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Linking building -circulation typology and wayfinding: Design, spatial

analysis and anticipated wayfinding difficulty of circulation types

Abstract

Understanding how people interphetilding circulationis acritical topic for architectiral design
andpostoccupancyevaluaion. However, few studies haexaminedelationshig between
architectural circulation and human wayfinding processes, suglaaalsomplexityand
wayfinding difficulty. To assesthesewe propose cognitivesarchitectural descriptioaf
circulation typologyBased on a prominent architectural case, the Amsterdam Municipal
Orphanage designed by Aldo van Eyele explorea graphbased methotb create
systematically modified building layoutWe develoghree distinct circulation typebnear,
curved and gridbasedwhich differ in their geometrical structure batecomparable in their
functionalandtopological organizatias To identify the structural differences betweenstne
circulationtypes we conduct arobjective spatial analysis of layousibility and examine
subjective judgments @nticipatedvayfinding difficulty. Based on the subjective judgments,
the linear ciculationis the easiegif the threeandthe gridbased the most difficyltvhile the
curvedcirculationis intermediateThisis only partially in line withthe resultsof the objective
analysesHence, ve conclude thaturtherbehaviouralvalidationof wayfinding difficulties is

needed telarify our findings.

Keywords:

Circulationtypology; anticipatedvayfinding; spatial cognitionspace syntaxarchitectural

design research
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1. Introduction

The idea of movement through space is one of the cénénales in architectural theory, design
and practice. Le Corbusier suggedteat to pxperience architectural space truthfully, it is
necessary twalk about andhroughthebuilding f(Le Corbusier, 1962, p.30D XW KR UV |
translation. In other wordsarchiectural shapes and building layouts are revealed literally step
by step.

A building $ circulationis the keyfactororganizingits layout and hencés of interest forboth
architects andtherprofessionals involved ipostoccupancy evaluatio®neprerequisitdor
linking circulation typeswvith wayfindingperformanceis to establish dormal methodof
descriptionthat a)create a link between building circulation andhyfindingdifficulty and b)
explores new ways oformally analysing differenttypes of buildingconfigurationsWe argue
that such anethodcan bedevelopedhroughanalysis ofa spatial typology of circulatiotypes
To achieve thiswe combinetwo complementary methods: spatial analysisinly space
syntax),andratings ofanticipatedvayfinding difficulty based on floeplan evaluationdf a
connectiorexist betweerthetwo methodsthespatialmeasures could be uspredictively
(Butleretal. 1993 211HLOO 1980 VPDQ

First, we identify girculation typedqprototypical configurationthat organize thiayout d a
building. Then, we develop a method for systenadifiorzaryingbuilding circulation and apply it
to an existing architectural layqQuhusconstrucing examples of the variousirculation types.
The resulting circulation variations differ structureutremain comparable in their functional

organizationOur intention is to contribute methodologically and theoretically to understanding
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how differentbuilding circulation types can t@alysedand howfloor-plan analyses can predict

wayfinding difficultiesbased on theirculation tymlogy.

2. Background

2.1. Spatial configuration, circulation, and wayfinding

Wayfinding consistanot onlyof locomotionbut alsoof manifold cognitiveprocessegGolledge
1999;Montello, 2005).The configuration of space and visual accessibility between locaiens
central factors that influence hamasy or hard it is to identifyputeswithin a building (Kuliga et
al., 2019).In most wayfinding situationshe destinabns are not directlyisible (e.g. when
FRQILIXUDWLRQDO HOHPHQWYV VXFK).WayihDets@Qypicallde&ed N WKH ZL
to reason about the relationships between different paatspEce to understamdEXLOGLQJTV
spatialconfiguration(Montello, 2005).

Spatial analysis that examines spatial configuradiuth visual accessibilitiyas largely been
associated witbheing able to predict both locomotiand wayfindingdecisionge.g., Haq &
Zimring, 2003; Hilscher et al., 2006; Li & Klipel, 2012) Consequentlyspatial analyses are
especially valuable faarchitects anglannerswho may seefo evaluatehe wayfinding
difficulty of their designs basesblely onfloor-plan analysedn our work, we thus focus on
anticipated wayfinding dficulties using floofplan analysis.

However it is not entirely cleahow building circulation types affect the ease or difficulty of
wayfinding For instancePassini (1996) suggested that good form based on Gestalt principles
(cf. Koffka, 1935;Kohler, 1929) contributeto wayfinding performance. Good form is easily

appraisedand once the ordeg principle has been grasped, it Gmpportunderstanding the
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complexity of dayout andcanthen beused to infornrwayfindingdecisions This observaon is

reinforced by Montello (2007, p.3) who suggested that

the overall shape ogestaltfpof a path layout can determine whether a particular
HOHPHQW LV GLVRULHQWLQJ« /D\RXWV PDpgdéedH VDLG
form Jcomprehending a layb is easier when the layout has an overall pattern that

can be apprehended as a single simple shape, perhaps allowing easy categorization.
A square has better form than a rhombus; a circle has better form than a lopsided

oval.

Similarly, O Weill (1991)reporedthat participants respond to good formeatratingthe spatial
complexityof architectural plans

However, as circulation types have been assessed rather infomoadigcepted typotyy of
building circulation existaVloreover,mostarchitecturakettings are not based on a single pattern
but comprise combinatigrof circulation types. These can be constructed from various
geometric rules or by combining elements from the different tyyewsever,Passini (1983)
found that people faog a composite layout tend to mentally extract a single organizational

principle and then interpret the whole setting according to this perception.

2.2. Circulation types

In this study, we focus explicitly on simple, twalimensionabeometric shapds illustratetheir
general principles of spatial organizati@ased on Arthur and Passfhv Z @29R), we

develop a description of circulation typology by defining the physical characteristics of

WR YIL
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circulation systers. We limit our classification to three majorpgsandillustrate the typology
with a set of prominent architectural casgte explore other typologies, the reader is addressed
to Ching 1996 Cousin 1980, von Meiss1986 and Steadmar2014)

The most fundamental circulation type ibreear layoutas it allowsthe greatest number of
straight viewgHillier, 1996) Linearityextenddrom anordered linear path to a random or axial
layout (Figure 1). This circulation, as any other circulation tgpa,haversarious spatial
characteristics; inay bewide or narrow, short or long, and so dihe linear system can differ
in having single or multiple circulation channalsdsymmetry in the organization of its
functional units.

Figure 1

The next type of circulation is@irvedsystem, which is structuleby central symmetry or
rotation. It varies fronfiocal to concentri@andspiral patterns (Figure ZJhis curvedcirculation
is characterizebtly a central space around which functional units are organized. The circulation

in these buildings is related tike centrabpace Centralspace here is meant asaganizing

1 n addition to the classification of the floor circulation patterns, circulasidifferentiated by
horizontalor vertical directions(cf. Kuliga et al., 2019Hd6Ischer et al., 2012nd Hoélscher &
Brosamle, 2007). The scope of this study is limited to horizontal circulation patterns, since the
horizontal circulation system is primary; it determines the entire steuatd the basic shape of

the building.
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force that provides a sense of orientation along a circular movement. In the caseed$patial
organization, the movement is a result of rotation with a specified radius.

Figure 2

Visual contact with acentral,focal point, as in the case of the Guggenheim Museum (Figure
2a), allows the maintenance of directional references. Without contact with thes cent
wayfindingcan become confused following several ty#uthur & Passini, 1992).

The lastof our circulation typegs agrid-basedor networksystem This system evolved by
repetition of a dominant pattern across different scales. It can be based on a griehcicaittar
hierarchical network (Figure 3). Spatial units in this sysiaiow a certain coordination
structure. In addition to the coordinated grid, such circulation can be based on a nested space
system that is described by a sequence of units going from thstkargfee smakst

Figure 3

2.3.Case study The Municipal Orphanage

We use thémsterdam Municipal Orphanage, designed by Aldo van Bgtkween 1955and
1957, as a case study dtethe complex arrangement of the spaces withilayout. Incontrast
to traditional institutional buildingghe Orphanage doestmarder its functions hierarchically in
a static composition governed by a central axis but unites a multigfdityersecting
architecturalolumes in one complex relationshigidure 4).

Figure 4

The architecsaid ofhis desigrthat
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the building vas conceived as a configuration of intermediary places clearly defined.
This does not imply continual transition or endless postponement with respect to
place and occasion. On the contrary, it implies a break away from the contemporary
concept (call it sikness) of spatial continuity and the tendency to erase every
articulation between spaces, i.e., between outside and inside, between one space and
another. Instead, | tried to articulate the transition by means of defiedvieen

places which induce sinttaneous awareness of what is signified on either side.

(Aldo van Eyck, in Kultermann, 1993, p.138).

The building can be described agiay city froofed with many small and a few large domes
(Kultermann, 1998 It consists of four units grouped along corridors (Figure 4d). The units are
based on the same prototype, which in eachisadaborated with specific facilities according
to the age of its residents.

The Orphanag€] omposition is formed by a gridnd the building circulation can be defined

as a gridbasedsystem:

From the centralpiazza,ftwo interior gtreetsfare branched out in fluctuated
movement to give access via interior and exterior patios to the various units. This
solution joins up aobvious economy with optimum prospechese are streets,

whose rightangledmeanderingelieves them from any central control. Their
orthogonal zigzagging evokes a diagonal movement even though they are devoid of
diagonal lines. Following this zigzagginthe residential units are unfolded and

shifted in relation to each other along these streets. Their cohesion lies largely in the
8
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central movement which they share. In this way, the building embodies both a stable

and a dynamic conception of space, bmghtral and dispersed (Strauven, 1996).

2.4.Representation andevaluation of spatial complexity

The literatureon how spatial organizatiomaybe represented by certain types of information
graphics is extensive, especially in studies on the perceptioanaihgsis of architectural space.
Examplesto assess spatial complexibcludeisovistanalysig(Benedikt, 1979), linear
representation of spatial configuration (Peponis.etl8B8), visibility and axial graphs (Turner
et al, 2001; Turne& Penn et al.1999) and the Inter Connection Dens{t D) measure
(O Weill, 1991)

Mathematical graphs are one of the most popular representtitadraiowspatial
relationshipgo besystenaized (Barthelemy2011).Graphscan be shown diagrammatically or
represeted asmatrices using weltknown mathemical operations oa matrix for analysis
Graphsincorporatebehavwoural aspects in one framework with spationfigurational oneand
are simple and efficienD@alton, 2005Weener, 2000

A graph is denoted aspair where N is the set ohodes(vertices) 0 L <J;&a)z & J4 =and .
is the set of links (edgkgsee e.g Gross& Yellen, 1999 for a comprehensive introduction to

graph theory)A graph is repesented by aadjacency matrixt, where

4, the nodesn, andn; areconnected
A 8 - )
,otherwise.
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To encoddhespatial layoubf the Orphanageve chose tase aboundarygraph, agraph that
connects bounded spatial units and reflects their topological relationshiper(etilhl, 1984a)
The graph is constructdtbm the main distinguishing features of any circulation system, the
programmaticspatialunits and the intersectionsreatingseveral optionfor movement

To evaluatenewly createdpatial layoutswe usethe gpacesyntax techniquewhich originally
emergd in the field of architectur@illier & Hanson, 1983b)lhe pacesyntax axial map,
convex mapand visibility graph are related the visual accessibility of the layout. The axial

map is built fromunrestricted lines of sighand the equivalent axial description of the building

consists of the fewest and longest lines of sight that pass through every space. The convex map

consists of space as a discrete spatial ohitvhich thebounding polygon aatains no reflex
angledinternalcorners Therefore all points within such a space are visible from all others

(Hillier and Hanson, 1984). Visibility graph analysis (VGA) imgsasgrid of points on the plan

of a building and extrasvisibility relationsips between the points that are analysed as a,graph

using each point as a node and mutual visibility as links (Turner, 2001; BufPenn, 1999).
Generally, any architectural feature theduce the clarityand complexityof the layout could
discouragevayfinding, butthis is only the case fa subset of space syntax measidestified
in thewayfinding literatureas establishindirect connectiosi(Haq & Zimring, 2003; Hlscher et
al., 2006)

Following the preliminary studyn which weexamned various spatial techniqu@éatapov et
al., 2015), we chose th&GA over otherspacesyntax methods becauseaitowed us to take the
detailed geometry of the layouto accountThe new circulation type®tained lhe
straightforward geometric meassysuch as unitsfarea, perimeter, proportiorend

orientation.
10
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To compareahe spatial complexitgf thecirculationtypes we refer to the uniforrspace

syntax measure ahtelligibility, arelation between the local property of a place and its global

propertiesintelligibility is defined asthe degree to which we can see from the spaces that make

up the systerfi{Hillier, 1996)Intelligibility is calculated as a correlation between two values
connectivityandintegration

Connectivity is a locgbroperty of a pointlt calculateghe number of nodeer grid points that
interconnectvith a given node. It captures how many destinations can be seen from each grid
point

Integration igheglobal relationship of a point to the whole systéhmeasues how many
steps are required to access every other point in the layout from a given aee &Hibnson,
1984). Integration determines the relative importance of the point within the visibility: gisaph
overall visual accessibility. The more integ@iplaces with short distarst® others havéarger
integration valug

It is important to note thabnnectivity shows how much one can see directly from one
location, whileintegration shows how much one can see both directly and indirectly from the
location. Intelligibility has showhighaccuracy in prediatigmovement activity in citiesJ{ang

& Claramunt, 2004Penn, 2003) and in buildings (H&jZimring, 2003).

3. Methods

We usedthe three basic types introdudedhe previous sectiongrid-basedlinear and
curved
Based on théoundary grapimethod we encode the spatial layout of the Orphanatge

develop the corresponding circulation alterations and as$nsn withVGA spatial analysis

11
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and subjective evaluatioRirst, we alteedand simplifed the original layoutSecond, we
modified the existing, complex circuliain (grid system) into a lineanda curved version

We hypothesizahat the gridbasedcirculation will beratedas most difficult in spatial
complexity andanticipatedvayfindingdifficulty, given its hierarchy of room clusters around
central yet zigzagged hallwaydlNe expect that participantgll rate the linear layout as easiest
in spatial complexity andnticipatedvayfindingdifficulty, since it provides a clearxial line
hallway around which the rooms are arrangeuk curvedlayoutis expected to be intermediate
as itfulfils rulessimilar to the lineabut does so in a constant rotation, which is probably more

difficult to comprehend once people move thoughbihiéding.

3.1.Preparation work and graph-basedsystematic redesigns

First, we identifiedhemaincirculation space antthe boundaries of the existing spatial units
defined by theentrancesn thelayoutof the Orphanagelhe termgpatial unitfcorrespond$o a

room in the buildingand they serve as nodg ) in theboundarygraph.A roomgenerally

means a fully enclosed space boundary with or without doors that is defined by a bounded wall

perimeterLinks in the graph () areentrances between the spatial ufifigure 5)

Figure 5
Therefore, he boundary graph represents the existing buildmigncodes the topological
relations between the buildifgspatialunitsasthe segence of the unitfconnection.
Consequentlywe wsethe Orphanageg complex geometrp develop the new circulation

layouts

3.2.Grid -based circulation

12
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Figure 6a shows a boundary graph overlapping with the original layout Ofpih@anagelthas
diverse components: elements of physical construction, decorateestipxturegnaterials
and so forthinitially, we found itnearly impossible to reduce them all to a limited set of
features. Howevefor circulation alone, wavere able tdimit the variety of building features
needed for the sequential boundary graph.

First, we prepared the ground plan by turratighe walls and partition® solidsregardles®f
the original materialThe building plan was reduced to rooms and corridors vatimdication of
the building enveloper other spatial subdivisiong/e simplified heplan by eliminating all the
elements of the vertical circulation, such as staircases and ramps. We also deleted small
partitions and buifin furniture. Moreoverywe gawe all the openinga uniform width

Figure 6

After simplification of the building planye identifiedthe functional unitsnodes in our graph
(N') andassigned with the numbers for identification (ID). Figure 6b shows the resulting non
georeferenced boundary graph with the original order of the iarthe main circulation space.
A fundamental issue in building circulation is the specific ptthspeople take when moang

from one space to anothdierefore, thesequence in which the units are connegtéchportant.

3.3.Linear and curved circulations

Based on the extracted graph of the topological relations between the functional units (Figure
6b), we ceveloped a linear version of the circulation.

The original building has a strong hierarchy of major and nmeoaidors in a composite style;
in the linear layoytthe maincirculationspacewas straighteneuhto a line in which the hierarchy

of the unitsfclusters is the sanas the gricbaseccirculation,but thewayfindingis not. The

13
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circulation space of the buildinthe major and minor corridgr&astransformednto a linear
path. The branched corridavhich originally formeda treelike shapeis straightened to achieve
maximum linearity (Figure 7a). In addition to the modification of the main corridor, the
connections between other branched unitsparldedfand straightened as much as possible.
During the modificationtheroomsfarea andall other parametersuch as the height and the
width, were kept unchanged. However, in some cagesotate the units to maximizéne
linearity of the overall composition. Several rooms in the original layout are patios (Figure 4d);
they are preserveabk patios in the linear layout.

Figure 7

During the modification processur single aim was to accomplish a spatial organization of the
building circulation with limited concerfor building designaestheticsor function. Following
the preliminary study of the circulation types (Natapov et al., 2015), the last vatiaatisved
one We developdthis system in such a way that the major and the minor corridors generate
circular movement while keeping the order of conioest and topological relations unchanged
(Figure 7b). The connections between the branched unitdtared where possible, to be
circular as well, in order to reinforce a circularity of movement. Existing patios, roos,) anela
other attributes are perved as in the original buildirag far as possibldt is worth noing that
the architectural qualities of the original building were sacrificed in the new versions for the sake
of an artificial geometryigure 8 presents the thrieal circulation types.

Figure 8

3.4.0bjective and sibjective evaluations of spatial complexity

14



Our evaluation methods include an objective spatial analggsigVGA anda questionnaire

gathering subjectiveidgements frona group ofparticipantsVGA identifies the structural

differences between the layoinsvisibility andwayfinding andthe questionnaireneasureshe

subjectiveanticipatedvayfindingdifficulty of thelayoutvariants If connectiorbetween

objective and subjective outcomessts, theobjectivemeasures could be used predicatively

architectural planning

For thecustommadequestionnairgthree floorplan layouts were printed in blaghdwhite

A5 images on A4 papean original simplifiedlayout that closely resemidéne real building, a
linearlayout anda curvedone A total of 54 participants were first asked to study the original
floor plan and to imagine that they were standing inside the building. Participants were not

allowed to turn pages to compare individual layouts. Ttienparticipants were invited to rate
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how complex the layout of the building was on-a llikert scalefrom very simple to very

complexand to comment on their decisibgpatialcomplexityy. Participantsalsorated how

easy it would be to findne{ Way around a building (7, easy to difficut uDQWLFLSDWHG

wayfinding difficultyy. :H DOVR DVNHG IRU SDUWLFLSDQ VappBaldd WLQJIV F

architects typically are interestedt onlyin functional aspects but alsowhether their layout

visually appealing1-7, appealing to not appealingisual appeay. Afterwardsto control for

orderof-presentatioreffects one group of participants£27) rated the linear flogolan layout

first, and subsequently tleirvedlayout, using the same three questions. The other gnoty7(

rated thecurvedlayout and then the linear layout, with the same questionally, all

participants wershownthe three layouts again as three A6 images on an A4 Pageipants

wereasked tacomparethe layoutsandrankthemfor anticipatedvayfinding difficulty . Finally,

they were asked to commanftormally on their decision

15
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4. Results

4.1.0Objective evaluations of spatial complexity

The results of the VGA local and global properties across tke tayouts are presented in
Figure 9.Figures 9a, 9cand 9e present a measure of VGA connectiaityFigures 9b, 9dand
of present a measure GGA integration.

Figure 9

The dstribution ofthe integration valuesf the grid layout presented in Figure 9b highlights
particular parts of the main patio and the corridors with the highest visibility rank in comparison
to theconnectivity measures of the same laydiite results of the two measures in the linear
layout (Figures 9c and 9d) are intuitively cle#ite long linear corridor and the entrance hall at
its very beginningare the most visible parts of the setting. In Figures 9e and 9f, the results of the
connectivity and the integration of tharvedlayoutexhibit low visibility and demonstrate that
the layout lacks a stromgentrethat could attrach Z D \ | L 3 GalddJIfie circular shape of the
corridor and an inaccessible void in ttentreprevent proximity and integration.

Although the three circulation alteatives share the sart@ologicalgraph, they differ
significantly intheir spatiacomplexity,size and space. Toomparetheir spatialcomplexity, the
intelligibility measuravas calculatedb correlat the local proprty, connectivity with the global
property integration (Table 1)These measures atemparedn section 43 with thesubjective
measure oénticipated wayfindinglifficulty .

Table 1

4.2. Participants {details andsubjective evaluations

16
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All 54 participants filledn our penand-paper questionnaithat investigated subjectilye
anticipatedvayfinding difficultiesbased oriloorplans plarviews of the circulation typethat
we createdThe participant§age ranged between 19 and 35 yelts25.48,SD=4.01), and31
participants weréemale.All the participants were student®! studiedarchitecture and 20
cognitivescienceWhen controlling folarchiectural experience, we found a correlation between
higher experience and lower ratings of tdoenplexity of the linealayout(r (47) =-.66,p<.001)
andanticipatedvayfinding difficulty (r (47) =-.50, p<.001).Since there were no statistical
differences betweethe groupsgiven differingordess of presentationthe groupyl UHVSRQVHV
were combined for further analysis.

Table 2 summarizes the results for the pairwise comparisons of the ratings for the layouts:
Participants ratedhie gridbased layout as significantly maremplexthan either theurvedor
the linear layoutThe linear layout was rated as significaiéss complex than theurved
layout

The gridbasedayoutwas rated as significantly more difficult farayfindingthaneither the

curvedor the linear layowt The lineadayoutwas rated as significantly less difficult for
wayfindingthanthe other two layouts

The gridbased layout was lesppealinghan either theurvedor the linear layoutThere
were nodifferences betweethevisual appeal ofhe curvedandthelinear layous.

Table 2

Moreover, lased on the ranttata,chi-squae testing revealed that the layouts wergked

significantly differenly for anticipatedvayfinding difficulty M=2.17, SD=55); SHDUVR-QfV &KL

square$ (2, 53)=30.83 p<.001) as well as its reverse, the ease of wayfinding (M=1.60, SD=.93;

17
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$(1,53)=8.32,p<.01), while the answers for intermediatingswere equally distributed
(M=2.21, SD=.81, $(2, 53=3.66 p=.16). These rankingalign with the ratingabove

The difference in the distribution of these frequenuias significant & (4, 53)=106.00,
p<.001) The majority of thearticipantg37) rankedthe linear layout as easiest, followed by 13
participants who rated thlervedlayout as easiest, and 4 participants who ranked théogaed
layout as easiest. Unsurprisingly, the reverse pattasevident in the most difficult layout for
wayfinding 37 participantsankedthe gridbasedayout as most difficuland 16the curved
layout, butno oneattributed amost difficult frank to thdinear layout.The rankings of
anticipatedvayfinding difficulty showedhat24 participants rarédthe curvedas intermediate

16 the linearand 13 the gribasedayout.

4.3. Informal results

Table 3presents a summary of the key topics that participants medtasneeasons for their
ratings. Theeommentsvere selectethformally by the authorby categorizingcontent into the
three predefinedategoriesi(e., spatialcomplexity,anticipatedvayfinding difficulty, visual
appeal).

Table 3

Participants generallsatedthe linear layout moshtelligible, containing clear order and good

form with a central axis that provides orientation. HoweNgxisual appeal was rated as rather

simplistic and dull. Some of the participanfcomments for the linear layowtere p ,PDJLQH

\RXUVHOI JRLQJ WKURXJK FKHFNLQJ HDEKQOWRRKDW ERQOGLWYUO
have one routecGLUHFW DFFHV YV WK IP RAVQ/G DROLG) W K $ DENHK LG @H DRI TW

MWKH OLQHDU LV WKH PRVW VWUXFWXUHG KDYLQJ IRXU REYI

18
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The gridbased layout was evaluated as the most difficult for wayfinaintdhe most
complex likely due to low visual access, spatiallaguity, and spatial compiety. Yet, in
contrast to the rankingpme participants described visual appealD V. pE H DIXWVQIWXIQHV WL Q J*
DQG pKDYLQJ D JRRG EDODQFH DQG D QLFH FRBBRMbWLRQ T ¢
VXJIJHVWHG WKDW LW pKDV WR RKDW P IVMX\WUQNSBIQVE WQIRY PIDRLQGS
SDWBY% pWKH FRQQHFWLRQV EHWZHHQ URRPV DUH FRPSOH]
Thecurvedlayout wasdescribedas hierarchical yet ambiguous, in which the constant rotation
wasdescribedasa crucial confushg factor in wayfinding. The isual appeal of theurvedlayout
wasdescribedasunbalanced yet interestinome of thearticipantssad that movement in this
building would involve constant rotatiorgausing ambiguity and confusion. Others emphasized a
lack of visual contact with the central spasich wouldcreatea gap inthe experience othe
building. Assessinthevisual appearance of tlrvedlayout, the participants stated thiat

looked pot balancedand pot practicafftogether with beingnice fand fun looking. |

4.4.Comparison ofthe objective and subjective testesults

'H IRXQG WKDW S D U Weldiuatobangn/dhlywpdiaaiyivii e Ydsults from the
spatial analysisi.e., we found the highest valueiofelligibility in the linear, followed by the
grid-based and then the curved layou¥et, participants rated thgrid-based rather than th
curved layout as the most complex, as most difficult for wayfinding as least appealing
(based on the questionnaire; in the informal comments, some participants found-tiesgdd
layout appealing)despite the lower intelligibility value of the ued layout.Table 4presents the
comparisos between the objectiviatelligibility measurs and the subjective evaluat®af the
anticipatedvayfinding difficulty.
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Thus, theresults do not give a clear answdrich layout is morelifficult for wayfinding.

Consequently, in the discussisaction we suggest behavioural vatiation to shed more light

on this misalignment between spatial analyses and the ratings.

Table 4

5. Discussion

In this study, we assessd potential links betweecirculation tygs, spatialcomplexity,

anticipatedvayfindingdifficulty, and visual appeal. Thesultsmainly reflected how elements

of spatial organization, such as laytapology andvisibility, impaced subjectively rated

anticipatedvayfinding difiiculty.

First, from an existing, complex gribased layout, two new circulation typgerecreated: a

linearanda curved Secondthefloor plans of these artificial redesigns were evaluatiga both

objective syntacticneasuresind subjective ratings spatialcomplexity, anticipated wayfinding

difficulty, and visual appeal

Both objectivesyntacticVGA and subjective responses QVLILHG WKH GheQHDU OD\R.

easiesfjn terms of spatiatomplexity This layout is based on a simple, visiblyasistraight

axis. Movement in this layout occuatongthe main corridor from point to poirdand its spatial

arrangement is expectedrtonimize spatialcomplexity This result provides support for the

gpacesyntax methodwhichtreas spatial arrangements g longestines of sight, confirming

that people feel comfortabfollowing the longest sightline that leads to where they are heading.

The answer to the questionhich of the circulation typesan be considered WKH PRV W

difficu Ot fvayfindingdiffers depending onvhetherthe objectivespatial analysesr the

subjective evaluationare consideredn this way, spatial complexityelatedto wayfinding
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difficulty in a different way than we expectdtie most complex layout based spatial analysis
was not perceived as most complEar the grid and theurvedtypes the VGA appears to be
only partially relevant in predictingatings for anticipatedayfinding difficulty. Participants
rated he original, gridbased layouas themost difficult for wayfinding but it wasestimated
only as intermediate by VGAnalysis The gridbasedayouthas ahierarchical tredike
structurethat in theorycould facilitate movemenHowever, participants felt thathted many
turns and directional changesd theseould be a source of wayfinding errof$e curved
layout generatecontinual rotation that could cause ambiguity and confusi@hlacks any
hierarchythatmight help a wayfinder.However participants felthatits simpler general
organization anbe easily appraisethis mightcontribute toeasiemwayfinding.

Thevisual appeal of the layousdicited anothermpatternof responseThe original, gridbased
layout wagratedless appealing than either thervedor the linear layout, while no differences
were foundbetweenhevisual appeal ofhese twdayouts Thus the subjectively ratedisual
appeal seems hard to capture bas#dlyon afloor-plananalysis

One cause of thisiight bedifferences irindividual visual preferencesvhich we did not
asses the current study seip.

These resultalsodemonstrat¢éhe potentiallimitations ofour method analysis of subjective
ratings based on twdimensional plansan provide inconclusivesults sincerespondentseed
to immerse themselvdém a planview into the egocentric, thredimensional perspective of
buildingusersas architects do during the building desigacessSuch analysesan only
providean approximation of expectapatialcomplexity andanticipatedvayfinding difficulty;

theyreveal little aboutisual appealAdditional spatialvariationscan be developeds showrnn
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Natapv et al.(2015) in further researchsing virtual realitywe planto presentooms on both
sides of the curved versiavith viewsthroughthe curved walls

The arrent results can be regarded as a starting point for future reseatodhanvtural
validation that includes assessing wayfinding performance in treséation typesSuch
validationshouldincludeabehaviourakxperimenin avirtual reality laboratoy. The studythat
we envisionwill assessadditional factors that influence the ease or difficulty of wayfinding, such
asparticipantsfvayfinding strategiesense obrientation, individuakpatial skills and aesthetic
or emotional responségs variations of theebuilding circulationtypes

A key strength of the current study is a systematic implementation of the graph method to
encodehespatial orgargation ofanexisting building This methodextract topological
relations between thauilding I Minctional units an@llows usto successfuy transformits
original layouts into weltontrolled variationshat allowassessient ofdiversecirculation
typologies.

In conclusion, Bihough buildings are typically much more complex and consisbmbined
circulation systems, owtudy providsinsight into howthearchitectural forra of circulation

space impactspatialcomplexityandwayfinding difficulty.
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Tables

Grid Linear Curved

45 L &w 45 L &u 4% L at

Table 1Intelligibility (linearcorrelationbetweenconnectivityand integrationpf the three

circulation modifications.
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Question (and scale) Circulation type M SD
Spatialcomplexity: ‘Grid' 5.39 1.280
How complexwas the layout of this building? M/LQHDUT 2.67 1.374
(simple <(27)> complex) Curved] 417 1.778
Anticipated vayfinding difficulty: MH*ULGY 5.44 1.284
How easy woulditbetd LQ G R Q Hrfiuldabuilding M/LQHDUY 2.39 1.352
with this layout? Curved] 431 1.882
(easy< (1-7)> difficult)
Visual appeal: HM*ULGT 5.22 1.269
How visually appealings this layout for you? M/LQHDUY 3.89 1.121
(appealing< (1-7)> not appealing) Curvedy 3.87 1.372
95% confidence interval
Pairwise comparisons Lower and Upper t df Sig (p)
Spatial Grid vs. Curved 54 191 3.58 53 .001
complexity
Curved vs. Linear .82 2.18 4.41 53 <.001
Grid vs. Linear 2.26 3.19 11.70 53 <.001
Anticipated Grid vs. Curved 45 181 3.35 53 .002
wayfinding
Grid vs. Linear 2.52 3.58 1154 53 <.001
difficulty
Curved vs. Linear 1.24 2.62 5.59 53 <.001
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Visual appeal Grid vs. Curved .82 191 5.05 51 <.001
Grid vs. Linear 97 1.86 6.35 52 <.001
Curvedvs. Linear .78 (not
-.48 .36 -.28 50
significant)

Table 2 Summary of the ratings for thleree circulation types.
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Circulation  Spatialcomplexity Wayfinding rating Visual appealing

type

Grid Xno clear order Xxmany turns xbeautiful
xlooks like a maze due xspatial ambiguity xvery good balance
to zigzag hallways xno landmarks Xnice composition
xhigh spatial xhard to remember
complexity, clusters locations and rooms
unclear xdead ends
xonehallway connects  xmany small rooms
all rooms

Linear xvery good structure  xeasy to orient xeasy
xclear order, good form xthe main axis is visible xboring
xbased on central line from everywhere xtoo simple
xsimple Xsymmetric
xgood layout overview xpredictable, but rooms

still difficult

Curved xeverything is well xconstant rotation is xnice

connected hard for orientation xnot balanced

Xno good orientation ~ xno central spacey@  xnotgood organized

x hierarchy organized beginning and no xfun to look at
around the circlesiclear endingy xartificial
XNO corners xno landmarks
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1

2

xhas one main route xclear order
and clear access to the xno dead ends

rooms xspatial ambiguity

xentrance unclear

Table 3 Sorted list of the reasonsqvided by the participants.

xmake a rolling floor in
the middle and you
could be carried
everywhere

xnot practical
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Visual Intelligibility Wayfinding Evaluation

Grid aw 36 of 54 participants ratetis layout

as themost difficult

Linear &u 37 of 54 participants ratetis layout

as theeasiest

Curved aut 24 of 54 participants ratethis layout
as theintermediate
Table 4 Visual intelligibility and assessmemf the anticipatedvayfinding difficulty of the
three typesNote thatle value of 1 means that the layout is highly intelligible with a full,

positive correlation between the local and the global visibility properties, whereas 0 means no

10

11

12

13

14

15

correlation
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Figures

GreatBulldings.com

(@)

(b)

Figure 1 Various types of linear circulatiofa) a linear, serpentine path. Baker House, V

architect Alvar Alto,(Source MIT List Visual Art Cente); (b) a linearpentpath, Landscape

Formation One, architect Zaha Hadid (Sou#&ha Hadid Architects.com
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(b)

Figure 2 Various types oturvedcirculation systemga) a spiral, centralized path,

Guggenheim Museum, architect F. L. Wright, (&&u Wright on the web.com(b) a concentric

path, Apple Partners 2, architects Fostegtiers (Source: Cupertino.rg
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(b)
Figure 3 Various types of gricbased circulation system@) grid, network path, The Israel
Museum, architect Al Mansfeld, (Source:€Tlsrael Museum, Jerusalgn(b) hierarchical

network path, Place Desjardins, architects La Haye atett®u(Source: Desjardins Gestion

Immobiliere Inc)
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(@)

(b) (€) (d)

(e)

Figure 4 (a) Amsterdam Municipal Orphanage. Arch. Aldo van Eyck, (Source:

ArchDaily.com, 20082014); (b) Ground floor plar{) First floor plan; (d)
Functional scheme of the units in the original buildif@);ElevationgSource of

images a, b, c and Weston, 2004).
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(a) (b)
Figure 5 lllustration of the boundary graph construction; (a) detiihe plan view; (b)

corresponding boundary grapidapted from Hiller et al 1984).
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(@) (b)

Figure 6 (a) Spacéboundary polygons of the griohsed circulation and its boundary
graph,Depthmapsoftware (Turner, 2001); (b) (a) N@moordinated boundary graph and
original orderof unit connection$o the main corridor with number obnnections in
brackets. (The graph was visualizeaimetwork analysis packag&ephi(Jacomy et al.,

2009).
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() (b)
Figure 7 Spaceboundary polygons (a) of the linear circulation with overlapped boundal
graph; (b)of thecurvedcirculation and its boundary graph. (The concentric corridor is

identified by the centroidhegeometric ceme of the shape).
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(a) (b) (©)
Figure 8 Circulation modifications; (agrid-based circulation, (d)near circulation, (c)

curvedcirculation.
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Figure 9 (a) Visibility Graph Analysis; (a) grithased circulation system, colediby
connectivity(high by red and low by blue); (b) grlthsed circulation system, coledriby
integration measure (high by red and low by blue); (c) linear circulation system ectidgur
connectivity; (d) linear circulation system, colediby integration; (exurvedcirculation

system, colowed by connectivity; (f)curvedcirculation system, coloedby integration.
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