running a t-test comparing the total
number of objects detectedin the two conditions (LA-TF and HA-U)
by eat participant, to detect di erencesin the multiple conditions.

The main nding of this sectionis that the number of landscape
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elemetts detectedin PC/HA-U s signi cantly di erent than in LA-TF
(p<:001), indicating a better capacily in detecting and remenbering
the elemerts of the landscape when ying high. Cornversely the other
landscape conditions did not shav a similar e ect.

The accuracyscoringanalysiswasalsoran by meansof a t-test that
comparedthe averageaccuracyscoreof ead participant in the ertire
set of accuracyvariables, acrosstrajectory conditions The PC/HA-U
condition did not allowed participants to scoresigni cantly higher in
accuracythan in the LA-TF condition, sothat PC/HA-U is eliciting
only the detection of a higher number of elemerts. This supports in
part the ability of layout view to increasethe chancesof gaininga better

spatial knowledge.
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Chapter 7

Discussion

The patterned results presened in the previous Chapter suggesta
solution to the problem of whether trajectory of approad is or is not
a factor in uencing landscape experience. The direct, between-sulject
comparisonof trajectory conditions (LA-TF and HA-U) indicates sev-
eral interesting casesin which the reported landscape experienceis
signi cantly dierent. This Sectionwill shov how this behavior re-
sulted coherem with the principles reviewed in the literature review,
and with the theoretical considerationsdocumented in the conceptual
framework.

By meansof consideringthat visual complexity underliesthe nature
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and degreeof the aestheticalresponseto landscape, we have empiri-
cally measuredsud in uence by cortrolling the characteristics of the
terrain of the designedlandscape being Imed. In this context it was
also suggestedthat the YP/LA-TF condition was the most visually
complex amongstthe three, speci cally in terms of how the visibility
of topography varies dynamically during exploration in time. PC had
instead a topography which was the least visually complex. It must
be stressedthat the other YP trajectory condition (HA-U) oers a
completely di erent complexity pattern, sincethe trajectory comesin
touch with very little of the topographicalvisual complexity character-
izing the landscape. In fact, the helicopter ies very high, without ever
encounering temporary occlusions,reveal e ects, and subtle changes
in terrain.
The empirical results provide converging evidenceof the striking

di erence existing betweenexperiencesdone above the samelandscape
but along di erent trajectories. The interesting fact that, in the YP
case,LA-TF is signi cantly liked morethan HA-U, conbineswith the
lack of a clear e ect in the other two conditions. It is therefore sug-

gestedthat eventhe most generalmeasureof preferencethat is, like or
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dislike) might have a di erent outcomein a given landscape according
to the trajectory being used. Along theselines, the sameYP/LA-TF
trajectory is ableto instill more excitemen and to createmore mystery
than the corresppnding HA-U. The latter e ect clearly indicates how
the higher visual complexity of YP was directly measuredin terms of
the strongly correlated mystery factor. We suggestthat mystery per-
ception is the natural experiertial aspect of the more implicit concept
of visual complexity. In other words, a high visual complexity creates
a better articulation of landscape featuresfor mystery to be perceiwed
and to have a stronger psydiological impact upon the obsener.
Howewer, the mystery e ect is empirically detectableon a landscape
characterized by high visual complexity, but only if the trajectory of
the viewpoint crosseghe spacesn which sud complexity is explicitly
manifest and experienceablein the form of partial or total occlusions,
intriguing arrangemems and accessibiliy of distance information: in
conclusion,in a form usefulfor triggering survival-basedactivity.
Certainly it is true that terrain createsthe highest degreeof com-
plexity amongstall cortributing factorsto visual complexity in a land-

scape. If a trajectory follows closelythe ground, sud as the LA-TF
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trajectories, there is a higher chanceto be confrorted with mystery,
aestheticalpleasure,curiosity and intensefeelings. This consideration
naturally stemsfrom the fact that a landscage animation doesnot im-
ply necessarilya trajectory of ight functionally related to the terrain
(such asa TF condition), but rather just a viewpoint moving above the
terrain in a terrain-independen fashion.

In a mathematical generalization,it is arguedthat if a trajectory is

a genericmathematical function of terrain form

trajectory = f(terrain) (7.0.1)

it is easierfor it to be closerto those aerial spacesappearing more
perceptually interesting, stemming from the accessibiliy to higher ter-
rain complexity.

The experimertal designdoesnot o er a complete empirical sup-
port to this idea, sincethe TF condition is also confoundedby the LA
componert. Howewer it is expectedthat in a future study on functional
terrain trajectories, terrain-independen trajectorieswill be found less
able to obtain visual accesdo landscape topographical complexity.

Visual complexity is alsothe sourceof other explicit e ects, sud as
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the sheltering e ect in the SC landscape. To our knowledgethere are
not empirical investigationson the shelteringe ect, which is mostly an
architectural and visual designconceptwhich is most often left in its
qualitativ e, albeit useful, form. The clear sheltering e ect is detected
in clearcorrelationwith the physical characteristicsof the canyon land-
scape, that is, presen when the carnyon walls were visually sheltering,
and it is not detectablein any other condition. This is another con r-

mation of how the spectrum of perceptualexperiencess strongly corre-
lated with the characteristicsof the landscape, and speci cally terrain.

In fact, the latter is a determining entity in landscape experience.

In generalthe comparisonbetweenthe e ects on spatial knowledge
of the high layout view, versusthe low altitude rst personhorizortal
perspective, gave the expectedresults. Aimost asa dual, or an opposite,
of perceptionand aesthetics,spatial knowledgeis bestgainedwhenthe
visual complexity is simpli ed or experiencedfrom a moreadvantageous
viewpoint, and when consequetially there is not an involving dynamic
experiencewith the landscape. The fact that in both SC/LA-TF and
YP/LA-TF participants demandedfor a higher vantage point for a

future better navigation on the ground is indicative of how altitude is
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a fundamertal correlate of the visual accessibiliy of landscape to gain
spatial knowledgefor way nding and navigation.

It shouldbe noticed how the grading schemehasin part determined
the statistical pattern, since PC was much more itemized (many crop
elds, vegetationpatterns, island). In HA the participant could simply
tap in a morevast quantit y of pick-up-ablelandscape elemerts than the
correspnding LA-TF condition. Also, the lessitemized forestsof SC
and the irregular ground patterns of YP allowed lessnumerical courts.
In other words, acrosdandscage condition, elemeits pick-up varieswith
the ability of landscape to be subdivided in many constituerts elemens
that canbe singledout (considerthat, for example,many similar trees
are seenasoneforest, asin the caseof SC).

In other words, HA (with the additional componert of the slightly
reclined pitch of the helicopter) producesin the obsener lessinvolve-
mert, excitemen, immersionin the landscage, and instead grants vi-
sual accessibiliy to what is not otherwise visible in other conditions.
Howeer, the gain with HA-U trajectoriesreades\critical mass"only
with certain landscape con gurations, sud asthe more arti cial PC,

sincein other landscape con gurations is harderto distinguish erumer-
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able features from confusing vegetation aggregatesand over-complex
topographic arrays of features.

In summary the main nding of this study is that any landscagpe
is characterizedby a degreeand a type of visual complexity, which in
turn projects aroundit a spacethat determinesan accessibiliy to sud
complexity. Explorers negotiate visual accesswith the complexity of
the landscape and their movemen grants them accessto certain as-
pectsand not others. Sud accessibiliy spaceis highly patterned, and
the striking di erences between HA and LA shaw that the approat
to landscape structures the experienceof the approad itself. The ex-
periertial di erences stemming from the patterns of the accessibiliy
spacecompriseall componernt of human psydological experience,in-
cluding perceptions,spatial knowledgeand feelings. Once a trajectory
on alandscape is decided,the landscape becomesaccessiblen a certain
way, which is de ned by the implicit complexity of the landscape and
the trajectory negotiating with it. The conceptof Itering summarizes
the previousconsiderations,by stating how the selectionof actual tra-
jectories from all the possible(and impossible) onesallows to exploit

di erent areasof this visual accessibiliy spaceaccordingto what we
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want to know about the landscape.
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Chapter 8

Conclusions

Landscape is the result of a processof visual selectionof the envi-
ronmert that cortributed to the ewlution and survival of the human
race. The presenceof ewlutionary roots in landscape can be found
in the dewelopmern of di erent expectations of survival in the variety
of environments accessedy human ancestors,and in the formulation
of dierent predictions in the carrying capacity of certain landscape
con gurations for hunting. In general, landscape was of paramourt
importance in the processof biological ne-tuning of the responsesto
landscape featuresthat could mean the life or death of the ancien

forefather.
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We inherited the ertire set of results of millennia of decisionmak-
ing in the form of aesthetical conscienceof what we like or dislike of
the landscape (or of anything else, for that matter). When we take
aestheticsinto consideration,we are ableto tap into the depths of that
perceptualexperience,which resultsin a unique measureof our psydo-
logical relationship with the external ervironmert. In fact, aesthetics
can be consideredthe direct outcome of an enormousset of instanta-
neousmeasuremets of the external ervironmert.

Along the samelines of thought, the participants of this study
should be consideredas measurersof the se\eral landscape conditions.
As discussedn the previoustwo Sections,the nal experienceof land-
scape signi cantly varied accordingto the dynamics of approad to
landscape, and to the landscape beingshown. In general,the patterned
ansvers of the participants shaved how any landscage is not perceptu-
ally isotropic in relation to the psydological variablesbeing measured.
Rather, it shawvspreferredmodesof approad to elicit strongerreponses,
and areasof approad wherethe visual complexity of the landscaye is
completely expressedoy meansof multiple occlusions,thus increasing

the level of mystery. Instead, in other areasa strong topographical
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visual e ect is not detectablebecausethe obsener is not in the corre-
sponding obsenation \envelope" (or, \in the right placeto obsene").

This study shavsthat having a selective and speci ¢ accesgo land-
scape is feasible. Also, it is shavn that by varying trajectory alsothe
dynamics of sud selective accesss varied. Acknowledging this form
of accessingandscape we can progressin se\eral researtl directions,
sud as, for example,the mapping of visual accessibiliy spacesaround
landscape to classify how psydiological responsevaries. We can also
measurethe degreeof expressionof visual complexity, and determine
a preferred set of trajectoriesfor a better visual resourceexploitation.
Thesenew types of mapswill be characterizedby a projection of the
visual accessibiliy spacesas a function of terrain form, sincethat re-
sulted to be the determinart factor. The processof ltering in this
casewould be dedicatedto rule-out the non-terrain-basedpossibilities
of trajectory form.

The orientation of this study was fundamenally epistemological,
that is, an investigationin the patterns of learning about and exploring
landscape. Therefore, it might be opportune to concludethat while

we can endlesslydiscussabout how to better visualize and represen
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landscape, more importantly the issuewould be to guarartee to our-
sehesthe accesgto accurateknowledgewhile exploring landscape. Our
ancestorsknew that sud truthful conceptof the ervironmernt was a
conveniert referencemark to guarartee themsehes good chancesof
survival.

At the sametime, we want to dewelop knowledgeto represen plan-
etary landscapes not to induce cortrolled (and thus, ethically ques-
tionable) emotions,but to instill interestin what already underpinned
Flemish landscape painting v e certuries ago: landscape that rst can
help us in represeh our own reality (and desires)in an externalized
format; and secondly landscape as a placeholder,or a landmark, for a
senseof mystery to be unfolded, able to stimulate the seart for new

accesse$o what lies beyond.
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App endix A

A.1  Questionnaire

Landscap e Appreciation

Administrator: Marco Ruo cco

Circle a number from 1 to 7 to express your degree of
agreement or disagreement with each of the follo wing

statemen ts:

Lik ert Scale used in questions 1 - 13

Str ongl y Agree Str ongl y Disagree
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1) I liked the landscape shown in the animation.

2) The landscape shavn in the animation seemedhatural.

3) | liked the level of naturalnessthat | found in the landscape.

4) The landscape shovn in the animation seemecclosed.

5) I liked the level of closenesshat | found in the landscape.

6) In general,the di erence in elewation betweenhigh and low areas
(e.g. betweenhills and plains) in the landscape seemedvery high.
7) | liked the eleation di erences presen in the landscape.

8) The roughnessof the landscape shown in the animation seemed
very high.

9) | liked the level of roughnessof the landscape.

10) I liked the vegetation cover of the landscaye.

11) | liked the sky above the landscare.

12) | liked the water bodies preset in the landscape.

13) | liked the way the helicopter ew around above the landscage.
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Answ er the follo wing questions in the space pro vided:

14) What did you like about the landscape, if anything?

15) What did you dislike about the landscage, if anything?

16) What did you like about the way the helicopter ew around, if

anything?

17) What did you dislike about the way the helicopter ew around,

if anything?
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Follow the instructions below, and write and draw in the
spaces pro vided.

18) In the spaceprovided below, draw a map of the landscape that
you have beenshownn asif you were looking at it from above (i.e., a
bird's eye view). Try to provide information about the topograply of
the landscape, indicating the location of featuressud asvalleys,
ridges, peaks,etc. Put verbal labelson the map to de ne the objects
that you have drawn. Then, on the map, draw the line represeting
the trajectory of the helicopter on the landscape, asif you were

looking at it from above.

19) In the spaceprovided below, describe in your own words all the

featuresyou have drawn on your map.
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20) In the spaceprovided below, draw the line of the surfaceof the
landscape own over by the helicopter, from the start to the end of
the animation, asif you were looking at it sideways from the ground
(i.e., draw the pro le view, or cross-sectionpf the landscape).
Indicate variations in elewation sud asthose causedby valleys and
ridges. Then, on top of that, draw the trajectory of the helicopter, as
if you werelooking at it sideways from the ground (i.e., draw the

pro le view of the trajectory of the helicopter), indicating variations,
if any, in helicopter altitude during the animation. Remenber to label

both pro les.

START END
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21) In the spaceprovided below, descrike in your own words all the

featuresyou have drawn on your map.

Circle a number from 1 to 7 to express your degree of
agreement or disagreement with each of the follo wing

statemen ts:

Lik ert Scale used in questions 22 - 47

Str ongl y Agree Str ongl y Disagree

22) There were elemerts in the landscape that did not t well with
ead other.

23) The landscape made senseto me overall.
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24) There wastoo little variety in the landscage.

25) There were many things in the landscage.

26) It would have beeneasyto nd my way around if | waswalking
on the ground.

27) | felt it would be better to nd my way around if the helicopter
ew closerto the ground.

28) | felt it would be better to nd my way around if the helicopter
ew higher above the ground.

29) The part of landscage | sav at the end of the animation was
surprising.

30) During the animation | was curious about what | was goingto see
next in the landscage.

31) | felt the landscape was a pleasarn placeto bein.

32) | could easily seewhat was going on around me.

33) | felt shelteredby the surrounding landscage.

34) If | imagine peoplestanding on the landscape and looking
upwards, the helicopter would be very visible to them.

35) The landscape was unique.

36) The landscape had a speci ¢ character.
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37) The landscape was easyto remenber.

38) The sceneryo ered by the landscape was striking.

39) The way the helicopter ew around was exciting.

40) | would have liked to explorethe landscape somemore after the
end of the animation.

41) | felt | could seea large enoughportion of the landscape at any
giventime.

42) | felt myself presen in the landscage.

43) | would like to know more about the landscage.

44) | feelthere is not much moreto seein the landscape beyond what
was shavn in the animation.

45) Any slight movemen of the helicopter o ered me a di erent view
of the landscape.

46) The helicopter ew around too slowly.

47) The animation has shavn a realistic landscage.
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