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I ntroduction.

The term space is defined and applied in differeangs though out academic disciplines and fieldaspmflication. In the
present context we use the term environmental spatiee sense of the physical spaces in which weégate and
move'.

When humans move in environmental spaces, we nfakeeas. For that purpose we need knowledge abeutitions
afforded by the environmental space, in a givemasibn. The space can serve several purposes.wefecus on 1)
destinations where our needs can be satisfied2pefdace as a movement infrastructure itself. Adiogty preference
analysis of this movement has to take these twedaspnto account. As noted by [18] (p119) who -aagoint of
departure - conceptualizes ‘... the spatial choia@ss as the subjective selection of the most peefalternative
from a subset of alternative,...’, eventually incluglian error component in this choice. The presapépalso uses the
random utility theory td8] suggest a framework for analysing spatial movenasra choice process. The framework
combines movement based on 1) perceived informatiothe immediate surroundings and 2) on mentalsnagipone
hand vs. a) movement restricted by an infrastrecfarg. a transport network) and b) non-restrictedement (e.g. on
an urban square or an open meadow) on the otherp@jper presents observations and results relatesht world
applications of the framework in relation to bieyelnd recreation behaviour.

Perception, storage, cognition, adaption and agidic of spatial knowledge in relation to movemant navigation
have been studied in a variety of scientific fielseluding psychology [10, 11, and 12], neurosceefpsychohysics [1,
9, and 13], behavioural geography [6 and 12], dgeoinatics/GIS [2 and 17], and several fields of laggpresearch
including recreational behaviour [16], transportdalling [4] and econometrical choice modelling [19here is a
tendency for the works within behavioural geograpbyacknowledge methods and theories from otheensific
disciplines (mainly psychology and geoinformatic®ne central consideration is the relation betwten physical
world and the subjective representation of perakivformation from which spatial knowledge is gainand
accordingly spatial decisions are made. Differembpde will apply the same information about thairreundings
differently depending on for instance their perdocdaaracteristics (cultural, social, demographic.)eand their
motivation for moving. For a spatial context thimgs-disciplinary paradigm is in particular addegs®y the work
carried out at University of California, Santa Bamd - spearheaded by the late Reginald Golledgedqsg [6]), but is
also acknowledged in other fields, e.g. environmleatonomics [7]. The present work is regardedaas gf the same
strain of research.

As already indicated the concept of spatial movenustision-making and choices holds several cotiocot at
different temporal and spatial scales. Spatial @®ican be divided into choices of activity (eoggd the mall), mode
(e.g. to walk), destination and route (see e.gari@ 5]). Emphasis of the paper will be put on ifdiral human’s
navigation and path finding through different enviments towards predestined destinations.

! We exclude notions of space aiming at metaphorical spaces (as in mathematics) and hyperspaces of the Internet [8].
Further — along with the distinction made by for instance [10 and 11] - we narrow down our scope to include only
‘environmental’ space and thereby exclude ‘geographical’ spaces (primarily representing the relative locations of
regions and cities on Earth, ‘figural’ spaces (map representations) and ‘vista’ spaces (smaller location likes rooms town
squares etc.).



We focus on what information can be elicited froewealed preference studies, where preferencesesinged from
subjects actual behavior. Consequently we can elaiypreference for e.g. green space on a route Wbather a
respondent choose a route along a green envirormmnet often than the alternatices

Montello [12] proposes that navigation takes placeording to two spatial decision domains or scopesomotion
where navigation is based entirely on perceptioausrmotor and vestibular systems. This is whatgowvhen you are
placed in an unknown territory with very little ariation about your surrounding except for what geti from your
senses or corporal relocation. The other domainyfiWding is based on structured and comprehenspetia
knowledge in terms of a mental/cognitive map (whielm be achieved from various sources includinglgcal maps,
verbal descriptions, sensory stimuli (muscular @stibular) combined by path integration [6]. The tapproaches are
illustrated in Figure 1.

1) 2)

Figure 1: Choice in a network: 1) navigation basadazomotion (perceived information) — choices ar@de between out-going
edges at every node of the network. 2) navigataset on wayfinding (based on mental or screenftintaps) — choices are made
with regards to entire, alternative routes.

Analytical framework.

RP analysis assesses the relation between obdeetediour and a identification of a set of alteinrest (that were not
applied by the subject). Accordingly, a main — &ad from trivial — challenge is generation of sufdasible

alternatives. Feasible in the sense that they cactidally serve as an alternative for the indivicsibject and also in
that it is not possible to analyse an extremelgdafdepending on definition even infinite) amouhakernatives and
consequently a decision has to be made on howfittedgossible networks. .

Apart from the navigational domains (locomotionwayfinding), also the date model of the infrastamat domain has
to be considered. Most research within transpastaghmodelling is based on motorized movement, @rsequently
movement is restricted by available roads. This g@ye short when less restricted transportatian (®destrians or
animals) is considered. Here a continuous data féglproach, based on cells, may be more appropiidtis is
illustrated in Table 1.

Table 1: A framework of analytical objects for assments of spatial choices and decision-making.

Infrastructure
a) Restricted b) Free/open
. Cells
. Outgoing edges from ;
1) Locomotion representing next step
a node of a network ; "
Navigation In a raster
domain Routes Routes
2) Wayfinding (a series of edges) (a series of cells)
in a network in a raster




The typical way of analysing choices in the randdtitity framework is by logistic regression, whete chosen route
as well as the alternative(s) are described. Emiplgivariables might include spatial characterssti€ the choice such
as length, curvature, elevation profile, numbetuofs, land cover profile, but also socio-econoafiaracteristics of the
subject if available. Based on these choices thegima rate of substitution between two charactesscan be
calculated (resulting in willingness to travel oitliwgness to pay (or accept) estimates; elaséisittan be calculated to
predict behavioural changes and of course alsdlitteet probability of a given choice over the aliives can be
calculated. . Such probabilities can be applie€l.¢p, agent-based simulation models to guide agepétial behaviour.
In the following we describe in more details hovistlnalysis can be carried out for the four possiituations
described by infrastructure and navigation domafnT@ble 1), and in particular how the relevantichoset can be
defined.

la: Analysing outgoing edges from network nodes (locomotion/restricted)

In this mode movement is modelled by choices magtevden edges spanning out from the choice locdtienthe
present node). In that case generation of altergmitio the selected edge is unproblematic. In iaddib the attributes
of the edges, a number of topological charactesstiere assessed, - including the edges’ relatitimet destination and
to the previous edge. Figure 2 shows an examplgeokration of such a choice set generated for lstycin
Copenhagen [14]. The study included approximat@§OLltrips taken by 179 bicyclists in Copenhagere Tésults
indicate significant effect of a number of the gsed variables, including both negative effects {fistance deviation
from the bearing towards the destination and devidrom a direction ‘straight on’ regarding theepious edge) and
positive effects (presence of bicycle facilitiem¢ks or lanes) and designated bicycle tracks).appeoach is useful for
identifying characteristics immediately observatotem a point, but not for giving characteristicssdebing the entire
route. Furthermore, interlinkages between nodeshaile to be handled by e.g. lag-models.

nodeid edgeid selected dist angle angletodest envtype cyktype groenm gr|

23706 35218 f 00680689 907171 118 496 0
23706 19393 f 00680689 -90,6798 -62,9007 0
23706 38738 t 00630689 986938 37,6485 8,55881
23902 62795 t 00874397 77,4672 115947 6,48953

23902 1062 f 00874397 -104,399 -65,9196 15,6367

23140 f 0106775 798253 126,802 [}
23981 1264 0106775 98,0552 -143125 0

60730 t 0106775 -84,8396 33,9801 0
24018 21912 t 0145716 10,7535 44 9166 23,4775
24018 1510 f 0,145716 96,436 130,599 18,5805
24018 11543 f 0145716 -87,0796 -52,9164 37,3328
24093 22833 f 0149579 83,2144 128 667 209,469
24093 20682 f 0,149579  -97,3655 -51,9134 200,887

00 00 00 W W 00 W W W W W e b
kRO D ED O OO OO RO

87,6988

10609 t 0149579 -4,38384 41,0682

Figure 2: Example of a choice set representingdiatg’ choices based on locomotion. The Boolearbate ‘selected’ (t/f) indicate
if the option was chosen or not (i.e. for the fokbice location indicated, edge 60730 was actisallgcted, whereas 23140 and 1264
where ignored. The U-turning edge was excluded ftoerchoice set).



2a: Routes (a series of edges) in networ ks (wayfinding/restricted)

This approach is frequently applied in transportdeiting. The route taken can be identified in temfirigin and
destination and a set of characteristics (lengthmbrer of turns etc.). The main challenge is to gaeepotential
alternatives to the selected route. A baselineerémt comparison frequently applied is to use thartest path. A more
advanced — and potentially more realistic - apgnoacto generate a series of alternatives. A nunabguotential
methods have been proposed. Several authors poflatballing algorithms’ where the network is sdaed forward
until feasible routes are found (see e.g. [15]he¢ suggest the inclusion of a measure of thelayvdretween an
alternative compared to the remainder routes ofctiwce set in terms of a measure of ‘Path Sizg’ feasures of
overlap can also be used as a constraint to threhsé@ ensure that routes in a choice set areadpdiisimilar [14],
thereby allowing better estimation possibilitiegsBlts — again based on 1800 trips taken by bitgdih Copenhagen —
include measures of the bicyclists’ willingnesscyele additional distance to obtain or avoid giwiaracteristics of a
route. For instance, in [14], we find that bicytdiare willing to bicycle 20% longer if a bicyclatk is available all the
way than if it is not, and bicyclists are willing tirive 80 m extra to avoid a left turn on the eofit4]. Compared to 1a),
the advantage is the possibility of describing prtipns of the route, and distance is taken inttant explicitly.

sourcercuteid respondentid  selected length nleftturns nrightturns nfrontturns nbackturns curviness
2872 59232827 t 147217 2 2 9 0 5,0266
2812 59232827 £ 1395,66 4 4 b 0 8,605
2872 59232827 136376 3 3 b 0 6,6537
2872 59232827 £ 1405,29 4 4 6 0 94421
2872 59232827 145833 3 4 8 0 8,0832
2872 59232827 £ 1325,58 0 2 10 0 3,3621)
2872 59232827 140546 3 3 B8 0 71784
2872 59232827 1325,58 0 2 10 0 3,3621]
2872 59232827 147097 2 2 10 0 48238
2872 59232827 £ 1456,06 3 4 B 0 82176
2872 59232827 1410,24 4 4 b 0 9,527
2872 59232827 138597 3 4 6 0 8,6039
2872 59232827 1408,06 4 4 6 0 9,3798
28712 59232827 £ 1445,02 1 3 10 0 5,3208
2872 59232827 f 138319 3 4 b 0 8,6656)
2872 59232827 132558 0 2 10 0 33621
28712 59232827 1410,24 4 4 6 0 9,527
2872 59232827 f 1408 06 4 4 5 0 33795}

Figure 3: Example of a choice set representingdiigtg’ choices, based on wayfinding. The Boolearibatte ‘selected’ indicated if
the option was chosen or not. The route displagaéd is the actual (map-matched) route (attribatesshown in the red box of the
attribute table). Alternative routes are shownlack (attributes in the back box of the attributble).

1b: Cellsrepresenting next step in araster domain (locomotion/freg)

Examples of such behaviour are hikers in naturenals browsing for food etc. In the locomotion domébasing
decisions on perceived information) the ‘next’ skegs to be identified directly as a subsequenttpminthe recorded
track. Alternative locations can be identified @ation to the present point according to for instadistance and angle
between the present and the subsequent points.xAmpde of this approach applied to analysis of eational
behaviour will be given at the conference. The athge of this method lies in its ability to deserdlow movements,
and movements where the destination is less impttean the travel. The challenge lies in data @siph, as it
becomes very large when cell size decreases.



2b: Routes (a series of cells) in araster domain (wayfinding/fr ee)

In a continuous field with no infrastructure, hayia mental or representative (e.g. graphical) nfape taken route
can be described as above. An example of such &mment can be a ship travelling in the open oceaa biker
making his/her way off-piste to a predefined pdainbature. To our knowledge no attempts until n@as heen reported
in the scientific literature to create alternatregites for such an analysis. One option would bgetdorm a weighted
random walk - including a preference weight for bearing towards the destination - between theesouotigin and
destination applied by means of an agent base model

Concluding remarks

Movement tracks can be applied to assess spatiaémment behaviour, including preferences and rohteces. The
results, parameter estimates regarding charaatsrisf recorded routes, can be applied to a rarfgscientific
guestions: Can route preferences be assessed landysis of tracking data? How do different typésagents find
their way and decide on routes? What is the redatiyportance of different characteristics?

Strategically the direct results (i.e. the paramegtimates) can be applied to more informed mdshenbehind route-
finding software (impedance setting) and furtherapgplied to simulation of spatial behaviour (ergrélation to agent
based modelling). In relation to planning, the hessoan be applied to assessment of the poterfteaditechanges made
to the infrastructure. However, for both of theseposes, it is important to be aware of the moveamessibilities in
terms of infrastructure, and the cognitive choigeserms of decision strategies. Especially théetatalls for more
research in terms of testing different approachgminst each other, but also by including knowledigmm the
psychological and (economic) choice set formatitamdture.
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